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From mechanistic design forces to critical welds to protected zones to prequalified connections to
exceptions, the SEoR and delegated connection designer need to be in phase with one another before
connection design begins. Documented communication on all aspects of the project between the SEoR,
fabricator, erector, and inspector is paramount in order to avoid unwelcome shaking of project schedule
and budget.

© The American Institute of Steel Construction 2019

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any specific
application without competent professional examination and verification by a licensed professional

engineer. Anyone making use of this information assumes all liability arising from such use.
This presentation will present the information that a delegated connection designer will: (1) need to in

order to make an informed decision on connection type and design, and; (2) need to provide to the EoR,

fabricator, erector, and inspector to facilitate the review and quality processes. :
P quattyp : Smarter.

: Stronger.
: Steel.

Night School 19
Learning Objectives Connection DeSig n:
* Define the term demand critical welds. Identify the sources that give testing Ti pS, TriCkS, and Lessons Learned

requirements and welder qualifications for demand critical welds.

* Explain the concept of expected strength, and its role in the safe detailing of Session 7: Seismic Connections
P P P gt g March 25, 2019

connections in seismic force-resisting structural steel systems.

« Define the term protected zones. Explain where they are found and what special
treatment they receive.

e List the seismic-related requirements that should be included on structural design
drawings to ensure clear communication.

Dr. Patrick J. Fortney, P.E., S.E., P.Eng
Associate Professor

University of Cincinnati

Department of Civil and Architectural Engineering
and Construction Management
Cincinnati, Ohio
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Today’s Discussion Today’s Discussion
¢ Allin the context of delegated connection design ¢ Allin the context of delegated connection design

* To understand delegated design work, we need to understand
— Responsibilities (Larry, Cliff, Carol — Sessions 1, 2, 3, & 5)
— Work Flow (Larry and Pat (Sessions 1 and 3)
— Effective Communication (Larry, Cliff, Pat, Carol — Sessions 1-5)

Today’s Discussion Today’s Discussion

¢ Allin the context of delegated connection design e AISC has offered many webinars and Night Schools on the design of connections

* To understand delegated design work, we need to understand e Drucker, Dowswell, Fortney, Muir, Murray, Sabelli, Thornton, etc.
— Responsibilities (Larry, Cliff, Carol — Sessions 1, 2, 3, & 5) — Specific examples
— Work Flow (Larry and Pat (Sessions 1 and 3) — Number crunching
— Effective Communication (Larry, Cliff, Pat, Carol — Sessions 1-5) + The Seismic Design Manual

*  We'll talk a little about ) - ) )
) o * Today, I'd like to look at some detailing and any issues not typically addressed
— Effective Communication ) Lo - o .
in regard to design in general, but specific to seismic connections
— General Detailing
— Specific Issues Related to Seismic Connections
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First, A Few General Issues

First, A Few General Issues

Prequalified Connections for
Special and Intermediate
Steel Moment Frames for

Seismic Applications

Specification
for Structural Steel Buildings

Seismic Provisions
for Structural Steel Buildings

AW D1.4/D1.1M2015
National Standard

Structural
Welding Code—
Steel

—

P
American Welding Society” @

‘sacond printing, March 2016

S DL DY BT
[ Ry

—_—
—_—
Structural
Welding Code —
Seismic
Supplement

First, A Few General Issues

* The requirements in the Seismic Provisions (AISC 341-16) are in addition to the
requirements in the Specification (AISC 360-16)

o The Provisions are clear when certain Specification requirements are excluded
or substituted

«»» Otherwise, the Specification requirements must still be satisfied

First, A Few General Issues

* Seismic Systems
* Demand Critical Welds

* Special Weld Access Holes and C.P. Corner Snips and Welding

* Expected Material and Available Strengths

* Protected Zones
* Heavy Sections
* Bolted Joints

)

ey
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First, A Few General Issues

Seismic Systems

e Ordinary Moment Frame (OMF)
= R=35
= Minimal Inelastic Deformation
o Members and Connections

¢ Intermediate Moment Frame (IMF)
= R=45
= Limited Inelastic Deformation
o Flexural Yielding of Beams and Columns, Panel Zone shear
= Beam-to-Column Connections must be Qualified or Prequalified

e Special Moment Frame (SMF)
= R=8
= Significant Inelastic Deformation
o Flexural Yielding of Beams
= Beam-to-Column Connections must be Qualified or Prequalified

Connection Design: Tips, Tricks, and Lessons Learned

Session 7: Seismic Connections

First, A Few General Issues

Seismic Systems

e Ordinary Concentrically Braced Frame (OCBF)
= R=3.25
= Minimal Inelastic Deformation
o Members and Connections

e Special Concentrically Braced Frame (SCBF)
= R=6
= Significant Inelastic Deformation
o Brace buckling and Tension Yield

e Eccentrically Braced Frame (EBF)
= R=8
= Significant Inelastic Deformation
o Shear or Flexural Yielding of Link Beams

First, A Few General Issues

Seismic Systems

AISC 341-16 addresses other systems such as:

* Composite Moment Frames

¢ Composite Braced Frames

* Steel Plate Shear Walls

* Composite Shear Walls (coupled core walls)
e etc

Py

=
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Connection Design: Tips, Tricks, and Lessons Learned
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First, A Few General Issues

DEMAND CRITICAL WELDS

There are basically three types of welds that are going to be considered

1. AWS D1.1 — welding on members/elements not part of the SFRS (seismic forces
resisting system),

21

First, A Few General Issues

DEMAND CRITICAL WELDS

There are basically three types of welds that are going to be considered

1. AWS D1.1 - welding on members/elements not part of the SFRS (seismic forces
resisting system),

2. AWS D1.8 — welding on members/elements part of the SFRS but not designated as
demand critical, and
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First, A Few General Issues

DEMAND CRITICAL WELDS

There are basically three types of welds that are going to be considered

1. AWS D1.1 — welding on members/elements not part of the SFRS (seismic forces
resisting system),

2. AWS D1.8 — welding on members/elements part of the SFRS but not designated as
demand critical, and

3. AWS D1.8 — welding on members/elements part of the SFRS and designated as
demand critical
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First, A Few General Issues

DEMAND CRITICAL WELDS

There are basically three types of welds that are going to be considered

1. AWS D1.1 — welding on members/elements not part of the SFRS (seismic forces
resisting system),

2. AWS D1.8 — welding on members/elements part of the SFRS but not designated as
demand critical, and

3. AWS D1.8 — welding on members/elements part of the SFRS and designated as
demand critical

A demand critical weld is a weld used to join members or elements
that are expected to experience significant inelastic demands

24
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Consumables and Demand Critical Welds (341-16, A3.4) Consumables and Demand Critical Welds (341-16, A3.4)

db. Demand Critical Welds db. Demand Critical Welds

with filler metals mesting the
Gl 62 and &3

User Notes AWS DLEDEM reguires that all seisaic force-resisting 4ystemn User Note: AWS DELTIEM reuires. that all selsmilc foros-rssisting systim
o be made with fifler metuls clissified sdng AWS AS standards that o be made with filler metals chssified sdang AWS AS stasdards that
achieve the folliwing mechanical properties: Follwving mechanical properties:
Filler Metal Classification Properties for Seismic Filler Metal Classification Properties for Seismic
Force-Reslsting System Welds | Force-Reslsting System Welds
Classification Classification
70 ksi BO ksi 90 ksl 70 ksi BO ksi 90 ksl
Proparty (480 MPa) (550 MPa) (620 MPa) Proparty (480 MPa) (550 MPa) (620 MPa)
F;':;'l,_s"mg'" sl B (400} min 8 (470) min 78 {540} min F‘:;gl.sumgm R B8 {400} min 8 (470) mmn 78 {540} min
e S 70 {480} min £0 (860) min a0 {820} min Figie S, st 70 {480} min £0 (860) min a0 {820} min
Elcngaticn, % 22 min 18 min 17 min Elcngaticn, % 22 min 18 min 17 min
CVHN Toughness, == T 25 (34] min. @ CVHN Toughness, == T 25 (34] min
ke 20 27) min. @ O°F [-18°C} B0F (3T s (e 20 27) min. @ O°F [-18°C} 20°F (a0
stifiac 25 maening 20 K- (27 J) i, at 3 mpermiues kowss Fan 0°F -18°T) 5 meting 20 8- (27 J) i, At 3 Smparais lowss Fan 0°F |-18°C)
kst sl ot s

In acddition o the preceding requinements, AWS D188 requires, unless
otherwise exempted From testing, thut all demand critienl welds are 1o be made
with filler metals reoctving Heat lnpat Envelope Testing that achicve the following
mechunical properties in the weld metal: 25 26
Consumables and Demand Critical Welds (341-16, A3.4) Consumables and Demand Critical Welds (341-16, A3.4)
Mechanical Properties for Demand Critical Welds
Classification =
Filler Metal Classification Properties for Selamic
70 ksi 80 ksi 90 ksi Fi ing System Welds Mechanical Prop for Demand Critical Welds
Property (480 MPa) (550 MPa) {620 MPa) c =
Yield Strength, 58 (400) min. 68 {470) min. 78 (540} min, 70 ksi B0 ksi 90 ksi 70 ksi 80 ksi 90 ksi
ksl (MPa) Property {480 MPa) {550 MPa) {620 MPa) Property (480 MPa) (550 MPa) {620 MPa)
Tensile Strength, 70 (480) min 80 (550) min, a0 (620) min. Honsiglhcillis 58 (400} min, 8 (470) min., 78 (540) min, | | Vi Strengih, 58 (400 68 (470) min. 78 {540) min
ksl (MPa) (MPaj
Tensda Strength, ksi a P . Tansile Strangsh, 70 (460) mn Bl {550) min, 0 (E20) min
Elongation (%) 22 min, 19 min. 17 min. (MPa) 7 ] ot 0y by 80 (620} min ksl {MPa)
CVN Toughness, 40 (54) min. @ 70°F (20°C) 40 (54) min. @ AR AL il il f'm“f':: el B il AL
ft-Ib (J) ¢ 50°F (10°C) 20 e et ot bl )
o ;3[ ;_AST of +50°F (+10°C). For LAST lass than +50°F (+10°C), see AWS D18/01.8M clause *Filar matals classhian as meating 20 1-54 (27 J) min. at & emeemiuns lower than 0°F 1-18°C) LD AT & ITT 0 A CRan Eeh e ek T R
= also meat this mourement. -
* Tasts mnuu:luau in ﬁmrganggt w|rn€ws DtGJDIE‘T Annax A moating 40 f-lb (54 J) min. at a ::;‘r.!uln o than (70°F 21_252?‘.’.?..5.'.:'.‘3.':‘.’;‘ i:..?:#.:..?""”“’""“ Saitaiet
temperature lower than +70°F (+20°C) also meet thes requirement,
These tests required for 40 @ 70 for special procedures are additional tests relative to
“typical” Conformance Demonstration, and add cost to the filler material
27 28
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Consumables and Demand Critical Welds (341-16, A3.4) Consumables and Demand Critical Welds (341-16, A3.4)

Demand critical welds made through weld access holes (restricted access)

Filler Metal Classification Properties for Selamic
Fi ing System Welds Mechanleal Properties for Demand Critical Welds DCW made th rOUgh
= c access hole
70 ksi B0 ksi 0 ksl 70 ksi 80 ksl a0 ksi
Property {480 MPa) {550 MPa) {620 MPa) Proparty (480 MPa) {550 MPa) (620 MPa)
‘?"C‘nple:-unngh_ sl £ (400} hin &8 (470} min. 78 (5401 min ::R‘sg:?qgm_ 56 (400) min &8 (4T0) min. 78 {540) min
;I':{r;sﬂ:r Sirength, ksi 20 (460} min 0 (550) miin 20 (6201 min ;[:Pl_x,r:l‘i;uenrn 70 (450) mn. B0 {S50) min, B0 (E20) min.
Elongation, % 22 rin 18 min 17 min Elongatian (%] 22 mn 19 min 17 min ]
CVN Taughness, FRIFTD = e 26 (34 CVN Toughrass 40 (54) min, @ 70°F (20°C) 40 (54) min, & e . . . . .
b P 20 (27) miin. @ 0°F (-18°C) =Sl B " S0°F (10°C) For such welds, Supplemental Welder Qualification is required in accordance with AWS D1.8, C-Annex D.
ating 20 R-0d (27 J) min. at a rperature lowsr than 0°F (-187°C ¥ Fos 5T {+107C), For LAST less 0], sow AWS D1ATHLEM dauso

Refer to AWS D1.8 C-D3 and C-D4 for requirements of test plate and specimen testing requirements,
respectively

These tests required for 40 @ 70 fore special procedures are additional tests relative iy
to “typical” Conformance Demonstration, and add cost to the filler material il
29 EV 30
Consumables and Demand Critical Welds (341-16, A3.4) First, A Few General Issues
Demand critical welds made through weld access holes (restricted access) SPECIAL WELD ACCESS HOLES (AWS D1.8, 6.11.1.2)

tor

F@
e Each pass has to be completed before adding another ®6\

pass... o) J8
= Half from one side of the web... ®
= The other half from the other side of the web...
= The welder has to demonstrate that he/she can Ar
: properly tie those two half-passes together properly ~
For such welds, Supplemental Welded Qualification is required in accordance with AWS D1.8, C-Annex D. @
Refer to AWS D1.8 C-D3 and C-D4 for requirements of test plate and specimen testing requirements, ® 7
respectively @l\/ ® bewm
tor
31 -@-' 2
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Special Seismic Weld Access Holes (AWS D1.8, 6.11.1.2) Special Seismic Weld Access Holes (AWS D1.8, 6.11.1.2)

@ < Notes: 1. Bevel as required for selected groove weld. @ <
er of iy or V4 in. (13 mam) (plus F minus YA fy) @
10 fy, 3 i (19 mm) mindmum (£ % in.) (£ 6 mm) * FR moment connection in OMF IMF and SMF

#in. (10 mm) minimum radivs (plus ot limited, minus 0) o Wide ﬂange beam-to—ﬂange of wide ﬂange column
4% S, 3 by (£ 44 in) (213 mm) 4% . .
6, Sce FEMA-353, “Recommended Specifications and Quality Assurance Guidelines *  Where required in AISC 358-16
A for Steel Moment-Frame Construction for Seismic Applications” for {abrication details A

@ including cutting methods and smoothness requirements @
Tederances shall not sccumulate 1o the extent that the angle of the access hole cut o the flange

@P ® @P ®

byt byt
.@., 33 -@-* 34
Special Seismic Weld Access Holes (AWS D1.8, 6.11.1.2) Special Continuity Plate (C.P.) Corner Snips (AWS D1.8, 4.1)

1n

I
7 ,maxxT L 2 ,deT" K,

Welded Column Splices...
Not Required...

e.g., AISC 341-16 — £3.6g.2(d)(2)
-SMF-

14

3 mmt B
ll", .

3 mml k

R=}", min —

k-area, typ. k-area, typ. |

(d) Where the flange weld is a double-bevel groove weld (i.e.. on both sides of
the flange):

(1) The unfused root face shall be centered within the middle half of the

thinner flange, and

(2) Weld access holes that comply with the Specification shall be provided

;ﬂ"“"‘% in the column section containing the groove weld preparation. Where required in AISC 358

i

35 36

=4
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Ly

C.P. Geometry and Welding (AISC 341 E3.6f.2, IMF & SMF)
%",max
fa) Continuity-Plate Width %k.
The width of the continuity plate shall be de ned as follows ‘_T
(1) For Weshape columns, continuity plates shall, at a minimuem. exiend «J
from the column web 1o a point opposite the tips of the wider beam L
s
" srnns, continuity plates shall extend the Tull 1 : E
2 ates shal the full R=L", min 1 -
width from column web 1o side plate of the column - ey
(b} Continuity-Plate Thickness k-area, typ. ]
The minimum thickness of the plates shall be determined as foflows
! miinuity plate. thickness Il be ol
i te thickness
am flange on ¢
side of the column
37
C.P. Geometry and Welding (AISC 341 E3.6f.2, IMF & SMF)
te) Continuity-Plate Welding %", max
) A
Continuity plates shall be welded 10 column flanges vsing CIP groove
welds
o T »
Continnity plates shall be welded 1o column webs or extended doubler
plates wsing groove welds or fillet welds. The required strength of the A —
welded joints of continuity plates 1o the column web or extended doubler g
plate shall be the lesser of the following: R=Y"_ min —1 .
7 "2 S
(1) The sum of the available tensile strengths of the contact arcas of the -
muity plates 1o the column flanges that have sttached beam Manges k-area, typ. ]
2) The available shear strength of th tuct area of the plate with the
column web or extended doubler plate
{3) The availuble shear strength of the column weh, when the continuity
plaie 15 welded 0 the column web, or the availuble shear strength of
the doubler plate, when the contimuity plate 15 welded o an extended
doubler plate
T
5@2
E
Y ", 39

Copyright © 2019
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C.P. Geometry and Welding (AISC 341 E3.6f.2, IMF & SMF)
%",max
{a) Continuity-Plate Widih %ku
The width of the continuity plate shall be determined as follows ‘_T
(1) For Weshape columns, continuity plates shall, at a minimuem. exiend *J
from the column web 1o a point opposite the tips of the wider beam —
langes =( "
12 For boxed wide-flany Humins, continuity plates shall extend the Tull R=L". min 1 -
width from column web o side plate of the column 2 -
(b} Continuity-Plate Thickness k-area, typ. ]
I'he minimum thickness of the plates shall be determined as follows
14, the continuity plate thickness shall be o
te thickness shall be at
m flange on either
This is a relaxation from previous cycles.
The thinner the continuity plate, the smaller the welds and cost of welding! 38
C.P. Geometry and Welding (AISC 341 E3.6f.2, IMF & SMF)
() Continuity-Plate Welding 1" max 5
Continuity plates shall be welded 1w column flanges using CIP groove
welds &
Conhinuty *JA
plate +
welde g
g
R=}", min Za
k-area, typ. ] > ¢
40
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C.P. Geometry and Welding (AISC 341 E3.6f.1(b), IMF & SMF)
%",max%ﬂ

b Where the column flange thickness is less than the limiting thickness. I,

‘ g

determined in accordance with this provision

(1) Where the beam flange is welded 1o |I|.:. flange of a W-shape or built-up =
F-shaped column, the limiting column-flange thickness '_(_
Dt E
fim === (E3-8) R=}", min A
12) Where the beam flange 15 welded to the flange of the 1-shape in a boxed k-area, typ. ]
wide-lange column, the limiting column-flange thickness is!
by
lim === (E3-9)
12

Additional checks; limit states
required in AISC 360 must still
be checked

42

C.P. Geometry and Welding (AISC 341 E3.6f.2, IMF & SMF)
(c) Continuity-Plate Welding 1", max i
Continumity plates shall be welded 10 column flanges using CIP groove %"_IT
welds.
’ =<
Continnity plates shall be welded (o column webs or extended doubler J
plates using groove welds or fillet welds. The required strength of the (/1;
welded joints of continuity plates 10 the column web or extended doubler g
plate shall be the lesser of the foll TN E»
R=3", min =4
(1) The sum of the available tensile strengths of the contact arcas of the -
continuity plates 1o the column Manges thit have sttached beam Tanges k-area, typ. ]
{2) The available shear strength of the contuct area of the plate with the
column web or extended doubler plate
{3) The availuble shear strength of the column weh, when the continuity
plate 15 welded to the column web, or the wvailuble shear sirength of
the doubler plate, when the contimuity plate 15 welded o an extended
doubler plate
More likely, all interfaces will need CIP welds; COSTLY.
CE
{a‘ N Strive for clean columns!
b
e 41
First, A Few General Issues
MATERIAL & AVAILABLE EXPECTED STRENGTH (AISC 341-16 Clause A3.2)
43
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Expected Strengths AISC 341-16 Clause A3.2
2. Expected Material Strength

When required in these Provisions, the required strength of an element (a member
or a connection of a member) shall be determined from the expected yield stress.
R.F\, of the member or an adjoining member. as applicable. where F\ is the specified

minimum yield stress of the steel to be used in the member and Ry is the ratio of the
expected yield stress to the specified minimum yield stress, Fy, of that material.

44
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Expected Strengths AISC 341-16 Clause A3.2

TABLE A3.1

Ry and R; Values for Steel and

Steel Reinforcement Materials
Apr Ry Ry

Hot-rolled structural shapes and bars:

* ASTM AJG/ASEM 15 1.2
* ASTM A1043/A1043M Gr. 36 (250) 13 11
* ASTM ASS; So2M 11 11
* ASTM ASTZASTEM Gr. 50 [345) or 55 (360) 18 11
« ASTM AB13/A213M Gr, 50 (345), 60 (415), 65 (450), or 70 (485) 11 11
* ASTM ASHA/ASEEM 11 1
* ASTM A1043/A1043M Gr. 50 (345) 12 11
* ASTM A529 Gr. 50 {345) 12 1.2
* ASTM A529 Gr. 55 (380) 11 12

Connection Design: Tips, Tricks, and Lessons Learned

Session 7: Seismic Connections

TABLE A3
Ry and R; Values for Steel and
Steel Rein Materials

Fiates, Sirps arel Sheers
= ASTM AanAnnd it
* ASTM A14FAIO4M B

Expected Strengths AISC 341-16 Clause A3.2

Expected Strengths AISC 341-16 Clause A3.2

TABLE A3.1
Ry and R; Values for Steel and
Steel Reinforcement Materials

ApF Ry Rt
Steal Rainfarcement
o ASTM AB15/AB15M Gr, B0 (420) 2 12
* ASTM AB15/AB1EM Gr, 520) and Gr, 80 (550) 11 12
* ASTM ATDEATOGM Gr. 60 (420) and Gr. B0 [550) 12 12

TABLE A3
Ry and R; Values for Steel and
Steel Rein Materials
Appication Ry e
[EETTp——re—
+ ASTM AseiRa is #
* ASTM AHI43A1 0450 G 38 {250 15
= ASTH ASGEWEIM 1"
« AsTu "
* ASTM An 1Al LT i1

- ASTU ASSEASAEN 11
= ST AIDAZATDAIM G 50 1343

Copyright © 2019
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TABLE A3.1
Ry and R; Values for Steel and
Steel Rein Materials
TABLE A3.1 AppRcation % T ®
Ry and R; Values for Steel and o
Steel Reinforcement Materials 2 o
Application Ry Rt i o i
Hollow structural sections (HSS): b
+ ASTM ASDO/ASDOM Gr. B 14 13 o
+ ASTM ASDOIASOOM Gr, G 13 12 1z
« ASTAI ASDNASOTM 14 13 I =
+ ASTM ASTASIM 16 12 18 2
+ ASTM A10BS/A1085M 125 115 o o
Plates, Strips and Sheats: 185 v
* ASTM AJE/ADGM 1.3 1.2 “ .
* ASTM ATOARA1043M Gr. 36 (250) 13 11 P t
+ ASTM A1 IAIDTHM HSLAS Gr. 55 (380} 11 11 i 3
+ ASTM AST2IASTZM Gr. 42 (280) 13 0 1 X
= ASTM ASTZ/ASTZM Gr. 50 (345), Gr. 55 (360) L1 12 :' :T
* ASTM AGBE/ASEBM 18] 12
« ASTHI ATOAATO4SM Gr. 50 (345) 1 e 1 i s
. w | o
b
| 46
Expected Strengths AISC 341-16 Clause A3.2
2 Expected Material Strength
When required in these Provisions, the required strength of an element (a member
or a connection of a member) shall be determined from the expected yield stress.
R,F, of the member or an adjoining member, as applicable, where F is the specified
minimum yield stress of the steel to be used in the member and Ry is the ratio of the
expected yield stress to the specified minimum yield stress, Fy, of that material.
When required to determine the nominal strength, R,,. for limit states within the same
member from which the required strength is determined, the expected yield stress,
RyFy. and the expected tensile strength, R/F,. are permitted to be used in lieu of Fy
and Fy, respectively, where F, is the specified minimum tensile strength and R; is the
ratio of the expected tensile strength to the specified minimum tensile strength, F,.
of that material.
48
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Expected Strengths AISC 341-16 Clause A3.2

Consider a BFP (bolted Flange Plate connection)

The required strength of the connection is based on
the expected plastic flexural strength of the beam.

‘...the beam causes the load...”

49

Expected Strengths AISC 341-16 Clause A3.2

‘...the beam causes the load...’

Limit state checks on the flange plate...

Use F, in limit state checks for available strength

L=~ - -

Expected Strengths AISC 341-16 Clause A3.2

‘...the beam causes the load...’

Limit state checks on the flange plate...

Use F, in limit state checks for available strength

L = =

Limit state checks on the beam flange...

Use R,F, in limit state checks for available strength

Expected Strengths AISC 341-16 Clause A3.2

Consider a vertical brace connection
The required strength of the connection is based on
the expected plastic tensile/compression strength of

the brace.

‘...the brace causes the load...”

Copyright © 2019
American Institute of Steel Construction
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Expected Strengths AISC 341-16 Clause A3.2

‘...the brace causes the load...”

Limit state checks on the flange plates...

Use F, in limit state checks for available strength

=

Expected Strengths AISC 341-16 Clause A3.2

‘...the brace causes the load...”

Limit state checks on the flange plates...

Use F, in limit state checks for available strength

Limit state checks on the brace flanges...

Use R,F, in limit state checks for available strength

=

Expected Strengths AISC 341-16 Clause A3.2

‘...the brace causes the load...”

Limit state checks on the flange plates...

Use F, in limit state checks for available strength

Limit state checks on the brace flanges...

First, A Few General Issues

Use R,F, in limit state checks for available strength

Limit state checks on the gussets...

Use F, in limit state checks for available strength

®

Ly

PROTECTED ZONES (AISC 341, D1.3 & System Specific)
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Protected Zones

Basically...

... a protected zone is a region of a structural component/element expected to experience
significant inelastic deformation...

... any weldments or attachments that would detrimentally effect the behavior or performance
of the element is prohibited...

57
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Protected Zones

Basically...

... a protected zone is a region of a structural component/element expected to experience
significant inelastic deformation...

... any weldments or attachments that would detrimentally effect the behavior or performance
of the element is prohibited...

... any weldments or attachments that are “approved work,” for example
= welding an HSS brace in the protected zone of a gusset plate in SCBF,

= Erection holes at brace ends in SCBFs,
= Connections of stability bracing at plastic hinge locations,

58

Protected Zones
9.1-20 MEMBER REQUIREMENTS [Sect. D1,

3. Protected Zones

Discontinuities specified in Section 12,1 resulting from fabrication and erection
procedures and from other attachments are prohibited in the area of a member or
a connection element designated as o protected zone by these Provisions or ANSI/
AISC 358,

Exception: Welded steel headed stud anchors and other connections are permitted
in protected zones when designated in ANSI/AISC 358, or as otherwise determined

with a connection prequalification in accordance with Section K1, or as determined

in a program of qualification testing in sccordance with Sections K2 and K3,

Very helpful. Be aware

59
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Protected Zones
9.1-20 MEMBER REQUIREMENTS [Sect. D1,

3. Protected Zones

Discontinuities specified in Section 12,1 resulting from fabrication and erection
procedures and from other attachments are prohibited in the area of a member or
a connection element designated as o protected zone by these Provisions or ANSI/
AISC 358,

Exception: Welded steel headed stud anchors and other connections are permitted

in protected zones when designated in ANSI/AISC 358, or as otherwise determined

with a connection prequalification in accordance with Section K1, or as determined

in a program of qualification testing in sccordance with Sections K2 and K3,

Designations of protected zones are provided in
AISC 341 for each system type...

... and in AISC 358 for connection type...

60

15



AISC Night School
March 25, 2019

Protected Zones
9.1-20 MEMBER REQUIREMENTS [Sect. D1,

3. Protected Zones

Discontinuities specified in Section I2.1 resulting from fabrication and erection
procedures and from other attachments are prohibited in the area of a member or
a connection element designated as o protected zone by these Provisions or ANSI/
AISC 358,

Exception: Welded steel headed stud anchors and other connections are permitted

in protected zones when designated in ANSI/AISC 358, or as otherwise determined

with a connection prequalification in accordance with Section K1, or as determined

in a program of qualification testing in sccordance with Sections K2 and K3,

Protected zones must be identified on design,
fabrication, and erection documents

61
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Protected Zones

- i
L \
Continuity and doubler —
plates as reguired
L] d
L
1

Protected zone

Fig. 8.1, WUF-W moment connection,

[ Pratectsd zone = 5, + o
Sy
5

i Shims, If reguired
O

=
. —+~—Single-plate web
® connactian
.- %
L]
L]

Fip. 7.0, Bolted flange plate moment connertion

- Shims, if required
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Protected Zones (AISC 341-16 F2.5c)

Sc. Protected Zones

The protected zone of SCBF shall satisfy Section D1.3. and shall include the |
followine: ‘
|
|

| , f:://
]

(a) For braces, the center one-guarter of the brace length and a zone adjacent to
each connection equal to the brace depth in the plane of buckling

(b) Elements that connect braces to beams and columns

63
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Protected Zones

Note that if an error does occur, AWS D1.8, Section 6.18, provides some guidance on...

Erection aids,

Removal of welds,

Correction of errors,

Repair of gouges and notches,

Repair of mislocated holes,

Repair of mislocated stud welds, and
Repair of mislocated screws and shot pins

VVVYVYVVYVYVYYVY
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First, A Few General Issues

HEAVY SECTIONS (AISC 341, A3.3)

/)
) ()

!' ok \1
) <)
N2

65

First, A Few General Issues

HEAVY SECTIONS (AISC 341, A3.3)
Notch Toughness

Basically is a measure of a material, such as a column flange or connection plate, to
have sufficient through thickness strength...

...sufficient ductility of “thicker” elements subjected to seismic loading (inelastic
demands)

N

66
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Heavy Sections and Notch Toughness

3. Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.le, hot rolled shapes with flange thickness equal to or ereater than 1% in.
(38 mm) shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6

Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 70°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the
plate is used for the tollowing:

(a)  Members built up from plate
(b)  Connection plates where inelastic strain under seismic loading is expected

gz (c) The steel core of buckling-restrained braces
14418
i 67

Heavy Sections and Notch Toughness

3. Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.le, hot rolled shapes with flange thickness equal to or ereater than 1% in.
(38 mm} shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6

Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 70°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the
plate is used for the tollowing:

This requirement
(a)  Members built up from plate adds cost
(b)  Connection plates where inelastic strain under seismic loading is expected

gz (c) The steel core of buckling-restrained braces
14418
i 68
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Heavy Sections and Notch Toughness
%5

Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.lc, hot rolled shapes with flange thickness equal to or greater than 14 in.
(38 mm} shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6
Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 7T0°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the

plate is used for the tollowing:

(a)  Members built up from plate
(b)  Connection plates where inelastic strain under seismic loading is expected

ge= (c) The steel core of buckling-restrained braces

69

Heavy Sections and Notch Toughness

3.

—

G
&

Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.lc, hot rolled shapes with flange thickness equal to or greater than 14 in.
(38 mm} shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6
Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 7T0°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the

plate is used for the tollowing:

(a)  Members built up from plate

(b)  Connection plates where inelastic strain under seismic loading is expected
(¢c)  The steel core of buckling-restrained braces

70

Heavy Sections and Notch Toughness

3.

Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.lc, hot rolled shapes with flange thickness equal to or greater than 14 in.
(38 mm} shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6
Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 7T0°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the

plate is used for the tollowing:

(a)  Members built up from plate

=) (h) Connection plates where inelastic strain under seismic loading is expected

gz (c) The steel core of buckling-restrained braces
®
e 71

Heavy Sections and Notch Toughness

3.

iGN

=4

Heavy Sections

For structural steel in the SFRS, in addition to the requirements of Specification Sec-
tion A3.lc, hot rolled shapes with flange thickness equal to or greater than 14 in.
(38 mm} shall have a minimum Charpy V-notch (CVN) toughness of 20 ft-1b (27
J) at 70°F (21°C), tested in the alternate core location as described in ASTM A6
Supplementary Requirement S30. Plates with thickness equal to or greater than 2 in.
(50 mm) shall have a minimum Charpy V-notch toughness of 20 fi-1b (27 1) at 7T0°F
(21°C), measured at any location permitted by ASTM A673. Frequency P. where the

plate is used for the tollowing:

(a)  Members built up from plate

(b)  Connection plates where inelastic strain under seismic loading is expected
(¢c)  The steel core of buckling-restrained braces

72
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Heavy Sections and Notch Toughness (ASIC 341-16 A4.2) Heavy Sections and Notch Toughness (ASIC 341-16 A4.2)

Identify on

Steel Construction

In addition to the requirements of Section A4 1. structural design drowings and speci-
fications for steel construction shall indicate the following items. as applicable:

(ui Configuration of the contection

Steel Construction

In addition to the requirements of Section A4 1. structural design drowings and speci-

fications for steel consiruction shall indicate ihe follow

fu)

tems. as applicable:

urallon of the contections

ih}  Conncction materinl specifications and sires ihy o materinl specifications and sires
(el Locations of demand eritical welds (5] wtions of demand eritical welds
() Locutions where gusset plates e 10 be detsiled 10 sccommedate inclastic () sions where pusset plates. e 10 be detsiled 10 sccommodaie inslastic

Totetion

Identify on

Totetion

design ‘n:l Locutions of connection plates requiring Charpy V-notch toughness in accor- design ‘-‘:l Locutions of connection plates requiring Charpy V-notch toughness in accor-
dance with Section A3.3(b) dance with Section A3.3(b)
documents e ; documents e ;

i) Lowest anticipated service temperature of the steel structure, if the structore is i) Lowest anticipated service temperature of the steel structure, if the structore is
ol enclosed and maintained ot a temperature of S00F ((10°C) or higher nol enclosed and maintaived st a temperature of SO°F { 10°C) or higher

ig) Locumtions where weld backing is required o be removed ig) Locumtions where weld backing is required o be removed

ihh  Locations where fillet welds are required when weld backing 15 permifted o Note that the ihy Locations where fillet welds are required when weld backing 15 permifted to
Temin Temin

(i) Locwtions where fillet welds ure reguired fo reinforce groove welds or to reqmrements of (il Locutions where [illet welds ure reguired o reinforce groove welds or 1o
INPrOVE COMDECTIoN gemmerry 360, A3.1c and INPrOVE COMDECTIoN gemmerry

() Locations where weld tabs wre required 1o he remaoved . o i) Locations where weld tabs une required 10 he remeved

(ky  Splice locutions where lapered transitions are reguined A3.1d still apply n i Splice locutions where lapered transitions are regquind

il The shipe of webd seeess holes, if o shape other than these provided for in the eneral il The shipe of web s hodes, il a shape other than these provided for in the

T e L e L

Specificusion is required Specificusion is required

iy Joints or groaps of joints in which o specific sssembly order, welding scquence, iy Joints or groaps of joints in whicl pecilic assembly onder, welding sequence,

welding fechnigue, or other special p plons are reguired, where such items welding technigue, or other special | aitiens e regquircd, where such items
are designated to be submined o the engineer of recond 73 are designated to be submined o the engineer of eeond 74
Heavy Sections and Notch Toughness (ASIC 341-16 A4.2) First, A Few General Issues
2. Steel Construction
In addition o the requirements of Section A4 1. structural design druwings and speci- Bolted Joints (AISC 341, D22)
fications for steel construction shall indicate the following items. as applicable:
w1 Configuration of the connections
ih}  Conncction material spec ations and sizes
e Locations of demand eritical welds
. iy Locations where gusset plates are 1o be detsiled 10 secon late inelastic
Identify on otation Fabricators may have
design -H!I Locations of connection plates requiring Charpy V-notch toughness in sccor- to order these
documents dance with Section A3.3b) . .
i) Lowest anticipated service temperature of the steel structure, if the structure is sections in Iengths to
ol eacloscd and maintaived at a temperatre of SO°F (10°C) or higher ensure enough fall-
b Locutions w weld bucking is required 1o be romoved .
ihy Locations where fillet welds are required when weld backing 15 permifted to off material to use
remain for the tests if
(i) Locwtions where fillet welds ure reguired fo reinforce groove welds or to purchased through a
prOVE ConnEction geomeiry .
() Locations where weld tabs wre required 1o he remaoved service center
(ky  Splice locutions where tapered trnsitions are regquined
il The shipe of weld secess holes, if a shape other than these provided for in the
Specificuion is e
dmp Joints or groaps of joints in which a specific sssembly order, welding sequence,
welding technlgue, or other speci suitlons we regquired, where sueh items
are designsted o be submined o the engineer of reconl 75 76
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Bolted Joints (AISC 341, D2.2)

CONNECTIONS
General

Connections, joints and fasteners that are part of the SFRS dhall comply with Specifi-

eernion Cluaprer 1, and with the sdditional reguirements of this section.

Splices and bazes of columns tal ore not nated os part of the SFRS shall satisfy

. D2 5¢ andd D26

ements of Sections [

conpection elemer
ify the tequiress

protected zones are d
AISC 358, they shall

by thess Provisions or
ncnts of Sections D3 amd 1211

Bedted Joints

Bolted joints shudl sarisfy the following requinements:

ial  The avmlable shear st

holes perpendicu

type joints in_ne Sections J3.6 and J310),
tommingd bolt bearin 15 per Section 13140 of the Speci)
) where deformation al the bolt b service boad is a desi

Ihe

1 consideration

e the required strength of a conne

w s hased upon the
h of 1 member or element. it is permitted to use the bolt bear:

et 13,10 whiere

deformation is not o

(b1 Bolts and welds shall not be desigied 1o share force in a joinl or the same force

component in o conne

inn.
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Bolted Joints (AISC 341, D2.2)

173
1

CONNE

Gener:

"TIONS

Connections, joints and fasteners that are part of the SFRS dhall comply with Specifi-

eernion Cluaprer 1, and with the sdditional reguirements of this section.

Splices and bazes of columns tal ore not gnated as part of the SFRS shall satisfy

. D2 5¢ andd D26

the requirements of Sections I¥

Where protected zones are de

nated in connection elements by these Provisions or
isfy the tequincments of Sectivns D13 and 12.1

Bedted Joints

Bolted joints shudl sarisfy the following requinements:

tal The avimnlable shear strength of bolted joints wsing stansdand boles or short-ske

ks perpendic

type joants 0 ae

womingd ks per Sect

al service boad ik a

v 310 of the Specifice

frerns whaer formtion ul the bolt he 1 conadderation

shuill be wsed

wpon the

strength of 4 member mitted to wse the hall bear-

element, it is pe
s bt accondance witl Spe aritin Section J3. 10 where
n consideration,

ib) Bolrs and welds shall not be dessgied to share force in o jomt or the same force

mponent in o connection.
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Bolted Joints (AISC 341, D2.2)

Bolted Joints

The potential for full reversal of design load and the likelihood of inelastic deforma-

tions of members and/or connected parts necessitates that pretensioned bolts be used
in bolted joints in the SFRS. However, earthquake motions are such that slip cannot

and need not be prevented in all cases, even with slip-critical connections. Accord-

ingly, the Provisions call for bolted joints to be proportioned as pretensioned bearing
Joints but with fuying surfaces prepured as for Class A or better slip-critical connec-
tions, That is. bolted connections can be proportioned with available strengths for
bearing connections as long

mum slip coefficient, y =

s the fay

surfaces are sill prepared to provide o mini-

30, The result
minimize damage in more moderate seismic events, This requirement is intended

wminal amount of slip resistance may

for joints where the faying surface is primarily subjected to shear, Where the faying
imarily subjected to tension or compression from seismic load effects, for
example, in a bolted end plate moment connection. the reguirement for preparation of

the faying surfaces may be relaxed,

surface is pi

It is am acceptable practice o designate bolted joints as slip-critical as o simplified
means of specifying the requirements for pretensioned bolts with slip-critical fay
ing surfaces, However when the fabricator is permitted to design the connections,
specifying that bolted joints must be designed as slip-critical may result needlessly in
additional andfor larger bolts

79
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Bolted Joints (AISC 341, D2.2)

2

Bolted Joints

The potential for full reversal of design load and the likelihood of inelastic deforma-
tiens of members and/or connected parts necessitates that prefensioned bolts be used
in bolted joints in the SFRS, However, earthquake motions are such that slip cannot
and need not be prevented in all cases, even with slip-critical connections. Accord-

ingly, the Provisions call for bolted joints to be proportioned as pretensioned bearing

joints but with fuving surfuces prepured as for Class A or better slip-critical connec-

tions, That is. bolted connections can be proportioned with available strengths for

bearing connections i

Tong s the faving surfaces are stll prep:

ed 1o provide a mini-

mum slip coefficient, g = 0.30, The resulting nominal amount of slip resistance may
minimize damage in more moderate seismic events, This requirement is intended

for joints where the fa

ying surface is primarily subjected to shear, Where the fayi
surface is primarily subjected to tension or compression from seismic load effects, for
example, in a bolted end plate moment connection. the reguirement for preparation of
the faying surfaces may be relaxed,

It iy o ac

septuble proctice to designate bolted joints as slip-critical as o simplified
means of specifying the requirements for pretensioned bolts with slip-critical fay
ing surfaces, However when the fabricator is permitted to design the connections,
specifying that bolted joints must be designed as slip-critical may result needlessly in
additional andfor larger bolts
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Poll Question 1

Q: Supplemental welder certification in conformance with AWS D1.8 Annex D is
required...

For all welds connecting members part of the seismic lateral force resisting system,
When placing demand critical welds with restricted access,

When placing welds required to meet demand critical criteria, or

For all CJP welds in beam-to-column joints in OMF, IMF, & SMF systems

o o

e
= —

d

Select your answer!
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Effective Communication and Structural Drawings (AISC 341-16)
Ad. STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS

1. General

Structural design drawings and specifications shall indicate the work to be performed,
and inchude items required by the Speciffcation, the AISC Code of Standard Practice
for Steel Buildings and Bridges, the applicable building code, and the following, as
applicable:

(2)  Designation of the SFRS

(hy  Idemification of the members and connections that are part of the SFRS

(¢) Locations and dimensions of protected zones

(d) Connection details between conerete floor diaphragms and the structural steel
clements of the SFRS

(e} Shop drawing and erection drawing requirements nol sddressed in Section 11

User Note: The Code of Standard Practice uses the term “design documents™
in place of “design drawings™ 1o generalize the term and 0 reflect both paper
drawings and electronic models. Similarly, “fabrication documents”™ is used in
hop drwings.” and “erection documents™ is used in place of “erection
The use of “drawings”™ in this standard 5 not intended (o create

aconflict.
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Effective Communication and Structural Drawings (AISC 341-16)

Ad.

1.

‘ (a) De
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STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS
General

Structural design drawi

and specifications shall indicate the work to be performed,
and inchude items required by the Specification, the AISC Code of Standard Practice
for Steel Buildings and Bridges, the applicable building code, and the following, as
applicable:

ation of the SFRS
(hy  Idemification of the members and connections that are part of the SFRS
(¢)  Locations and dimensions of protected zones

() Connection details between conerete floor diaphragms and the structural steel
clements of the SFRS
(e} Shop drawing and erection drawing requirements nol sddressed in Section 11

User Note: The Code of Standard Practice uses the term “design documents™
in place of “design drawings™ 1o generalize the term and 0 reflect both paper
drawings and electronic models. Similarly, “fabrication documents”™ is used in
place of “shop drawings.” and “erection documents™ |s nsed in place of “ercction
drawings™. The use of “drawings™ in this standard i not intended 1o create
nconflict.
84
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Effective Communication and Structural Drawings (AISC 341-16) Effective Communication and Structural Drawings (AISC 341-16)

1.

Ad.

STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS

General

Structural design drawings and specifications shall indicate the work to be performed,
and inchude items required by the Specification, the AISC Code of Standard Practice
for Steel Buildings and Bridges, the applicable building code, and the following, as

applic

ahle:

(a)  Designation of the SFRS

(b} Tdentification of the members and connections that are part of the SFRS

() Locations and dimensions of protected zones

() Connection details between conerete floor diaphragms and the structural steel
clements of the SFRS

(e} Shop drawing and erection drawing requirements nol sddressed in Section 11

User Note: The Code of Standard Practice uses the term “design documents™
mn place of “design drawings” 1o gencralize the term and 1o reflect both paper
drawings and clectronic models. Similarly
place of “shop dmwings.”

abrication documents” is used in

and “erection documents™ is used in place of “ercotion

Ad. STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS
1. General

Structural d

ign drawings and specifications shall indicate the work to be performed,
and inchude items required by the Specification, the AISC Code of Standard Practice
for Steel Buildings and Bridges, the applicable building code, and the following, as
applicable:
(a)  Designation of the SFRS
(b} Tdentification of the members and connections that are part of the SFRS
‘ {¢)  Locations and dimensions of protected zones
() Connection details between conerete floor diaphragms and the structural steel
clements of the SFRS
(e} Shop drawing and erection drawing requirements nol sddressed in Section 11

User Note: The Code of Standard Practice uses the term “design documents™
mn place of “design drawings” 1o gencralize the term and 1o reflect both paper
drawings and clectronic models. Similarly, “fabrication documents™ is
place of “shop dmwings.” and “erection docoments™ is used in place of “erection

sl in
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. The use of “drawings™ in this standard i not intended 1o create drawi The use of “drawings™ in this standard s not mtended 1o create
a conllict.
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Ad. STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS Ad. STRUCTURAL DESIGN DRAWINGS AND SPECIFICATIONS
1. General 1. General
Structural design drawings and specifications shall indicate the work to be performed, Structural design drawings and specifications shall indicate the work to be performed,
and include items required by the Spe tien, the AISC Code of Standard Practice and include items required by the Specification, the AISC Code of Standard Practice
for Steel Buildings and Bridges. the applicable building code, and the following, as for Steel Buildings and Bridges. the applicable building code, and the following. as
applicable: applicable:
(2)  Designation of the SFRS (2)  Designation of the SFRS
(b} Tdentification of the members and connections that are part of the SFRS (b} Tdentification of the members and connections that are part of the SFRS
te)  Locations and dimensions of protected zones (¢)  Locations and dimensions of protected zones
‘ (d) Connection details between conerete floor diaphragms and the structural steel (d) Connection details between conerete floor diaphragms and the structural steel
clements of the SFRS clements of the SFRS
(e} Shop drawing and erection drawing requirements nol sddressed in Section 11 - (e} Shop drawing and erection drawing requirements nol sddressed in Section 11
User Note: The Codde of Standard Practice uses the tenm “design documents™ User Note: The Covde of Standard Practice uses the term “design documents™
mn place of “design drawings” 1o gencralize the term and 1o reflect both paper mn place of “design drawings” 1o gencralize the term and 1o reflect both paper
drawings and clectronic models. Similarky, rication documents” is used in drawings and clectronic models. Similarly, “fabrication documents™ is used in
place of p drmwings,” and “erection documents™ is used in place of “erection place of “shop dmwings,” ion documents™ is used in place of “ercction
- The use of in this stundard is not intended 1o create *. The use of in this stundard is not intended 1o create
aconflict. aconflict.
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2. Steel Construction 2 Steel Construction

In addition o the requirements of Section A4 1L structural desion drowings and speci- In addition o the requirements of Section A4 1L structural desion drowings and speci-
fications for steel construction shall indicate the following items. as applicable:

fications for steel construction shall indicate the following items. as applicable:

iguration of the conections

ih}  Conncction material spec ations and sines

e Locations of deimnd er welds

ceommaate inelastic —) 1) Lo

ot

tions where pusset plates are 10 be detsiled 10 secommaodste inelastic

ions of connecti
dance with Section A
if)  Lowest

e requiring Charpy V-notch toughness in acoor- iel tions of connection plates requining Charpy V-notch onghness in gcoor-

anficipated ice temperature of the steel structure, if the structore is in mlicipated service temperature of the steel structure, if the structure is

SO°F (10°C ) o pperature of S0°F | 10°C

bor higher

) required 1o be removed redd 10 be removed
ihy wms where fillet welds are required when weld backing is permitted to tions where fillet welds are required when weld backing 15 permitted to
in
1] fillet welds ure reguired 1o reinforce groove welds or o ticns where fillet welds ure reguired fo reinforce groove welds or to
prOVE ConnEction geomeiry Ve CORNECTIoN emmetry

gL ioms where weld tabs ane resired 10 he removed) il s where weld tabs are required 10 be removed

(K} Splice locutions where tapered transitions are requined iky  Splice locwtions where tapered transitions are nequined

(11 The shipe of weld secess holes, if @ shape other than those provided for in the ill The shipe of weld s holes, if a shape other than those provided for in the

Specificerion is required Specificetion s required

dmp Joints or groaps of joints in which a specific sssembly order, welding sequence

() Joints o g

i of joints in which a specific assembly order, welding seguence,

welding |

Bigguc, or ather special

ilions are required, where such items

ol 89

welding

que, or ther speci

wllons e required. where sieh items

ril 90

are designated o be submined 1o the eng

are desipnated to be submirned o the wr of 1
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2. Steel Construction 2 Steel Construction

In addition e

suirements of Section
fications for steel construction shall ind

Ad L structural desi
fications for steel construction shall indicate the following items. as applicsl

1 o the reguirements of Sectic

n drwings i

A1 structural design druwings and speci- In add

i speci-
> ihe following items. as applicat x

e

F the contections i Ca

wration of thie conmections

tions and sises

| welds

ihy  Connection material speci ations and sines

| welds

nncclion materinl spec

ions oof dermand erit

sitinis of densud crin

() Locutions where gusset plates ore 10 be detsiled 10 sccommedate inclastic fions where gusset pliies are 10 be detailed 10 sccommodate inclastic
" rotuti
‘.‘:l L ions of connect ies reguining Charpy V-notch loughness in accor- ie)  Locations of connection plates requinng Charpy V-notch toughness in accor-

dance with Section A3.3(b) dance with Section A3.3(b)

Lowest anticipated s

iy Lowest anticipated structure. if the structure is

SO0°F ( 10°C ) on higher

ice temperature of the steel

ice temperature of the steel structure, if the structore is
SO0°F ( 10°C ) on higher

nol enclosed and

naited gt a lemperatun

enclosed and mai

aitied at 3 lemperatiune

() Locutions where weld backing is required w be removed (g) Locutions where weld backing is required 1o be removed
ihy wms where fillet welds are required when weld backing is permitted to iht  Locations where fillet welis ane required when weld backing is permifted 1o
in

1] ns where [illet welds are reguired 1o reinforce groove welds or o 1] ticns where fillet welds ure reguired fo reinforce groove welds or to
prOVE ConnEction geomeiry prOVE ConnEction geomeiry

i) Locations where weld tabs ire regubred 1o be removed i) Locations where weld tabs are reguired 1o be removed

(K} Splice locutions where tnpered trnsitions are requind (K} Splice locutions where tnpered trnsitions are requind

i The shape of weld sccess holes, if a shape other than these provided for in the i The shape of weld w5 holes, i a shape other than these provided for in the
Specificasion is required Specificasion is required

i) sroips of joints in which o

specific assembly onder, welding sequence, dimp Joints or groaps of joints in whicl

cifie assembly order, welding seguence,

ige, or other specis e, where sueh items

wr of econd 91

welding

g, of other speci

wllons e required. where sieh items

wr of econd 92

are designated o be submirted (o the oy are desipnated to be submired o the en,
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2. Steel Construction

In addition o the requirements of Section A4 1L structural desion drowings and speci-
fications for steel construction shall indicate the following items. as applicable:

dance with Section A
if)  Lowest

anficipated ice temperature of the steel structure, if the structore is
SO0°F (10°C) o
recpitired b be removed

wns where fillet welds are required when weld backing 15 permitted 1o

fillet welds ure reguired 1o reinforce groove welds or o

mprove connee
gL
(K} Splice locutions where tnpered trnsitions are requind

ey

jootes wheere weld tabs are reguired 1o he removed

il The shape of weld sceess holes, if o shape other than those provided for in the
4

groaps of joints in which a specific sssembly order, welding seguence,

Specificetivn is requir

- Joints

2. Steel Construction

In addition o the requirements of Section A4 1L structural desion drowings and speci-
fications for steel construction shall indicate the following items. as applicable:

) (ui Configuration of the contection

ih ih}  Conncction material spec ations and sizes

(5] (el Locations of demand eritical welds

[ secommodate inelptic iy Locations where gusset plstes are 1o be detsiled 1o secommodaste inelastic
rotation

iel ions of connect e requiring Charpy V-notch toughness in acoor- iel tions of connection plates requining Charpy V-notch onghness in gcoor-

SO0°F (10°C

red o be removed

pperalie bor higher
tons where fillet welds ane required when weld bucking 15 permited to
in

ticns where fillet welds ure reguired fo reinforce groove welds or to

OVE CONNECTIoN Jeomeiry

il s where weld fabs are resgubred 1o be remeoved

(k) Splice locutions where tapered transitions are neqiired

i1} The shipe of wel

s hodes, il a shape other than these provided for in the
Specificusion is required

it Joints or groaps of joints in which a

pecific sssembly order, welding scquence
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are desipnated to be submirned o the wr ol recond 93 are designated to be submined o the eng of recornd 94
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2. Steel Construction 2. Steel Construction
In addition e reguirements of Section A4 1L structural desian drswings and speci- In addition to the requirements of Section A4 1. structural design druwings and speci-
fications for steel construction shall ind > ihe following items. as applicable: fications for steel construction shall indicate the following items. as applicable:
) Configuration of the conections iu) Configuration of the connections
ih}  Conncction materinl specifications and sires Connection material spec ations and sizes
e Locations of demand eritical welds sitindis of devud critical welds
iy 1 joms where pusset plstes are 10 be detsiled 100 secommodate inelasic tions where pusset plates are 10 be detsiled 10 secommaodste inelastic
" rotuti
el L ions of connect ies reguining Charpy V-notch loughness in accor- ie)  Locations of connection plates requinng Charpy V-notch toughness in accor-
dance with Section A3.3(b) dance with Section A3.3(b)
if)  Lowest anticipated ice temperature of the steel structure, if the structore is i) Lowest anticipated service temperature of the steel structure, if the structure is
el enclosed and maintained ot a lemperaun SO0°F ( 10°C ) on higher enclosed and maintained at a temperature of S0°F ( 10°C ) or higher
utions where weld bocking is required o be removed (gh Locations where weld bocking is required i be romoved
wns where fillet welds are required when weld backing 15 permitted 1o ihh Locations where fillet welds are required when weld backing 15 permitted to
in
ns where [illet welds are reguired 1o reinforce groove welds or o 1] ticns where fillet welds ure reguired fo reinforce groove welds or to
prOVE ConnEction geomeiry prOVE ConnEction geomeiry
) Loctions where weld tabs ane reguired o be removed ‘-n Locations where weld tabs wre required 1o be removed
(K} Splice locutions where tapered transitions are requined iky  Splice locwtions where tapered transitions are nequined
i The shape of weld sccess holes, if a shape other than these provided for in the i The shape of weld w5 holes, i a shape other than these provided for in the
Specificasion is required Specificasion is required
(m) proaps of joints in which a specific assembly order, welding sequence b Joints or groaps of joints in which cifie mssembly order, welding sequence
rlgguic, o athet specis uired, where sueh items weldin e, of ather special precaimtions e required, where sueh itenms
are desigpnated to be submined to the engineer of recond 95 are desigpnated to be submined to the engineer of recond 96
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2. Steel Construction 2. Steel Construction

In addition to the requirements of Section A4 1. structural design druwings and speci- In addition to the requirements of Section A4 1. structural design druwings and speci-

fications for steel construction shall indicate the following items. as applicable: fications for steel construction shall indicate the follow tems. as applicable:

[E] rrathon of the comections [H] atlon of the conections

(hy terial spec ons and sizes (hy aterial specifications and sizes

el L i of dermand crin I el ol dermaund critical welds

[ joms where pusset plstes are 10 be detsiled 100 secommodate inelasic iy v where pusset plstes are 10 be detsiled 100 secommodate inelastic

iel ie)  Locations of connection plates requinng Charpy V-notch toughness in accor-

in in emperature of the steel structure, if the structure is

iitied ab a temperature of S0°F ( 10°C) o higher
g g s reuuired o be removed
ihy iions whene fillet welids ane required when weld backing 15 permifted 1o
n

(i) wtions where [illet welds are required 1o reinforce groove welds or 1o (i) wions where fillet welds ure required (o reinforce groove welds or 1o
prOVE ConnEction geomeiry prOVE ConnEction geomeiry

i) Locations where weld tabs ire regubred 1o be removed i) Locations where weld tabs ire regubred 1o be removed

‘- kb Splice locations where tapered transitions are requined (ki Splice locations where tapered transitions are regquined

il The shape of weld sceess holes, if o shape other than those provided for in the ‘-Il The shiype of weld secess holes, if a shape other than these provided for in the
Specificetion is required Specifi o s required

fmp Joints s 0f joints in which a specific assembly order, welding seguence, it Josints o pps o joints in which o sssembly order, welding seguence,
weldi laque, o ather special precations e required, wh ek items weldin e, of ather special precaimtions e required, where sueh itenms

o b subimiried to th o oof recornd 97 are des il 1o be subeminied o the cer of recond 98
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2. Steel Construction

i X Composite Construction

as applicable:

In addition o the requirements of Section A4 1L structural d

ian drywings

fications for steel consiruction shall indie;

e ihe following items.

In addition 1o the requirements of Section A4, 1 and the requirements of Section A4.2,
puration of the conmections

as applicable, for the steel components of reinforced concrete or composite elements,
structural desi

ons and sizes
welds

joms where gusset plates are 16 be detafled 10 ccommodate inela: cate the follow

materinl spec

i drawing

and specifications Tor composite construction shall indi-

dermand critic

1g items, as applicuble:

(a)  Bar placement, cutoffs, bap and mechanical splices, hooks and mechanical

ions of connection plates requiring Charpy V-notch toughness in accor-

By anch , placement of ties, and other transverse reinforcement

dance with Section

e sicel struciure, if

temperature of
tied b o ler

he structure is (b}  Requirements for dimensional changes resulting from emperature chan

SO°F (10°C ) or higher crecp and shrinkage
redquired o be romoved

weralin

(¢} Location, n

gnitude and sequencing of any prestressing or post-tensioning

ihk wns where fillet welds are required when weld backing 15 permitted 1o present

. R ——— (d)  Location of steel headed stud anchors and welded reinforcing bar anchors
() el tabes s required 10 be remeved . K N

& here lupered trisitlons are requlred There are similar requirements for composite
ih ess hioles, il a shape other than these provided for in the

construction used in seismic applications

— ()

are designated o be submined 1o the eng

peer of tecond 99 100
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Identify locptio
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Effective Communication and Structural Drawings Identify location Effective Communication and Structural Drawings Identify location
Identify location and type of SFRS chords/collectors
® <\ (gnd type of SFRS | ® ® © ®
N N\, w w0 3 w0 N w0 w0 w0 N
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PR ' i ' ik i ' i ' L
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Effective Communication and Structural Drawings Identify location of Effective Communication and Structural Drawings Identify type of
/’ protected zones /—’ prequalified connection
s 0 0 5 0 N w0 s / 0 0
W — i le A-32 p7j A=32 i le A-32 -p7j W — i le A-32 P7j A=32 i = A=3: P7j
m m m m
im im im il
T/Steel (WUF-W WUF-W/| (WUF-W. WUF-W| T/Steel ' WUF-W WUF-W/| (WUF-W. WUE-W/|
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1 I 1 I

105 106
Effective Communication and Structural Drawings Effective Communication and Structural Drawings
3 2 1
® © ® sa
150 24 30
e | e
il]] v v il]] v v S — Identify:
| | »  Work points,
™ i e By pen = ron ‘”/“ .| = Protected zones, and
" " " " * Accommodation of brace
1 1 T/Steel
B B L buckling
e [ = i“ T “:j = T “:'“ T “;Z*/“ =
i H g H
N I o
Identify members/hardware where
notch toughness is required (heavy
sections/thick plates) 107 108
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é T/Steel
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¢ T/Steel
EL: xx'-x"

¢ T/Steel
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@

54'
o . If OCBF, clarify the required
connection design loads...
OCBE 5 OCBF 6
=~ T 7~ ] [IfRFA, don'tpostloadson
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Effective Communication and Structural Drawings

®

©

54"
2 30 If OCBF, clarify the required
connection design loads...
OCBEF 5 OCBF 6
R | oy ———
L = If R,F,A,, don’t post loads on
5 X & %
K% <, S %, the braces
T/Steel . .
P | TR o~ If exception is not taken, post
% G %, the total required connection
;Y ¢ Y 23 . .
design forces; not something
Qi | e e that needs to be modified
& & & & (e.g., overstrength)
» v i ¥

Effective Communication and Structural Drawings

TiSteel
i

T/Steel
i —

TiSteel
St

AISC341-16 F2.6a

Connections

Brace Connections

The required strength of diagonal brace connections shall be determined using the

overstrength seismic load

Exception: The required strength of the brace connection need not exceed the
following.

(a)

(b

In tension. the expected yield strength divided by ¢t,, which shall be determined
as RyFyAg/cts. where 0y = LRFD-ASD force level adjustment factor = 1.0 for
LRFD and 1.5 for ASD.

In compression, the expected brace strength in compression divided by .
which is permitied to be taken as the lesser of RyFyAgfot; and 1L1F Ay o,
where F.p, is determined from Specification Chapter E using the equations for
For, except that the expected yield stress, RyFy, is used in lieu of Fy. The brace
length used for the determination of Fi shall not exceed the distance from
brace end to brace end.

M1
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Effective Communication and Structural Drawings
AISC341-16 F2.6a
s 6. Connections
2 30 6a.  Brace Connections
ocars e The required strength of diagonal brace connections shall be determined using the
Ll }( I I — \1 overstrength seismic load.
i g&’* %, i Exception: The required strength of the brace connection need not exceed the
| < | following.
Wi —— R § (a) . the expected yield strength divided by oy, which shall be determined
3 & 3 3 as R, r. where oy = LRFD-ASD force level adjustment factor = 1.0 for
3 % % 3 LRFD and 1.5 for ASD.
orse LA i {b) In compression, the expected brace strength in compression divided by o
e | which is permitted to be taken as the lesser of RyFyd, o, and 1.1 .
| 5 &% |l where F, is determined from Specification Chapter E using the equations for
| | Fer, except that the expected yield stress, RyFy, is used in lieu of Fy. The brace
L ) length used for the determination of Fi shall not exceed the distance from
brace end to brace end
112

28



AISC Night School
March 25, 2019

Effective Communication and Structural Drawings
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24 30'
OCBE 5 OCBF 6
T/Steel
¢Fl..‘xxcxv e — e —
N S o ., The design documents should
\b % o> % K .
< y clearly provide the design
e N | 7/ 5 forces for the brace
connection
Y% % > %
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T/Steel
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Poll Question 2

Q: Where SCBF systems are identified on construction documents, AISC 341,
Section F2, clearly defines where brace buckling accommodation is required.
Therefore, it is up to the fabricator and connection designer to know this with
no further identification on the design documents.

a) True
b) False

Select your answer!
114

Stability Bracing (AISC 341 Section D1.2 and specific systems)

Many systems addressed in AISC 341 require stability bracing for the beams in the
seismic force resisting system

* Ensure beam can reach its expected plastic strength in IMF and SMF systems

* Ensure no LTB in beams of braced frame systems with inverted V- and V-type
configurations

* etc

* The identification of locations and requirements for such bracing is rarely provided
on design documents

* Framing should be configured to facilitate such bracing, and locations need to be
identified in the design documents

Copyright © 2019
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Stability Bracing (AISC 341 Section D1.2 and specific systems)

For example, AISC 341 Section F2 provides the requirements for the special
concentrically braced frame system
4b.  V-and Inverted V-Braced Frames

Beams that are intersected by braces away from beam-to-column connections shall
sutisly the following requirements:

(a)  Beams shall be continuous between columns,

(b} Beams shall be braced 1o satisfy the requirements for moderately ductile mem

bers in Section D1.2a

As a minimum, one set of lateral braces is required at the point of intersection

of the V-tyy m has sufficient

out-of-plane s een adjacent brace

potnts.

116
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Stability Bracing (AISC 341 Section D1.2 and specific systems) Stability Bracing (AISC 341 Section D1.2 and specific systems)
For example, AISC 341 Section F2 provides the requirements for the special For example, AISC 341 Section F2 provides the requirements for the special
concentrically braced frame system concentrically braced frame system
| 7 i i i 7 ®
The framing plan = =
® i B SR AR O in rfxi’ngz =5 T 7 prOVidES no means s SCBES SCRE 6
T ‘ S Bl of satisfying the S 7 N |l ]
E : . lateral bracing / \ /
; j requirements with Prs_ @ " 2@ P
o— —= (>} an infill beam N / 2
B g z 3 i § 3 5 prsed l:‘,,‘ ) "N r_ ~ | -
; - Sy e PZ~\\| &Pz Pz 118
Stability Bracing (AISC 341 Section D1.2 and specific systems) Stability Bracing (AISC 341 Section D1.2 and specific systems)
For example, AISC 341 Section F2 provides the requirements for the special For example, AISC 341 Section F2 provides the requirements for the special
concentrically braced frame system concentrically braced frame system
7 7
One option is to add an infill beam | Another option would be to verify that ‘
the slab/deck provides sufficient lateral -
bracing to the top flange, and then add
A E— — a kicker from the bottom flange to the S —
underside of the deck
o T N S I N
Either way, the SEoR needs to provide
1 = direction 4 EH 3
119 120
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ISP,

provides the requirements for the special
concentrically braced frame system e

For example, AISC 341 Section F2 ?

Connection Design: Tips, Tricks, and Lessons Learned
Session 7: Seismic Connections

Examples 4.3.4 and 4.3.5 in the SDM ? .
provide details for stability bracing b % 7N
connections for equal depth and wawten 4}]*/'555' HSL,,%‘,

i

unequal depth beams, respectively.

b
%‘1\
4
009 0
©f
|
|

£ FITTED PLATE (GR 50)
W8P0 A4 N
BOLTS N STD HOLES

Stability Bracing (AISC 341 Section D1.2 and specific systems)

Moment Frames...

—®
—o
©
-

;«ﬂ"’“«x pY
= !
Stability Bracing (AISC 341 Section D1.2 and specific systems)
2. Stahility Bracing of Beams
2o, Moderately Ductile Members
1. Steel Heams
The br I moderately ductile steel besns shall satisfy the following
rally braced or the bemm cross section
AT
®
oy 123
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o !
o : 18 b I
P ol

AATIR

1@y 1

N 122
Stability Bracing (AISC 341 Section D1.2 and specific systems)

2 Stahility Bracing of Beams

Design documents

should identify

moderately and

highly ductile Noter it requivements (n Chaptees

members Susie b b

cuntibever column sys: b : ° .: n fb.
20, Moderately Ductile Members
1. Steel Beams
Th o moderately ductile steel besns shall satisfy the following
. ly braced or the beam cross section

AT
W

N 124
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Stability Bracing (AISC 341 Section D1.2 and specific systems) Stability Bracing (AISC 341 Section D1.2 and specific systems)

b Highly Ductile Members

ih) Beam bracing shall meet il

entsof Appendix & ol the: Specifi In addition 1o the requirements of Sections D1 2 e and (hi, and D0, 220 an

i e, where € is 1.0 and the (b 1 { highly ductile heam members shall
Pequi shull b Lo= }
M, = B2, (D11 A
chall be b

Required moment
to be used with

he expected yield mress fo the specified minimm yiekd 2e.  Special Bracing at Plistic Hinge Locations

ted adjacent o expected plastic hinge kcations where

Special bracing shall be boca

: z s about the axis of bepding, in* (mm') required by Chapices E.F, G or H
App. 6 equations =LA o gt
o) i i shall e a g i of AISC 341 prescribes which systems require stability bracing and whether members are
Ly = 0.0 Ry F) (G181 considered moderate or highly ductile members

£y = raditas of gyration aboul v-axis, . {mm)

iy

Y. 125 | 126

=
=

oy

=

Stability Bracing (AISC 341 Section D1.2 and specific systems) SCBF — Accommodating Brace Buckling

Locations of required beam stability bracing as required in AISC 341 should be identified
on design documents (AISC 341-16 D1.2c.1).

L. Steel Beams

For structural stoel beams. such bracing shall sstisty e Tolbowing sequancments

(-5

ments of Appendis &

Cy=lth

N

M, = R F Zu, D16y

127 128

=
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SCBF — Accommodating Brace Buckling

Wasisbaow
(121" A490- BOLT
@30,

129

Connection Design: Tips, Tricks, and Lessons Learned
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SCBF — Accommodating Brace Buckling

w1413

Lovingly known as the 2t method...

b0 w
(12)-1" A490-NBOLTS
@3 0c

1,205 kips

...0ut-of-plane (OOP) buckling

Lo
336

SCBF — Accommodating Brace Buckling

2L4xdx§x3-0 w/
(10)-1" A490-N BOLTS
@3" 0.

In-plane
buckling...

...we have shown that this
can be half the cost of the
typical connection used with

1,205 kips

PL6X3X2-10,
TYP.

HSS9x0NS, TYP.

Wi4x132]
\
|
|
OOP buckling *’ﬂ‘<
|
|
|
T
|
L

SCBF — Accommodating Brace Buckling

In-plane
buckling...

...we have shown that this
can be half the cost of the
typical connection used with

2L4xdx§x3-0 w/
(10)-1" A490-N BOLTS.
@3" 0.

1,205 kips
HSS9x0NS, TYP.

l6-3/16

PL6x3x2-10,
YP.

See example 5.3.11 of the SDM

'W14x13:
\
|
|
OOP buckling *’ﬂ‘<
|
|
|
T
|
L
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SCBF — Accommodating Brace Buckling

Other Methods for OOP

Linear—2t—30deg.

g@g Standard Way

Nyt

Connection Design: Tips, Tricks, and Lessons Learned
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SCBF — Accommodating Brace Buckling

Other Methods for OOP

133

~

Linear_:Zt—SO deg. Elliglical—_St

f“””"«,ﬁ SDM
{@; Standard Way Example 5.3.10 134
N h -

SCBF — Accommodating Brace Buckling

Other Methods for OOP

Linear—2t—30deg. Elliptical — 8t

TR SDM
5@,— Standard Way | Example 5.3.10
Loiwors 2

Copyright © 2019
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SCBF — Net Section Rupture (F2.5b(c))

This effects brace types such as HSS ¥ =
slotted over gusset —

See example 5.3.7 of the SDM, pp. 5-223-
5-225 for example calculations 136
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SCBF — Net Section Rupture (F2.5b(c))

PL 3x2{x(14+x) Both
Sides of Brace

x = Extent of Brace Slot k4
From Edge of Gusset

Eg

When specifying the extent of the reinforcing plate,
be sure to allow for excessive slot in HSS usually
provided to accommodate erection

AT

137

Connection Design: Tips, Tricks, and Lessons Learned

Session 7: Seismic Connections

SCBF — Gusset Plate Welds (F2.6c.4)

4. Gusset Plates

slumn flange shall have available b

x, times the joint bength,

sset plate, ksi (MPu)

vified minimum vield stress

Wieets
Res0kips

138

SCBF — Gusset Plate Welds (F2.6¢c.4)

4. Gusset Plates

s that attach o gusset plate directly to

ve wvatlable shear strength equal o

AR F b 0 times the joint ben

where

specified minimm yield I stress of tt

et plute, ksi (MPu)

fied minimum vield stress

Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). "Establishing and Developing the Weak-Axis Strength of Plates Subjected to
Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157. 13¢

SCBF — Gusset Plate Welds (F2.6¢c.4)

M
N
w
45—
3 7
1 i /
%
/
/
/
L
& w w
S 4 t 4
&
C=t+%

Pi TP
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Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). "Establishing and Developing the Weak-Axis Strength of Plates Subjected to
Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157. 14
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SCBF — Gusset Plate Welds ‘(‘EZ.Gc.4)

Jutvvssn HESBF
Nosder | Boscer | s | foskern
A R

e warka?
Sierttee WAy Eorparieon

B i TR i ) T} 7] i W] 5 | 4d i
S rcrwess

Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). ”Estabhshmg and Developlng the Weak Axls Strength of Plates Subjected to
Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157. 141

SCBF — Gusset Plate Welds (F2.6c.4)

where
Ju
Dyiy = ——F————— Y
' 9 & i 15 A v == kipsfin,
1.392(1.0+0.55in" 0) / 2L
, ?
, fap = T Kips/in
—if Jup *
B=tan M,
S fum, = _'{ =, kips/in.
Moy max
3 fum, = e Kipisfin
| . [tp + 05w )L
fu = Fiv + fop + fim, + fim, ) G
w =weld size, in.
| Al 0.6R,F 0,1, fe C i
[ D 16ths | 593 il 593 593 584 a3 83 | 5oa 145
| Wanins i1 [ % N % T % % % ¥
Size increase L] Ve L] ¥ b * s H L] Y )
% vol. incroase 125% 156%: 125% 125%% 125% 125% 125% 12596 125% 17E% 178%

Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157.

Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). "Establishing and Developing the Weak-Axis Strength of Plates Subjected to
142

SCBF — Gusset Plate Welds (F2.6¢c.4)

The alternative method is a bit more complicated relative to O‘6RyFytp/(xs, but can be far
more economical.

| Al 0.6R,F 0,1, fe C i
| Dininy 16iths [ 583 | 7.4 593 | 500 593 | 593 | 583 | 583 | 445 | 445
|'size increase n % -

%o vol. incroase 1565 125 1250 ) 125 3 = 178

SCBF — Gusset Plate Welds (F2.6¢c.4)

The alternative method is a bit more complicated relative to O‘6RyFytp/(xs, but can be far
more economical.

Regardless of the method used, and in general, when welds develop strength, the 1.25
weld ductility requirement should not be imposed on this weld design

Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). "Establishing and Developing the Weak-Axis Strength of Plates Subjected to
Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157. 143

!

| Al 0.6R,F 0,1, fe C i
[Dmmi6ths | 583 | 741 | 741 | 588 | 583 | 593 593 | 553 | 593 | 583 | 445 |
| Size increase
% vol, increase 156 il 125% 12 1 0L ] 1 ] 1

Carter, Charles J.; Muir, Larry S.; Dowswell, Bo (2016). "Establishing and Developing the Weak-Axis Strength of Plates Subjected to
144
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Applied Loads," Engineering Journal, American Institute of Steel Construction, Vol. 53, pp. 147-157.
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Prequalified Moment Connections — AISC 358-16 General Layout
- FI‘ L — In general, the analysis/design procedures for each type of connection are provided in a step-
§m1‘__-_ = by-step format. A Design Procedure section is included in each chapter
' B4 DESIGN PROCEDURE

ions and KBS dancy.

Prequalified Connections for
Special and Intermediate
Steel Moment Frames for

Seismic Applications

. |
@ - | |
f‘m"“, s h ..'f: | | f'm"%,_

i i - = i i ' o )
NV 145 Y Bk Zo= Bt ) 146
General Layout Limitations
In general, the analysis/design procedures for each type of connection are provided in a step- * Columns
by-step format. A Design Procedure section is included in each chapter * Beams
e ’ * Connections
* Geometry

* Varies with connection type. Be sure to review and understand these limitations

147 3 ", 148
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Limitations (e.g., AISC 358-16 Section 7.5 — BFP) Limitations (e.g., AISC 358-16 Section 7.5 — BFP)

2. Column Limitations

Columns shall satisfy the following limitations: Sect. 7.5 CONNECTION DETAILING 9.241

(1) Columns shall be any of the rolled shapes or buili-up sections permitted in Sec-
tion 2.3 5

12} The beam shall be connccted (o the flange of the column

(31 Rolled shape column depth shall be limited 1o W36 (W920) maximum when
a concrete structural slab s provided. In the absence of a concrete structural
slub, the rolled shape column depth is limited 10 W4 (W
Flanged cruciform columns shall not have a width or depth gre

360 max i

afer thin the
depth allowed for rolled shapes. Buili-up box columns shall not have a width or
depth exceeding 24 . (600 mm). Boxed wide-flange colummns shall not have o
width or depth exceeding 24 m. (600 mm ) if paricipating i orthogonal moment

frames,
(4} There is no limit on weight per fost of columns.
(5} There are no additional requirements for flange thickness

(67 Width-to-thickness ratios for the flanges and web of columns shill conform 1o
the requirements of the AISC Seismic Provivions.

(71 Lateral bracing of columns shall conform to the requirements of the AISC Seismic
Provisions
149 150
IMF/SMF — General Comments IMF/SMF — Beam FBD - BFP
* AISC 358 contains several prequalified connections TSI W
. v cted zone = S, +d
o Some of them are proprietary e
* The choice of connection is generally made by the SEoR. However, some issues should be 5
. T _———5hims, if required
considered :
o Shop versus field welding
> ShOp Weldlng is genera”y easier Confinuity and doubler —< + | —— Single-plate web
» Weld inspection and potential rework is easier in the shop phles wa Tequied. Boridction
» Field welding should be avoided in areas with stringent fire-watch areas (can be
extremely expensive)
» Relative to required hardware and shop hours, field welded connections can be
less expensive (depending on cost of field welding)
T Shims, If requlred
AL a1
Fig. 7.0, Bolted flange p
151 152
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IMF/SMF — Beam FBD - BFP
Based on the beam'’s probable maximum moment, My, ...
L,
Y M,
Q==
M, \ Plastic %
Hinge, Typ.
M, =C,RFZ (EQ.24-1)
F"’+F”<12 (EQ.2.4-2)
= ZE, <1. X
’ 153

Connection Design: Tips, Tricks, and Lessons Learned
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SMF — Beam FBD - BFP
Based on the beam'’s probable maximum moment, My, ...
| Note that for A992-50, C,,RF, is...
I, - -
Z - 50 ksi+ 65 'ks1 (L1)(50 ksi)Z,
r (2)(50 ksi)
vl M, M, =633Z,
o=t
M, \Plastic %
Hinge, Typ.
M,=C,RFZ (EQ.24-1)
c Erh g, (EQ. 2.4-2)
o 2Fy <1 2.
154

SMF — Beam FBD - BFP SMF — Beam FBD - BFP
Based on the beam'’s probable maximum moment, My, ... Based on the beam'’s probable maximum moment, My, ...
| Shear at the plastic hinge is... | Shear at the plastic hinge is...
L, 2M, w,L, L 2M, w,L,
v, =" st v, =" st
L, 2 L, 2
W,y W
/0% S M, /4 M,
) )
M K — L M K — L
” \ Plastic ” \ Plastic
Hinge, Typ. Hinge, Typ.
M, =C,RFZ (EQ.24-1) V,=V,+V, M, =C,RFZ (EQ.24-1) L
__gh
£ +F, y M,  wlL, F,+F, Ve=—35
= <12 (EQ.24-2) V= 5 C,=—1_—"<12 (EQ.242)
v 2F, h Y 2F,
: 155 . 156
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SMF — Beam FBD - BFP SMF — Beam FBD - BFP
Based on the beam'’s probable maximum moment, My, ... Based on the beam'’s probable maximum moment, My, ...
| Shear at the plastic hinge is...
L, M, w,L, L, 5
Vima === +—5—
o L, 2
) y Wy
¥ T lwl I M, M, w,L, 1 lwl I M, M,y 11 M,
v A Viwn =575 A H
= | OO
M, \ Plastic  ° \ Plastic  ° F /
Hinge, Typ. Hinge, Typ. e /
Column Column
V,=V.47, M, =C RFZ (EQ.24-1) B
w
__&h
FV + E( Vg B 2
L, =—-—"<12 (EQ.24-2)
2F,
157 158
SMF — Beam FBD - BFP SMF — Beam FBD - BFP
Based on the beam'’s probable maximum moment, My, ... Based on the beam'’s probable maximum moment, My, ...
L, L S
W, ! W, W !
4 /4 o M, M,y dll Lt M Moy
Ve Ve Y H
i | A D
M, \ Plastic % i oM M, \ Plastic % F 4 i
Hinge, Typ. Hinge, Typ. a(c); /
Column Column ‘ Column Column ‘
} }
Note that the extent of s, varies with the type of
prequalified connection used. Refer to AISC 358.
159 160
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SMF — Beam FBD - BFP SMF — Beam FBD - BFP
| s L, S
Based on the beam'’s probable maximum moment, My, ...
W, Wy |
/4% M, M, V bl M, M, v
Sp L, A |4 B
7T$K777>£P7 ,4777§$7 - +
Wy ! v : v
A=====gy M, M, 1 _J M,y M, \ Plastic Face/ / |
~ ~ 3 A 4 i | Hinge, Typ. of ‘
K Column
v I
\Plastic ¢ ‘
Hinge, Typ.
Column Column ‘
)
Required moment and shear for connection
design is maximum M;. And V,.
161 162
SMF — Beam FBD - BFP SMF — Beam FBD - BFP
| S L, | S L, Sy
Wi ! W, W, |
7 M, M,y _| /4 o M, M,y dll .t M Moy
Ve 4 Ve Y H
PER N + W DO
= v = |4 |/
oMM, M, \Plastic ¢ i M, \Plastic ¢ F / i
Hinge, Typ. Hinge, Typ. a(c); /
Column Column ‘ Column Column ‘
I I I
Step 7. Caleulnte the moment expected at the face of the column flange Step 7. Caleulate the moment expected at the face of the column flange
2
w,S;, s - e -
M/ — Mw' +V/,S.s Jri h Mr=Mp + Vi,Si (7.6-6) M/‘ _ Ml”‘ +V,,SS 4 n My =My + Vi Sy (7.6-6)
where Vj is the larger of the two values of shear force at the beam hinge location at i i i
V=0, s, RN e i V=V, s, The gravity If)ad on this portion of the beam
i Bilided - increases Vyand M.
[} on the portion of the beam between the
p : e gravity load on this small portion of the ASIC 358 permits this portion of the gravity load
beam is permitted o be included to be neglected
163 ’ 164
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SMF — Beam FBD - RBS

s R = Radius of cut = 468:__ &

Reduced beam

SMF — Beam FBD - BFP
| Sh L, S
W Wy !
L y LTI
’{&’ k4
1 G |
oM oM, M, \_ Plastic g |
Hinge, Typ. ‘
I
Step 7. Caleulate the moment expected at the face of the column flange
M, =M, +Vys, + . (0 My =My, + ViiSi (7.6-6)
VooV ews It is crucial that that the gravity loads be
R provided to the connection designer.
_ UDL loads make the limitations of the
{ “z prequalified connections virtually impossible to
NS satisfy! 165
SMF - Beam FBD - RBS
i Sp L, Sy
Center of
" Cutout, typ. W, w, i
e YNTLL L] M, M,y IT13 M My
5 v, v, 5
Gy O G ()
VM, M, . v, M, M, —4 - 4
! ! ! Face ' ! " \ ilia;uec T Face / !
of 86 1YP- of ‘
Column Column
}
M, =M, +V,s,+ 0 Likewise, th.e location of the pIastlF hinge varies
! ’ 2 with the type of connection.
Vi=Vitwes, Refer to AISC 358 for specific details.
AT
i [gIm
oy 167
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section
L]
° -
.
AT Protected zone
dA(5LE
Ny Fig. 5.1, Reduced beam section conpection. 166
SMF — Beam FBD - WUF-W
L]
L]
L
i | Protected zone
| d |
oy
{ ) Fig, 8.1. WUF-W moment connectio
SEY, ig. &1 -Wimoment connection. 168
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SMF — Beam FBD - WUF-W

L,

Wy
748 " A A Y R A A A A A Y N A O A A A M, M/V,

Face Face
of — of /

Column Column

L
=
|
|
|
|
|
|
|
|
o

H

Connection Design: Tips, Tricks, and Lessons Learned
Session 7: Seismic Connections

(YR, T ?|  For some of the prequalified
! r D connections provided in AISC
V=V, = .t | 358, s, is zero (e.g., WUF-W).

Refer to AISC 358 for specific
details.

169

Prequalified Moment Connections — AISC 358-16

Prequalified Connections for
Special and Intermediate
Steel Moment Frames for

Seismic Applications

170

Seismic Connections

FYI:
Mike Englehardt gave a very informative presentation on
“AISC 358 Prequalified Connections”
NASCC 2012.

Visit www.aisc.org/educationarchives

Ze, | Smarter.
i ;) : Stronger.
e’ | Steel.

AISC | Questions?

Copyright © 2019
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Individual Session Registrants
CEU / PDH Certificates

* You will receive an email on how to report attendance from:
registration@aisc.org.

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

* Completely fill out online form. Don’t forget to check the boxes next to each
attendee’s name!

Ze, | Smarter.
i ;) : Stronger.
e’ | Steel.
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Individual Session Registrants

CEU / PDH Certificates

¢ Reporting site (URL will be provided in the forthcoming email).
* Username: Same as AISC website username.

e Password: Same as AISC website password.

AT, | Smarter.
i@ Stronger.
N : Steel.

Loy 02

Connection Design: Tips, Tricks, and Lessons Learned
Session 7: Seismic Connections

8-Session Registrants
CEU / PDH Certificates

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

g@ : Smarter.

8-Session Registrants

Access to the quiz

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

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

Reasons for quiz

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

Note: If you attend the live presentation, you do not have to take the quizzes p”‘"’"’qﬁ Smarter.
to receive CEUS/PDHs i@ Stronger.
A’ Steel.

Copyright © 2019
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8-Session Registrants

Access to the recording

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

CEUs / PDHs via recording

If you watch a recorded session, you must take and pass the quiz for CEUs/PDH:s.
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8-Session Registrants
Night School Resources

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

g”‘"""q% : Smarter.
i@s : Stronger.
o’ | Steel.

8-Session Registrants

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

=
N

nnnnnnnnnn

g”‘"""q% : Smarter.
i@s : Stronger.
o’ | Steel.

8-Session Registrants

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

i 4 o MyAISC

MY PROFILE

EBIT PHBFILE

e 1 MY PURCHASED DOWNLOADS
MY COURSE RESOURCES &”'%E Smarter.
o g i k) : Stronger.
e’ | Steel.

8-Session Registrants

Night School Resources

f’""'%% i Smarter.
i@s : Stronger.
e’ | Steel.
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8-Session Registrants

Night School Resources

Night School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

1

i@‘

Loy 02

8-Session Registrants
Night School Resources
* Weekly “quiz and recording” email.

* Weekly updates of the master quiz and attendance record, found at
www.aisc.org/nightschool19. Scroll down to Quiz and Attendance records.

* Updated on Tuesday mornings.

Loy 02

;@i Smarter.-
N > Steel.

8-Session Registrants
Night School Resources

* Webinar connection information
¢ Found in your registration confirmation / receipt

* Reminder email sent out Monday mornings

¢ Links to handouts also found here

AISC | Thank you
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