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Today’s live webinar will begin shortly. Please stand by.

Today’s audio will be broadcast through the internet. Please be sure to turn up
the volume on your speakers.

Please type any questions or comments through the chat feature in the left
portion of your screen.
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Course Description

Introduction to Seismic Connections
March 4, 2020

This session will provide an overview of seismic connections for engineers that don’t
typically perform seismic design. The concepts of ductile mechanisms and capacity
design will be introduced. The characteristics of special and intermediate moment frame
connections will be explained, and the current prequalified moment connection types
will be discussed. The session will also cover the design of special concentrically braced
frame connections. Brief design examples, highlighting key calculations for both moment
connections and bracing connections, will be presented to demonstrate concepts.

Stronger.
: Steel.
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Learning Objectives

Describe the role of ductility in seismic design.

e Explain how to check the strong column-weak beam requirement for special
moment frames.

e List the steps for the design procedure of a reduced beam section moment
connection.

¢ |dentify several unique design requirements for special concentrically braced
frame connections.

: Smarter.
Stronger.
: Steel.

Connection Design for Moment Frames

and Braced Frames

Session 3: Introduction to Seismic Connections
March 4, 2020

Matthew Eatherton, PhD, SE
Associate Professor, Virginia Tech
Blacksburg, Virginia

SCHEDULE

Introduction to Seismic
Connections
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* March 11, 2020 Bracing Connections
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INTRODUCTION TO
SEISMIC
CONNECTIONS

Lateral Setsmic Force {Base Shear)

Laternl Displacement (Roof Drifih

TOPICS

Introduction to Seismic Connections:

* Overview and Basics of Seismic Design

* Special Moment Frame (SMF) Connections
— AISC 358-16
— Reduced Beam Section (RBS)

* Special Concentrically Braced Frame (SCBF)
Connections

— Fold Lines
— Limit States

OVERVIEW AND BASICS
OF SEISMIC DESIGN

Role of Ductility

Audience
— Intended for non-seismic

CJP, Demand Critical,
leave backing bar,
remove weld tabs
% Back up bar
B N\ 5/16 to column
experts Doubler plate- CJP beam web
to column

Objectives sy 1K | 8] S
to column /'5/16 oy plal‘en. "
L~

— Introductory information [ meperas, 17~ [" sney  chrae
o’/Erec!ion

Weld access—— | bolts

— Schematic examples holsper AWS.
. D1.8 Figure 6.2
provided e L

©

Protected
zone

CIP Demand
Critical

]

Remove backing,
backgouge,
reinforcing fillet

— Focus on aspects unique | crniveiaes

to seismic

. v
Key Concept: Ductility
- *ﬂ'.h-
— Ductility: The ability to

deform inelastically ' -

without significant loss of
strength.

— Buildings survive
earthquakes through
ductility.

— Buildings deform, dissipate
energy, resist collapse.

i had]
End Plate Moment Connection Subjected to
Large Cyclic Deformations
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Material vs. Building Ductility

Connection Design for Moment Frames and Braced Frames
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Material Level Ductility:

Role of Ductility

€

max

€

v

“é‘:

€

‘max|

Typical structural steels:

1, = 100 to 200

"0 1% 2 % £l
Stram rom B gage leng® Extansemseter (%)

Building Level Ductility: _ Dyctility of a building is much
smaller than material ductility.

— Inelastic strains concentrate and
potential for nonductile limit states.

— Try to spread inelasticity, limit
Lienibipleemen ooty deformation concentrations, delay

A%
Typical: p;=1to5 fracture and collapse.

Lateral Seismse Force (Base Shear)

b,

Base Shear, V

e 3 * Earthquake effects

— Earthquakes are more like an
applied displacement than an
applied force.

* As System Ductility 1

v esign” :
V:a’f: | Required Strength
’ | Amount of Materials
1 Detailing and Connection Cost
1 Inspection Requirements
* Economical Buildings
Vdesign™ — For high seismic, highest ductility
025 Veasic system typically wins.

— For low seismic, not enough
reduction in materials.

13

Design Forces vs. Actual Forces
- * Design Forces

= 1. From seismic

§ hazard get Vg e R =Response

(73 il el dosign = ~R = Modification

[}

2| 2 Divide - Factor

8 eal

9 byR | Displacement of  *  Actual Forces

— .

% Viax | _ Flastic System — Estimate actual base

‘g v X shear:

wa .

'{%’3 | Tdesion Sy | Expected Peak Vax = oV iesicn

= 3. Multiply | Displacement of

8 by Q, ! Inelastic System — However, many local

3 5 5 forces / moments don’t
6clesign elastic

Lateral Displacement (Roof Drift) scale with QO'

— Use capacity design.
ASCE 7-16 Ch. 12 Commentary

opyright © 2020
merican Institute of Steel Construction

14
Ductile Mechanisms
Design beams, - _—
columns and < Design beams, Design beams, columns
connections for columns and and connections for
maximum forces the —_— connections for —_— maximum forces the EBF
braces can produce maximum forces the Link can produce
braces can produce
Tension —_— Link beams yield
Braces Yield Tension and in flexure or shear
Compression
Compression Braces Yield
Braces Buckle
Special Concentrically Buckling Restrained Eccentrically Braced
Braced Frame (SCBF) Braced Frame (BRBF) Frame (EBF)
—_— _—
Plastic Hinges in Plastic Hinges in 'éelﬂ OfoI'JASS ﬂ"dd .
Beams and Some Beams (Moment olumns Designed for
ome N — Maximum Forces Special
J— Panel Zone Yielding Connections)
Segment Can Produce
Discourage Hinges Thin Web Plate
in Columns Buckles and J— Special Segment
Hinging at Yields Along "
Column Bases Tension Diagonal
Special Moment Special Plate Shear Special Truss Moment
Resisting Frame (SMRF) Wall (SPSW) Frame (STMF)
16
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Designing Rest of Load Path When to Use the Seismic Provisions

* Overstrength Factor, ;, | « Capacity Design ASCE 7-16 Table 12.2-1 — 85 Systems Listed
— Calibrated for base shear — Design for maximum }S{els.m@ F(S)rce R De'falhng R Q, C; HeightLimits
(Vinax = 2 Vigesign) forces the ductile esisting System equirements
— Not all forces / moments mechanism can produce.
scale the same way: — May need to consider e e I e
(Finax 7 €2 Faegign) different scenarios. TR . 1 T e e
Example: Beam _ Compression /—Largest ~ Compression [ Largest e y bl P i i : i
Analysis of a Moment Mmax - Qo Mdcsign Brace at Bucklifg Beam Brace Post- Beam ;;;:Zalnc\m::ir;:;lw‘:;lunt [N ) 3 q ML ONL NP NP NP
Chevron Frame Near zero 0=1(€)) 0 Strength Axial Buckling Strength  Moment — S —
Misses moment . — All steel systems
— due to unbalanced | . - B2. Steel special 6 2 5 in list requi
. quire
forces after brace < AN P AN concentrlcally braced frames AISC 341
F / \ F  buckling. T=R/F/Ag C=Py T=R/FA, C=0.3P,
— Allowed for some ordinary — Required for most systems H. Steel systems not specifically 3 3 3 One exception
systems. in Seismic Provisions detailed for seismic resistance

s
17 @5‘ 18
uy

References Expected Strength of Ductile Mechanism
Necessary References RUfseful - Expected yield stress, F,epecied = RF,
) ren .
= clerence — Table A3.1 in AISC 341-16 (Excerpt)
!!w:SMduE;m?m. & qnecti Hot-rolled structural shapes and bars: |
vy » ASTM A36/A36M 15 12
« ASTM A1043/A1043M Gr. 36 (250) 1.3 1.1
+ ASTM A992/A992M 11 11
* ASTM A572/A572M Gr. 50 (345) or 55 (380) 1.4 1.1
* ASTM A913/A913M Gr. 50 (345), 60 (415), 65 (450), or 70 (485) ) 5 1.1
» ASTM A588/A588M 11 1.1
« ASTM A1043/A1043M Gr. 50 (345) 12 1.1
. . . * ASTM A529 Gr. 50 (345) 1.2 12
AISC 341-16 AISC358-16 Seismic Design - AT s o 4 (50 | w |
Seismic Provisions Prequalified Connections | Manual — Contains Hollow structural sections (HSS):
the other two, plus « ASTM AS00/A500M Gr. B 14 13
Free downloadfrom: tables and examples * ASTM A500/A500M Gr. C 1.3 12
@E‘)‘} www.aisc.org/publications/steel-standards/ " 0
L
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Role of Connections SPECIAL MOMENT FRAME (SMF)
* Role of Connections in Seismic Design CONNECTIONS
— Ductility is intimately tied to connection detailing.
— Based on tests. £
— Types of requirements: materials, geometry, weld detailing, "
surface roughness, etc.
 Focus for This Session ol .
— Seismic Provisions include OMF, IMF, SMF, STMF, OCCS, 0 .
SCCS, OCBF, SCBF, EBF, BRBF, SPSW, Composite. " R
— Focus on two common systems: R
— Special moment frames (SMF)
— Special concentrically braced frames (SCBF) L. Protected zone__|
21 22
Northridge Earthquake Fractures Northridge Fractures - Causes
* Description L/; e iﬁ—dﬁkﬁ?&m ) Contrlbytmg Factors
_ Januarv 17. 1994 — place 1. Backing bar at bottom column
No rthlr?dge’Eq M. =6.7 o flange — effective crack.
_ Hundreds of MRFW . ° s and 2. Weld quality poor at bottom %
buildings had fractures £‘7_<bit of return flange root and starts / stops /
(no collapses) \ \Cea o teavebacing at mlddljc' ' -~
_ January 17’ 1995 Kobe Eq | kg b bar in place 3. ComPOSIt? slab shifts % taran |23 (From Popor et a. 1995]
M. = 6.9 -Similar neutral axis up — larger Effective Crack o e
frz:(,: ture's strains at bottom flange. Miller 1998, FEMA 350
. = 4. Weld access hole geometry. * Implications
* Pre-Northridge Moment { -
e-ort dge Mome S s RN 5. Weld filler material low — SMF and IMF connections
Connectlons. o e s toughness. must be tested at full scale.
- Ftrictzre tyffncally occurred e e . Panel zones were weaker. — Pass qualification criteria.
a O Om ange. rom Fopov et a

23 24
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Ductility and SMF Design

Overview of SMF Design

* Primary Checks * Additional Requirements
. 1. Drift (ASCE 7-16) 1. Bracing of Beams
& 2. Connection capable of 0.04 (§E3.4b)
e rad story drift (§E3.6b/c) 2. Shared columns in
2| 3. Highly ductile section for orthogonal frames
2 beams and columns (§E3.5a) (§E3.3)
2 4. Strong Column Weak Beam 3. Protected Zone (§E3.5¢)
= (Moment Ratio) (§E3.4a) 4. Demand Critical Welds

5. Shear strength of connection (§E3.6a)

(§E3.6d) 5. Column splices (§E3.62)

6. Panel zone shear (§E3.6¢)
7. Continuity plates (§E3.6f)

6. Clear span to depth ratio
for beams (AISC 358)

Sections cited are in AISC 341-16

25

Ductile Mechanism is Plastic .
Hinging at Beam Ends

—_—

Plastic Hinges in
Beams and Some
—_— Panel Zone Yielding

Discourage Hinges
in Columns

Hinging at
/Column Bases

* Connection type with proven
ductility (0.04 rad)

* Beams and columns capable
of large rotations (highly
7 ductile section criteria)

Prevent story mechanisms
(Strong-Column-
Weak-Beam)

Limit local column
deformations that can
otherwise reduce ductility
(panel zone and
continuity plates)

Restrict attachments in
plastic hinges
(protected zone)

High toughness weld filler
metal at hinges
(demand critical welds)

SMF Connection Conformance

AISC 358-16 Prequalified Conn. 1/3

* Requirement (§E3.6b)

AISC 358-16
1. Full-scale tests. .
. . Ductile Limit
2. Cyclic loading up to story State, ¢,= 1.0
drift of 0.04 rad. e
3. Must retain moment strength N.O n.d uctile
of 0.80 M, (nominal). Limit State,

=0.9
*  Ways to Show Conformance b ]

1. Use a connection in AISC
358-16 (prequalified).

2. Use a connection
prequalified by someone else.

Qualification
3. Conduct two qualifying tests Testing § %
identical to your building. T

27

Each connection has its own limits on
prequalification.

4 +

~ R = Radius of cut = =252

 Shifts plastic
hinge away from
column face.

* Protects beam-to-
column welds.

Hinge

* Slight reduction in
stiffness.

L]

Unstiffened

| fg—t
! -t a

PN
B

) .., Plastic
Hinge

* Shop welds.

* Both flanges welded
from outside face.

* No weld access holes.

Beam flange
. CIP, but PJP
over web.

“ Plastic
1+ Hinge

Stiffened

. 2. Extended End-Plate
Connections

28
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AISC 358-16 Prequalified Conn. 2/3 AISC 358-16 Prequalified Conn. 3/3

Cover plate
Horizontal

Vertical shear
shear plate

element

- Plastic
Hinge

Side plate-

| Protected zone___|
Shims, ¥ required f d 1

5. Kaiser Bolted Bracket

6. ConXtech® ConXL™ 7. Side Plate®
* Allows plastic hinge up to face ’

 Plastic hinge shifts away from
welds.

» Flange plates shop welded to
column.

3. Bolted Flange Plate

« Slip of flange plate bolts occurs.

of column.

* Special weld access hole
geometry.

* Special detailing requirements
for beam weld to column.

4. Welded Unreinforced Flange —

Welded Web (WUF-W)

29

8. Simpson Strong-Tie®

Strong Frame ® 10. SlottedWeb®

9. Double-Tee

30

Highly Ductile Members

* Section Compactness (Provisions §D1.1)
— Delay local buckling.

— §E3.5arequires highly ductile
section for beams and columns.

Flanges of I-Shape

b
—L <032 /L
2, R,

— Also bracing requirements.

Note: Presenting LRFD only, 31

not showing ASD version of C,

Highly Ductile Members - Example

C
A

opyright © 2020
merican Institute of Steel Construction

* Determine if the following section is highly ductile

A992 W24x62 with axial force P, =100 kips to be used as
SMF Beam.

b

L =597 tﬁzso.l A=18.2in? From Table 1-1

2 w in the Manual.
Web of I-Shape — Check Flanges:
IfC,<0.114 IfC,>0.114
29 000 ksi
0.32 =0.32 =735
LRy (1-1.04C,) " | oss L(2.68—Cﬂ)21.57 £ \f (1.1)(50 ksi)
tw RyF v ‘ tw R}’Ev RyF;;
c =L Ey epecea = Ry =5 97 [<|0.32 =7.35|  Flanges satisfy
Yy P, =R FA, Table A3.1in AISC 341-16 highly ductile limit.
'y R, = 1.1 for A992

32
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Highly Ductile Members - Example Strong-Column-Weak-Beam (SCWB)
 Check Web. A992 W24x62 with P,=100 kips . Mom.ent Ratio (Provisions §E3.4a)
‘ . — Project the beam and column moments to .
C = L __ B _ 100 kips —0.111 center of connection. ZM 10
a . .2 * :
0P, QRFE A, 09(1.1)(50ksi)(18.2in") — Sum of column moments should be greater. 2 M
Since C,<0.114 — Force the beam plastic hinges to occur at
- multiple levels. S, is distance to plastic
257 |-= (1-1.04C,)=2.57 29,000 ksi_ [1-1.04(0.111)]=52.2 Moz Ao _y1ob* and Mpct are moments hinge. See AISC 338,
s (1 . 1) (50 kSl) Plasfgcf';it?gﬁ Ve A’j\_ projected to this point R Sh=a+b/2 for RBS.

—=50.1 ductile limit.

w

{ h } <50 Web satisfies highly

Section satisfied highly ductile compactness criteria

— Table 1-3 or Table 4-2 in AISC Seismic Design Manual

shows this also.
33

Plastic Hinge

N Location *  S,=min{d/2, 3b,;} for
5 j ) Unstiff End Plate.

< Mop: *  S,=end of stiffener in
© Vuvz Stiffened End Plate.

* §,=0 for WUF-W.

34

Strong-Column-Weak-Beam (SCWB)

* Beam Moment C,. accounts for strain-hardening.
_E +F, < Typical unless otherwise
M,=C,RFzZ, " 2F, specified in AISC 358.

Eqn. (2.4-1)  C,, = 1.4 for WUF-W

Z, = effective plastic section modulus

V., = Shear dueto + Shear due to M, M
plastic hinging  gravity loads l) ”
2M

V= B+ u gravity Vi

h s
d. g L, = dist. to
. d = +5, next plastic
— Ze 2 p
Mpb Mpr + Vub ( 2 + Sh] hinge
Note: Presenting LRFD only, 35

neglecting o term for ASD

Strong-Column-Weak-Beam (SCWB)

opyright © 2020
merican Institute of Steel Construction

¢ Column Moment
— Does not use expected yield
stress, RyE
] — Does not use strain hardening

Rl(‘
M, =2, [11 -
factor, C,,.

g

M =M — Can neglect additional moment
due to column shear, V. d, /2

¢«  Moment Ratio

_z M 2% 51.0 — Sum for all beams and
M, columns framing into joint.

36
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SCWB Example SCWB Example
* Determine if strong-column-weak-beam is satisfied * Determine if strong-column-weak-beam is satisfied
— Beam Moment Stiffened Extended — Beam Moment
] ) End-Plate Connection
F,+F, 50 ksi+65 ksi 4
C, = = —=1.15 <12 | Po=200kips 2M 2(36,750 k—in)
2F, 2(50ksi) ﬁi vk V="7 i (’312—) +30 kips = 265 kips
5 s i : in.
R=1.1 TableA3.1 for A992 i S;j,;,: o 4
) 2 H i 2 g:oo g M, =M, +V, (_C+S/x]
Z=581in% for W36x150 S o3 a8 | o 2
’ '”l soaso || | 23| £2 l 19.0in
M, =C,RFZ, gy| e = 23 |v: M), =(36,750 k —in.)+(265 kips)( —+14.4 in) = 43,100 k —in.
> [mi fimms | glm
M, =(1.15)(1.1)(50 ksi)(581in’ | e . . .
p =(115)(L1)(50 ksi)(581in’) &2 B S M, = (2 beams)(43,100 k — in.) = 86,200 k —in.
M ;= 36, 750 k —in. Distance Between !
7 Plastic Hinges B —]
Ly=312in. Sh=14.4in.
37 38
SCWB Example Column Panel Zone Shear
. . . o ; M
* Determine if strong-column-weak-beam is satisfied Requirement VAR v
— Column Moment Provisions My —‘:_i Ms
§E3.6¢ Aotor [ ] dorter
Z.=9361in3 and A = 134 in? for W14x455 l) et !
R <OR Mr LEN
P, =P, +2V,,.., =200 kips +2(30 kips) = 260 kips w Vi My oot Mo
. L st d d _t
. P . . 260 kips ; ¢, =1.0 — Via dotor 77 ol
M, =Z|F, —=|=(936in")| 50 ksi —————- | =45,000 k —in. ue ucl
. C[ e ix ] ( in )[ Si 34 in? j s in S Mopc1

* Demand (Required Strength
3 M, = (2 columns) (45,000 k- in.) = 90,000 k — in. (Req &) Moment at Face of Column

M Mf = Mpl' +V4S,
— Moment Ratio R =3 ——-V.
. Strong-Column-Weak- @ Column Shear : V. = XM,
2. M, _ 90,000k —in Column shear is always ofumn Shear: - Fe =

P : :104 >10 1 1 . above + below
szb 86,200 k —in. Beam is Satisfied. opposing beam flange forces. 2 2

39
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Column Panel Zone Shear

Continuity Plates (Column Web Stiffeners)

* Design Panel Zone Strength | * Doubler Plates §E3.6¢

— Specification §J10.6

— If panel zone is considered in
frame stability and P, <0.75 P,

— Get ¢R, using:
tw = ZLwc + tdp

— Minimum thickness

3b,,t
R, :(0'61;'")4%(“ y ; o ] (J10-11) of column web or

»acl, doubler plates:
' d+w d.=d-2,
Plastic shear  Increase for t>—=—=

90 w, =d, -2t,
strength  column flanges : % T

Doubler

— IfR,<¢R, then done. Plates
Doubl
— IfR,> ¢R, then add doubler Plate Weld
plates. — Also detailing (§E3.6¢(3))

41

* Continuity Plates (§E3.6f) T [ ~Edge in line with
/| beam flange or wider
— Provide continuity plates if cee o inmn -7
either of the following: §E3.61.2(c) > M R
(a) Required by Section o > =
J10 of Specification using
force: P,= M,/ (d}tg) ~ \Pf
reduce by 0.85 if welded web 2:]':‘;? de:; g'rsotf;;ot:b
(b) Column ﬂange — for two-sided
thickness less than 7, b, For beam welded

im = "¢” to flange of W
shape or built-up I

— Follow detailing in
Specification J10.8 and
Seismic Provisions E3.6f.2.

42

Demand Critical Welds

Protected Zone

* Locations (§E3.6a)
— Welds where inelastic strains are expected.

— Beam-to-column, column splices, column-to-base plate (with
exceptions), others as specified in AISC 358.

* Requirements (§A3.4b and AWS DI1.8)

— Specify demand critical welds on drawings.

— Filler metals must have high elongation and CVN toughness.

For E70: Elongation >22%
CVN toughness > 20 ft-1b at 0° F

43

* Locations (AISC 358) 0 the end
— Where inelastic strains are expected. | I
— Different for each connection %
f 1
(see AISC 358) A b Shaded Areas are
. Reduced B the Protected Zone
* Requirements (§12.1) (eduesd Boam |
— No tack welds, holes, erection aids, Distance equal to the
arc gouging, thermal cutting, headed | TV Saller of dor 3¢
shear studs.
i T
— No welded, bolted, screwed, or

o
power-actuated fasteners. Unstiffened Extended End-
Plate Connection
— Exception: arc spot welds and PAF
for decking attachments.

44
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Reduced Beam Section (RBS) Reduced Beam Section (RBS)
* Learning Objective * Special Requirements
— Understand and apply design procedure for one prequalified — Allows smaller b,in highly ductile member check (§5.3.1(6)).
connection type. — SCWB - Calculates M,, based on Zygs (§5.4(2)).
* Prequalification Limits (§5.3) — Use elastic drift x 1.1 for ¢ = 0.25b, interpolate for less (§5.8-1).
— Design to conform to limits of what has been tested. * Design Procedure (§5.8)
' a b
— Beams: — Columns: — Step 1. Choose a, b, ¢ 1
*  Maximum of W36 * Beam connects to
*  Weight <302 Ib/ft, column flange 0.5b,, <a<0.75b,,
° t/f <1.75in. e  Maximum of W36 or 065d <b<0.85d /
*  Clear span to depth > 7 (SMF) equivalent built-up 0.1b. <c<025h Radius—  Circular
* W shape or equivalent built- « Up to 24 in. box section Tl T T 4 +0°  arc
up section 8¢
45 46
Reduced Beam Section (RBS) Reduced Beam Section (RBS)
* Design Procedure (§5.8) * Design Procedure (§5.8)
— Step 2. Plastic section modulus at center of RBS, Z ;¢
Zygs = Z, —2ct,, (d —ty ) — Step 6. Calculate plastic moment strength of beam (strength
at face of column neglecting access holes)

— Step 3. Calculate probable maximum moment, M, M O—RFZ
pe = vy yTx

M, =C, R FZy

_ Step 4. Calculate shear force at RBS, Vs — Step 7. Check flexural strength of beam at face of column

v - M, oV L, = distance between plastic M, <M, ¢, =1.0 for ductile limit states
s, e hinges (center of RBS’s) — Step 8. Check shear strength of beam
— Step 5. Calculate beam moment at face of column, M/ oo M, N Shear Strength per
b u Lh u gravity . t h
M, =M, +V,S, S, =a+s Specification Ch. G

47 48

Copyright © 2020

American Institute of Steel Construction
12




AISC Live Webinar Series

Connection Design for Moment Frames and Braced Frames
March 4, 2020

Session 3: Introduction to Seismic Connections

Reduced Beam Section (RBS)

* Design Procedure (§5.8)

— Step 9. Beam web weld to column flange — detailing per

49

Reduced Beam Section Example

Step 0 — Prequalification
Limits (§5.3)

fRBS Cuts

5.6 = =
356 o o — Beams are W36 or smaller, not
— Step 10. Check for continuity plates, design if necessary more than 302 Ib/ft oS A992
. ’ a X
— Step 11. Strong-Column-Weak-Beam requirement and t,,<1.75 in. 2 g W24x84
— Other. Column panel zone shear — Clear span / deth greater .than or
— Other. Detailing requirements in AISC 358 ?q6u3a)l to7 (394 in./ %)41(1 m-= Clear distance
=394 in.
— Sections are highly ductile OK
(Seismic Manual Table 1-3) |,_L=34' center to

| center of columns

— Column is less than W36 OK

50

Reduced Beam Section Example

/Doubler plate if

* Step 1 —Trial Values for a, b, ¢

51

Reduced Beam Section Example

Copyright © 2020
American Institute of Steel Construction

Step 2 — Calculate Zzz

| ‘/‘ required
. . = = Zgs = Z, —2ct,, (d—t
by =9.02 in. and d = 24.1 in. for W24x84 a s = 2, = 2ety (d ~1y)
~ S 992 3 Zys =224in° =2(2.0in.)(0.77 in.)(24.1in.—0.77 in.) = 152 in’
0.5b, =4.51in.|<a<[0.75h, =6.76in.] ||& S W24x84 1 —
035, L s ' » Step 3 - Calculate M,,
[0.65d =15.7in.] < b <[0.85d =20.5 in.] = FAF S0 ksie6s ko I
. . [ ¥ - - _ y o — 1+ L_ Vres
[0.15, =090 in.] < <[0.255, =2.25in.] . \res cuts Y 2(50k) 115 <12
Continuity plates :
Select: — ifrequired R,=1.1 Table A3.1 for A992 >
a=6.001n. R = Radius of cut ZA;EL;D; Mp’_ = CeryF'yZRBS Mpr
b=18.0in. L s | ~ , . I
200 ‘u M, =(1.15)(1.1)(50 ksi) (152 in’ )
o] M, =9610 k~in. i

52

13



AISC Live Webinar Series
March 4, 2020

Connection Design for Moment Frames and Braced Frames
Session 3: Introduction to Seismic Connections

Reduced Beam Section Example

* Step 4 — Shear at Center of RBS __

Center

S, =a+2=6in BB _ 154, | cfRes
2 Vres
L,=L-d -2,
L,=408in.—-14.3 in.—2(15in.):364 in. > \ )
Vies =2M ,, / L4V, i M M,
2(9610k—in.)+30k. 83 ki \ |
= ips = ips ]
s 364 in. P P S,=a+b/2 Distance
Between
* Step 5 — Calculate M, © | L=34' center Plastic
to centerof ~ Hinges, Ln

Mj = Mp, + VRBSSh columns
M, =9610 k—in.+(83 kips) (15 in.) = 10,860 k —in.

53

Reduced Beam Section Example

Step 6 — Calculate Moment Strength at Column Face

M, =R/F,Z, W24x84 beam
M, =(1.1)(50 ksi)(224 in’ ) Z,=224 in?

M, =12,320 k —in.

Step 7 — Check Moment Strength at Face
oM, =M, ¢,= 1.0 for ductile limit states per 358

0,M,, =(1.0)12,320 k —in.=12,320 k — in.
[0,M,, =12,320 k—in.]2[ M, =10,860 k —in. |

Beam Moment Strength at Column Face is Sufficient

54

Reduced Beam Section Example

» Step 8 — Check Beam Shear Strength

— Difference is gravity load

V =V, =83kips
RBs P between RBS and column face.

u

— Conservatively include in both.
— Specification Chapter G

ﬁsz.z4\g = 459<539  So, ¢,=1.0andC, = 1.0

w

0V, =6,0.6F,4,C, =(1.0)(0.6)(50 ksi)[(24.1 in.)(0.47 in.)](l‘O)
¢V, =340 kips Eqn. (G2-1)
[0V, =340 kips] > [V, =83 kips]

Beam Shear Strength at Column Face is Sufficient

55

Reduced Beam Section Example

opyright © 2020
merican Institute of Steel Construction

Step 9 — Beam Web to Column Weld

— Beam web to Column Flange is CJP.

— Detailing per (§5.6) — 3/8 in. shear tab as weld backing.
Step 10 — Continuity Plates see AISC 341 §E3.6f
— Check Specification §J10 with concentrated force, P,

» 0.85M, 0.85(10,860 k —in.) 396 ki Eqn from AISC 341
.= = = DS
"oy, 241in-077in. PS5 E3.0f for welded web

— Also need continuity plates if: 7.,<17,,, t, =0.855in.
b .02 in. Continuity Plates
clim = U = —9 02 n = 150 in. tqf < tc,lim U y
elim =0 6 are Required

— Follow reqmnts: AISC 341 §E3.6f.2 and AISC 360 § J10.8

56
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Step 11 — Strong-Column-Weak-Beam

— Satisfied (not shown here - already worked an example).

Panel Zone Shear AISC 341 §E3.6¢

— Find that 1/2 in. doubler plate required (not shown here, see
example in previous session).

— Individual layers (web and doubler) minimum thickness:

R G L 20 B
90 90

[t,. =0.51in]>0.390 in.
[£4outier = 0-50in] 2 0.390 in.

W14x82 column
OK

— Follow detailing requirements in AISC 341 §E3.6e.3.

57

Reduced Beam Section Example

* Final Detailing

1/2in. doublerk\

AISC 358 §3.3

CJP, Demand Critical, a b

plate one side

r N leave backing bar, ©
remove weld tabs
r Back up bar
5/16 17 ™ to column
r CJP beam web /

/ N to column Radius
42+ b

/7 I

Pa
CIP >——] N
Backing bar N
to column ~5/16
PJP per AWS> S N
D1.8 Clause 4.3
Weld access holes—— | |
per AWS D1.8 Figure

8¢

o)

;//3/8 in. Shear 5/16 cJp

N}
‘;/ plate Plate to
/ Column

6.2 (not required, [ ]

but preferred) 2
£

a=6.00in.
; b=18.01n.
b Eroeltcstlon /rProtected _ .
\ zone c=2.01n.
1 |
CJP Demand
Critical

1/2in. ContinuityjA
plates

Remove backing,
backgouge,
reinforcing fillet

5/16

58

SPECIAL CONCENTRICALLY
BRACED FRAME CONNECTIONS

| Back in AISC 341-16 now |

W12x106
(W310x158) &\o“&a
== e S 7 £ )
1 LI
N ,;/// HSSExSX%
S /}{\/ (HSS127x127x9.5)
AN / s VR 20mm knife plate
SNV L—Fold line S
y, \\;/ V4 20mm gusset plate
o -

W21x68
(W530x101)

59

Introduction to SCBF Connections

opyright © 2020
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 Unique Issues for Seismic Bracing Connections

1. Accommodating rotation in braces — either
accommodate rotation or push plastic hinge into brace.

2. Beam-to-column connections with bracing gussets —
design as simple shear or as moment connection.

3. Designing bracing connections for expected tension
strength of braces.

4. Net section area > gross section area.
5. Demand critical welds.
6. Protected zone.

Member requirements not listed.

60

15



AISC Live Webinar Series
March 4, 2020

Connection Design for Moment Frames and Braced Frames
Session 3: Introduction to Seismic Connections

Accommodating Brace Rotation

Accommodating Brace Rotation

* Bracing Connection

— Ductile mechanism is brace

— Must accommodate brace

fracture (§F2.6¢.3).

yielding and brace buckling.

rotation as it buckles without

* Member requirements (not covered here):

— Braces in alternating directions — tension and compression.

— Required strength for columns and beams: combinations of brace
tension yielding, buckling strength, brace post-buckling strength.

— Columns, beams and braces satisfy highly ductile criteria.

— Capacity design
beams, columns and
connections

Connection has to
accommodate
rotation or push
hinge into brace

Tension
Braces Yield

Compression

Braces Buckle

61

t = thickness of | #,= thickness .

(w3 10x158) S

Line gusset plate | of knife plate A o

perpendicular y / ::/f A
to brace 3¢, rotation o
centerline, Fold line P
clearance
start at gusset o
intersection | Wasoaion

nearest brace | Kanife plate — |

end. =

» Knife Plate Detail

— In-plane brace buckling.

— Provide a hinge zone in the
knife plate, width 3t

— More compact connection.

e 2t Fold Line

— Provide a hinge zone in the
gusset plate, width 2¢.

— Gusset plate buckling may
control gusset thickness.

See 3 Ed. SDM Example 5.3.9  See 3" Ed. SDM Example 5.3.11

62

Accommodating Brace Rotation

Beam-to-Column Connections

W

8t clearance —/ T 7 f 7
for fold line . ‘!/ 4

Elliptical—/'*i ——p

shaped fold | »
line |

[ ——

* Elliptical Fold Line
— Provide an elliptical hinge
zone in the gusset, width 8¢.

— Generally more compact than
straight 2z fold line.

See 3" Ed. SDM Example 5.3.10

* Push plastic hinge into
brace

— Section §F2.6¢.3(a) — design
brace connection for expected
brace flexural strength x 1.1.

— L.1R M, of brace about the
critical buckling direction.

— Less common than

accommodating rotation in
gusset per §F2.6¢.3(b).

) Note: Presenting LRFD only, 63
2 neglecting o term for ASD

. — Bolted-bolted
* §F2.6b - Option (a) ] double angles
_ : : : : (McManus
Design as s1.mple connection. o, 2013)
Allow rotation per
Specification §B3.4a.
— Commentary shows three
options: G colomn
W14x80 (Thornton and
See Example 5.3.9 [ Muir 2008)

angles R
Design Manual

. . . by
- Doutle in 3" Ed. Seismic e
Shop welds

~

} W10x49 -
i WP g
Fd yd \ = i :
] - " @beam

| -
N -
‘ 53

%" dia. A325 bolts ‘ End plates

(Stoakes and Fahnestock 2010) nkmges

64
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Beam-to-Column Connections Beam-to-Column Connections

+ §F2.6b - Option (b) e + §F2.6b - Option (c)

— Design as moment connection. 2 ars — Detail similar to WUF-  ; poman

15
1
i
i

— Design for either expected 5 W, see §E1.6b(c). fgéﬁ;%:%ﬂ—r
flexural strength of beam x 1.1, @ —  Welds per AISC 358 tabs X
or 1.1 times sum of expected =, - with CJP at flanges. B o 57iET - — — ﬁﬁg%ﬁ
flexural strength of columns @ * — Special weld access Continuity Plates per e | Aerative:

E3.6f (if required) 0. single plate
111 Pl
hOle detalllng Design for strength of / bolted web

continuity plate, CJP, *\ o connection

framing into joint.

1.5

— Combine with demands from

osup—" — Beam web to column fllete ot Geule filet
brace and collector. ) welded or single plate Weld access hotes—" | CIP Demand
o Example of loads associated A Critical
— See Example 5.3.11 in 3™ Ed. ) ; bolted. Couseo1112amd v | oo Remove backing,
Seismi . . with required moment o P backgouge,
eismic Design Manual. 31 Ed SDM Ex. 5.3.11 — Continuity plates per reinforcing filet
E3.6f.

65 66

Connection Demands - Tension Connection Demands - Compression
* Required Tensile Strength §F2.6c.1 * Required Compression P,
e
- T,=RFA, A, = gross area of brace T Strength, §F2.6¢.2 - //
— This load does not apply to brace net || — Design connection for i
section check. i / expected brace strength in /
— Can be limited by the max force that o compression (see below). )
can be transferred to brace (e.g. b — Does not need to exceed R
foundation uplift) — not common iy RFA,. a1
and not a good design approach. I — Length used in buckling
— For standard size holes, don’t need e calculation not greater than =
to design as slip critical. For gl brace end to brace end. T
oversized holes, design demand for -] F 4 F. =F, from
. .. P =5 Specification Ch. E, but
il)g)dzan be limited by overstrength || = 0877 u;ﬂ:gl IIQC‘;‘ 1(:; N u

67 68
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Connection Demands - Flexure Overview of Limit States
. Required Flexural - 1. Brace net section fracture - Unique to SCBF |

Strength, §F2.6¢.3

— If not detailing connection to
accommodate rotation.

- M,=1.1R,M, ofbrace

* Combination of Tension,
Compression, and Flexure
— Permitted to consider loads
independently, no interaction.
— See beginning of §F2.6c.

M,

69

Brace to knife plate weld

Knife plate tension yielding, net section
rupture, compression buckling

Knife plate to gusset weld

Gusset tension yield on Whitmore
section, compression buckling
Gusset at bolts — tension yield, net
section tension rupture, shear rupture,
block shear

Gusset to beam weld

Shear transfer at single plate connections:

(bolt shear, bearing and tear-out)

Single plates - tension yield, net section
tension or shear rupture, block shear

[ By

10. Single plates to column weld

11. Beam web local yielding and
crippling / stiffeners if necessary

12. Column web local yielding and
crippling / stiffeners if necessary

70

Connection Design for Actual Location of Forces Net Section Fracture Requirement
Need to co.ns1(.ier actual lo?atlon of References: Brace Net Area, Wrap
forces applied in a conn(?ctlon to get Fortney, P.J. and Thomnton, W.A. §F2.5b.(c) around end
correct shear and moment in the member (2015), “The Chevron Effect — Not an I
Isolated Problem.” AISC Engineering :
_ JJ{ ¢ %[L:» Journal, 2015, Qtr 2. i?nraci1 effective net area not Sotror
. ess than gross area.
“Chevron M,@ﬁ v Example 5.3.8 in the 3 Edition of the g mogfltg‘?n“
Effect” - Seismic Design Manual For knife plate connection, slot beyond end
2 Y, . . B
Not Speciﬁc Gentroid ¢ Soon to be released paper: Sabelli, R., in brace can be close to end of e | tof I;nl:fi
. . oo —%/ ) Saxey, B., and Arber, L., “Design for knife plat = \Eea:deéizel =et
to Seismic Fus G Local Web Shear at Brace ¢ plate. +root
=== annections: Full-Height andl ) AWS D1.1-15 §521 says root opening
. Midspan Gussets.” AISC Engineering .
Localized — 7 Journal. opening not greater than 3/16 o
beam shear LA Sabell, R., Saxey, B., Richards in. and if over 1/16 in. increase || | ||
: (2020) “The ‘Chevron Effect’ In Web legs of fillet for root openin
[from Sabelh Shear At Midspan Gussets: A . £ P & One approachfor maklng
etal. (2020)] Comparison of Design Methods and s1ze. ¢ >
FEM Modeling”, 17WCEE net area = gross area
Conference in Sendai Japan
71 72
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* Brace Net Area,
§F2.5b.(c)

If using reinforcement :

— Size reinforcement so that —

UA, > 4,.

— Reinforcement should have

yield stress at least equal to
yield stress of brace.

. /
— Weld to develop reinforcement A

expected strength on both sides —

of reduced section. V

Lw

Reinforce-
ment both
sides

Increase weld

size for root
opening gap

73

Demand Critical Welds

Demand Critical Welds
§F2.6a

Groove welds at column
splices.

CJP, Demand
Critical, leave

backing bar,
remove weld
tabs

] ap
— Welds at column-to-base &by o T 1L | webto

. T column

plate connections (Unless  continuity pates per | aemative:
. .. E3.6f (if required)\ e single plate
plastic hinging near base g ror strength of bolted web

1 inuity plate, CIP, ! o connection
plate is prevented and no ~ “iosiedswin” [ L
lft fillets, or double fillet
net up 1 ). Weld access holes/ gjr:ii[c):\mand
AWS D1.8
— Welds at beam-to-column  cousdeirioma L | g Remove backig,

backgouge,

Figure 6.2 reinforcing fillet

connection if using
§F2.6b(c) prescriptive
moment connection.

Protected Zone

— Within d of the braced connection. -
— Connection region. |

* Limitations §D1.3 and §12.1

— No tack welds, holes, erection
aids, arc gouging, thermal cutting,

— No welded, bolted, screwed, or
power-actuated fastener
attachments.

* Protected Zone Locations LF
§F2.5¢ K%
— Center 1/4 of brace length. 7

headed shear studs. M EX

Protected Zone

| Protected zone

Figures C-F2.14 and C-F2.15 in AISC 341

75

SCBF - Example

Copyright © 2020
American Institute of Steel Construction

HSS 6.875x0.500
A500Gr. B

Do the Following:

Buckling
length
1. Calculate the gusset Lyp=17"

plate required tension

Brace Length

. L,= 12" from
and compression fold line to
strength. fold line

. A572 Gr. 50
2. Design the gusset plate gusset
thickness and fold line b Plate width at
. . 1o end of brace,
dimension. A Wp,=28"

3. Check the brace net
section and design
reinforcement.

Ho

76
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la. Calculate brace connection required tension strength

HSS 6.875x0.500 A500 Gr. B
A,=9.36 in%, F,= 42 ksi, R, = 1.4 (Table A3.1)

P =RFA
Yoy g

u—tens

P, =1.4(42ksi)(9.36 in”)

u—tens

P, =550 kips|

77

SCBF - Example

1b. Calculate brace connection required compression
strength - use AISC 360 Ch. E with F\=R F,

KL
L,=144in,K=1.0, r=2.27in. TZ =63.4

KLy _g3a| < |a71 | B —a71 |22000ki 05
' RF, 1.4(42 ksi)

So use Eq. E3-2 in AISC 360

2 2 2 .
FoTE _m(29.000K0) 4

¢ (KLb)z 63.4°

7

78

SCBF - Example

1b. Calculate brace connection required compression
strength - use AISC 360 Ch. E with F\,= R F,
R,F, (1.4)(42 ksi)

F, =|0.658 " |RF =]0.658 """ |(1.4)(42 ksi)

cre

F,, =41.6 ksi
Ijufwmp = mln{ 0027; > R}’F;’Ag}
’ Pu—comp =444 klpS
41.6 ksi)(9.36
P .. =min %, 550 kips { = 444 kips
v 0.877

79

SCBF - Example

opyright © 2020
merican Institute of Steel Construction

2a. Tension Yield on Gusset Whitmore Section

Gusset plate width at end of brace is given as w,, =28 in. _—,

Calculate Whitmore width: w,,
W,y = 6.875in.+2(27 in.) tan (30°)
w, =38.1in.

Plate width to use:
w, = min{wpa, pr} =28.01in.

Try 5/8 in. gusset plate
R, =09Ft,w, = 0.9(50 ksi)(5/8in.)(28.0 in.) = 788 kips

[0R, =788 kips] = [P, =550kips]| OK

—tens

80
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SCBF - Example SCBF - Example
2b. Block Shear on Gusset ~ Trying a 5/8 in. gusset 2c. Gusset Plate Buckling Trying a 5/8 in. gusset
_ _ A S\ .2 _t, _5/8in_ o uckling length,
A4,=Dt, =(6.875in.)(5/8in.) =4.30 in r, 7\/57W70.18m. Eﬁ%;sf'dft:
A, =2L,1, =2(27in)(5/8in)=33.8 in* Ki, (065)(17) Z T8 babd)
v w'p —b = =6l|< 4.71\/: Perpendicular
A =4 T (0'18) F, plate width at
n & E end of brace,
. F = ~ =763 ksi Wpa=28"
Because 4,, = 4,,, shear yield controls ( KL, )
r A572 Gr. 50
R, =0.75 (0‘6F e T UbsEfPAnt) £ S e 5/8" thick
F, =|0.658" |F, =38.0 ksi ’
OR, =0.75[ 0.6(50 ksi)(33.8 in® ) +1.0(65 ksi)(4.30 in* | ’ : )
0P, =0.9F, w1, =0.9(38.0 ksi)(28 in.)(5/8 in.)
= ] > = ]
[0R, =970 kips] > [F._. =550 kips]|  OK [0R, =599 kips] > [P, =4d4kips] OK
81 82

SCBF - Example SCBF - Example
3a. Brace Effective Net Section without Reinforcement 3b. Brace Effective Net Section with Reinforcement
HSS 6.875x0.500, 7,,=0.465in. St Uighlﬁfgﬁ Try 1 in. x | in. reinforcement, .= 1.0 in.
. . Can’tuse U = 1.0 now. Calculate U:
T 5/8 in. t 1
rying a 5/8 in. gusse — | D o,
A, e =A,-2(t, +1/8in)t,, f YE 17 g, 2D 68T5in )10, |
h T T
A,y =9:36 in® - 2(5/8 in.+1/8 in.)0.465 in. D AISC 360
i AISC 360 Table D3.1 T =t =3.940n, Table D3.1 L
A, . =8.66in" Ces 22 Case 2
= ; ; A +x A =1 £
U=1.0because L >1.3D 27.0 in. > (1.3)(6.875 in.) T Xving Aying + Xreint Areint _ 2.50n. t=1 In.‘r |~ s
Aporig=1.04,, 1, = 8.66 in? < 4,=9.36 in? A + A &
Ui E o 250in_ o HSS6.875x0.500
—Need reinforcement h L_w T 270in. D =6.8751n.
83 84
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SCBF - Example

SCBF - Example

3b. Brace Effective Net Section with Reinforcement

Try I in. x 1 in. reinforcement, 7.= 1.0 in.

Ae = U(An—orig + 2trz)

4,=091(8.66in" +2(1in)’ ) =9.68 in’ |

[4,=9.68in"| > [4,=936in"] OK v

85

3c. Length of Reinforcement

Expected strength of the reinforcement

R, =t'R,F, =(1.0in")(1.1)(50 ksi) = 55.0 kips

rotyrT oy

Try 8 in. long 3/16 in. welds \

¢Rn = 2Lw (I‘W J1392 y
16 =
3/16 E -

OR, =2(8in.)(3 sixteenths)1.392
t=1 in.~i t
OR =668 kips

n.

t=1

[0R, =66.8 kips] = [R,=550kips] OK

86

SCBF - Example

Fold Line and Final Detail

Protected
Zone

HSS 6.875x0.500
A500 Gr. B Brace

1" A572 Gr. 50 square
reinforcement both

Fold Line: ¢ b
. sides, extend 8" past
2t = 2(5/8 11’1.) slot on brace side and
_ . 8" past gusset on
2t=1.251n. other side

5/8" A572 Gr. 50
gusset

Mo BN

87

End of Session 3
Thank You for
Attending

Next Up

88

opyright © 2020
merican Institute of Steel Construction

22



AISC Live Webinar Series
March 4, 2020

Connection Design for Moment Frames and Braced Frames
Session 3: Introduction to Seismic Connections

Next Session

* March 11, 2020 Bracing Connections

TOPICS

* Light Bracing Connections
* Heavy Bracing Connections
* Uniform Force Method

89

AISC | Questions?

Single-Session Registrants
CEU / PDH Certificates

¢ You will receive an email on how to report attendance from:

registration@aisc.org.

e 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!

i Smarter.
: Stronger.
/ : Steel.

Single-Session Registrants

CEU / PDH Certificates

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

¢ Password: Same as AISC website password.

i Smarter.
: Stronger.
L/ i Steel.
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4-Session Registrants 4-Session Registrants
CEU / PDH Certificates Attendance and PDH Certificates

¢ You have two options to receive credit for a given session.
* Option 1: Watch the live session. Credit for live attendance will be
displayed on the Course Resources table within two days of the session.
e Option 2: Watch the recording and pass the associated quiz.

One certificate will be issued at the conclusion of the course.

Videos and Quizzes
¢ For each session, find access by the end of the day, Friday, after the live air date. (An

email will be sent from webinars@aisc.org.)

e Quiz scores are displayed in the Course Resources table.

Distribution of Certificates
All certificates will be issued after the course is completed. Only the registrant will
receive a certificate for the course.

i Smarter. : Smarter.
f) : Stronger. Stronger.
%~ i Steel. i Steel.

4-Session Registrants 4-Session Registrants
Course Resources Course Resources
Find all your handouts, quizzes and quiz scores, recording access, and Go to www.aisc.org and sign in.

attendance information in one place!

USERNAME

PASSWORD

TR i Smarter. : :
i@? : Stronger.
G’ : Steel. m
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AISC Live Webinar Series Connection Design for Moment Frames and Braced Frames

March 4, 2020 Session 3: Introduction to Seismic Connections
4-Session Registrants 4-Session Registrants
Course Resources Course Resources
Go to www.aisc.org and sign in. m
TS SECTION NyAISC
MY PROFILE
© Course Resources

MY COURSE RESOURCES

VIEW RESOURCES

4-Session Registrants

Course Resources

Design of Facade Attachments

4-SESSION PACKAGE RESOURCES

AT, | Smarter.
i Stronger.

AISC | Thank you. et i Steel.
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