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Course Description

Session 7: November 28, 2017 — Introduction to Seismic
Connections

This live webinar provides an overview of seismic connections
for engineers that don’t typically perform seismic

design. Concepts about ductile mechanisms and capacity design
are presented. Qualification requirements for special and
intermediate moment frame connections will be discussed in
addition to an introduction to the nine connection types that have

been prequalified. Requirements for concentrically braced
frames will be discussed.

Learning Objectives

At the end of this program, participants will be able to: Fundamentals of Connection Design

Session 7: Introduction to Seismic Connections

* Describe the role of ductility in seismic design. November 28, 2017

 List design requirements for moment connections specific to

.. . Presented by
seismic design.

Matthew Eatherton, Ph.D., S.E.
Associate Professor

* List the steps for the design procedures of a reduced beam section
Virginia Tech, Blacksburg, Virginia

moment connection.
 List the design requirements for bracing connections specific to
bracing connections.

)
2
7]
E
c
o
e
2
[+]
]
o
[
g
=
@
o
g
Q
<
'—

structural

OIEFL

Copyright © 2017
American Institute of Steel Construction 2




AISC Night School - Fundamentals of Connection Design
Session 7: Introduction to Seismic Connections
November 28, 2017

Lecturer: Matthew Eatherton, PhD, SE
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INTRODUCTION TO
SEISMIC
CONNECTIONS

Lateral Seismic Force (Base Shear)

Lateral Displacement (Roof Drifty

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

@ VirginiaTech

Invent the Future

Role of Ductility

Key Concept: Ductility

— Ductility: The ability to
deform inelastically
without significant loss of

— Schematic examples
provided

— Focus on aspects unique
to seismic

Weld access—— |
holes per AWS

—
D1.8 Figure 6.2

(not required,

but preferred)

@ VirginiaTech o
OVERVIEW AND BASICS
OF SEISMIC DESIGN
Audience
CJP, Demand Critical,
— Intended for non-seismic 'riiiiv":km?{t‘;i’;
Back up bar
experts AN fﬁ
Objectives ary—z—] an fﬁ o
BocomosEr 1] |5 e
— Introductory information |z, ey e

Protected
zone

,— Erection
ot bolts

CIP Demand
Critical

Remove backing,

Continuity plates:

backgouge,
reinforcing fillet

strength.

— Buildings survive
earthquakes through

ductility.

— Buildings deform, dissipate
energy, resist collapse.

v

End Plate Moment Connection Subjected to
Large Cyclic Deformations

‘@VirginiaTech

Invent the Future

@ VirginiaTech

Invent the Future
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Material vs. Building Ductility

Role of Ductility

\ Material Level Ductility:

50 £

g Typical structural steels:

. 1, = 100 to 200

0 5 10 15 20 % £}

Strain from B gage length Extensometer (%)

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

— Inelastic strains concentrate and

— Try to spread inelasticity, limit
LuiDigenen coormay deformation concentrations, delay

A%
Typical: pz=1to5 fracture and collapse.

1§ VirginiaTech

Invent the Future

Lateral Seismic Force (Base Shear)

potential for nonductile limit states.

v ] 8 * Earthquake effects
— Earthquakes are more like an

applied displacement than an
applied force.

* As System Ductility 1
| Required Strength
| Amount of Materials
1 Detailing and Connection Cost

Vdesign:

Velastic

Base Shear, V

* Economical Buildings

— For high seismic, highest ductility

Vdesign™ system typically wins.
0959 Yy typ y

elastic

— For low seismic, not enough
reduction in materials.

Lateral Displacement, &

@ VirginiaTech

Invent the Future

Design Forces vs. Actual Forces

. .
1. From seismic DCSIgl’l Forces

hazard get V,j,qic Ve R = Response
"""""""" V tesian = 7R Modification
2. Divide Factor
by R Peak
Y Displacement of ®  Actual Forces

Elastic System

Lateral Seismic Force (Base Shear)
<

max — Estimate actual base
v X shear:
| Tdesien WL : Expected Peak Vi = Qonmg,,
3. Multiply | Displacement of
byQ, 1 Inelastic System — However, many local
1
5 5 forces / moments don’t
6design elastic

Lateral Displacement (Roof Drift) scale with Q.

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

‘@VirginiaTech

Invent the Future

Ductile Mechanisms

. . i
\—Plastic Hinges in /
Beams and Some /
— —

— 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)
—

Rest of Truss and

Columns Designed for
—_ Maximum Forces Special

Segment Can Produce

Plastic Hinges in
Beams (Moment
Panel Zone Yielding Connections)

Discourage Hinges Thin Web Plate

Copyright © 2017
American Institute of Steel Construction

in Columns Buckles and | —» Special Segment
Hinging at ields Along
Column Bases Tension Diagonal
Special Moment Special Plate Shear Special Truss Moment
Resisting Frame (SMRF) Wall (SPSW) Frame (STMF)
@ VirginiaTech

Invent the Future
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Designing Rest of Load Path Necessary References

* Overstrength Factor, €,
— Calibrated for base shear
(V = QO Vdesign)
— Not all forces / moments
scale the same way:

max

(Fmax :/: QO Fdesign)
Example: Beam —O.M
Analysis of a Moment Minax 0 " design

Near Zero 0=()0

Misses moment
due to unbalanced
forces after brace

F X\F buckling.
— Allowed for some ordinary
systems.

Chevron Frame

* Capacity Design
— Design for maximum
forces the ductile
mechanism can produce.

— May need to consider
different scenarios.

Compression Largest Compression Largest
Brace at Bucklifg Beam Brace Post- Beam
Strength Axnal Buckllng Strengt] Moment

-
//\ \

T=R/FA C=P, T= RFA €=03p,

— Required for most systems
in Seismic Provisions

‘”W“V1rg1n1aTech

Invent the Future

Prequalificd Connections for

Seismic Provisions Special and Intermediate
Steel Moment Frames for
Seismic Applications

for Structural Steel Buildings

AISC 341-16
Seismic Provisions

AISC 358-16
Prequalified Connections

Free download from: www.aisc.org/publications/steel-standards/

@ VirginiaTech

Invent the Future

Expected Strength of Ductile Mechanism

Role of Connections

* Expected yield stress,

F y-expected = RyF y

— Table A3.1 in AISC 341-16 (Excerpt)

Application Ry R
Hot-rolled structural shapes and bars:
* ASTM A36/A36M 1.5 12
+ ASTM A1043/A1043M Gr. 36 (250) 1.3 1.1
* ASTM A992/A992M ) 1.1
+ ASTM A572/A572M Gr. 50 (345) or 55 (380) i1 1.1
* ASTM A913/A913M Gr. 50 (345), 60 (415), 65 (450), or 70 (485) 11 1.1
* ASTM A588/A588M i1 1.1
+ ASTM A1043/A1043M Gr. 50 (345) 12 1.1
* ASTM A529 Gr. 50 (345) 1.2 12
+ ASTM A529 Gr. 55 (380) i 12
Hollow structural sections (HSS):
+ ASTM A500/A500M Gr. B 1.4 13
* ASTM A500/A500M Gr, C 1.3 12

‘mVugmlaTech

Invent the Future

* Role of Connections in Seismic Design
— Ductility is intimately tied to connection detailing.
— Based on tests.
— Types of requirements: materials, geometry, weld detailing,
surface roughness, etc.
* Focus for This Session

— Seismic Provisions include OMF, IMF, SMF, STMF, OCCS,
SCCS, OCBF, SCBF, EBF, BRBF, SPSW, Composite.

— Focus on two common systems:
— Special moment frames (SMF)
— Special concentrically braced frames (SCBF)

@ VirginiaTech

Invent the Future
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SPECIAL MOMENT FRAME (SMF) Northridge Earthquake Fractures
CONNECTIONS ° Description Lﬁi : _ [ CIP, leave

i backing bar in
— January 17, 1994 place
Northridge Eq. M, = 6.7

— Hundreds of MRF : Siesand
buildings had fractures % bitof return

. — January 17, 1995 Kobe Eq. \[%_ﬁw,llealve backing
MW = 69 -Similar ar in place

2,42
R = Radius of cut = o &

‘g C
L
—
—
- &

b

Reduced beam
section

F . - Backing bar

[ o fractures

| y * Pre-Northridge Moment

= Connections i
W — Fracture typically occurred ) AW l:'  P——

at bottom flange.

Figure 2 Some failure modes of the welded beam ta-column
conn

[From Popov et al. 1998]

B VirginiaTech 21 @ VirginiaTech iy 22
Northridge Fractures - Causes Overview of SMF Design
* Contributing Factors M * Primary Checks * Additional Requirements

1. Backing bar at bottom eolumn 1. Drift (ASCE 7-16) 1. Bracing of Beams
flange — effective crack. 2. Connection capable of 0.04 (§E3.4b)

2. Weld quality poor at bottom % rad story drift (§E3.6b/c) 2. Shared columns in
flange root and starts / stops A §‘ 3. Highly ductile section for orthogonal frames
at middle. ™ / " bac S beams and columns (§E3.5a) (§E3.3)

3. Composite slab shifts 1“ e oo 2| 4. Strong Column Weak Beam 3. Protected Zone (§E3.5¢)
neuFral axis up — larger Effective Crack %,ll%n;f:z:v :E;A”: 2 (Moment Ratio) (§E3.4a) 4. Demand Critical Welds
strains at bottom flange. . Imolicat ’ 2 5. Shear strength of connection (§E3.6a)

4. Weld access hole. geometry. mplications . = (§E3.6d) 5. Column splices (§E3.6g)

5. Weld filler material low — SMF Snd IME COI;I’IIEIBCUOI]S 6. Panel zone shear (§E3.6¢) 6. Clear span to depth ratio
toughness. must be tested at full scale. 7. Continuity plates (§E3.6f) for beams (AISC 358)

6. Panel zones were weaker. — Pass qualification criteria. Sections cited are in AISC 341-16

‘@Virgnia?ggh am > W VirginiaTech sy 24

Copyright © 2017
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SMF Connection Conformance

Lecturer: Matthew Eatherton, PhD, SE
Associate Professor, Virginia Tech

* Requirement (§E3.6b)
1. Full-scale tests.

2. Cyclic loading up to story
drift of 0.04 rad.

3. Must retain moment strength
of 0.80 M, (nominal).
*  Ways to Show Conformance

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

2. Use a connection
prequalified by someone else.

3. Conduct two qualifying tests
identical to your building.

AISC 358-16

= = Ductile Limit
= State, p4=1.0

Nonductile

Limit State,

$¢,=0.9

Qualification®
Testing

1§ VirginiaTech

Invent the Future

Prolected zone = S, + d

Ly —— Shims, If required

Singlo-plata wep
connection

Plastic
Hing

Shims, If required

Plastic hinge shifts away from
welds.

Slip of flange plate bolts occurs.

Flange plates shop welded to
column.

3. Bolted Flange Plate

A

B
.
Plastic
.
Hinge

-

Protected zone __|
]

Allows plastic hinge up to face
of column.

Special weld access hole
geometry.

Special detailing requirements
for beam weld to column.

4. Welded Unreinforced Flange —
Welded Web (WUF-W)

‘@VirginiaTech

Invent the Future

Copyright © 2017
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AISC 358-16 Prequalified Conn. 1/3
Each connection has its own limits on ' [ _ Unstiffened
prequalification. =i
53 Ee b
R = Radius of cut ,44‘5:‘_17‘ ‘ &
L _§ .. Plastic
e L |
s - . 1 1 T ™
7 5 ShlftS plastic « Shop welds.
Reduced beam hinge away from
| | |.secton column face. * Both flanges welded
from outside face.
o * Protects beam-to-
Plastic column welds ) .+ No weld access holes.
*|  Hinge ’ Lt
. * Slight reduction in - Plz;stic Beam flange
stiffness. A « CIJP, but PJP
L Mo over web.
|__Protected zone __| o
"~ Stiffened
1. Reduced Beam Section (RBS) 2. End-Plate Connections
[WVirginiaTech 26
Invent the Future
AISC 358-16 Prequalified Conn. 3/3
v Cover plate
b 5:::,222@ Vertical shear

5. Kaiser Bolted Bracket

e L

8. S‘impson Strong-Tie®
Strong Frame ®

6. ConXtech® ConXLTM

element

Side plate

7. Side Plate®

9. Double-Tee

@ VirginiaTech
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Highly Ductile Members

Highly Ductile Members - Example

Section Compactness (Provisions §D1.1)

— Delay local buckling. Flanges of I-Shape

— §E3.5a requires highly ductile

section for beams and columns. 2—’ <032 |-£
. . t R F
— Also bracing requirements. Y vy
Web of [-Shape
IfC,<0.114 IfC,>0.114
h E h E E
—<2.57 1-1.04C —<(0.88 [——(2.68—-C,)=1.57
o) [ R (265-C)2157 ]
R, y expected = Ry Fy
C, =P P,=RF A, Table A3.1 in AISC 341-16
2 Y R,=1.1 for A992
@ergjniaTech Note: Presenting LRFD only,
Invent the Future not showing ASD version of C,

* Determine if the following section is highly ductile

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

b—f:5.97 ﬁ:50,1 A=182in’ From Table 1-1
2, Ly in the Manual.
— Check Flanges:
032 |-E_ —g3p |[22000ksi _ 5
RF, (1.1)(50 ksi)

b _5970<032 |-E_—735| Flanges satisfy
2, R F, highly ductile limit.

@ VirginiaTech

Invent the Future

Highly Ductile Members - Example

Strong-Column-Weak-Beam (SCWB)

A992 W24x62 with P,=100 kips

— Check Web:
P P 100 kips

=0.111

Ca = = =
8P, ORFA,  09(1.1)(50ksi)(18.2in" )
Since C,<0.114

E 29,000 ksi
2.57 1-1.04C, )=2.57 | ————|1-1.04(0.111) |=52.2
RF, ( )= 25T A (50 kst) [1-t04(0.111)]

h_s01l<s502 Web satisfies highly
P ductile limit.

w

Section satisfied highly ductile compactness criteria

— Table 1-3 in AISC Seismic Manual shows this also.

‘mVirginiaTech Note: SDM 3" Edition
Invent the Future Available Summer 2018

Moment Ratio (Provisions §E3.4a)

— Project the beam and column moments to

center of connection. ZM”“ >1.0

— Sum of column moments should be greater. ZM pb

— Force the beam plastic hinges to occur at

multiple levels. S, is distance to plastic
Mo ¢P“°2 Mpb* and Mpc* are moments  hinge. See AISC 358.

Plasﬂg;itr;(g)ﬁ Ve projected to this point
X Plastic Hinge *  S,=a+b/2 for RBS.
~ Location
e S,=min{d/2, 3b,} for
. l* Unstiff End Plate.
2 Mob2
< Vuba * S,=end of stiffener in
Stiffened End Plate.

5,=0 for WUF-W.

@ VirginiaTech

Invent the Future

Copyright © 2017
American Institute of Steel Construction




AISC Night School - Fundamentals of Connection Design
Session 7: Introduction to Seismic Connections

November 28, 2017

Strong-Column-Weak-Beam (SCWB)

Lecturer: Matthew Eatherton, PhD, SE
Associate Professor, Virginia Tech

Beam Moment C,, accounts for strain-hardening.

Strong-Column-Weak-Beam (SCWB)

Column Moment
— Does not use expected yield

P stress, R F),.
e — Does not use strain hardening
factor, C,,.

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

Moment Ratio

ZM!:C >1.0 — Sum for all beams and
ZM b columns framing into joint.

@ VirginiaTech

Invent the Future

_F,+F, <12 Typical unless otherwise
M, =C,RFZ, 7 2F, " specified in AISC 358.
Eqn. (2.4-2) 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
Vub = = + Vugmvity I/ub
h ‘4 - -
i L, =dist. to
. d, 5 " ®n  next plastic
M[—’b - M[’r + I/ub (7 + Shj 2 hinge
@Virginia’rech Note: Presenting LRFD only, 33
Invert e Eututs neglecting o, term for ASD
SCWB Example
* Determine if strong-column-weak-beam is satisfied
) ) End-Plate Connection
F,+F, 50 ksi+65 ksi _
C, = = =1.15 <12 | P.=200 kips
” 2F, 2(50 ksi) TN T
i NN
R=1.1 TableA3.1 for A992 /EE 323;%
8 — = & | 8
Z=581in3 for W36x150 = o3 oi | s
w A992 a < £ i
B gl w3ex1s0 || | < B I 1 g
My =Coks P2 ( ) > g b 533 >
M, =(1.15)(1.1)(50 ksi) (581 in’ e =
p T &
Mpr = 36, 750 k—in. Distance Between !
Plastic Hinges T —]
Li=312in. Si=

‘mVirginiaTech 35

Invent the Future

SCWB Example

Copyright © 2017
American Institute of Steel Construction

* Determine if strong-column-weak-beam is satisfied
— Beam Moment
2M _2(36,750 k—in)

V. = PtV i =—————=+30 kips = 265 kips
R graviy (312in.) P P

. d,
Mpb =Mpr+Vub(?+Shj

M, =(36,750 k—in.)+(265 kips)(lg'g L

+14.4 in.j =43,100 k —in.

ZM;b =(2 beams)(43,100 k —in.) = 86,200 k —in.

@ VirginiaTech

Invent the Future
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SCWB Example Column Panel Zone Shear
. . . . . 1 Mpc
* Determine if strong-column-weak-beam is satisfied Requirement pzz A v
.. uc —M— M uc2 M
— Column Moment Provisions . f1. =, Mn
§E3.6¢ o V| i 0 Aotor |71 durter
Z.=936in? and A = 134 in? for W14x455 & [ Ty l ze
. , , R RV U M E
B, =P, +2V, .., =200 kips +2(30 kips) = 260 kips N L Vi My oot Me
. —— — dp-t
. _ P, |_ . . 260 kips | _ , 9,=10 —— Vi dy-tor o Cb7f
M, =2, [Fy —A—J—(%é in )(50 ksi — Y j—45,000k—1n. Y 1
* Demand (Required Strength
M, = (2 columns) (45,000 k — in.) = 90,000 k —in. (Req gth) Moment at Face of Column
Mf M/' =Mpr + VubSh
— Moment Ratio R,= z — V.
. Strong-Column-Weak- b -7 __2M,
ZM pe _ 90,000 k —in. 104 >1.0 g. Satisfied Column shear is always Column Shear : V. = Rpore N Pyoion
> M, 86,200k—in. *  Beam s Satisfied. opposing beam flange forces. 2 2
‘@Virgnia?gm i 5 N 37 @ VirginiaTech ; 38
Column Panel Zone Shear Continuity Plates (Column Web Stiffeners)
* Design Panel Zone Strength | « Doubler Plates §E3.6¢ - Continuity Plates (§E3.6f) - -~ Edge in ine with
_ . . . . ) ) ) ) 1 beam flange or wider
Specification .§J10'6. ) — Get ¢R, using: — Provide continuity plates if cee PaaninEn -
— If panel zone is considered in t,=t,tt, either of the following: §E3.6f.2(c) > M o
frame stability and P, <0.75 P, " ? . . &
, — Minimum thickness (a) Required by Section P> <
R, = (0.6 Fv) dt, (1 i 3byty ] (J10-11) of column web or J10 of Specification using
L \ dyd.t, doubler glati’?: 5 force: Py=M,/ (dy-ty) ~ W
T d .= - . Thickness 0.5 tg, for
Plastic shear Increase for t2 % ; _ db 5 ? reduce by 0.85 ;fwelded web one sideq or Ot.75 tp
strength  column flanges DOJZ"Ie: e =g (b) Column flange o for two-sided
“IfR,<¢R, then done. Plates thickness less than 7, 1, For beam welded
Doubler — Follow detailing in lim = "6 toflange of W
— IfR,> ¢R, then add doubler Plate Weld Specification J10.8 and shape or built-up I
plates. — Also detailing (§E3.6¢(3)) Seismic Provisions E3.6f.2.
@ VirginiaTech am > WVirginiaTech 40

Copyright © 2017
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Demand Critical Welds Protected Zone
* Locations (§E3.6a) * Locations (AISC 358) L the end
. . . 7’V of the RBS
— Welds where inelastic strains are expected. — Where inelastic strains are expected. % -
— Beam-to-column, column splices, column-to-base plate (with a lefeAre;rsl‘zjf(;ggach connection ‘ .
exceptions), others as specified in AISC 358. (see ) e tﬁzarii?eﬁiiﬂszife
. . ; Reduced B
* Requirements (§A3.4b and AWS D1.8) Requirements (§12.1) Section omnecton
— Specify demand critical welds on drawings — No tack welds, holes, erection aids, Distance equal to the
' arc gouging, thermal cutting, headed '”’ﬂa”er of dor 3by
— Filler metals must have high elongation and CVN toughness. shear studs. % %
— No welded, bolted, screwed, or ‘ ‘

) '
Unstiffened Extended End-
Plate Connection

For E70: Elongation > 22%

CVN toughness > 20 fi-Ib at 0° F power-actuated fasteners.

— Exception: arc spot welds and PAF
for decking attachments.

B VirginiaTech ey 41 @ VirginiaTech
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 Zps (§85.4(2)).
* Prequalification Limits (§5.3) o N .
— 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) . X
— 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,,
° tf < 1.75 in. o Ma).(imum OfW36 or 0.65d <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 SOy = C=TE0 4¢*+b*  arc
up section 8¢
‘@Virgl;nia?epcth a4 @ VirginiaTech A

Copyright © 2017
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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,;
Zpss =Z,—2cty, (d - tbf) — Step 6. Calculate plastic moment strength of beam (strength
— Step 3. Calculate probable maximum moment, M,, at face Zc‘)/lf COI;m; ;eglectmg access holes)
pe = vy Tx

Mpr = C R FVZRBS

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

. L, = distance between plastic M, <¢M, @, =1.0 for ductile limit states
VRBS =—" + I/u gravity h t f RBS’
L, c inges (center o s) — Step 8. Check shear strength of beam
— Step 5. Calculate beam moment at face of column, M, - M, o Shear Strength per
M, =M, +VpsS, S,=a +§ " Specification Ch. G
W VirginiaTech w5 W VirginiaTech 46
Reduced Beam Section (RBS) Reduced Beam Section Example
* Design Procedure (§5.8 . :
& 858 * Step 0 — Prequalification RBS Cuts
— Step 9. Beam web weld to column flange — detailing per Limits (§5.3) f
(8§5.6) = =
o o — Beams are W36 or smaller, not
— Step 10. Check for continuity plates, design if necessary more than 302 Ib/ft oS 7992
. ? Jer g
— Step 11. Strong-Column-Weak-Beam requirement and t;< 1.75in. B g W24x84
— Other. Column panel zone shear — Clear span / depth greater than or
— Other. Detailing requirements in AISC 358 T%u;)l to7 (3%4in./ %)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
‘@Virgnia?ggh am @ VirginiaTech damy

Copyright © 2017
American Institute of Steel Construction 12
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Lecturer: Matthew Eatherton, PhD, SE
Associate Professor, Virginia Tech

Reduced Beam Section Example Reduced Beam Section Example
* Step 1 —Trial Values fora,b,c 7" ¥~ e * Step 2 — Calculate Zy
| \
= = Zogs =2, —2ct,, (d—1,,
by =9.02 in. and d = 24.1 in. for W24x84 2 s =2, = 2¢ty (d =1y )
Coss, =4 51n]<a 075, <6761 ] o8 r552 1% Z s =224 in* —=2(2.0in.)(0.77 in.) (24.1in.—0.77 in.) =152 in’
5b, =4.51in.|<a<|0. - =6.76in. 2 W24x84 g -
i Y 5z £ * Step 3 — Calculate M,
[0.65d =15.7 in.] <b<[0.85d =20.5 in.| > F AP S0kis6sk .
- = L+ F, 50 ksi+65ksi =V
[0.16,, =0.90in.| < c <[ 0.25h, =225 in.] | \res cuts T TE 115 <12 RS
\Fontinyity plates 7
Select: - if required R,=1.1 Table A3.1 for A992
a=6.00 in. M, =C\\RF, Z s — Mo
b=18.01n. M, =(1.15)(1.1)(50 ksi) (152 in’) —
¢=2.01in. b ’ ’
M, =9610 k—in. _
Wi W¥ignislec ¥

Reduced Beam Section Example

* Step 4 — Shear at Center of RBS __

Reduced Beam Section Example

Step 6 — Calculate Moment Strength at Column Face

b 18i Center
S, =a+5=6in.+%=15in. L °““3\j M,=RFzZ, W24x84 beam
RBS . . .

L,=L-d -25, M, =(1.1)(50 ksz)(224 m3) Z,=224 in®
L, =408in.—14.3in.—2(15 in.) =364 in. > \) M, =12,320 k—in.
Viss =2M ,, [ L4V, iy M: Mo * Step 7 — Check Moment Strength at Face

0 = MJrg,o kips =83 kips | | : oM, >M, ¢,= 1.0 for ductile limit states per 358

364 in. S,=a+b/2 Distance
il Between 6,M,, =(1.0)12,320 k—in.= 12,320 k —in.

L=34' center  Plastic
Hinges, Ly,

* Step 5 — Calculate M,
M/ = Mpr +V ks Sh

to center of
columns

M, =9610 k —in.+(83 kips ) (15 in.) =10,860 k - in.

‘@VirginiaTech

Invent the Future

[¢,M,, =12,320k—in.|2[ M, =10,860 k—in.]

Beam Moment Strength at Column Face is Sufficient

Copyright © 2017
American Institute of Steel Construction
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AISC Night School - Fundamentals of Connection Design
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November 28, 2017

Reduced Beam Section Example

Reduced Beam Section Example

* Step 8 — Check Beam Shear Strength

V =V, =83 kips — Difference is gravity load
between RBS and column face.

— Conservatively include in both.

— Specification Chapter G

h E
—<2.24 v = 459<53.9 So, ¢,=1.0and C,,=1.0
\} Y

w

8V, =0,0.6F,4,C, =(1.0)(0.6)(50 ksi)[ (24.1in.)(0.47 in.) ] (1.0)

wvl T

@V, =340 kips Eqn. (G2-1)
[¢,V, =340 kips| = [V, =83 kips]

Beam Shear Strength at Column Face is Sufficient

‘mVirginiaTech

Invent the Future

* 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,

) Egn from AISC 341
=396 kips g3 6f for welded web

p _O85M, _085(10.860 k—in)
’d-t,  24.1in.-0.77in.
— Also need continuity plates if: 7., <1, t, =0855in.

- by _9.02in. _ 150in. Ly St Continuit.y Plates
elim = ¢ 6 are Required

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

@ VirginiaTech

Invent the Future

Reduced Beam Section Example

Reduced Beam Section Example

* 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:
psdtw (d -2t )+(d. ~21,)
90 90
[t,.=0.51in]>0.390in.
[t 1ouier = 0.501in]>0.390 in.

=0.390 in.

W14x82 column
OK

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

‘mVirginiaTech

Invent the Future

* Final Detailing AISC 3C?P80§3'3dc |
, Demand Critical,

a b
leave backing bar,
remove weld tabs
Back up bar
B \ 5/16 to column
1/2in. doublerk CJP beam web /

r
plate one side N NN to column Radius
2 2
CJP>—‘R—/’ o a ‘ 4c"+b
Backing bar B Ey“: 3/8 in. Shear cJp 8e
to column > 5/16 1/ 'O/ plate % Plate to _ .
PIPper AWSs, [ / Column a=6.00 in.
D1.8 Clause 4.3 — b=18.01n
Q/ Erection d : :
Weld access holes—— | | |17 polts -y Protecte =2.01n
per AWS D1.8 Figure g5 " zone ¢ : :
6.2 (not required, [ ]
but preferred) ! CJP Demand
£ Critical
el
L Remove backing,
1/2in. Continuityf 5/16 backgouge, &
plates reinforcing fillet
@ VirginiaTech %

Invent the Future

Copyright © 2017
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SPECIAL CONCENTRICALLY Introduction to SCBF Connections
BRACED FRAME CONNECTIONS * Unique Issues for Seismic Bracing Connections

1. Accommodating rotation in braces — either

| Back in AISC 341-16 now | accommodate rotation or push plastic hinge into brace.
2x106 . . .
W10c158) o 2. Beam-to-column connections with bracing gussets —
NIRE 1 design as simple shear or as moment connection.
/ E ~ . . . . .
e S o 3. Designing bracing connections for expected tension
XY [~ Fold line 20mm ki piate strength of braces.

20mm gusset plate

Net section area > gross section area.

5. Demand critical welds.

/ ! | W21x68

= (WS30<101) 6. Protected zone.
B Member requirements not listed.
Il VirginiaTech 57 @ VirginiaTech 38
Invent the Future Invent the Future
Accommodating Brace Rotation Accommodating Brace Rotation
: ¢ = thickness of | ¢, = thickness
. : 4 wsrontee
Member requirements (not covered here): Line qusset plate | of knife plate
— Braces in alternating directions — tension and compression. Perpendisular ' -
to brace .
— Required strength for columns and beams: combinations of brace centerline, Fold line 3’plr°ta“°n
tension yielding, buckling strength, brace post-buckling strength. start at gusset clearanice e
— Columns, beams and braces satisfy highly ductile criteria. mntersection || | . , o
nearest brace Knife plate —
— Capacity design end. —
: : beams, columns and . .
* Bracing Connection connections e 2t Fold Line + Khnife Plate Detail
- Dyct%le mechanism is bra}ce - ggcnof‘;iﬁfga’t‘gs to — Provide a hinge zone in the - In—plgne bre.we buckligg.
yielding and brace buckling. potation orpush gusset plate, width 2. - Prgwde a hlnge zone in the
— Must accommodate brace Tension —  Gusset plate buckling may knife plate, width 3t,.
rotation as it buckles without Braces Yield control gusset thickness. — More compact connection.
fracture (§F2.6¢.3). Compression o .
@ ) Braces Buckle See Seismic Design Manual for Examples
Il VirginiaTech 59 MVireiniaTech Note: SDM 3" Edition 60
‘W gl/nvent the Future s gl/nvent the Future Available Summer 2018

Copyright © 2017
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Session 7: Introduction to Seismic Connections Associate Professor, Virginia Tech
November 28, 2017

Accommodating Brace Rotation Beam-to-Column Connections
Sy : . . . , Bolted-bolted
8t clearance —/ 77, ) EuSh plasnc hlnge nto ° §F26b - OpthIl (a) double angles
i 7 7N e race . . .
for fold line N 11 — Design as simple connection. : iﬁcll\g%“lf)
_ f D — Section §F2.6¢.3(a) — design Allow rotation per T
Elliptical 4 pr<=r—=7 brace connection for expected Specification §B3 .4a. 4:f |
shaped fold | +| b b 1 | hx 1.1 ) &
line || race flexural strength x 1.1. — Commentary shows three =
‘ — L.1R M, of brace about the options: See Example ¢ thomon and
L1 . iti i irecti . 53.10i ornton an
« Elliptical Fold Line critical buckling direction. o BRE s Dmglg R s
] o ] — Less common than . angles Manual 2" Ed. X A
— Provide an elliptical hinge accommodating rotation in - - i \
zone in the gusset, width 8z. gusset per §F2.6¢.3(b). » { W10-49 wel me—t | i
— Generally more compact than B W : @nD
straight 2¢ fold line. ] 8
See Seismic Design Manual for Example (Stoakes and Fahnestock 2010) oranges.
@Virginia’rech Note: Presenting LRFD only, 61 @VirginiaTech 62
Invent the Future neglecting a, term_far ASD Invent the Future
Beam-to-Column Connections Beam-to-Column Connections
,350 kip-in.
* §F2.6b - Option (b) 8 * §F2.6b - Option (c)
— Design as moment connection. f — Detail similar to WUF-  ;, ,rane ]
. . 3 ritical, leave
— Design for either expected ¥ W, see §E1.6b(c). fg%mﬁ;ﬁ%‘ﬂ—r
flexural strength of beam x 1.1, & — Welds per AISC 358 tabs
. =/:u_1 . Back up bar ae
or 1.1 times sum of expected #j : with CJP at flanges. e g7 =t webto
ﬂexural Strength Of COlumnS ‘% =1-290 kips 290 kips| — Special Weld access Continuity Plates per | Alternative:
. . . . 2 __1_398 kips . E3.6f (if required) single plate
framing into joint. 1 &l 290Ky T hole detailing. Design for strength of boledweb
. . N/ = i continuity plate, CIP, [ connection
— Combine with demands from 5360Kdpn. i — Beam web to column  tesided i A
brace and collector. i ‘ ] emand
cnd Example of loads associated welded or single plate We";jffvﬁfs’g’f; Ctca
— See Example 5.3.12 in 2" Ed. . ; bolted. Clause 6111 2and vt 16n, Remove backing,
Seismic Desien M ) with required moment o Figure 6.2 >/16 backgouge,
eismic Design Manual. ond Ed SDM Ex. 5.3.12 — Continuity plates per ¢
E3.6f.
‘@Virgnia?gm 63 @ VirginiaTech 64

Copyright © 2017
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Connection Demands - Tension Connection Demands - Compression

» Required Tensile Strength §F2.6¢.1 * Required Compression

P,
- T,=RFA, A, = gross area of brjce Strength, §F2.6¢.2 J#i}:: //

T,
— This load does not apply to brace net — Design connection for b
section check. . / expected brace strength in . /
— Can be limited by the max force that b compression (see below). ol
can be transferred to brace (e.g. . — Does not need to exceed 7
foundation uplift) — not common ol RFA,. A
and not a good design approach. o — Length used in buckling /
— For standard size holes, don’t need A i calculation not greater than =
to design as slip critical. For S brace end to brace end. T
oversized holes, design demand for F A F.,=F,, from
slip can be limited by overstrength || F = Wg Specification Ch. E, but
loads 8717 using R,F, as yield
M\ivoii 65 M\roing 66
vVlrgl,ﬂln%?}ESE '""Vlrglmr}elﬁzemck
Connection Demands - Flexure Overview of Limit States
. Required Flexural 1. Brace net section fracture - Unique to SCBF I
- M ’
Strength, §F26C3 u 2. Bra'ce to knife plate weld
3. Knife plate tension yielding, net section
— Ifnot detailing connection to rupture, compression buckling Ny
accommodate rotation. 4. Knife plate to gusset weld ——
— M =1.1R. M. ofbrace 5. Gusset tension yield on Whitmore ]
" yep P section, compression buckling
. . X 6. Gusset at bolts — tension yield, net o]
* Combination of Tension, section tension rupture, shear rupture,
Compression, and Flexure block shear
) ] R 7. Gusset to beam weld 10. Single plates to column weld
- Perrmtted to COHSI(_ier load.s - 8. Shear transfer at single plate connections: 11. Beam web local yielding and
independently, no interaction. (bolt shear, bearing and tear-out) crippling / stiffeners if necessary
— See beginning of §F2.6c¢. 9. Single plates - tension yield, net section 12. C(')lun.m webl local yi.elding and
tension or shear rupture, block shear crippling / stiffeners if necessary
T pe I
\vVlrgl,ﬂlﬁ?Z‘Eﬁk @virginiaTech i
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Net Section Fracture Requirement Net Section Fracture Requirement

e Brace Net Area, Wrap . 1 { * Brace Net Area,

§F2.5b.(c) | Froundend” t¥ §F2.5b.(c)
. T TR Lw

— Brace effective net area not / If using reinforcement : slot
less than gross area. et not _ ,

: . 3/16in. — Size reinforcement so that S ,

— For knife plate connection, slot beyond end Ud > A g Relnfcobrc‘ts'r-]
in brace can be close to end of iy platgf krife R cides
knife plate. 8 weld size = t — Reinforcement should have

— AWS D1.1-10 §5.22 says root op*e ;?r?é y@eld stress at least equal to |
opening not greater than 3/16 . yield stress of brace. A __Increase weld
in. and if over 1/16 in. increase || | ||’ — Weld to develop reinforcement A f;;i:ic::grg:;
legs of fillet for root opening . expected strength on both sides ——

. One approach for making .
size. of reduced section. V
net area = gross area
@Virgnia?gm 69 @Virgnia?gm 70

Demand Critical Welds Protected Zone
* Demand Critical Welds * Protected Zone Locations i 5
§F2.6a / §F2.5¢ € R 5
— Groove welds at column (G, kave ’ _ Center 1/4 of brace leneth C'\\ 37 2\ %
splices. e e g E
Welds at column-to-base Backup‘:‘: o, — Within d of the braced connection. | | ——— E
late connections (unless c;-:l-u m:lat:s/lzr [ ~ Connection region. ’ | | S
glastic hinging near base Des,zzt,(y';r;iu;f?f i SEEE?’E’:‘E * Limitations §D1.3 and §12.1 5 g
plate is prevented and no JE%;}EEEE;E;{Q e — No tack welds, holes, erection ‘ 'f:"/ ™ b'« \\ ‘ E
net uplift). Weld access hotes—"] P ermand aids, arc gouging, thermal cutting, :.; \ Py S
— Welds at beam-to-column  causési12m N T headed shear studs. XS 2
connection if using e reiiorcing flet — No welded, bolted, screwed, or i : ' 8
§F2.6b(c) prescriptive power-actuated fastener =
moment connection. attachments. [T protectea zone
‘@Vﬁgmﬁx‘iﬂ ! @virginiaTech i
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SCBF - Example SCBF - Example

HSS 6.875x0.500
A500 Gr. B

la. Calculate brace connection required tension strength

* Do the Following:

Buckling

1. Calculate the gusset HSS 6.875x0.500 A500 Gr. B

plate required tension

Brace Length

race | _ PR .
and Compression R |f-8|—d1“2nef"t°om Ag 9.36 in , Fy 42 kSl, Ry 14 (Table A31)
strength. s o fold line

2. Design the gusset plate szsﬁte r-30 Brtens = RF, yAg
thickness and fold line e plate width at P _ 1.4(42 ksi) (9.36 inz)
dimension. v O? \eNnd=t;f8 brace, u—tens

P,_,,,, =350 kips |

3. Check the brace net
section and design

Mo

reinforcement.
W VirginiaTech 5 73  VirginiaTech 74
SCBF - Example SCBF - Example
1b. Calculate brace connection required compression 1b. Calculate brace connection required compression
strength - use AISC 360 Ch. E with F =R F, strength - use AISC 360 Ch. E with F, =R F,
KL R,F, (1.4)(42 ksi)
L,=144in,K=10, r=227in. — =034 F, =0.658" |RF, =[0658 """ |(1.4)(50 ksi)
cre Yoy
KL, E 29,000 ksi
—2=0634| < |47] |—=471 |———— =105 .
{ r } { \RF, 1.4(42 ksi) } £, =41.6 ksi
Y F_A
So use Eq. E3-2 in AISC 360 P = min{ e Ag}
2 2 (29,000 ksi - P_. =444 kips
=Tk T (2000kst) oy, ’
KL, 63.4 _ [(41.6 ksi)(9.36) _ ,
— P_.., =minq———=———%_550 kips ; = 444 kips
r v 0.877
‘@Virgnia?ggh am @ VirginiaTech 76
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SCBF - Example SCBF - Example

2a. Tension Yield on Gusset Whitmore Section 2b. Block Shear on Gusset  Trying a 5/8 in. gusset
_ _ . . _ .2
A,=Dt,=(6875in.)(5/8in.)=4.30in
_ _ . . _ .2
A, =2L¢t,=2(27in)(5/8in.)=33.8in
Anv = Agv

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,y =38.1in.

Plate width to use:

w, = min{wpa, WPW} =28.0in.

Because 4,,, = 4,,, shear yield controls

g

¢R,=0.75(0.6F A4, +U,F,A,)

gy bs™ up“nt

Try 5/8 in. gusset plate OR, =0.75] 0.6(50 ksi)(33.8 in” ) +1.0(65 ksi) (430 in’) |

#R, =0.9F,t,w, =0.9(50 ksi)(5/8in.)(28.0 in.) = 788 kips

[#R, =970 kips] = [P_,.=550kips] OK

[pR, =788 kips| = [P_,.=550kips]| OK

u—tens

\mvngl;nighrgcth 5 7  VirginiaTech 78
SCBF - Example SCBF - Example
2c. Gusset Plate Buckling Trying a 5/8 in. gusset 3a. Brace Effective Net Section without Reinforcement
t 5/8in. i .
” o _ =0.18in. Buckling length,

Lpp=17"
K=0.65 (fxd-fxd)

N TN T
KL,,_(O

{ = '5)(17):61:]<4.71\/f
o (018) - F,

HSS 6.875x0.500, #,,,=0.465in. St 1/5:'12-” '?)flgf; m
Trying a 5/8 in. gusset

. \ |
Perpendicular
plate width at A=A -2t +1/8in.)t, T
end of brace, rone ¢ ( v ) des

_ 7T'E . oan

F“‘[m 7 =763kt =28 A, 0 =9.36in>=2(5/8in.+1/8in)0.465 in.

g poratr 0 A =866in AISC 360 Table D3.1

% S Trying 5/8" thick e Case 5
F, = 06587 \F, =38.0 ksi U=1.0because L>1.3D  28.0 in. > (1.3)(6.875 in.)
= = in2 — n2
$P,=0.9F, w,.t, =0.9(38.0 ksi)(28 in.)(5/8 in.) Aerorig=1.04, 51 = 8.66in* < 4,=9.36 in
[¢Rn =599 kl'ps] > [ Py =444 kips] OK —Need reinforcement

‘@Virgnia?ggh am @ VirginiaTech 80
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SCBF - Example

SCBF - Example

3b. Brace Effective Net Section with Reinforcement

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

3b. Brace Effective Net Section with Reinforcement

Try 1 in. x 1 in. reinforcement, ¢.= 1.0 in.

Can’tuse U = 1.0 now. Calculate U: 4 =U ( 4+ 2tf)
D 6.875in. .
g == =219in. | 4,=091(8.66.in” +2(lin.)’ ) =9.68 in’ |
AISC 360

$. =24l _304in  TubleD3. [4,=9.68in>| > [4,=936in"] OK

2 2 Case 2
-
x. A +x A . =1in. £

¥ = ring “ “ring reinf “ “reinf — 250 in. t n ‘r i‘ T
Aring + reinf +
X 2.50 in. HSS6.875x0.500

=l-—=1- =091 .
v L, 27.0in. ? D =6.8751n.
Il VirginiaTech 81 @VirginiaTech 82

Invent the Future

SCBF - Example

SCBF - Example

3c. Length of Reinforcement

Expected strength of the reinforcement

Fold Line and Final Detail

Protected

zone HSS 6.875%0.500
R, =t'R,F, =(1.0in")(1.1)(50 ksi) = 55.0 kips T AS00 Gr. B Brace
. . 1" A572 Gr. 50
Try 8 in. long 3/16 in. welds [ Fold Line: reinforcement both
ides, extend 8" past
R =21 ¢, 1392 2t= 2(5/8 1n) ::'?sfanegrgze sidsaasnd
OR, =2L., | 16 I 2t=1.25in. other sige "
#R, =2(8in.)(3 sixteenths)1.392 3/16 E e -| er A 5/8" AS72 6r. 50
~=1in. = / ! gusse
@R, =66.8 kips ‘E
12
[¢R, =66.8kips] > [R, =55.0kips]| OK
‘@VirginiaTech 83 @ VirginiaTech 84

Invent the Future
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Next Session
« December 5, 2017 Bracing Connections
End of Session 7
Thank You for TOPICS
Attendin : : .
& * Light Bracing Connections
Next Up * Heavy Bracing and Truss Connections
* Poor Designs and More
WVignil=c N Wil "
Individual Webinar Registrants Individual Webinar Registrants
CEU/PDH Certificates CEU/PDH Certificates
Within 2 business days. .. Within 2 business days. ..
* You will receive an email on how to report attendance from: » New reporting site (URL will be provided in the forthcoming
registration(@aisc.org. email).
* Be on the lookout: Check your spam filter! Check your junk * Username: Same as AISC website username.
folder! * Password: Same as AISC website password.

* Completely fill out online form. Don’t forget to check the boxes
next to each attendee’s name!
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8-Session Registrants 8-Session Registrants

CEU/PDH Certlﬁcates Access to the quiz: Information for accessing the quiz will be emailed to you by

Thursday. It will contain a link to access the quiz. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG
One certificate will be issued at the conclusion of

all 8 sessions Quiz and Attendance records: Posted Wednesday mornings.

www.aisc.org/nightschool - click on Current Course Details.

Reasons for quiz:

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

NOTE: If you attend the live presentation, you do not have to take the quizzes to
receive CEUs/PDHs.

8-Session Registrants Night School Resources for 8-
session package Registrants

Access to the recording: Information for accessing the recording
will be emailed to you by this Thursday. The recording will be available
for three weeks. For 8-session registrants only. EMAIL COMES FROM
NIGHTSCHOOL@AISC.ORG. Find all your handouts, quizzes and quiz scores,
recording access, and attendance information all in one

|
CEUs/PDHS - If you watch a recorded session you must take AND place!

PASS the quiz for CEUs/PDHs.
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Night School Resources for 8- Night School Resources for 8-
session package Registrants session package Registrants

Go to www.aisc.org and sign in. Go to www.aisc.org and sign in.

S EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY  STEEL SOLUTIONS AWARDS AND RESEARCH
& %) CONFERENCE CENTER COMPETITIONS LIBRARY

IN THIS SECTION MyAISC
Edit Profie
MY PROFILE
Myosnloscts Update your contact and address nformation

My Pending Quizzes
i EDIT PROFILE

MY PURCHASED DOWNLOADS

Access articles and documents that you

VIEW DOWNLOADS

Login

If you're an existing customer, please enter your username and password.

DON'T HAVE AN ACCOUNT?

USERNAME MY COURSE RESOURCES

Enter your usemame

View online resources for Night School 2} Live Webinar package registrations.

VIEW RESOURCES

PASSWORD downloaded from the bookstore.

Enter your password
REGISTER NOW

Remember Me

Night School Resources for 8- Night School Resources for 8-
session package Registrants session package Registrants

STy EDUCATION  PUBLICATIONS NASCC: THE STEEL STEEL SOLUTIONS AWARDS AND TECHNICAL
3_” CONFERENCE CENTER COMPETITIONS RESOURCES EDUCATION  PUBLICATIONS NASCC: THE STEEL SAFETY  STEEL SOLUTIONS AWARDS AND RESEARCH
e

2

CONFERENCE CENTER COMPETITIONS LIBRARY

%.w‘?

Lupe 52

AISC > MYAISC > COURSE RESOURCES

Night School 13: Design of Industrial Buildings

Course Resources
8-SESSION PACKAGE RESOURCES

Event

NS 13 8-Session Package-Night School 13 - Design of Industrial Buildings

NS 14 8-Session Package-Night School 14 - F f Stability

Girder & Longitucinal Bidg Bracing Dsn
and Bracing Design
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Night School Resources for 8- Night School Resources for 8-
session package Registrants session package Registrants
*  Weekly “quiz and recording” email. » Webinar connection information:
*  Weekly updates of the master Quiz and Attendance record o Found in your registration confirmation/receipt.
found at www.aisc.org/nightschool. Scroll down to Quiz and o Reminder email sent out Tuesday mornings.
Attendance records. + Link to handouts also found here.

o Updated on Wednesday mornings.

Thank You

Please give us your feedback!
Survey at conclusion of webinar.

There’s always a solution in steel.

structural

STEEL
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