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PRACTICAL GUIDE FOR
SEISMIC STEEL CONNECTION DESIGN
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AGENDA

* Intro to Capacity design in IDEA StatiCa for seismic connection design

O Prequalified steel connection design - Intermediate and special moment frames
O Ordinary moment frame Connection design
O Braced frames Connection design

» Seismic connection design toolkit

QA&A session
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FRIENDLY REMINDER

This is a summary of the requirements and details for seismic

V connections, we encourage you to always review the actual standards
and examples in the AISC 341 and Seismic Design Manual

IDEA StatiCa is a tool that should be used in tandem with AISC seismic
provisions

ao Use your engineering judgement and experience



QUICK INTRO CONNECTION APP

Component Based
Finite Element Method v

COMPONENT METHOD

1. Model 2. Analysis 3. Design

Analysis o/ 100.0%
Plates o 0.8 <50%
Bolts o 534 <100%
Welds + 984 <100%

Code check equations:

Bolts, Welds, anchors

Tension resistance check (AISC 360-22 - J3-1)
GRy = Fu- A= 2079 kip 2 Fr= 931 kip

Where:
Fy =89.9ksi  —nominal tensile stress AISC 360-22 — Table J3.2

Ay = 0.4418in? - grass boll cross-sectional area
¢ =075 — resistance factor

Shear resistance check (AISC 360-22 - J3-1)
@Ry =¢-Fu-Ay= 1788 kp =2 V= 597 kip

‘Where:
F,, =540ksi - nominal shear stress AISC 360-22 — Table J3 2

Ay = 04418in? - gross boll cross-sectional area

¢ =075 - resistance factor

Bearing resistance check (AISC 360-22 - J3.6)
R,=120-1-t-F, s 240-d-t-F,

¢R, = 2521 kp 2 V= 597 kip

Where:

I.=1"1/8in - Clear distance, in the direction of the force, between the edge
hole or edge of the material

t=38in ~ thickness of the plate

d=3/4in - diameler of a bolt

F,, = 65.0ksi - specified minimum tensile strength of the connected material
¢ =075 ~ resistance factor for bearing at bolt holes

Interaction of tension and shear check (AISC 360-22 - J3-3)
GR, = ¢-Fl - Ay = 2878 kip = Fr= 931 kip

‘Where:
Ff" = BB.9ksi - nominal lensile stress modified to include the effects of shea

o F =13 Fy — L < F,  where
o F, = 89.9 ksi - nominal lensile stress AISC 360-22 - Table J;

o F,, = 54.0 ksi - nominal shear stress AISC 360-22 - Table J3

o fro = 13.5ksi- required shear stress using LRFD or ASD loal

of the fastener shall be equal or exceed the required shear stret

o ¢ = 0.75 - resistance factor for tension and shear combinatior

Ay = 0.4418in? - gross boll cross-sectional area

Steel plates:

Material properties are

checked, design limitis

based on plastic strain
Design yield stress

_ -~ (LRFD) fy*0.9
7 (ASD) fy/1.67

’

1 =

| .-

| e

\ O-A /,’//,/’— R

\ /ﬁ’,i’/

\ -7

\Afd ) CBFEM Design curve
vl

e True stress-strain diagram
e Engineering stress-strain diagram
Bilinear stress-strain diagram

R
Limit plastic €

o
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STEEL MATERIAL MODEL FOR PLATES

The material behavior is based on the
von Mises yield criterion

- It is assumed to be elastic before
\ reaching the design yield strength, f.

=
—“
-

Design yield stress /
¢
(LRFD) fy*0.9  Jwa|-- «

(ASD) fy/1.67

————— True stress-strain diagram
————— Engineering stress-strain diagram
Bilinear stress-strain diagram

tan"'(E)

: ; -
Limit plastic 0O &

strgin 5 AJ
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CONNECTION DESIGN (AISC LRFD)

vertrical bracing.ideaCon

StatiCa® coNNECTION - o
PROJECT DESIGN REPORT MATERIALS

BE- Ao O @ SO0MNE LS I= | | g Lo Desi ield st th (LRFD
New Copy  Undo Share Project Members Plates LCS | New Gallery Calculate Overall Strain Equivalent Plastic Stressin Bolt Mesh Deformed - - eS I g n yl e S re n g ( ) -
- h Plastic strain (%)
project settings check check stress  strain contacts forces Equivalent stress . .
Project items Data Options Labels Pictures CBFEM FE analysis 5 O ks I *O 9 —_ 4 5 ks I
SNEN-T LR . — :
Analysis 100.0% ProdUeibn cost - 372USS Check of members and steel plates for extreme load e¥get
Plates 22 <5.0% t £ o,
Pl L Ed
Bolts 100.0 < 100% Status | Item Grade E:] Loads T [k(si\
Welds 379 < 100%
> 4 © |oussi AS726Gr50 /2 LE1 (457 |22 39
Buckling Not calculated m
Stress, strain + Guss2 (AST2GrS0 12 LE1 431 02 82 Equivalen t
LET + Brawl  AST2GrS0 /8 LE1 450 02 B2 ()
stress
+ Br2-w2 AS72GrS0 3/8  LE1 450 02 &2
+ CUP3 a-w 1 | A572Gr50 3/B LE1 450 o1 89
+ CUP3 b-w 1 A572 Gr.50 3/8 LE1 450 01 89
+ CUP3 b-bfl 1/ AST2GrS0 3/8  LET 450 00 177
+ CUP3 a-bfl1|AS72GrS0 3/8  LE1 450 00 168
+ CUP1b-bfi1/AS72Gr50 3/8  LET 404 00 141
+ CUP1 a-bfl 1| A572 Gr50 3/8 LE1 402 |00 142 . ———./
+ Bri-w 2 A572 Gr.50 5/8 LE1 399 00 68 45 kSI . A T _1
el + tan” (£/1000
+ Bri-w1 AST2Gr50 5/8  LE1 398 00 68 '
45.00 f
+ CLIPT a-w 1 |AS72Gr50 3/8 LE1 397 00 108 )
40.0
Design data li
1
35.0 |
Grade |y Flim ,
300 [ksil %]
1
250 A992 500 50 ’f
AST2Gr50 500 50 I
200 - ,
15.0 . 1 !
- I
~tan"(F) |
N 1
5.0 \ !
1 !
“ 100.00 » .
0.00 5 0/ 6 Plastic
0 .
strain

Unit:
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CBFEM CODE CHECKS OF STEEL CONNECTION

COMPONENTS

Plates: Material
properties are checked,

design limit is based on

plastic strain

Equivalent
stresses

Plastic
strain

Check of members and steel plates for extreme load effect

Status | Item Grade tp Loads | 7Ed %cEd
[in] [ksil [ksi]

- O GUSSs1 A572 Gr.50 1/2 45.7 219/ 39

Design values used in the analysis
oF, = 450 ksi

Where:
F, =500ksi — characteristic yield strength

¢ =0.90 — resistance factor for steel material AISC 360-22 — B3.1

e |
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Interaction of tension and shear check (AISC 360-22 - J3-3)

Bolts and anchors Welds

Check of welds for extreme load effect

Tension resistance check (AISC 360-22 - J3-1)

Status | Item | Edge xu |'w » . Le
Tin] lin] lin] {in]
ORy=¢-Fu- A= 2079 kip = Fr= 931 kip
+ @ 8P WXt 1 ETDoc 45/16M 4 7/16M 1212 1°3/16
Where: =
Fp =89.9ksi - nominal tensile stress AISC 360-22 - Table J3.2 ‘

E70xx 45/16 M 47/16 W 1-2°1/2 1"3/16

Ay = 0.4418in? - gross bolt cross-sectional area E70xx 45/16 % 4 7/16N 1-21/2 1"3/16

¢ =075 ~ resistance factor Weld resistance check (AISC 360,22 - 12.4)
GRy =6 Fau-Ave= 1683 kp 2 Fa= 1346 kp
Shear resistance check (AISC 360-22 - J3-1) Whero
Fag =60 1kst ~ nominal stress of wold matorial
@R, =¢-Fy-Ay= 1788 kip = V = 597 kip >
* Fop =06-Fgxx - (1+0.5-5in'%0) , where
Where: Fexx = 700 ksi - elactiode ie o
F,, =540ksi - nominal shear stress AISC 360-22 - Table J3.2 0 = 651* - angle of loading measured from the weld longitudinal axs
A, =04418in? - gross bolt cross-sectional area Auc = 037322 - effective area of wekd crtcal element
=075 — rasistason facior é=075 -~ resistance tactor for wekded connections
Design data
Bearing resistance check (AISC 360-22 - J3-6)

R,=120-1,-t-F, < 240-d-t-F,

¢R,= 2521 kp = V= 587 kip
Where.
I, =1"Bin — clear distance, in the direction of the force, between the edge
: hole or edge of the material
t=3/8in — thickness of the plate
d=3l4in — diameter of a bolt

F, = 65.0ksi - specified minimum tensile strength of the connected material

@ =075 ~ resistance factor for bearing at bolt holes

OR, =¢-Fj-Ay= 2878 kip = Fr= 931 kip
Where:
F], = 86.9ksi - nominal tensile stress modified to include the effects of shea
v Bl = 13- F,y— bl < B, where:
o Fyp = 89.9 ksi— nominal tensile stress AISC 360-22 — Table J:
o F,, = 54.0 ksi - nominal shear stress AISC 360-22 - Table J3
o fro = 135 ksi - required shear stress using LRFD or ASD loat

of the fastener shall be equal or exceed the required shear stret
o ¢ = 0.75 - resistance factor for tension and shear combinatior

Ay = 04418 in? - gross bolt cross-sectional area

//#/={=/ StatiCa®
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AISC 341 - SEISMIC FORCE-RESISTING SYSTEMS (SFRS)

Moment frame « OMF, IMF, SMF, STMF, OCCS, SCCS

————————
[
-
-~
~

Braced frame and OCBF. SCBF, EBF, SPSW ™~ . Ordinary moment frame
shear walls

~~~
-------- » ¢ Intermediate moment frame
\ » Special moment frame
» Ordinary concentrically moment frame
» Special concentrically brace frame

———————————
-~
-~
-y
~

~
-~
o
-
—————————

« C-OMF, C-IMF, C-SMF, C-PRMF

Composite moment
frame

@olpgleleriii=rsl=(e=lef o C-OBF, C-SCBF, C-EBF, C-OSW, C-SSW,
e s lalel Szl E L C-PSW/CE, C-PSW/CF, CC-PSW/CF
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AISC 341 SEISMIC CONNECTION DESIGN BASIS

9.1-12

« Required strength: The greater
from an analysis using seismic
effects or expected strength from B,

the different system frames )
chapters
* Available strength: Same as

specification unless otherwise in
AISC 341 or 358

24. CONNECTION DES‘GN PARAMETERS
1. Resistance Factors

Where available strengths msculcululcd in accordance with the AISC Specification,

the resistance factors specificl therein shall apply. When available strengths are cal-

culated in accordance with this standard, the resistance factors ¢, and ¢, shall be used
as specified in the Apphulhl:‘cunn of this standard. The values of ¢4 and o, shall B4
.

be taken as follows:

(a) For ductile limit states

64=1.00

(b)  For nonductile limit states
6,=0.90

S

Plastic Hinge Location

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

Prequalified Connections for Special and Intermediate Steel
Moment Frames for Seismic Applications, August 18,2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

LOADS AND LOAD COMBINATIONS [Sect. B2.

the overstrength seismic load, Ejy;, is permitted to be taken as calculated in ASCE/
SEI 7, Equation 12.4-7, with a maximum value of E,; equal to E.

DESIGN BASIS
Required Strength

The required strength of structural members and connections shall be the greater of
the following:

(a) Therequired strength as determined by structural analysis for the applicable load
combinations, as stipulated in the applicable building code, and in Chapter C

(b)  The required strength given in Chapters D, E. E G, and H
Available Strength

The available strength is stipulated as the design strength, ¢R,, for design in accor-
dance with the provisions for load and resistance factor design (LRFD) and the
allowable strength, R,/Q, for design in accordance with the provisions for allowable
strength design (ASD). The available strength of systems, members, and connections
shall be determined in accordance with the Specification. except as modified through-
out these Provisions.

SYSTEM TYPE

The seismic force-resisting system (SFRS) shall contain one or more moment-frame,
braced-frame, or shear-wall system conforming to the requirements of one of the
seismic systems designated in Chapters E. F, G, and H.

//#/=/=] StatiCa®



AISC 341 SEISMIC CONNECTION DESIGN BASIS

6b. FR Moment Connections

FR moment connections that are part of the seismic force-resisting system (SFRS)
shall satisfy one of the following requirements:

(a)

FR moment connections shall be designed for a required flexural strength that
is equal to the expected beam flexural strength, RyM,,. multiplied by 1.1 and
divided by o, where oy = LRFD-ASD force Ie\"adju.\tmem factor = 1.0 for
LRFD and 1.5 for ASD.

The required shear strength of the cnnneclinn.{ hall be determined using the
capacity-limited seismic load effect. The capacity-limited horizontal seismic
load effect, E,;. shall be determined as follows:

E=2(1.1RM,)/Ly (E1-1)
where
Lt = clear length of beam, in. (mm)

M), = plastic moment, Kip-in. (N-mm)
R, =ratio of expected yield stress to the specified minimum yield stress. Fy

OMF

6b.

6c.

9.1-44

6d.

indicate that a particular weld is designated demand al, but the more specific
standard or test does not make such a designation, the more specific standard or
test should govern. Likewise, these standards and tests may designate welds as
demand critical that are not identified as such by these Provisions.

Beam-to-Column Connection Requirements

Beam-to-column connections used in the SFRS shall satisfy the following
requirements:

(a) The connection shall be capable of accommodating a story drift angle of at least
0.02 rad.

(b)  The measured flexural resistance of the connection. determined at the column
face, shall equal at least 0.80M), of the connected beam at a story drift angle of
0.02 rad.

Conformance Demonstration

Beam-to-column connections used in the SFRS shall satisfy the requirements of Sec-
tion E2.6b by one of the following:

(a) Use of IMF connections designed in accordance with ANSI/AISC 358.

(b)  Use of a connection prequalified for IMF in accordance with Section K1.

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

INTERMEDIATE MOMENT FRAMES (IMF) [Sect. E2.

(¢c) Provision of qualifying cyclic test results in accordance with Section K2.
Results of at least two c)

lic connection tests shall be provided and are permit-
ted to be based on one of the following:

(1) Tests reported in the research literature or documented tests performed for
other projects that represent the project conditions, within the limits speci-
fied in Section K2

(2) Tests that are conducted specifically for the project and are representative

of project member sizes, material strengths, connection configurations, and
matching connection processes, within the limits specified in Section K2

Required Shear Strength

The required shear strength of the connection shall be determined using the capacity-
limited seismic load effect. The capacity-limited horizontal seismic load eftect, £,
shall be determined as follows:

IMF

9.1-50

6b.

6.

-
-

6d.

Seismic Provisions for Structural Steel Buildings, September 26,
AMERICAN INSTITUTE 0F STEEL CONSTRUCTION

SPECIAL MOMENT FRAMES (SMF) [Sect. E3.

Beam-to-Column Connections

Beam-to-column connections used in the seismic force-resisting system (SFRS) shall
satisfy the following requirements:

(a) The connection shall be capable of accommodating a story drift angle of at least
0.04 rad.

(by The measured flexural resistance of the connection, determined at the column
face, shall equal at least 0.80M), of the connected beam at a story drift angle of
0.04 rad, unless equivalent performance of the moment frame system is dem-
onstrated through substantiating analysis conforming to ASCE/SEI 7, Sections

where
M, = plastic moment, Kip-in. (N-mm)
Conformance Demonstration

Beam-to-column connections used in the SFRS shall satisfy the requirements of Sec-
tion E3.6b by one of the following:

(a) Use of SMF connections designed i

nce with ANSI/AISC 358.

(b)  Use of a connection prequalified for SMF in accordance with Section K1.

(c) Provision of qualifying cyclic test results in accordance with Section K2.
Results of at least two cyclic connection tests shall be provided and shall be
based on one of the following:

(1) Tests reported in the research literature or documented tests performed for
other projects that represent the project conditions, within the limits speci-
fied in Section K2

2

Tests that are conducted specifically for the project and are representative
of project member sizes. material strengths, connection configurations, and
matching connection processes, within the limits specified in Section K2

Required Shear Strength

The required shear strength of the connection shall be determined using the capacity-
limited seismic load effect. The capacity-limited horizontal seismic load effect. E ;.
shall be taken as follows:

(E3-5)

//#/={=/ StatiCa®



PROBABLE MAXIMUM MOMENT AT PLASTIC HINGE

AISC 358

Prequalified Connections for Special and Intermediate Steel
Moment Frames for Seismic Applications, August 18, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

9.2-8

CTION DESIGN PARAMETERS [Sect. 2.4,

3. Probable Maximum Moment at Plastic Hinge

The probable maximum moment at the plastic hinge shall be

Mpr = CprRyFyZe (24-1)

where
Cpr=factor to :

count for peak connection strength, including strain
hardening, local restraint, additional reinforcement, and other
connection conditions. Unless otherwise specifically indicated in this
standard, the value of Cj, shall be
. _K+FE
Cpr= <12 (24-2)
l S
25
Fy = specified minimum tensile strength of yielding element, ksi (MPa)
Fy = specified minimum yield stress of yielding element. ksi (MPa)
atio of the expected yield stress to the specified minimum yield stress.
Fy. as specified in the AISC Seismic Provisions

Z, = effective plastic section modulus of section (or connection) at location
of the plastic hinge, in.* (mm®)

4. Shear Force at Plastic Hinge

Unless otherwise specifically indicated in this standard, the shear force at the plastic
hinge, Vj, shall be

My -
Vi ="+ Veranin (2.4-3)
-h
where
Ly = distance between plastic hinge locations. in. (mm)

Viraviry = shear force resulting from 1.2D + fiL + 0.15S acting on the beam between
plastic hinge locations, where D is the dead load, S is the snow load, and
f1 is the load factor determined by the applicable building code for live
loads. but not less than 0.5, kips (N)

In applying Equation 2.4-3, the values of 2M),/L and Vgrairy shall be taken as having
the same sign.

r Note: The load combination of 1.2D + fiL + 0.15S is in conformance with
ASCE/SEI 7-22. When using the International Building Code. a factor of 0.7 must
be used in lieu of the factor of 0.15 for § when the roof configuration is such that
it does not shed snow off of the structure.

User Note: Equation 2.4-3 can be derived from a free-body diagram of the
portion of the beam between plastic hinge locations, assuming the moment at each
nlastic hinoe is M. and with oravitv load actino on the free-hadv diaoram. The

//#|=/=] StatiCa®



SEISMIC DESIGN IN IDEA STATICA

CAPACITY DESIGN

oA
/
Jyaf---f ”
; tan” (£/1000)
- = = — - True stress-strain diagram
! - — — — - Engineering stress-strain diagram
- Bilinear stress-strain diagram
-tan"(E) |
: | -
Limit plastic &
strain

Non-yield member
design material curve
fyd affected by material factors
LRFD= Fy*0.9

ASD= Fy/1.67

¢F, = 450 ksi

Wi 3
F, =50.0ksi - characteristic yield strength
¢ =090

7A
R oo

o = Ry fy (G 1)/ 0.05;

—0% %=§%
Yield member design
material curve

Ry= Overstrenght factor
Cpr*=Hardening factor

Design data
¢ Ry Fy Fy,FEM | Cpr glim
Grade 5 -
[-] [-] [ksi] [ksi] [-] [%]
> |A992 |090 = 50.0 45.0 = 50
A992 * | - 1.10 50.0 55.0 1.15 5.0

&

Non-yield

members/elements

.....
~. -
.......
.............

Selected dissipative
members aren’t checked

Column and connections
are checked using design
limits
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DISSIPATIVE ITEM SELECTION (YIELD MEMBER)

OMF, IMF, SMF = is the yield OCBF, SCBF= is the yield
member member

Shims, if required

t = thickness of gusset plate
Continuity and doubler —]
plates as required

_{——single-plate web
connection

m Ellipse -
center

| §UQ 3
- ) | ~ ~~— Offset edge / S )
~—_ Shims, If required | g & 7
Fold line ! . L /
1 B | > Restrained ‘
42 + b2 ’ edge
R = Radius of cut =—g— E H
f 8¢ ) | Knife plate
I | / Gusset plate
Sect. 13.1 GENERAL 9.2.137 ) . : .
‘l 5 ot ! (a) 2t linear clearance zone (b) St elliptical clearance zone

a

7**\‘;\;77 Reduced beam = ! 4 |
section ‘
b -~ - ‘ .
b4 1
fi
Fig. C-F2.20. Gusset designed
o o \'
* .
(¢) Ot horizontal clearance zone
| f Fig. C-F2.18. Brace-io-gussei plate requirement for buckling out-of-plane bracing system.
AL A 11
V

Protected zone

Seismic Provisions for Structural Steel Buildings, September 26, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

Fie. 5.1. Reduced beam section connection.

Prequalified Connections for Special and Intermediate Steel Fig. 13.2. Beam dimensions for double-tee
Monment Frames for Seismic Applications, August 18, 2022 connections. Shaded regions represent plastic hinges

AMERICAN INSTITUTE OF STEEL CONSTRUCTION
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PREQUALIFIED CONNECTIONS TEMPLATES

1. Reduced Beam Section
(RBS)

2. Bolted Unstiffened and
Stiffened Extended End-
plate

3. Bolted Flange Plate
(BFP)

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

5. Double-Tee

//#/={=] StatiCa*




PROJECT ANALYSIS TYPE

v" Check the
to get
detailing checks g9 o

Stress, strain

Project item
Is$ ! Stiffness
Name CON2 .
5 e @ | Capacity design
e e C e escription - - Joint design resistance
—
Steel code edition AISC 360-16 (LRFD) - - v .
— - Fatigue
Concrete code edition ACI 318-25 - - h Fire resistance
-
Analysis type Capacity design  ggm Wi ™ ~
Prequalified connection
s ® = = B B 5
System Intermediate moment frames (IMF) S8 W W0 W W = 7 £ 2 & R 0B J - * Special moment frame (SMF)
Intermediate moment frames (IMF)

C tion t Reduced b tion (RBS) .
v’ Select the correct v e i 8

Reduced beam section (RBS)

Bolted unstiffened extended end plate (BUEEP - 4E)
Bolted stiffened extended end plate (BSEEP - 4ES)
Bolted stiffened extended end plate (BSEEP - 8ES)
Bolted flange plate (BFP)

Welded flange-welded web (WUF-W)

Double-tee

.~
.N.
=N
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EXAMPLE 4.3.5. SMF BEAM-COLUMN CONNECTION
DESIGN—RBS

Example 4.3.5. SMF Beam-Column Connection Design— RBS
The SMF beam-column connection design presented in this example has been chosen to ( > ( ) / \ ( \
. 2 S, 4)

demonstrate the application of the design provisions for prequalified RBS connections in

accordance with ANSI/AISC 358. This example demonstrates that the RBS geometry given
in Figure 4-11, repeated here, is satisfactory. Some of the results from this example are
30'-0" 30'-0" 30'-0"
~— -—— -—— -—
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
Copyright AISC. Licensed to Andrea Castelo ), Expires 03/11/2030 |E Roof W21 ><50 W21« 50 W21 ><50 _
o
< o™ o™ < o~
4.3 SPECIAL MOMENT FRAMES (SMF) AND INTERMEDIATE MOMENT FRAMES (IMF) 4-77 r;' u)? C)C() r;(' —
EXAMPLE 43.5 GD Fourth [& W21x50 < W21x50 < W21x50 < Y
~— - -— —
used in Example 4.3.3. The geometry of an RBS connection is not unique, and alternative ~ Level g 3 B g = l
t 8 ? 2 4 % [Te]
configurations of the RBS geometry are possible. |1 ¥
= = = /:':> N
Given: . —
T | A Third W24x76 W24x76 wW24x76 o |
Refer to Joint JT-1 in Figure 4-10, repeated here. Design the connection between Beam l
BM-1 and Column CL-1 using the RBS shown in Figure 4-11. All beams and columns are I—evel s
ASTM .-\‘)‘)2/‘»\‘)‘)'2M \\'wl.);xpc» Use ASTM A572/A572M Grade 50 plate material and o)) © © o)) E?
70 ksi electrodes. The gravity loads on the beam are as follows: o ~ M~ uw o™
— — - — -
wp = 0.840 kip/ft wy = 0.600 kip/ft ? Second <+ W24 <76 +D W24 x76 s W24x76 <+ !
Level |= = BM-1 = =
Procedure: = 2 |- = = =Dl
The procedure outlined in this example follows the design procedure outlined in ANSI/ _II _n
AISC 358, Section 5.7. The term “Step n” indicates the actual step number in ANSI/AISC Q Q JT-1 :I_I'
358, Section 5.7. The steps from ANSI/AISC 358 are augmented with some additional E Base ’
checks in this example. Some of the steps listed in Table 4-A are executed in detail in E e W W W
Example 4.3.3, the SMF beam strength check. Because ANSI/AISC 358 addresses LRFD E
only, the following procedure is also only defined for LRFD. =
D "
In addition, column bracing requirements are checked and the beam flange-to-column flange Column Spllce 48
connection is specified. above finished ﬂOOf-, typ

Fig. 4-10. SMF elevation.
(Repeated here for convenience)
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4.3 SPECIAL MOMENT FRAMES (SMF) AND INTERMEDIATE MOMENT FRAMES (IMF) 4-97
EXAMPLE 4.3.5

PL%x6" with corner
PLY%" Web doubler plate clip per AWS D1.8

(A572/AS72M Gr. 50), typ. N (A572/A572M Gr. 50) "\

>
. %
3

Design example 4.3.5 — RBS Example B il g | 2= ===mnigy

L U | b=18in. ‘
CJP, ]
typ. -a=5in.

C
PLY2" doubler é
(AS72/A572M Gr. 50) — CJP =
| top & bot. =
|
\ 5
- r : =
| cJP
| W24 web
|
Doubler plate ‘
weld per AWS >—'4 } )
D1.8, clause 4.3 A
| —
PL3" single-plate
W14x176 column—"""| connection
(A572/A572M Gr. 50)
Weld doubler plate to W24x76 beam
continuity plate over full Bolts as required
length of continuity plate (%) for erection

in contact with column web

Note: For weld backing requirements, and treatment
of weld tabs see ANSI/AISC 358, Chapter 3.

Alternative 2 - Fitted Doubler Plate

Fig. 4-20 (continued). Design Example 4.3.5 connection geometry.
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DESIGN PROCESS IN IDEA STATICA (MOMENT FRAMES)

1. Model the geometry and connection, design it for the regular load combinations (non seismic) using
stress/strain analysis in IDEA StatiCa.

2. Copy the connection and change the analysis type to capacity design (select prequalified connection box,
system and connection type)

3. Select the beams as dissipative items

4. Calculate the probable maximum moment at the plastic hinge, determine the distance of the plastic hinge,
and moment due to the shear force coming from top and bottom column

5. Input the forces in IDEA StatiCa, decide to locate it at the plastic hinge location or column face. Add shear
force in the column to input the moment at the node

6. If ductile behavior is required, modify the design factors for the non-yield members and connection
elements

7. Run the analysis and verify the maximum plastic strain happens at the planned hinge in the beams. Verify all
the connecting elements and column are complying with the design checks and plastic strain less than 5%.

StatiCa®



FORCE LOCATION (RBS EXAMPLE)

=Wy vIAW @

Production cost - 775 US$

Members

~ CON1

v M1
¥ M3
Load effects
¥ LE-CD1
Operations
Template 1
¥ SHP1
v cum
~ OPN1
~ OPN2
OPN3
STIFF1

<

SHP2
¥ CuT2
~ OPN4

OPN5

OPN&

8670.00 v spi
¥ Weld1
7200 ¥ Weld2
¥ Weld3
~ Weldd
¥ PCUT1
¥ PCUT2

< PCUT3
< pCuTA

~ OPN7

~ OPN8

~ OPN3

~ SHP3

Dissipative items

~ DIss1

M2 [Member] Set bearing Copy Delete
Properties
Cross-section 3 - W24XT76 v 2+
Mirror ¥
Mirror Z
Length [in] 0.00
Geometrical type Ended N
Position
Defined by Rotations e
Connected by Begin v
B - Direction [*] 0.0
¥ - Pitch [7] 0.0
@ - Rotation [°] 0.0
Offset ex [in] 0.00
Offset ey [in] 0.00
Offset ez [in] 0.00
Align In node v
Model
Model type N-Vy-Vz-Mx-My-Mz e
Forcesin Position v
X lin) 2210

IsRigidSupportMember

One member of the joint is considered as 'bearing’. The other ones are ‘connected". The
support in analysis model is applied on the bearing member

4.3 SPECIAL MOMENT FRAMES (SMF) AND INTERMEDIATE MOMENT FRAMES (IMF) 4-83

EXAMPLE 435

2M;, " wi Ly

Vrps = =

_ 2(8.670 kip-in.) (131 kip/ft)(316 in.)
316 in. 2(12in/ft)

Summing moments about the left end
My wily
Ly 2
_ 2(8,670 kip-in.) (131 kip/ft)(316 in.)
16 in. 2(12in/ft)

Vips =

. j
~W14x176 W14x176—
RES |

GRBS .~ GRBS

(from ANSI/AISC 358, Eq. 2.4-3)

v (TR TR o)

( Y
\ I

W24x76

i iy

= E . v
M, =B670 n Ly = 316" ‘ RBS
Fig. 4-17. Free body diagram of poriion of beam between RBS cuts.
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BALANCE LOADS USING THE COLUMN (RBS EX)

Moment= 159 in x 125 kips = 19875 kip-in

4.3 SPECIAL MOMENT FRAMES (SMF) AND INTERMEDIATE MOMENT FRAMES (IMF) 493
EXAMPLE 435

Therefore, the expected flexural demand of the beam at the column centerline is determined

as follows:

=2(8,670 kip-in.) + 2,420 kip-in
=19,800 kip-in.

Assuming points of inflection at mid-height of the columns above and below the joint,
can be estimated from statics as follows:

IMpe

hy+hy
_ 19,800 kip-in

84 in.+75in

V

25 kips

9,720 kip-in. + 9,220 Kip-in
23.9 in.- 0.680 in.
=691 kips

125 kips

According to AISC Seismic Provisions Section E3.6e.1, the available shear strength of the
ction J10.6. but with ¢y = 1.00.

panel zone is calculated per AISC Specification S

he nominal

AISC Specification Section J10.6 provides different equations for computing
panel-zone shear strength, depending on whether or not the effect of panel-zone deformation
on frame stability is included in the analysis

In this example, analysis of the building frame, including analysis of interstory drift, was
based on a centerline model of the frame without rigid end offsets at the joints. This is
considered to satisfy the requirement that the effect of panel-zone deformation on frame

stability was included in the analysis.

Therefore, use AISC Specification Section J10.6(b) to compute the nominal shear strength

of the panel zone. For LRFD, a = 1.0.
< 309/2050 >

5
g
5
g
5
=

M2

=T

cont

Members

oad offocts
LE-CO1

Operations
Template 1

SHP1

OPNE

arns
sHP3
Dissipative items

Diss1

Properties

Cross.

Offset ey [in]
Offset ez [in]
Align
Model
Model type

4-WIdX176

0.00

Continuous

In node

NV by Mz

M2

Product 776 Uss

oo
cont
Members
M1
M
M
Load effects

Operations

Tomplate 1

HP1

ieid
Wekd2

Weid3
Weids

Ut

peur2

Dissipative items

Wember e loaded

>

Ny
tkip] _ (kip]

M1/ End | 008

Mx

Member
Tkip.in

//#]=]=] StatiCa®

My
Ikip.in

@ -2 Ad u=¢t

Mz
[kip.in.




Moment values and
diagram at the node

Right beam

Left beam Column



RESISTANCE FACTORS FOR AISC 358

2.4. CONNECTION DESIGN PARAMETERS

1. Resistance Factors

Where available strengths are calculated in accordance with the AISC Specification,
the resistance factors specified therein shall apply. When available strengths are cal-
culated in accordance with this standard, the resistance factors ¢4 and ¢, shall be used
as specified in the applicable section of this standard. The values of ¢4 and ¢, shall
be taken as follows:

(a) For ductile limit states

¢(.’ =1.00
(b) For nonductile limit states
¢’u =0.90

2. Plastic Hinge Location

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

Prequalified Connections for Special and Intermediate Steel
Moment Frames for Seismic Applications, August 18, 2022
AMERICAN INSTITUTE OF STEEL CONSTRUCTION

PROJECT

Project ||[Members Plates
settings
Options Labels

LCS

CHECK REPORT

@

New Gallery | Propose Publish Manage | Calculate Weld

Pictures

sizing
Connection Library CBFEM

MATERIALS

Loadsin  Loads -
equilibrium percentage |mport  Import  Export

DEVELOPER

% AL L Ar[a
Wl sz fus|fieg

XLS Connection XLS IFC

Loads Expor

|

Project settings

Design code = | Alsc

Search in Settings

~  Materials
Material defaults
v Calculation
()0
Checks
Model
v Design
General
Fire

Loads

<

Load extremes limits
v Cost
User preferences
Cost defaults
v Qutputs
Report
IFC export

v

Q

Friction coefficient - concrete

Cracked concrete

LRFD - Resistance factors ¢

Tensile and shear strength - bolts

Combined tensile and shear strength - bolts

Bearing at bolt holes

Fillet welds

Material resistance factor

Slip resistant joint

Strength reduction factor for anchors in tension
Strength modification factor Ya for anchors in tension
Strength reduction factor for anchors in shear
Strength modification factor Ya for anchors in shear

Strength reduction factor for reinforcement - ®s

ASD - safety factors Q

Tensile and shear strength - bolts
Combined tensile and shear strength - bolts
Bearing at bolt holes

Fillet welds

Material safety factor

Slip resistant joint

04

v

075 =————b 0.9
0.75  s—— 0.9

075 ==
075 =——— 09

0.9 — 1

0.7

0.65

0.75

LSRN NN CRR V)

167
15
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OUTCOME

v" Detailing checks for RBS SMF Model

v Plastic hinge confirmation and
visualization

v Connection design

v' Complete report with checks and
detailing drawings/sketches

v" See attached report

BN o

StatiCa” connecTion

ELE =

® 0.5 B

New Cay | e Members Plate: MNew Gatiry | ColCulate O [ icpiressin Bolt In In  Mesh Deformer
@ « lacts torces nodes elements
Project items Gata Optors Labels Fictures FE analysis
He-0-@ae e @ Analysis Bolis __ Wekds
Anaiysis o 1000% Producs 768 uss heck of mem! stoel plates for extreme load effect
Plates 82508 ) f o s
K . | RN (R SR (S ey O
J il ki
Welds 00 <1 -
fucking : » |[+ mzw1| AR |6 i els (41 |0
Prequalification limits . ‘
Capacity design + M2oA1| Ag2e 106 LEeon 61F 4
Frecqualifet cones o for Structural Steel Buidings ARy desla
Leeot + Mz Agzs |16 LECD1 B17 |40
+ MIw 1 A9 1316 LECDT 510 1] 04
+ Mawl AR |ie  lEecone1s 3 o6
+ M3 9% |16 LECD 610 36
+ MIbHT a9 |16 LECDN 610 36
+ Wl ARG U2 LDV 3 12 08
+ SPib ARG U2 LECDY 03 12
+ w1 LECDt 02 0
+ s W& LECDI SO0 04 16
+ MW AR HIG LECDY SO0 03
+ MIBNT AR 116 LECDI S01 03
%] + SUFFI ASTZGI B LEEDI 01 02
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WEBINAR (2025): SPECIAL CONCENTRIC BRACED FRAME CONNECTIONS

v" AISC 341 braced frame

systems and connections

-] ®
STEEL WEBINAR StatiCa
e yesterday's estimates

v SCBF connection design

in IDEA StatiCa Special Concentric
Braced Frame

Connections

August 27, 2025
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EXAMPLES - AISC SEISMIC DESIGN MANUAL 4™ ED.
> 4 = -y
.
i
:\\

5.3.10 SCBF Brace-to- 5.3.11 SCBF Brace-to- 5.3.12 SCBF Brace-to-
Beam/Column Connection Beam/Column Connection Beam/Column Connection
Design Design with Elliptical Design—In-Plane Brace

Clearance and Fixed Beam-to-  Buckling
Column Connection

//#/={=] StatiCa*


https://youtu.be/PqY5Bdr3-Wg
https://youtu.be/Vgl27k7JjB0

EXAMPLES - AISC SEISMIC DESIGN MANUAL 4™ ED.
LIVE DEMO

t = thickness of gusset plate /
ipse
t o
S e 7

5.3.171 SCBF Brace-to-
S. Brace-ro-gusser plate

ate equirement or uckling outofplane bacing sy Beam/Column Connection
' Design with Elliptical
Clearance and Fixed Beam-to-
Column Connection
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DESIGN PROCESS FOR EXAMPLE 5.3.1

Select cross sections for bracing members — AISC

2. Calculate required strength for the bracing members (from the seismic analysis and capacity-limited strength) —
AISC

3. Calculate the initial gusset geometry ( gusset plate basic geometry depending on the method to use linear hinge,
elliptical hinge, out of plane bracing) — AISC

Calculate the initial gusset plate thickness using the code formula as starting point — AISC
Select the type of connection for the beam to column (simple, fully restrained, OMF) — AISC
Set up the model in IDEA StatiCa

Design (stress/strain) the beam to column connection using gravity loads and run a stiffness analysis to verify the
classification (simple or fully restrained)

~N o vk

8.  Select Capacity design, Input the loads for the bracing from point 1 and balance them, select the dissipative
members.

9. Run 1stiteration — check the connection for instance: member failing for the tension case, weld brace to gusset
10. Run 273, 4 ... iterations — Modify the design as needed and run until the connection passes all the checks
11.  Finally run a buckling analysis to prove the buckling happens in the gusset plate

//#/={=/ StatiCa®



AISC 341 IDEA StatiCa

Design connection elements
for expected strength

Capacity design

Design beam to column
connection to accommodate
demands corresponding to
large drifts

Stiffness analysis

Gusset design: Linear and
elliptical hinge zone, hinge
plate

Advanced operations to model special
gusset geometry, parametric design

Design the brace end
condition to maintain its Buckling analysis
integrity as the brace buckles



-+
iR a1 4+ Bl
Sz |xs) e § ——
Connection  XLS IFC  |Member Load Ope

AISC 341 IDEA StatiCa hm Eom Dissipative

Export MNe item
~ Project item
Design connection elements : : Name Sy

Ca paCIty deS|gn Description
fo r eXpeCted Strength Steel code edition AISC 360-22 (LRFD) ~
Concret Sr— —— v
Analysis | Capacity design v

Prequali
Design beam to column Report notes +

connection to accommodate

demands corresponding to
large drifts

Gusset design: Linear and
elliptical hinge zone, hinge
plate

Design the brace end

condition to maintain its
integrity as the brace buckles




AISC 341 IDEA StatiCa

Design connection elements

for expected strength

= | & ¢ L SiR Sip
| | [rad] [rad] [ft] [kip-ft/rad] | [kip-ft/rad]

Class

0.0290 0.0817 19.685 4845289 484529  Simple

Design beam to column
connection to accommodate : :
. Stiffness analysis
demands corresponding to
large drifts

Gusset design: Linear and
elliptical hinge zone, hinge
plate

Design the brace end

condition to maintain its
integrity as the brace buckles




AISC 341

Design connection elements
for expected strength

Design beam to column
connection to accommodate
demands corresponding to
large drifts

Gusset design: Linear and
elliptical hinge zone, hinge
plate

Design the brace end
condition to maintain its
integrity as the brace buckles

IDEA StatiCa

Advanced operations to model special
gusset geometry, parametric design




AISC 341 IDEA StatiCa

Design connection elements
for expected strength

Design beam to column
connection to accommodate
demands corresponding to
large drifts

Gusset design: Linear and
elliptical hinge zone, hinge
plate

43000

Design the brace end 2
condition to maintain its Buckling analysis S - o
integrity as the brace buckles




CHECKLIST

1. Capacity design needs a yield member selection
2. Locate the maximum probable moment at the hinge location on the beam

3. Balance the moment in the column using a shear force and force position to
calculate the moment at the column center line

4. Modify resistance factors if needed
Braced frames have a different design philosophy, review last year webinar

6. IDEA StatiCa should be used in tandem with the AISC Seismic provisions, and
AISC 358.

StatiCa®



STUDY TOOLKIT FOR SEISMIC CONNECTION DESIGN

A repository of
content to learn
about seismic design
In IDEA StatiCa

Bookmark it!

Watch J Validate
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https://www.ideastatica.com/support-center/blog/aisc-seismic-connections-toolkit

Q&A — NEXT STEPS

2 o Twml et

: H / ‘ COMPLETE FEATURES

:EE ﬂ ‘ ] I\!qy & “““““ $374
More information or New now live —
questions? faster, easier licensing

Schedule a demo
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mailto:office@ideastatica.com
https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete
https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete
https://eshop.ideastatica.com/purchase?billingPeriod=annually&seats=1&licence=complete

APPENDIX SLIDES
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DETAILING CHECKS INCLUDED IN IDEA STATICA
AISC 358, AISC 341
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9.1-14 MEMBER REQUIREMENTS [Sect. 1.

TABLE D1.1
Limiting Width-to-Thickness Ratios for
Compression Elements for Moderately Ductile

G e n e ra I c h ec ks and Highly Ducﬁ::nl:lembers

Width-to-Thickness Ratio

Width-to- And Ama
Description of Thickness | Highly Ductile Moderately
Element Ratio Members Ductile Members Example

General check Code Reference 2y
Limiting Width-to- AISC 341-16 Chapter D1.1.b Table Flanges o lld or I ==

sections, channels I

thickness ratios D.1.1 o singo angs e |1

¥
E [E ¥
or double-angle bt 032 |— 040 le—
members with ! VAR VAR ==
saparators; . X
outstanding legs of |

pairz of angles in ?m:fr msﬂg;u;fg

continuous contact

Type of member's AISC358-16 Chapter 2.3
section

Fastening AISC 358-16 Chapter 4.1 oy
assemblies P || ypteane | 048 [ Iar
\RFF

Urstiffened Elema nts

Section D4

Protected zone AISC 341-16 Chapter D1.3 0w £ | om E

Stems of teas djt

Geometry of AISC 341-16 Chapter E2.6f.2, E3.6f.2 o of rctangutar

HSS used as bjt

Continuity plates dagonai braces

Geometry AISC341-16 E3.6e staped sectons
Doubler plates

Side plates of E- E-
boxed l-shaped 0.65 j=——
sections and walls hjt VA Fy
of built-up box :
shapes used as
diagonal braces T

Stiffened Elements

Flanges of built-up
box shapes used bje
as link beams

Seismic Provisions for Structural Sieel Buildings, July 12, 2016
AMERICAN [NSTITUTE OF STEEL CONSTRUCTION
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Reduced beam section (RBS)

Beam limitations AISC 358-16

Column AISC 358-16
limitations

Beam-flange to AISC 358-16
column weld

Weld access hole AISC 360-16

Beam-web to AISC 358-16
column weld

limitations

Geometry of the AISC 358-16
RBS

Chapter 5.3.1.
Chapter 5.3.2.

5.5

J1.6
5.6

5.8Step 1

The shear strength according to the Chapter 5.6 (1) and weld of fin

plate according to the Chapter 5.6 (2) are stated as out of scope the

check in Connection.

: 2
— R = Radius of cut = 46‘28; b

Reduced beam

[/=/=/=] StatiCa®

section
!_ — | ]
o
]
| [ ]
| = | 2 7l
Protected zone
|

Fig. 5.1. Reduced beam section connection.



Extended plate

Code checks Code Chapter
Beam limitations AISC 358-16  Chapter 6.3.1.
Column limitations  AISC358-16  Chapter 6.3.2.

Connection AISC 358-16 6.7,6.1
detailing limitations
(bolt, end plate and
stiffener geometry)

Finger shims are not supported in the operation and are stated as out of
scope. (a) (b) (c)

Also check of the welds for the full strength of the beam web in tension _ Fig. 6.1. Extended end-plate configurations: (a) four-bolt
according to the Chapter 6.7.6 (3) is stated as out of scope. unstiffened, 4E; (b) four-bolt stiffened, 4ES; (c) eight-bolt stiffened, SES.
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Bolted flange plates

Code checks

Beam limitations

Column limitations

Connection detailing
of plates material,
welds and bolt grade
and diameter

Code Chapter
AISC 358-16 Chapter 7.3.1.
AISC 358-16 Chapter 7.3.2.

Continulty and doubler A

plates as required

AISC 358-16 7.5

//=/=/=] StatiCa®

\/\ Protected zone = S, + d
Sh
81 |
[ Shims, if required
wilim /

i ==y

——Single-plate web
/ connection
~

\N

1
miphimig - \
I Shims, If required

%

Fig. 7.1. Bolted flange plate moment connection.




Welded unreinforced flange welded web

A\
Beam AISC 358-16 Chapter 8.3.1. !
limitations ﬁi

Lo

Column AISC 358-16 Chapter 8.3.2.
limitations ° < d
Beam-flange to AISC 358-16 8.5
column weld _;
Beam-webto  AISC358-16 8.6 "
column weld \
The weld of single plate to column according to the Chapter 5.6 (2) is ' Protec;ed <one -

stated as out of scope the check in Connection.

Fig. 8.1. WUF-W moment connection.
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Double tee

Code checks Code Chapter : )
Finger shims (if reqd.)
Beam limitations AISC 358-16 Chapter 13.3.1. #T'ﬁa"ge

Column AISC 358-16  Chapter 13.3.2. s q E [ / 1)
limitations ﬂ
Connection AISC 358-16 13.5 =i Web bolts

detailing:
continuity plates,
welds and bolts
grade and : [
diameter

Fig. 13.1. Typical double-tee connection.
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APPENDIX
Tips for modeling SCBF Connections in IDEA StatiCa
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WORKING PLANES FROM MEMBER LOCAL AXIS

Ex 5.13.12- scbf.ideaCon

T h e WO r ki n g p | a n e PROJECT DESIGN CHECK REPORT MATERIALS DEVELOPER
operation help us to pull off & =2doBE L EELE T L6~ il s

IFC | Member Load| Operation

settings sizing equilibrium percentage Import  Import  Export
Options Labels Pictures Connection Library CBFEM Loads Export
the member trrom the node SR T T RN
Work plane
Iﬁ Method By angles ~
—— Origin =
Origin Member LCS m v
4 CON1
M -
. Members Member M3 h
. - W | i 52563
- ‘ . — Working plane
M2 Y [in] 0.000
— A
-
M3 Z[in] 0.000
4 Load effects
Rotation

LE1
4 Operations
SHP1 Rotation Z ["1 0.0

RotationY [*] 0.0

M2

B1
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GUSSET PLATE TAPERED DESIGN

: AOCH,. @& S OLEEIFIF I E Wbl se fuffid & W & =
O r I ng p a neS rOI I I e Copy | Undo Share Project | Members Plates LCS | New Gallery  Propose Publish Manage Calculate loads- XIS Commection XIS | IFC |Member Load Operation Dissipative

project settings percentage Import  Import  Export item
Data Options Labels Pictures Connection Library CBFEM Loads Export New

member local axis | s GEee

Work plane
G column
Method By angles ~Face of
& * column flan
L ge
. - Origin » G brace
Origin Member LCS (s P d
se angle rotations N et
M X i 63.875 | Edge of gusset
WPLN11 | Whitmore —
¥ [in 0.000 section
cut?
s Z [inl -4500 - Bending p o= hoost Bsing
Later use a plate cut to form
/
GRD1 RotationZ[] 00 P
GRD2 _— = 14— — ——— — —— @beam
e tapere usse ale
Note: Maximum ¢ for determining
WPLN12 Whitmore section is 30
cuTe
WPLN13
PCUT?
cuTt
PLN1S \
cuTe L HSS7.000x0.500
pCUTY brace
GUSS4 )
WPLNI — Flat Bar 1%x1%'
WPLN16

(A572/A572M Gr. 50)
(1-NS, 1-FS)

360-22 (LRFD) / ACI 318-19  Analysis:Capacity design  Units: in

PL3%4" (A572/A572M Gr. 50)

%1728<NS, FS

1"x1" clip, 1N
[yo. 7 W24x162 W24x84
‘ ' beam beam |

]
- 27" I—L‘—Hﬁ & plasciE.4Q" /I\K7’7H\L7’)M| ~e &l
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PLATE SHAPE IMPORT FROM A CAD FILE

Material A992 vl
Thickness [in] 1"

‘ o
! stiffening plate — Shape Polygon v

1. Select a Stiffening

2. Select Polygon

Import a DXF drawing with ~e B gu—

X fin] 24" shape

a specific plate design and ™ S
use it for the gusset plate v
[ import a plate geometry from DXF - o >4
O — WL L 88 nX

ers Consecutive | Outline

Drawing boundaries are 1341.054 x 863.779

28.9in

44 5in

Data v R

Id Y |Entity Y Layer Y |Color
9 0 Line 0 n
| 1 Line 0

[ ]

2 Line 0 | |

Line 0 n

4. Select the drawing units \ e ) =
5. Click in one line of the design. Design must be a closed area.

6. Click on Consecutive to select the consecutive lines in the design -

7. Click on Outline and confirm in the details box that dimensions are ok. ™

s Finally click on OK to send the design to IDEA Statica =

StatiCa®




GUSSET PLATE OPERATION: EXISTING PLATE

When using a gusset plate
operation, the operation i
itself can create a new plate,

but if there is the case that

the plate is already in the
model, the option of

the existing plate in the

model.
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STIFFNESS ANALYSIS IN IDEA STATICA Tutorial k
STEP BY STEP

4 )
1. Perform Stress/strain analysis first, to ensure correct
modeling

\ /

4 )

2. Copy the connection and change the analysis type to
Stiffness analysis

\ %
4 )
3. Select the analyzed member, only one member in the joint
can be analyzed

\ %
‘4. Input moment force/axial force, depending what value of
stiffness is needed. It is recommended to input only one
_force in the analyzed member

J

4 )
5. Calculate and review results

\_ J
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https://www.ideastatica.com/support-center/stiffness-analysis-aisc
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PARAMETRIC TEMPLATES

Tutorial: Parametric design in IDEA StatiCa Connection - Flush moment end

plate connections

v s

LEI."

b

'LE\-'

-

V'

Custom company
connections

Common company
details

SNSRI  Model properties

+]xJt] ]

Smart templates

GetValue(B,
P3 Beam width et Bounds Width) 750 in] Length: Cross-se
P4 Bean web thickness GetBeamPlateThickness(8, Web) | 3/8 [in] Length: Compor
”
PS5 $eam top flange thickness | OSLoeamPlateThickness(B) 0014478 Generic
/ TopFlange)
3 /| Gauge 0127 5 fin] Length: Compor v
7
How many rows of bals, -
] v
7 Vi above top flange? ? 2 2 Generic
7 How many rows of bolts |
i v
8 F below the top flange? 1|2 2 Generic
T
P9 \ Top stiffener? 1| True True Generic v
. ~, v
P10 tiffencr thickness N+, 100127 172 fin] Length: Compor v
N
P20 Stiffener lenght S 01521 6" fin] Length: Compor v
H
P11 End plate thickness e i 9/16 lin] Length: Compor v
P12 Column stiffener? e | True Generic v
|
P13 Wide configuration? Tw 1 True Generic
L
P14 Right/left offset for EP1 | -((P3-P6)/2) -1.25 fin] Length: Cross-se
P15 Vertical offset ~(P5+Length(1.75,1in) -2.32 fin] Length: Cross-se
. Input for layers Above top |, ; Generic
flange

Operations

~ Parameters

Weld sizing Explode

Gauge [in] 5"
How many rows of bolts above top flange? 2
How many rows of bolts below the top flange? 2
Top stiffener? v
Stiffener thickness [in] 172
Stiffener lenght [in] 6"
End plate thickness [in] 9/16
Column stiffener? v

Avoid learning curve for
simple connections

//#/={=/ StatiCa®
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MEASURE TOOL

Use the measure tool to get
distances between points,
edges and surfaces

//#|=[=] StatiCa®



USE OF POLYGON SHAPE TO REINFORCE THE MEMBER

When using HSS sections, the
members are break out in
vertical thin plate strips.

However, you cannot place
HSS reinforcement in those
stips. The workaround is to
use a hollow section polygon
under the cold-formed
database. With that type of
section, the plates are
workable.

Note: Make sure you input the
correct design thickness

mlm D L 2PiEEEEE 20

HE 8Pl ) s fus) UL &
Settings Lloadsin  Loads - XLS Connection XLS | Model Load Operation
equilibrium percentage  Import  Import  Export | entity

//#/=/=] StatiCa*®



REINFORCING PLATE: STIFFENING PLATE AS A DOUBLER

StatiCa® cONNECTION

PROJECT DESIG

Design code: AISC 360-22 (LRFD) / ACI 318-19  Anal Capacity design  Units

N

oo
GAOCH LS S DL FEF F)E Lo se fus i & W @ =
New Copy | Undo Share Save | Project |Members Plates LCS | New Gallery Propose Publish Manage | Calculate Loads-  XLS Connection XLS IFC  Member Load Operation Dissipative
project settings percentage Import Import  Export item
Project items. Data Options Labels Pictures Connection Library CBFEM Loads Export New
mou@vovgaw e w
' Stiffening plate
Materia A572 Gr.50 ~ +
Thickness [in] ~ 1"1/4 R
Shape Rectangular ~
B1 - width [in] 12.000
width [in] 15.000
H1 - height [in]  0.625
5 H2 - height [in] 0625
. Loaﬁf&ks Origin Member ~
LE-CDIT ‘ Member M3 ~ Q
-----7m sPale Web 8 v R
4 Operations - -~ e Doubler ~
CUT1 Location Front v
OPN1 X - position [in] ~ 61.500
GUSST Rotation [°] 0.0
<p3 Welds
4 Dissipative items Weld [in] 74 Z -'“—V E7Oxx v+
DISS1

Ex 5.13.11 scbfideaCon

CHECK REPORT MATERIALS DEVELOPER

//#/={=] StatiCa®




STIFFENING MEMBER FOR SHEAR CONNECTION OUT OF THE JOINT

A stiffening member is an
. ool 82~ v @6 e o
operation that helps to add

. Cross-sectio n 5 - W24X162
a member in the model to / ' R
/ oA -
-

be part of the

M3 - cuT7 Offsetex(in] 0000

connection. One of the L o Al
keys to using a stiffening w [ = | e
member is that you can not c
directly apply load to .
it. This operation helps in \
the next examples: \

9 Analysis:Capacity design  Units:in

//#/={=] StatiCa*



BEAM NOTCH AUTO DESIGN: AISC

kA
("'} )
/ Opening, notch

Cross-section part B | Web 1
M3 _ #, Shape Notch
] ’ Location Both

“‘%m V4 B, B1 - width [in] 3-175
- - - 4 Membergf H, H1 - depth [in] 193750
' ‘ Rounding radius [in]  0.500

- 7.
4= ,l =
, 4 Load effects
P 4 LE-CD1T
/ LE-CDC
, 4 Operations
, CuT1

, GUSS2
P 4 sP3
, Sp4

‘, 4 Dissipative items

DISS1

AISC Seismic design manua

AWSD18-6.11.1.2

va k
4 ) "
\\Opening‘ notch y

//#/={=] StatiCa*




BUCKLING ANALYSIS IN IDEA STATICA

https:.//www.ideastatica.com/webinars/linear-buckling-analysis-for-steel-
connection-design

1. Design the connection 4. Re-iterate until Buckling is

* Run regular stress/strain analysis OK
and verify you comply with all the « If the connecting elements are
code checks under the recommended factors,
use your engineering judgement to
decide the solution

2. Run Buckling analysis 3. Analyze results and decide

* Go to Check * Review the mode shapes and
tab>Calculate>Buckling buckling load factors
« Compare against recommended
factors
« Higher than recommended factor?

//#|=[=] StatiCa®
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