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Introduction RFEM 6 and Add-ons for steel design

New AISC 360-22 standard updates

New AISC 341-22 seismic member checks

Example structure input data and workflow

Detailed design results review
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— Steel Design in RFEM 6

RFEM 6

Steel Design
Add-on

Steel Joints
Add-on
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Additional
Add-ons

Structure Stability
Nonlinear Material Behavior
Construction Stage Analysis

etc.
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- AISC 360-22 Updates

Sect. C2.3(b) - Adjustments to Stiffness

= “Stiffness Adjustment Parameter” (T,) - Eqn. C2-2b
= P, - compressive strength for slender-elements, P, = F A , A, from E7 with F = F,
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= Ch. E - Members for Compression
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=  “Critical Stress” (F_) variable revised to “Nominal Stress” (F,)

=  F6.2 I-Shaped Members and Channels Bent about their Minor Axis |
Flange Local Buckling

=  Slender Flanges - Eqn. F6-4 Critical Stress (F_,) 0.70 multiplier modification
= F7.2 Square and Rectangular HSS and Box Sections
*  Flange Local Buckling - Eqn. F7-2 format revision only

RIS =  Web Local Buckling - Eqn. F7-6 format revision only
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- AISC 360-22 Updates (cont’d)

9 Oosian Chech Dot Mambers v Do ASC 303 2522 a X

=  F11.1 Rectangular Bars and Rounds | Yielding

=  Eqn. F11-1 applies to rectangular bars

=  Eqn. F11-2 applies to round bars

= G2.3 I-Shaped Members and Channels | Shear
Strength of End Web Panels with a/h < 3
Considering Tension Field Action

Webinar

= New! Nominal shear strength for end web panels
including the effects of tension field action for I-
sections w/ equal and unequal web flanges

= H3.2 HSS Subjected to Combined Torsion, Shear,
Flexure and Axial Force

=  Eqn. H3-6 - Shear ratio, V,/V,, now taken as the
larger value for the major- or minor-axis
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— Input Parameters in RFEM 6

Overstrength and Redundancy Factors

= Overstrength, Q
=  Amplification factor applied to the forces in
certain elements that must remain elastic
= Q=23 (moment), 2 (braced) [ASCE 7-22 Table
12.2-1]

Redundancy, p
= A penalty factor for less redundant structures
= p=1.00r 1.3 [ASCE 7-22 Sect. 12.3.4]

=  For members without overstrength, Q

@ Load Cases & Combinations

Base Load Cases  Actions  Design Situations  Action Combinations  Load Combinations

Load Case Classification & Combination Wizard

18 standards for Combination wizard and classification

standard group Edition
= ASCET > = 2022
Options

B Combination wizard

[C] Result cambinations

Parentheses
Sub-results

@ Combination names according to action category

Generate Load Cases from Construction Stages just before calculatiof

Statistics

Load Cases

Adtions

Design Situations
Action Combinations

Razil
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Partial Factors

Combination Expression & Settings

E) Redundancy Factor
Redundancy factor
Redundancy factor X
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- Seismic Configuration Input for Steel Design
Overstrength Requirements (AISC 341-22 Sect. D1.4a & F1.5¢)
"g]ews;m{;nmw;oﬁsw Desgn|ASCOIZOZ o x
Plastic ™ No. Scsmic Configuration Name et

; — — :
o) gth sei oa e 3
. (3
E =t =

OMF %} O —

- IMF | O —

X

# B9 & SMF v O -

OCBF %} %} O

Diubal SCBF ] O |




N

Dlubal Software

— AISC 341-22 Member Design Checks

AISC Seismic Design Manual

= Member ductility requirements Table 1-2

(AISC 341-22 Table D1.1 ) Summary of Member Ductility Requirements
No Ductility  AISC Seismic

Highly Moderately Re

=  Slenderness ratio checks for System Type Ductile Ductile quirements per  Provisions
Ang Mg AISC Seismic Section 5
SMF column, OCBF and SCBF Provisions  Reference £
Ordinary Moment Frame (OMF) ° E1.5a o
braces 3
Intermediate Moment Frame (IMF)
] HN M Beams . E2.5a
Stability bracing of beams - ; —
(Seismic Requirements output )
Special Moment Frame (SMF)
- next shde) Beams o E3.50
Columns . E3.5a
Ordinary Concentrically Braced
Frames (OCBF)
Diagonal Braces . F1.5a
Special Concentrically Braced
Frames (SCBF)
Diagonal Braces . F2.5a
Dlubal Beams . F2.5a

Columns . F2.5a
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AISC 341-22 Member Design Checks (cont’d)

Stability Bracing of Beams (Sec D1.2a & F2.4)

GoTo Edit Selection Wiew  Settings

N CHEEEE S s R PE

Member Required Strength Required Strength Required Stiffness
Mo, SFRS Ry [-] Fy [ksi] Zy [ind] rz [in] Ze [ind] o [-] Ca[-] hg [in] Lior [TE] Por [kip] Reference Pr [Kip] Reference Bar [kip/in] Reference
1IME 110 500 73400 1270 78.400 1.00 100 1737 9.49 496 AISC 36022, Eq. A67 14,89 AISC341.22, Eq. D14 29.067 AISC360-22, Eq. A6-3
15 SMF 110 500 78400 1270 78.400 1.00 100 1737 4.80 496 AISC 36022, Eq. A67 14,89 AISC341.22, Eq. D14 57.459 | AISC 360-22, Eq. A-6-8
33 SCEF 110 500 78400 1270 78.400 1.00 100 1737 9.49 496 AISC 36022, Eq. A67 - 29,067

M 4 1of3 » M |Stability Bracing by Member | Moment Frame Connection by Member  Brace Connection by Member

IMF SMF SCBF

Ly, Maximum spacing of stability beam bracing Ly = 0.17r,E/(R,F,) L, = 0.086r,E/(R,F,) L, = 0.17r,E/(R,F,)

Py, Required strength of stability beam bracing PL, = 0.02 (M, Cy/h,) P, = 0.02 (M, Cy/h,) P, = 0.02 (M, Cy/h,)

P, Required strength of stability beam bracing at plastic hinge = 0.06R,F,Z/{ah,) = 0.06R,F,Z/{ah,)

Bb:r Required stiffness of stability beam bracing 1/0 (10M,Cy/Lpha)  Bpr = 1/0 {TOMCy/Lphe) B = 1/ (10M,Cy/Lyhs)
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v

Required Connection Strength

Qg * Vz [kip]
11.02

18.98

9.78

Shear demand based on the worst case of the oversrrengrh COs

__
Moment Frames - Flexural and Shear Strength N
Requirements for Beam-to-Column Connection by Member
GoTo Edit Selection View  Settings
¥/ steel Design S| RSe AR EHes BB TR ke
Member Required Flexural strength Required Shear 5trength
Mo. SFRS Ry [-]  Fy[ksi] Zefin¥]  az[-] Snlft] Ln[ft] Cor [-]| Mgr [kipft] Reference Memrz [kipft  Reference  Mpr + Mams [kipft] Qo * My [kipft] §Ver [kip] Reference Wg [kip] Reference WVor + Vg [kip]
5 ! 110 500 73400 100 1.00 2698 | 39527 AISC341-22 E1.6b.a] 4049 AISC353-22 435.76 9432 2930 AISC341-22 Eq.E..  11.20 AISC 358-22 4049
1 wF 110 500 78400 100 100 2688 115|  413.23 AISC358-22, Eq. 24-1 5234 AISC358-22 465,57 150.54 | 3063 AISC341-22 Eq.E.. 2171 AISC358-22 5234
15 swF 110 500 78400 100 100 2688 115|  413.23 AISC358-22, Eq. 2.4-1 4182 AISC358-22 455.06 7632 ) 30.63 AISC341-22 Eq.E..  11.20 AISC358.22 4132
M 4 20f3 » M Stability Bracing DYMEI'I'IDEFI Moment Frame Connection byMemberI Brace Connection by Member
Cor Factor to account for peak connection strength {strain hardening) per AISC 358 1.2
OMF IMF/SMF
M, Probable maximum moment at plastic hinge 1L1RFZ, CoRJF 2
. . YR TEE YRR
M, o Extramoment dueto shear force at hinge location [Vort Vgl ™ Sy [Vort Vgl ™ Sy
o.M Moment demand based on the worst case of the overstrength COs
Vo Shear required to produce Mo 2M /Ly 2M Ly
< ) T - ) b .
Vii Shear at p|c1ar|c nge location from gravity loads
L
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R ired C tion St th (cont‘d)
Moment Frames - Flexural and Shear Strength
Requirements for Beam-to-Column Connection by Member
GoTo Edit Selection Wiew  Settings
oD XX | B = |
% steel Design Zac varBeAR BaalElB PEI L8
Member Required Flexural Strength Required Shear Strength
Mo. SFRS Ry [-]  Fy[ksi] Ze[ind]  oz[-] S[ff] Ln[ft] Cor[-]) Mer [Kipft] Reference Mastrs [Kipft  Reference  Mor + Mestes [Kipft] Qg * My [Kipft] fVpr [kip] Reference Vg [kip] Reference Vor + Vg [Kip] Qg * Vz [kip] 1
5 1.10 50.0 76400 1.00 1.00 2698 - 395,27 AISC 341-22, E1.6b.(a) 4049 AISC 358-22 435.76 94,32 29,30 AISC 341-22, Eq. E.. 11.20 AISC 358-22 40.4% 11.02 g
11 IMF 1.10 50.0 73.400 1.00 100 2698 115 413.23 AISC 358-22, Eq. 2.4-1 52.34 AISC 358-22 465.57 150.54 30.63 AISC 341-22, Eg. E... 21.71 AISC 358-22 52.34 18.98 -g
15 SMF 1.10 50.0 78400 1.00 100 2698 115 41323 AISC 358-22, Eq. 2.4-1 41.82 AlIsC 358-22 455.06 76.32 30.63 AISC 341-22, Eg. E... 71.20 AISC 358-22 41.82 9.78
M 4 2of3 » M Stability Bracing by Memberl Woment Frame Connection by Member I Brace Connection by Member
# Result Diagrams O X
Print View Options
& static Analysis ~ (4 » | 22 Results on Members 4 v | B8N st Section23 (L.~ 4 b | {7 | Memberno, 11 v % || @ QB W D .z.‘
Result Diagram Set 000 so0 1000 1500 2000
b o b e b e e e b x: 2849 v 4 b [ft]
1 Quick View v e LT i [ Mitx NS0
"ﬁl IE (£8 x Internal Forces | Vz [kip]
x Vz
P Iftl [kip]
To DE\iplayl Quick View 000 o
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Otn o = “ = 4 12,00 = 5.70
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- Required Connection Strength (cont
d il d i h
Braced Frames - Tensile and Compressive Strengt
Requirements for Brace Connection by Member
GoTo Edit Selection View  Settings
# stee Desion LSS T SR TR
Member Required Connection Tensile Strength Required Connection Compressive Strength
Mo, SFRS Ry[-] Fy [ksi] Ag [in?] oz [-] Fne [ksi] Ry * Fy * Ag / oz [kip] Reference Fre * Ag / oz [kip] Reference .
75 [OCEF 150 360 15100 1,00 6.623 81540 AISC 341-22, F1.6a 100,00 AISC 341-22, F1.6a o
c
76 SCEF 1.50 360 19.000 1.00 10.032 1026.00 AISC 341-22, F2.6¢ 217.34 AISC 341-22, F2.6¢ -g
H o4 3of3 » # Stability Bracing by Member Moment Frame Connection byl\-‘lember[ Brace Connection by Memberl ;
Ry Ratio of expected yield stress to the specified minimum yield stress
F, Spedfied minimum yield stress
A, Gross area of brace
o, LRFD-ASD force level adjustment factor = 1.0 for LRFD and 1.5 for ASD *Note: The capacity-limited design of
Fre Flexural buckling neminal strass using R, F, [Fre = {0.658(RyFy/Fe]] RyFy] columns and beams for SCBF based on

the expected brace strength is currently
not implemented in RFEM. This

R,F,A /o,  Expscted brace strength in tension
T capability will be added in the future.

F..Ag/a, Expected brace strength in compression for OCBF

1.14F, A /a, Expected brace strength in compression for SCBF
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- AISC 341 Updates

Two Tables:
Table D1.1 One Table Table D1.1a - Diagonal Braces
Table D1.1b - All Other Members .
Ductility Requirements £
Width-to-Thickness Ratios More Conservative A, yand A4 Less Conservative A, yand A4 ;
[Table D1.1]

_ C,=P,/[®P) (LRFD)
Ca= P /(R A C.= Q.P,/P, (ASD)
a,=1.0 (LRFD) and 1.5 (ASD)

P, =REA,
IMF & SCBF
L, = 0.19r.E/(RF) L, = 0.17r,E/(R/F))
Stability Bracing of Beams [z ] ° SR . Y
(max spacing) SMEF
e L, = 0.095rE/(RF ) L, = 0.086r,E/(R/F,)
c 1.1 Factor
OCBF Brace Connection
. Removed 1.1 F A/ FreAg/ 2
— Compressive Strength [F1.6a.(c)]
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- AISC 341 Knowledge Base Articles & FAQs

= KB 001761 | AISC 341 Seismic Design in RFEM 6

= KB 001767 | AISC 341-16 Moment Frame Member Design in RFEM 6

= KB 001875 | AISC 341-22 Moment Frame Member Design in RFEM 6

= KB 001768 | AISC 341-16 Moment Frame Connection Strength in RFEM 6

:
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= KB 001775 | AISC 341 Braced Frame Design in RFEM 6

= FAQ 005324 | Which limit state types are applicable for the AISC 341 seismic design?

* FAQ 005320 | How do | include the overstrength factor(s) Qo in the ASCE 7 load combinations?

= FAQ 005319 | How do |l include the redundancy factor(s) p in the ASCE 7 load combinations?



https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001761
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001767
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001875
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001768
https://www.dlubal.com/en/support-and-learning/support/knowledge-base/001775
https://www.dlubal.com/en/support-and-learning/support/faq/005324
https://www.dlubal.com/en/support-and-learning/support/faq/005320
https://www.dlubal.com/en/support-and-learning/support/faq/005319

- Dlubal Software Information

=$» Videos and

recorded webinars r
‘ \ =p Events and )
conferences Reglstf:r for Download
L Online Free 90-Day

E

= Knowledge Base Training Trial
articles
Visit website —> FAQs
www.dlubal.com
| Dlubal Software, Inc. Phone: (267) 702-2815
30 South15th Street Email: info-us@dlubal.com
Dlubal 15th Floor

Philadelphia, PA 19102
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- Schedule an Online Demo with Us!

Gain valuable insight from one of our experts.

Contact Our
Sales Team

->



https://www.dlubal.com/en/support-and-learning/sales/contact-our-sales-team

Dlubal Software

- Webinars and PDH

Upcoming Webinars

c Register www.dlubal.com

Support & Learning
—> Webinars

N

o Qo i 3 "
PDH Certificates \ | Continuing
i Education Certificate
Automatically emailed i
to participants troduction 1o the New
Available for the full e
4 John Smith
presentation =
Additional attendees e P
request PDH to /)

info-us@dlubal.com
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