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HSS CONNECTION DESIGN:
DATA CENTER EDITION



GOTO WEBINAR CONTROL PANEL

1. To ask a question, select —u e
* o G-

the Questions pane, then type L.
your question and select Send. P

2. To view any shared handouts,
select the Handouts pane, and
then select the desired handout.

. . pe . HSS CONNECTION DESIGN:
3. Recording and certificate will be DATA CENTER EDITION

sent

% If you have audio issues, try closing
and re-opening GoTo Webinar app
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AGENDA

Intro to CBFEM & GMNA

Southern Steel Engineers - Data center case study

Live demonstration — HSS connection results overview
Q&A session
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% Connection - Detail

Strut and tie
replacement for:
Transfer beams
Shear walls
Corbels

Walking columns

Design all steel
connections from
standard to

complex joints

Critical Beam and
column design

M/ Complete base plate

workflow including steel
| . and concrete
| reinforcement design to

/ avoid concrete breakout




COMPONENT BASED FINITE ELEMENT METHOD

CBFEM is a of the
and
used in Connection. COMPONENT METHOD
The check itself consists of two steps: T
1. Forces in each component of the B 1_[

joint are calculated using FEA .

2. Each component (bolts, welds,
anchors) is checked using the code
equations
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CBFEM CODE CHECKS OF STEEL CONNECTION
COMPONENTS

Plates: Material properties Bolts and anchors Welds

are checked, design limit is AISC Code equations AISC Code equations
based on plastic strain

0 o4 il
= . — " - t F Ri Ut
1L gt ORn=¢-Fu-Ay= 2079 kip = Fi= 931 kip Status | Item | Edge Xu ‘w » . L Loads |'m i e | Detailing 246
. W Tinl lin] Tl |lin] tpl | Dpl 1%
A ere: - -
*,’; F,, =830ksi -nominal tensile stress AISC 360-22 — Table J3.2 + @ 8P WXt 1 ETDoc 45/16M 4716 1212 1'3/16  L1T+S+M 1687 17.02 991 991 Q
% > =
\(“ Ay = 0.4418in? - gross bolt cross-sectional area + @ E700¢ 45/16 M 4T/16M 1-21/2 1'3/16  L1T+S+M 1638 1694 966 966 (V]
£ "' = - - 5
g t.l; $=075 - resistance factor -l @ ET0xx 45/16M 47/16M 1-2'1/2 1'3/16 12C+S+M 1346 1683 800 | 695 Q
= ’ T fksi)
s Weld resistance check (AISC 360,22 - 2.4) A
/) ¢ Shear resistance check (AISC 360-22 - J3-1) 2 i T
oy ORy =6 Fug-Ave= 1683 kp 2 Fa= 1346 kp
ﬁ "@ GRu=0¢-Fu-Ay= 1788 kip = V= 597 kp oo
i 5 wh Fue = 00115t~ nominel siress o weld matera 71
= ere: > 1 fksi]
e = si - nominal shear stress -22 — Table J3. * Fop =06- Fgxx - (1+0.5-5in'0)  where:
Iy F,, =540k I she AISC 360-22 - Table J3.2 !
i Fexx = 700ksi - eloctrode e peciies
Ay =04418in? - gross bolt cross-sectional area 6 = 65.1° - angle of loading measured from the weld longitudial axis
¢ =075 - resistance factor Ave= 037022 - efictive area ofweld crtical slemsnt
s=oms  resistance tactor for welded connections
Bearing resistance check (AISC 360-22 - J3-6) v Equivalent siress [xsi
Design data &2 e
R,=120-1-t-F, = 240-d-t-F, ‘
¢R,= 2521 kip 2 V= 587 kip b [;k"; —‘l“’%“‘ﬂ_
il
! L Where:
. I, = 1"@in — clear distance, in the direction of the force. between the edge Efoxx 700
EqUIvalent PIaStiC hole or edge of the material
t=38in — thickness of the plate
stresses strain d=san - dameterofabot

F, = 650ksi - specified minimum tensile strength of the connected material
Check of members and steel plates for extreme load effect =075 - resistance factor for bearing at bolt holes

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

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

¢R, =¢-Fj, - A= 2878 kp z Fr= 831 kip

Where:
- O GUSS1 A572 Gr.50 1/2 457 2.2 39 F}, = 868ksi - nominal tensile stress modified to include the effects of shea:

. . N . Fl, =13 F,,,—‘:%<F,,“whene
Design values used in the analysis o Fy = 89,8 ksi— nominal tensile stress AISC 360-22 — Table J:
, o F,, = 540 ksi - nominal shear siress AISC 360-22 - Table J3
¢F, = 450 ksi o fro = 135 ksi— required shear stress using LRFD or ASD loa
of the fastener shall be equal or exceed the required shear sire:
Where: o = 0.75 - resistance factor for tension and shear combinatior
>

F, =500ksi — characteristic yield strength

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

¢ =0.90 — resistance factor for steel material AISC 360-22 — B3.1
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STEEL MATERIAL MODEL FOR PLATES

Design yield stress:

(LRFD): £, 0.9 | (ASD): Ly

1.67

|

- tan”(E) |

5%

Limit plastic
stramn

The material behavior is based on the
von Mises yield criterion

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

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

o

&
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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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STRESS-STRAIN ANALYSIS + GMNA

eo Theoretical Background

Hollow sections: Out-of plane deformation + Geometrical nonlinearity (GMNA)

The geometrical non-linear analysis applies
_ to the nonlinear deformation of certain
| profile sections like hollow sections.

4

T,
Ve
7 77
e
@
g

GMNA is only used if the bearing member

| is a hollow section by default.

e = GMNA can also be set for all connections
under settings

N

000,

LT
8

7
7

7

~  Analysis
Stop at limit strain
GMMA for hollow section connections -

GMMA for all connections
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https://www.ideastatica.com/support-center/general-theoretical-background#Steel_joints_of_hollow_section_cross-section_members

NONLINEAR ANALYSIS IN IDEA STATICA

Material nonlinearity Geometrical nonlinearity

*Active in all the analysis *Only active when the bearing member
is a Hollow section

oA AP
T : Linear Response
- External Load] P
/ -
T .
Sy T an (E/1000) Nonlinear Response
————— True stress-strain diagram
- — — — - Engineering stress-strain diagram
. Bilinear stress-strain diagram
~tan™(L) |
Limit plastic & Displacement

strain

StatiCa®



HSS LOCAL DEFORMATION

Local deformation check

on CIDECT publications and reports can be obtained from their website: www.cidect.com. | S O VI eW

Chapter K does not prohibit using joints that fall outside the listed limits of applicabil- I S O m et rl C VI eW Defo rm ati O n S h a e
ity: however, this Specification and Commentary do not provide connection capacities or p

guidance when doing so. A rational approach to their design is left to the designer. This
Commentary gives some insight into the failure modes that should be considered. However,
some of the discussions presented later concerning which limit states need to be checked,
which can be eliminated, and when they can be eliminated, may or may not apply when
outside the limits of applicability. There is also one notable failure mode (local buckling of

Plates Welds

Check of members and steel plates for extreme load effect

d
. . Status |Item | © Loads
Specification for Structural Steel Buildings, August 1,2022 Ginl
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
> @ c @& LET
- © 8 8 LE1
Comm. K.] HSS AND BOX-SECTION CONNECTIONS 16.1-525

© M3 8 LE1

the chord face) that has been eliminated from consideration in both the Specification and
Commentary due to the fact that, in tests, it did not control the connection strength when
staying within the limits. All potential failure modes should be investigated by the designer
when working outside the limits of applicability listed in Chapter K.

When inelastic finite element analysis is used, peak strains in the thick shell (T' = T x T) ele-
ments should not exceed 0.02/T at the nominal capacity, where T is the thickness in inches.

The connection capacities calculated in Chapter K are based on strength limit states
only. There is no connection deformation limit state considered in these provisions. Sub-
commission XV-E of IIW, in their most recent design recommendations (1IW, 2012), have
now adopted a limit of 0.03D for round HSS, where D is the HSS diameter, and 0.03B for
rectangular HSS, where B is the HSS chord width, as the maximum acceptable connection
displacement, perpendicular to the main member face at the ultimate load capacity. This
limit state equates to approximately 1% of connection deformation at service loads.

Plates Welds

While the majority of Chapter K is in agreement with the previous [IW design recommenda- Check of members and steel plates for extreme load effect

tions (IIW, 1989), it was determined that adopting a connection deformation limit state for

HSS would not be consistent with this Specification, which does not include deformation status | item |90 s Spm | S/dg
limit states for connections; however, designers should be aware of the potential for rela- [in] [in] [in] 9]
tively large connection deformations in certain HSS joint configurations. In order to meet

the new deformation limit state, [IW and the International Organization for Standardization L O c & L (52) 2 (L EY
(ISO) have made some modifications to the range of validity of T, Y, X, and K gap con- @ s 8" LE1 0.00 024 0.0000
nections and to the calculations of connection strengths, including changes to the strength ]

reduction based on the chord or main member stress function, Qr. The change in the chord L L1 i s (LEED

stress function is particularly noticeable in high tension areas of main members where no

AISC Commentary section Ch. K
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CASE STUDY: SOUTHERN STEEL ENGINEERS
Avondale Data Center, Avondale, AZ
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AVONDALE DATA CENTER: PROJECT OVERVIEW

Avondale, AZ

Southern Steel Engineers

Steel framing structure

HSS Bracing at exterior screen wall

Exposed galvanized steel

&S S.E

SOUTHERN STEEL ENGINEERS
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AVONDALE DATA CENTER

Challenges: S

% Combined loading with S

o bracing connections at
exterior screen wall

l""‘

% All exposed galvanized steel

% Bolted connection preference

“The steel was all galvanized so... this is also the reason that the
connections are unique with a desire to try to field bolt as many
connections as possible”
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SOLUTION: IDEA STATICA CONNECTION

v' Combined loading in a single model

v Fast iteration of brace connection
configuration

v" Drainage openings considered in
model
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SOLUTION: IDEA STATICA CONNECTION

v" Modeled HSS members , gussets,
splices, end plates together o

v' Combined loading in a single model

v Fast iteration of brace connection
configuration

v" Drainage openings considered in
model

000000
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SOLUTION: IDEA STATICA CONNECTION

v" Modeled HSS members , gussets,
splices, end plates together

v' Combined loading in a single model

v Fast iteration of brace connection
configuration

v" Drainage openings considered in
model
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SOLUTION: IDEA STATICA CONNECTION

v" Modeled HSS members , gussets,
splices, end plates together

v' Combined loading in a single model

v Fast iteration of brace connection
configuration
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RESULTS AND IMPACT

v" Faster validation across “Being able to model these connections and
connection variants immediately understand their behavior under load
allowed us to move much faster and make informed

v Reduced repetitive - . S,
decisions without overdesigning.

manual calculations

v Field bolting maximized
per client preference

v" Galvanization drainage
fully integrated
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LIVE DEMO

Modeling for constructability

Modeling for design

Analysis " 100.0%

Plates X 51>50% Analysis v

Loc. deformation X 30> 3% Plates v

Bolts. 623 < 100° Loc. deformation

Welds 979 <100% Bolts v

Buckling Not calculated Welds 751 < 100%
GMNA Calculated Buckling Not calculated

GMNA Calculated

Shear tab connection Shear tab with reinforced
plate




Q&A — NEXT STEPS

/;y d COMPLETE FEATURES B
_ @ |
\
More information or New now live —
questions? Tutorials available faster, easier licensing

Schedule a demo
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