


LINEAR BUCKLING ANALYSIS FOR STEEL 
CONNECTION DESIGN



3

QUESTIONS

HANDOUT 
AVAILABLE



Agenda

Linear buckling analysis

IDEA StatiCa linear buckling analysis 

Recommended limit factors

Examples

Q&A



Buckling in structural engineering
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Columns Beams Connections 



Buckling limit state in connections - AISC

AISC 360 -22

• J4 - Affected elements of members 
and connecting elements

MANUAL AISC Chapter 9
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FEA Linear Buckling analysis
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LINEAR BUCKLING ANALYSIS IN
 IDEA StatiCa
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Linear buckling analysis in IDEA StatiCa

• Linear buckling analysis is performed 
in the whole joint

• The results are predicted in buckling 
mode shapes

• Critical load, at which buckling of the 
perfect model occurs, is calculated for 
each buckling mode

• Critical load is presented by 
multipliers of the load acting on the 
joint 

• According to the buckling mode and 
critical load multiplier, the user can 
determine the safe buckling design



Buckling mode 
shapes
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Global or local buckling?

Global

• Global buckling: affecting the 
stability of the joint

• Plates connecting individual 
members

• i.e., Gusset plates with only one 
side connected

Local

• Local buckling: not affecting the 
stability of the joint, but 
influencing the plates in other 
parts of the connection

• i.e., Member plates, haunches, 
stiffeners, ribs, bracket plates

• Gusset plates with more than 2 
edges connected
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Recommended limit factors

Global 

Steel Fy AISC Method Critical buckling factor

36 ksi LRFD αcr>12.7

50 ksi LRFD αcr>9.16

36 ksi ASD αcr>21

50 ksi ASD αcr>15

Local

AISC Method Critical buckling factor

LRFD αcr>3 – Member plates
αcr>4 – Connection plates (i.e. bracket 
plates)

ASD αcr>4.5 – Member plates
αcr>6 – Connection plates (i.e. bracket 
plates)
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𝐿𝑐

𝑟
= 25

Slenderness limit ratio 
for non slender  
connecting plates

𝐹𝑒 =
𝜋2𝐸

𝐿𝑐/𝑟 2 =
𝜋2(29,000 𝑘𝑠𝑖)

25 2 = 458ksi

αcr =
𝐹𝑒

𝐹𝑦
=

458

36
= 12.7



Gusset plates categories

• The stability of the gusset plate 
depends on how many edges are 
restrained.  
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• One side restraint – global limit 
factors

• Two/three sides restrained – 
local limit factors



IDEA StatiCa linear buckling analysis process
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1. Design the connection

• Run regular stress/strain analysis 
and verify you comply with all the 
code checks

2. Run Buckling analysis

• Go to Check tab>Calculate>Buckling

3. Analyze results and decide

• Review the mode shapes and 
buckling load factors

• Compare against recommended 
factors

• Higher than recommended factor?

4. Re-iterate until Buckling is 
OK

• If the connecting elements are 
under the recommended factors, 
use your engineering judgement to 
decide the solution



What to do if the buckling factor is below the 
recommended limit factors?

Use your engineering judgement!

If it is a global buckling issue (buckling happening in one of the 
connecting elements), stiffen the connection 

If it is a local member plates issue, review the member design 

(IDEA StatiCa member app)

Local buckling in thin walled/hollow section members, a non-linear 
buckling analysis is probably required (IDEA StatiCa member app)
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Samples
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Ex. 5.4 – DG29 Ex. 5.1 – DG29 Ex. 6.1 – DG24 Bracket plates

Coped beam Multiple gusset plates Chevron braces



Example 5.4 DG29
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Global



Example 5.1 DG29 - Solution
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Coped beam – Solution
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Multiple gusset plates – Solution 

20



Chevron braces – Claw angle connection
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Even though the gusset plate is connected only to one 
side, the plate is restrained in two sides. One is the 
connection to the beam, the second is the restriction 
from the other brace in tension, that is why we can 
consider that buckling issue as a local category. 

Increasing the thickness wasn’t enough, stiffeners in the 
plate helped. 
Then a second test with stiffeners in the beam helped 
more.



Chevron braces 
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Plate is restrained at one side -
Global buckling issue

Increasing the thickness wasn’t enough, 
stiffeners at the beam were needed to 
improve the stockiness of the connection



Global or local?
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Global or local?
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Local – Member plate

Global – one side

Local – 2 Sides connected

Global- One side connected Local- 2 sides connected Local- Member plate Local- Bracket plates

A36
𝛼𝑐𝑟 > 12

A50
𝛼𝑐𝑟 > 4 𝛼𝑐𝑟 > 3 𝛼𝑐𝑟 > 4

𝛼𝑐𝑟 > 4
𝛼𝑐𝑟 > 3

A572 𝛼𝑐𝑟 > 9
Local- 2 sides connected

𝛼𝑐𝑟 > 4



SUMMARY

IDEA StatiCa connection uses linear buckling analysis to provide a buckling factor only and 

recommended limits are provided

The recommended limit factors ensure the non-slender design of connection plates

Buckling analysis in IDEA StatiCa is a tool

It doesn’t provide pass/fail result 

Use your engineering judgement and experience to decide the  design solution 

Before running the analysis, make sure loads and the connection design is OK
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Resources

• Catalog of AISC limit states and design requirements

• Buckling analysis per AISC in IDEA StatiCa

• Stability of Bracket Plates using Local Buckling Analysis and Material 
Nonlinear Analysis (AISC)

• Chevron Brace Connection in a braced frame (AISC)

• Coped beams Verifications

• IDEA StatiCa for buckling analysis in member design
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https://www.ideastatica.com/support-center/catalog-of-aisc-limit-states-and-design-requirements
https://www.ideastatica.com/support-center/buckling-analysis-according-to-aisc
https://www.ideastatica.com/support-center/stability-of-bracket-plates-using-local-buckling-analysis-and-material-nonlinear-analysis-aisc
https://www.ideastatica.com/support-center/stability-of-bracket-plates-using-local-buckling-analysis-and-material-nonlinear-analysis-aisc
https://www.ideastatica.com/support-center/chevron-brace-connection-in-a-braced-frame-aisc
https://www.ideastatica.com/support-center/verification-study-shear-connections-with-coped-beams-aisc
https://www.ideastatica.com/webinars/can-the-hand-calculation-check-member-buckling-safely


Q&A



Upcoming events

In person 

• SEA of North Carolina - 8/15-16

• SEA of Alabama – 8/29

• SEA of California – 9/3-6 

• SEA of Ohio – 9/12-13 

• SDS2 User Summit – 9/25-26

• SEA of Colorado – 10/3

• NCSEA Summit – 11/6-8 

Webinars 

• User success story – 7/31 

• TBD – 8/26

• TBD – 9/25

• Updates from V24.1 -10/30

• TBD – 11/27

28


	Slide 1
	Slide 2: Linear buckling analysis for steel connection design
	Slide 3
	Slide 4: Agenda
	Slide 5: Buckling in structural engineering
	Slide 6: Buckling limit state in connections - AISC
	Slide 7: FEA Linear Buckling analysis
	Slide 8: Linear buckling analysis in  IDEA StatiCa
	Slide 9: Linear buckling analysis in IDEA StatiCa
	Slide 10: Buckling mode shapes
	Slide 11: Global or local buckling?
	Slide 12: Recommended limit factors
	Slide 13: Gusset plates categories
	Slide 14: IDEA StatiCa linear buckling analysis process
	Slide 15: What to do if the buckling factor is below the recommended limit factors?
	Slide 16: Samples
	Slide 17: Example 5.4 DG29
	Slide 18: Example 5.1 DG29 - Solution
	Slide 19: Coped beam – Solution
	Slide 20: Multiple gusset plates – Solution 
	Slide 21: Chevron braces – Claw angle connection
	Slide 22: Chevron braces 
	Slide 23: Global or local?
	Slide 24: Global or local?
	Slide 25: Summary
	Slide 26: Resources
	Slide 27: Q&A
	Slide 28: Upcoming events

