Annual Stability Conference of
the Structural Stability Research
Council (SSRC 2024)

San Antonio, Texas, USA
19 - 22 March 2024

ISBN: 978-1-7138-9508-4



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Disclaimer

The opinions, findings, conclusions, and recommendations expressed herein are those of the
Authors only and do not necessarily reflect the views of the Structural Stability Research Council,
the editors, or the conference sponsors.

Copyright© (2024) by the
Structural Stability Research Council (SSRC)
All rights reserved.

Proceedings Compiled by
Martin T. Downs
SSRC Coordinator

Printed with permission by Curran Associates, Inc. (2025)

For permission requests, please contact
the Structural Stability Research Council (SSRC)
at the address below.

Structural Stability Research Council (SSRC)
c/o AISC

130 E. Randolph Street, Suite 2000

Chicago, IL 60601-6204

USA

Phone: (312) 670-7015
Email: ssrc@aisc.org
Web:  www.ssrcweb.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

SS2 - SPECIAL TOPICS IN STRUCTURAL STABILITY I

Constrained Finite Strip Method: Kinematic- And Force-Based Approaches...........ccoecvvevveveneennnen.

Sheng Jin, Sandor Adany, Benjamin W. Schafer

Developing a Concentrated Plasticity Model for High-Strength Steel Beams with Local Buckling

and Member Slenderness CONSIAEIAIONS ..........ccuveeieiurieeeirieeeeteeeeeeeeeeeereeeeeireeeeeeeeeeeeareeeeeneeeeennees

Abdullah M. Alghossoon, Amit Varma, Duaa Alomoush

Analyzing the Buckling Behavior of Steel Angle Sections in Transmission TOWers ...........c..cc........

Liya Li, Sanaz Chehrazad, Saeed Mohebbi, Alex Loignon, Marc Demers, Charles-Philippe
Lamarche, Sébastien Langlois

Stability of Open Web Steel Joists with Flush Frame Connections During Erection...........c..ccc.c.....

J. Alex Moore, Mark D. Denavit

SS7 - MAJR AWARD PRESENTATION

Design Guidelines for Enhanced Stability of Steel SyStems .........cccecvveeviierieerieerieeieeee e

Ali Imanpour

S1-STABILITY OF THIN WALLED STRUCTURAL MEMBERS 1

Buckling Analysis of Cold-Formed Steel Built-Up Members Using Generalized Beam Theory......

Cilmar Basaglia, Dinar Camotim, Rodrigo Gongalves

Web Crippling Stability Behavior of CFS Open Built-Up Beams Under End Two-Flange Loading
Ahmad Fayeq Ghowsi, Mohammad Adil Dar, Seyed Mohammad Mojtabaei, Iman
Hajirasouliha, Jurgen Becque

Laboratory Testing and Numerical Modelling of Frame Apex Connections Fabricated from Steel

COLA-FOIrmMEd SECHIONS ......eeeierieeeeeriee e e eeee e e e e e et e et e e eeareeeeeaeeeeeeaaeeeenreeeeenneeeeennnees

Sherif A. Mourad, Maged T. Hanna, Hazem H. Elanwar, Mohamed H. Zaki

Pilot Research on Long-Span Cold-Formed Steel TIUSSES .....ccueervierieeiieeniieeiieenie e eseeeeeeeene e

Sai Kumar Nalla, Cheng Yu

S2 - STABILITY OF THIN WALLED STRUCTURAL MEMBERS 11

Analytical Equations for Critical Local Buckling Stress of Cold-Formed Steel Lipped Channel

Sections with Centered Web HOLES.........cccuviiiiiiiiiiceee e

Chu Ding, Bob Glauz, Benjamin W. Schafer

On the Buckling and Post-Buckling Behaviour of Thin-Walled Pre-Twisted Columns....................

Nuno Peres, Rodrigo Gongalves

Investigation on Structural Behaviour of Cold-Formed Steel Built-Up Columns - Modified Direct

SreN@th MEthOd .....coeeeiiiiecie ettt ettt e st e st e bt e e entessaesneesseenseenseenseens

Sivaganesh Selvaraja, Mahendrakumar Madhavan



S3 - STABILITY OF BRIDGE MEMBERS |

Impact of Lean-On Bracing Layouts on System Stability .........ccccoccecierireniinininieiiieceneneseeeeeeeie e 164
Aidan D. Bjelland, Claire E. Gasser, David Fish, Sunghyun Park, Matthew T. Yarnold, Todd
A. Helwig, Stefan Hurlebaus, Eric B. Williamson, Michael D. Engelhardt, Matthew H.
Hebdon

A Refined In-Plane Girder Stiffness Expression for Straight I-Shaped Girder Systems Utilizing
Torsional BEam BIaCiNg ........c.cccueiieiieiiieiieiiesie sttt ettt et et ebeebesaaessaesseasseasseenseensesssessaenseenseensennsesnnas 179
David J. Fish, Aidan D. Bjelland, Todd A. Helwig, Michael D. Engelhardt

Identification of Critical Bracing Lines in Lean-On Bracing Systems and the Corresponding

Stiffness and StreNgth EXPIeSSIONS. ......iiiuiiiiieiiieiieerie e et e st et steesteesaeestbeessaeessbeessseessseessseessseessseensseas 195
Claire E. Gasser, Aidan D. Bjelland, Matthew T. Yarnold, Todd A. Helwig, Stefan Hurlebaus,
Michael D. Engelhardt, Matthew Hebdon

S4 - STABILITY OF BRIDGE MEMBERS 11

Staggered Cross-Frame Layouts in Horizontally Curved [-Girder Bridges..........cccccverieviieciinienieiieeeie e 211
Namrata Samatham, Lakshmi Subramanian

Effects of Shear on the Elastic Lateral Torsional Buckling of Singly Symmetric I-Beams............ccccceoeennnee. 224
Xiaoyi Chen, Todd Helwig, Chen Liang

Bending and Shear Buckling Interaction Resistance of Hybrid Steel Girders...........ccccevevenerinenneeiencnennenn 238
Balazs Kévesdi, Balazs Somodi, Alani Dhia Wassfee

SS - STABILITY OF BUILDING MEMBERS

Critical Moment of Doubly-Symmetric Beams with Prebuckling Deflection: The Effect of End
N0 o) 010 ) 4 RO RURRPRR 254
Ghaith A. Abu Reden, Sandor Adany

Experimental Investigation on the Buckling Stability of Cold-Formed Steel Laced Stub Columns:
Influence of Critical PATamELETS ........c.ceuiriiriiririieiieicet ettt sttt ettt st ettt e 267
Mohammad Adil Dar, Deepak Yadav, Dipti Ranjan Sahoo, James B.P. Lim

On Lateral-Torsional Buckling of Steel I-Section Beams Subjected to Biaxial Bending...........cccceoeenennennee. 280
David Henriques, Rodrigo Gongalves

Revisiting the Minimum I-Section Cross-Sectional Proportions to Ensure Adequate Shear Capacity ............ 293
Namita Nayak, Lakshmi Subramanian

S6 - STABILITY UNDER EXTREME LOADING 1

Design Guidelines for Mitigating P-Delta Effects on the Seismic Response of Multi-Storey Steel
Building Structures in Moderate and High Seismic ReZIONS .........ccooieiiiiiiiiiiiiiiieieeeeeceeee e 306
Bashar Hariri, Robert Tremblay, Constantin Christopoulos

Structural Fire Analysis of Steel-Concrete Composite Floors Designed with Prescriptive and
Performance-Based Methods..........coiiiiiiiiiiniiiiiieecet et st e 320
Chenzhi Ma, Thomas Gernay



A Novel Fiber Element to Simulate Interactive Local and Lateral Torsional Buckling in Steel

MOMENE FIAMIES......ocviiiiiiiiiiiiiiic e s e 332
Arka Maity, Amit Kanvinde, Diego 1. Heredia Rosa, Albano De Castro E Sousa, Dimitrios G.
Lignos

A Comprehensive Approach for Estimating Residual Capacity of Damaged Steel Tubular Sections:
From Surface Scanning to Stress ANALYSIS ......ccvieriiiiiiiiierieriieie ettt eaeetesee st eseeseenseessessaesseenseensesnnas 346
Prithvi Sangani, Smita Singh, Anil Agarwal

S7 - STABILITY UNDER EXTREME LOADING 11

Experimental and Numerical Analysis of Floor-To-SpeedCore Wall Connections Subjected to Fire
L0703 1 1a B 15[ OO OSSPSR 357
Muhannad R. Alasiri, Ataollah T. Anvari, Amit H. Varma

Fire Design of Carbon Steel and Stainless Steel Structural Members by GMNIA with Strain Limits............. 369
Chunyan Quan, Merih Kucukler

DSM Design for Cold-Formed Steel Lipped Channel Beams Failing in Distortional Modes Under
FAre COMAITIONS ...ttt et e e ettt e e e et e e e et e e e e tte e e eeateeeeeaaaeeeetteeeeeaseeeeenseseeesseseenssseseearns 386
Natan Sian Das Neves, Alexandre Landesmann, Dinar Camotim

Post-Fire Behaviour of High-Strength Steel Welded I-Section Columns.........c.cceeeeeienenenenenenceienienennenne 436
James Anders, Samar Raffoul, Yao Sun, Yu Miao

S8 - SPECIAL TOPICS IN STRUCTURAL STABILITY 111

Experimental Studies on the Stability of Aluminum Beam-Columns ............ccccvevviiirciiriiiieeiiie e 445
Prachi Verma, Sahar Dahboul, Liya Li, Pampa Dey, Nicolas Boissonnade

On the Definition of Geometrical Imperfections in the F.E. Modelling of CHS in Compression.................... 455
Mariana Echeverri, Pablo Rico, Liya Li, Carlos Graciano, Nicolas Boissonnade

Machine Learning for Predicting the Cross-Sectional Elastic Buckling Strengths of Cold-Formed
SEECL MBIMDETS ...ttt sttt st st eb et sa e b s ae bt et e e st e st e b saeeb e et esee s enaennenaeas 471
Shaokuai Wang, Justin Mo, Lingfeng Yin, Zhanjie Li

Investigations on System Stability of Three-Dimensional Frames............coccoevereeiinininininenneecicenee 502
Heera M Titus, S Arul Jayachandran

S9 - ADVANCES IN STABILITY ANALYSIS I

A Beam Finite Element for Tapered and Curved MemDETS.........cccveiviieeiieiiiieeiiecieeeieesieeeieesveeeveesveeevee e 520
Rodrigo Gongalves

Methods to Improve the Accuracy and Efficiency of Geometric Nonlinear Analyses of Steel Frames ........... 534
Nadine Faramawi, Barry T. Rosson

Practical Computational Modeling of the Structure and Its Bracing System for the Design of
Primary Metal Building FIames ..........cocuoiiiiiiiiiiiie ettt e 549
Balint Vaszilievits-Somjéen, Donald W. White, Aakash Reddy Eetikala



S10 - ADVANCES IN STABILITY ANALYSIS I

Quantifying Error Associated with Simplifications to the Direct Analysis Method........c..cocceeverieicnicncnnnne. 567
Mark D. Denavit, Rafael Sabelli, Pratik Poudel

A Fast, Scalable Shell Fnite Element Formulation Implemented with Open-Source Software........................ 580
Cristopher D. Moen

Stability of a Deployable Awns on a Compliant Steel Geosystem for Nonlinear soil-Structure
INEETACTION. c....euetiteiietert ettt et sttt e st b e st h et et et et 586
Ann C. Sychterz

S11 - STABILITY OF FLOOR AND ROOF SYSTEMS 1

Effect of Intermittent Edge Support on In-Plane Plate Compressive Strength...........coocoeviiiiniiniiniennnenne. 597
Rajshri Chidambaram Muthu Kumar, Shahab Torabian, Benjamin W. Schafer

The Impact of Analysis Assumptions on Buckling Prediction in Open-Web Steel JOists ........cc.ceceevvevenennnnne. 609
Kubilay Cicek, Thomas Sputo, Hannah B. Blum

Experimental Testing of Single-Overhanging I-Shaped Steel Girders .........coocevoeiienieniinieienieriereeeeeee, 628
Maha Essa, Vahab Esmaeili, Ali Imanpour, Robert Driver

Buckling Detection of Profiled Steel Deck Using Strain Measurement Techniques In A New
VaCUUIM BOX APPATALUS ....vveeiiiiiiieiteeiite ettt ettt et sit e st e sttt e s bt esateesabeesateesabeesateesabeesaseesabeesateesabeesaseenas 647
Hyeyoung Koh, Thomas Sputo, Jesse C. Hampton, Hannah B. Blum

S12 - STABILITY FLOOR AND ROOF SYSTEMS 11

Computational and Experimental Comparison on Stability Behavior of the Cold-Formed
Steel diaphragm Sheathed with Oriented Strand Boards............ccccveciieiiiiienienieeee e 661
Sheila Ariana, Hernan Castaneda, Kara D. Peterman

Influence of End Connectivity on the Out-Of-Plane Buckling Capacity of Light-Gage Steel
CorTUALEA PANCLS....c..iiiiieiieieieie ettt ettt st a e bt ettt et h e bt e b e bt et et eaeas 674
Divyansh R Kapoor, Brian Bogh, Kara D Peterman

Understanding the Behavior of Built-Up Cold-Formed Steel Lightweight Concrete (CFS-LWC)

COMPOSIEE BEAIMS .......eieuiieiiieiiectieiteie ettt ettt et ettt e et e e st et e e b e esseenseessesseesseenseanseanseenseassenseeseenseensennsesnnas 689
Rohola Rahnavard, Hélder D. Craveiro, Rui. A. Simées, Shahab Torabian, Benjamin W.
Schafer

S13 - SPECIAL TOPICS IN STRUCTURAL STABILITY 11

Influence of Residual Stresses on the Cross-Section Stability of WF Shapes.........ccceevveenieiiieenieeieeeenee 701
Lucile Gérard, Nicolas Boissonnade

Deformation Analysis of Solar Photovoltaic (PV) Structures: Lateral-Torsional Buckling of C
Purlins Restrained by SOLar MOGUIES ..........cceeriiriiiiieiierienit ettt ettt enteeeaessaesseeseenseennas 720
Xinlong Du, Tracy Becker

Flexural Buckling Tests on 1:4 Scale Wind Turbine Tower TUbEs ...........ceoerriiiiiiiiniiniiiieieeeceeceeee e 732
Dehui Lin, Anil Pervizaj, Soren Bogelund Madsen, Andrew T. Myers



Elastic Post-Buckling Behaviour of Single Layer Steel Reticulated Barrel Vaults ..........ccccoceveriiiiiencnennnn
Vanama Sai Dhanush, Raghavan Ramalingam

NOT PRESENTED

Collapse Modeling of Thin-Walled Cylinder with Measured Imperfections...........cccceeveevierienienieneencnennne.
Xi Peng, Dehui Lin, Saravanan Subramanian, Anil Pervizaj, Andrew Myers, Benjamin W.
Schafer

ADDITIONAL PAPERS

Inelastic Stability of Axially Compressed CFS Hollow Stub Columns with Edge-Stiffened
PEITOTALIONS ..ottt ettt bbbt et ea et b bt s bt e be bt ea b et e st e b sbeebeebeesteaenae b nae
M. Anbarasu, K. S. Vivek, Mohammad Adil Dar

The Stability of Resilient and Sustainable StruCtUIES........ccuevviierieiiiieie e
Jerome F. Hajjar

Author Index





