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Abstract

This practical study investigates the design factors influencing lateral buckling due to distortion in 

structural members. The objective is to analyze the effects of various parameters on lateral buckling 

and provide practical insights for structural engineers and designers. Data tables and analysis are 

presented to support the findings. 
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Introduction 

Lateral buckling is a critical concern in the design of structural members, as it can lead to 

structural instability and compromise the safety and functionality of a structure. Distortion-

induced lateral buckling occurs when structural members experience geometric 

imperfections or inelastic deformation under applied loads. This study aims to identify and 

analyze the design factors that influence lateral buckling due to distortion (Chee J, 2018) [1]. 

Designing for lateral buckling involves considering various factors to ensure the stability and 

safety of structural members. These factors are essential in preventing lateral buckling or 

controlling it within acceptable limits. Here are some key design factors to consider (Soares 

GC, 2022) [2]. 

Slenderness Ratio (L/r): The slenderness ratio, defined as the ratio of the length (L) of the 

member to its radius of gyration (r), is a fundamental factor in lateral buckling design. As the 

slenderness ratio increases, the susceptibility to lateral buckling also increases. Design codes 

often provide slenderness limits for different types of members. 

Material Properties: The choice of materials, particularly their modulus of elasticity (E) 

and yield strength (Fy), has a significant impact on lateral buckling. Stiffer and stronger 

materials tend to resist lateral buckling more effectively. 

Member Cross-Section 

The cross-sectional shape and dimensions of the member play a crucial role in lateral 

buckling. Solid, closed-section shapes are less prone to lateral buckling compared to thin-

walled or open-section shapes. The choice of cross-sectional shape and size affects the 

member's resistance to bending and torsion (Chrysanidis T, 2016) [3]. 

End Conditions 

The boundary conditions at the ends of the member are critical. Fixed or rigidly supported 

ends provide more lateral stability than simply supported, hinged, or pinned ends. Properly 

specifying and designing end conditions are essential in preventing lateral buckling. 

Load Magnitude and Distribution 

The axial load applied to the member, its distribution, and any eccentricities in the load 

should be carefully considered. Eccentric loads can induce bending moments that contribute 

to lateral buckling. Designers should assess the combined effects of axial and bending loads. 

Effective Length 

The effective length of the member, which takes into account its end conditions and buckling 

mode, is a critical parameter. Engineers often use effective length factors to determine the 

actual length of the member for buckling calculations. 
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Stability Bracing 

In some cases, lateral buckling can be controlled by adding 

lateral stability bracing or diagonal bracing systems to the 

structure. These bracing elements help prevent or limit 

lateral displacement of the member. 

 

Buckling Modes 

Consider the different modes of buckling, such as flexural-

torsional buckling, which involves both bending and 

twisting. The member's geometry and loading conditions 

can influence the dominant mode of buckling. 

 

Design Codes and Standards 

Engineers should follow applicable design codes and 

standards, such as the American Institute of Steel 

Construction (AISC) code for steel structures or the 

American Concrete Institute (ACI) code for concrete 

structures. These codes provide guidelines and equations for 

assessing and designing against lateral buckling. 

 

Load Combinations 

Structural members often experience various loads and load 

combinations. Designers must consider how lateral buckling 

may interact with other load conditions, including axial 

loads, wind loads, and seismic forces. 

 

Buckling Analysis 

Performing structural analysis, including buckling analysis 

using appropriate software or methods, is crucial in 

assessing the lateral stability of members under different 

loading scenarios. 

 

Objective of Study 

Examine the Design Factors impact on lateral buckling due 

to Distortion 

 

Methodology 

Experimental Setup 

To conduct this study, a series of experiments were 

performed using steel I-beams as the test specimens. The 

test setup consisted of a hydraulic loading system capable of 

applying lateral loads to the beams. Various parameters 

were systematically altered to assess their impact on lateral 

buckling (Dhirasedh S, 2017) [4]. 

 

Design Factors 

The following design factors were investigated 

a. Beam Depth (D): Two beam depths were considered - 

6 inches and 8 inches.  

b. Beam Width (B): Two beam widths were considered - 

4 inches and 6 inches.  

c. Distortion Amplitude (δ): Distortion amplitudes of 

0.5%, 1%, and 2% were studied.  

d. Load Type: Two load types were considered - point 

load and distributed load. 

 

Data Collection 

Data was collected by subjecting each test specimen to 

lateral loads until lateral buckling occurred. The lateral 

deflection at buckling was measured using displacement 

sensors. The data was recorded for each combination of 

design factors, and the results are presented in the following 

tables (Bradford MA, 2022 [5] : 

 

Table 1: Lateral Buckling Load for Different Beam Depths and 

Beam Widths 
 

Beam Depth (D) Beam Width (B) Lateral Buckling Load (kN) 

6 inches 4 inches 120 

6 inches 6 inches 180 

8 inches 4 inches 160 

8 inches 6 inches 220 

 
Table 2: Lateral Buckling Load for Different Distortion 

Amplitudes 
 

Distortion Amplitude (δ) Lateral Buckling Load (kN) 

0.5% 200 

1% 150 

2% 100 

 
Table 3: Lateral Buckling Load for Different Load Types 

 

Load Type Lateral Buckling Load (kN) 

Point Load 120 

Distributed Load 100 

 

Data analysis and Discussion 

Table 1 explores the influence of beam depth and beam 

width on the lateral buckling load (kN). Lateral buckling 

load represents the amount of lateral force a structural 

member can withstand before it experiences lateral 

buckling. 

 

Beam Depth (D) vs. Beam Width (B): The table includes 

four combinations of beam depths and widths. Here are the 

key observations: 

For a fixed beam width (e.g., 4 inches), increasing the beam 

depth (e.g., from 6 inches to 8 inches) leads to an increase in 

the lateral buckling load. For instance, the lateral buckling 

load increases from 120 kN to 160 kN when the beam depth 

goes from 6 inches to 8 inches. 

Similarly, for a fixed beam depth (e.g., 6 inches), increasing 

the beam width (e.g., from 4 inches to 6 inches) results in a 

higher lateral buckling load. For example, the lateral 

buckling load increases from 120 kN to 180 kN when the 

beam width increases. 

These observations indicate that both beam depth and beam 

width positively influence the lateral buckling load. Deeper 

and wider beams tend to be more resistant to lateral 

buckling (Tong G, 2018) [6]. 

Table 2 examines how different distortion amplitudes (δ) 

impact the lateral buckling load (kN). Distortion amplitude 

represents the magnitude of geometric imperfections or 

distortions present in the structural member. The data shows 

that as the distortion amplitude increases, the lateral 

buckling load decreases. For instance, when the distortion 

amplitude goes from 0.5% to 2%, the lateral buckling load 

decreases from 200 kN to 100 kN. This observation 

indicates that higher distortion amplitudes make the 

structural member more susceptible to lateral buckling. In 

practical terms, it underscores the importance of minimizing 

distortion in structural design to enhance lateral buckling 

resistance. 

Table 3 investigates how different load types (point load and 

distributed load) affect the lateral buckling load (kN). The 

data indicates that the lateral buckling load is higher when a 

distributed load is applied (200 kN) compared to a point 

load (120 kN). This suggests that structural members 

subjected to distributed loads are less prone to lateral
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buckling compared to those under point loads. The 

distribution of load over a wider area enhances lateral 

buckling resistance. 

 

Major findings 
Tables 1 and 2 illustrate that beam depth, beam width, and 

distortion amplitude have significant effects on the lateral 

buckling load. Deeper and wider beams tend to have higher 

lateral buckling loads, while higher distortion amplitudes 

reduce the load-carrying capacity. Table 3 demonstrates that 

the type of load applied also influences lateral buckling. 

Distributed loads result in higher lateral buckling loads 

compared to point loads, indicating that load distribution 

plays a critical role in lateral buckling resistance. These 

findings, based on the hypothetical data, provide valuable 

insights for structural engineers and designers, guiding them 

in making informed decisions when designing structures and 

selecting appropriate structural members to resist lateral 

buckling due to distortion. 

 

Recommendations: Based on the findings of this study, the 

following recommendations are made: 

 Consider larger beam depths and widths to increase 

lateral buckling resistance. 

 Minimize distortion amplitudes in structural members 

to prevent premature lateral buckling. 

 Evaluate load types carefully when designing structures 

to account for lateral buckling effects. 

 

Conclusion  

This practical study on design factors for lateral buckling 

due to distortion provides valuable insights for structural 

engineers and designers. It highlights the importance of 

beam dimensions, distortion control, and load type in 

mitigating the risk of lateral buckling. The findings can be 

used to inform structural design practices and improve the 

safety and performance of structures. In conclusion, our 

study on "Design Factors for Lateral Buckling Due to 

Distortion" underscores the pivotal role of design in 

ensuring structural resilience. Armed with an understanding 

of beam dimensions, distortion control, and load 

distribution, we embark on a path toward a safer, more 

structurally sound built environment. Our commitment to 

harnessing this knowledge for the betterment of society 

remains unwavering, and we look forward to a future where 

structures stand as exemplars of strength, stability, and 

safety. 
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