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ABSTRACT 
 
  Shell and beam finite elements are among the most widely used elements in finite 
element analysis. This keynote lecture presents an overview of the major developments 
in shell and beam finite element technology over the past decade. The evolution of shell 
elements has been closely tied to efforts to mitigate locking phenomena. In this context, 
special attention is given to the MITC4+ four-node shell element and the MITC3+ three-
node shell element, both of which demonstrate significant improvements in accuracy and 
robustness. The development of beam finite elements is vast and diverse. This lecture 
highlights the progression from continuum mechanics-based beam formulations to their 
applications in the analysis of composite beams and cable strands. These developments 
reflect the theoretical and practical advances that have shaped modern beam modeling. 
Both shell and beam elements exhibit consistent performance not only in linear analysis 
but also under nonlinear conditions. The lecture concludes with a discussion on the 
future directions for enhancing the usability and reliability of shell and beam finite 
elements in advanced simulation environments. 
 
 
REFERENCES 
 
Lee, Y., Yoon, K., Lee, PS. (2012), “Improving the MITC3 shell finite element by using 

the Hellinger–Reissner principle”, Comput. Struct., 110, 93-106. 
Yoon, K., Lee, Y., Lee, PS. (2012), “A continuum mechanics based 3-D beam finite 

element with warping displacements and its modeling capabilities”, Struct. Eng. 
Mech. 43(4), 411-437. 

Lee, Y., Lee, PS., Bathe, K.J. (2014), “The MITC3+ shell finite element and its 
performance”, Comput. Struct., 138, 12-23. 

Yoon, K., Lee, PS. (2014), “Nonlinear performance of continuum mechanics based beam 
elements focusing on large twisting behaviors”, Comput. Methods Appl. Mech. 
Eng., 281, 106-130. 

Yoon, K., Lee, PS. (2014), “Modeling the warping displacements for discontinuously 
varying arbitrary cross-section beams”, Comput. Struct 131, 56-69. 

Keynote Lecture 

mailto:phillseung@kaist.edu
http://www.sciencedirect.com/science/article/pii/S0045794914000595
http://www.sciencedirect.com/science/article/pii/S0045794914000595


The 2025 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

Jeon, HM., Lee, Y., Lee, PS., Bathe, K.J. (2015), “The MITC3+ shell element in 
geometric nonlinear analysis”, Comput. Struct., 146, 91-104. 

Yoon, K., Lee, PS., Kim, DN. (2015), “Geometrically nonlinear finite element analysis of 
functionally graded 3D beams considering warping effects”, Compos. Struct., 132, 
1231-1247. 

Lee, Y., Jeon, HM., Lee, PS., Bathe, K.J. (2015), “The modal behavior of the MITC3+ 
triangular shell element”, Comput. Struct., 153, 148-164. 

Ko, Y., Lee, PS., Bathe, K.J. (2016), “The MITC4+ shell element and its 
performance”, Comput. Struct., 169, 57-68. 

Ko, Y., Lee, PS., Bathe, K.J. (2017), “A new MITC4+ shell element”, Comput. Struct., 
182, 404-418. 

Ko, Y., Lee, Y., Lee, PS., Bathe, K.J. (2017), “Performance of the MITC3+ and MITC4+ 
shell elements in widely-used benchmark problems”, Comput. Struct., 193, 187-206. 

Ko, Y., Lee, PS., Bathe, K.J. (2017), “The MITC4+ shell element in geometric nonlinear 
analysis”, Comput. Struct., 185, 1-14. 

Ko, Y., Lee, PS. (2017), “A 6‐node triangular solid‐shell element for linear and nonlinear 
analysis”, Int. J. Numer. Methods Eng., 111(13), 1203-1230. 

Kim, SY., Lee, PS. (2017), “Modeling of helically stranded cables using multiple beam 
finite elements and its application to torque balance design”, Constr. Build. Mater., 151, 
591-606. 

Yoon, K., Lee, PS., Kim, DN. (2017), “An efficient warping model for elastoplastic 
torsional analysis of composite beams”, Comp. Struct., 178, 37-49. 

Kim, S., Lee, PS. (2018), “A new enriched 4-node 2D solid finite element free from the 
linear dependence problem”, Comput. Struct., 202, 25-43. 

Jun, H., Yoon, K., Lee, PS., Bathe, K.J. (2018), “The MITC3+ shell element enriched in 
membrane displacements by interpolation covers”, Comput. Methods Appl. Mech. 
Eng., 337, 458-480. 

Lee, C., Lee, PS. (2018), “A new strain smoothing method for triangular and tetrahedral 
finite elements”, Comput. Methods Appl. Mech. Eng., 341, 939-955. 

Kim, S., Lee, PS. (2019), “New enriched 3D solid finite elements: 8-node hexahedral, 6-
node prismatic, and 5-node pyramidal elements”, Comput. Struct., 216, 40-63. 

Lee, C., Lee, PS. (2019), “The strain-smoothed MITC3+ shell finite element”, Comput. 
Struct., 223, 106096. 

Kim, HJ., Yoon, K., Lee, PS. (2020), “Continuum mechanics based beam elements for 
linear and nonlinear analyses of multi-layered composite beams with interlayer 
slips”, Comp. Struct., 235, 111740. 

Jung, J., Yoon, K., Lee, PS. (2020), “Deep learned finite elements”, Comput. Methods 
Appl. Mech. Eng., 372, 113401. 

Lee, C., Kim, S., Lee, PS. (2021), “The strain-smoothed 4-node quadrilateral finite 
element”, Comput. Methods Appl. Mech. Eng., 373, 113481 

Lee, DH., Kim, HJ., Lee, PS. (2021), “Direct calculation of interface warping functions for 
considering longitudinal discontinuities in beams”, Struct. Eng. Mech, 80(5), 625-643. 

Kim, HJ., Lee, DH., Yoon, K., Lee, PS. (2021), “A multi-director continuum beam finite 
element for efficient analysis of multi-layer strand cables”, Comput. Struct., 256, 
106621. 

http://www.sciencedirect.com/science/article/pii/S0045794914001977
http://www.sciencedirect.com/science/article/pii/S0045794914001977
http://www.sciencedirect.com/science/article/pii/S0045794915000711
http://www.sciencedirect.com/science/article/pii/S0045794915000711
http://www.sciencedirect.com/science/article/pii/S0045794916309464
http://www.sciencedirect.com/science/article/pii/S0045794917309550
http://www.sciencedirect.com/science/article/pii/S0045794917309550


The 2025 World Congress on 
Advances in Structural Engineering and Mechanics (ASEM25)
BEXCO, Busan, Korea, August 11-14, 2025

Jung, J., Jun, H., Lee, PS. (2022), “Self-updated four-node finite element using deep 
learning”, Comput. Mech., 69(1), 23-44. 

Lee, C., Lee, DH., Lee, PS. (2022), “The strain-smoothed MITC3+ shell element in 
nonlinear analysis”, Comput. Struct., 266, 106768. 

Choi, HG., Lee, PS. (2023), “Towards improving the 2D-MITC4 element for analysis of 
plane stress and strain problems”, Comput. Struct., 275, 106933. 

Jung, H., Lee, C., Lee, PS. (2023), “Strain-smoothed polygonal finite 
elements”, Structural Engineering and Mechanics, An Int'l Journal, 86(3), 311-324. 

Choi, HG., Lee, PS. (2024), “The simplified MITC4+ shell element and its performance 
in linear and nonlinear analysis”, Comput. Struct., 290, 107177. 

Park, S., Lee, J., Lee, PS. (2025), “Multi-layered shell finite element with interlayer slips”, 
Comput. Struct., 310, 107662. 




