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Abstract. With increasing emphasis on the use of the ultimate design of steel and reinforced 
concrete structures, attention has inevitably turned to the consideration of non-linearity with 
large displacement of elasto-plastic behaviour. The solutions of both geometrical and 
material non-linearity problems have been greatly facilitated by the development of powerful 
and efficient finite element formulation using XFINAS. The XFINAS structural analysis 
system has been developed for the static and dynamic solution of elastic and elasto-plastic 
frames, shells and solids. The beam formulation includes large displacement effects and 
elasto-plastic material behavior for the steel structures and fiber model for 3-D reinforced 
concrete structures. The concrete cable stayed bridge example using XFINAS showed the 
good performance in fully 3-D nonlinear behavior. 
 
1 INTRODUCTION 

The program based on the nonlinear finite element method, FINAS which is capable of 
the elasto-plastic stability assessment of thin walled structures, was developed on a CDC-
Main frame and UNIX environment, at Imperial College, London by Trueb (1984), Bates 
(1987) and Kim (1992). The XFINAS which is an eXtended version of FINAS has been 
developed for the general purpose software in Konkuk University (2006). XFINAS to be 
introduced enables a powerful nonlinear dynamic structural analysis, taking into account of 
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material and geometric nonlinearity. Thus, the nonlinear dynamic algorithm in XFINAS can 
be used for the research and design of the steel and concrete structures under the static, 
dynamic and seismic loading. A large number of numerical testing has been carried out for 
the validation of XFINAS elements, which shows the good agreement with the references.  
The pre- and post processing of XFINAS can be carried out by using GiD. Thus, the new 
program will be efficient and powerful tool in design and research of the steel structures. 

2 XFINAS FINITE ELEMENT SYSTEM 

The window based XFINAS software having in-core solution scheme and no 
limitation of array allocation will be the most powerful analysis tool for any type of 
problem to be analyzed. XFINAS provides a series of solution strategies for nonlinear 
analysis.  An automatic selection of constraint equation and arc-length control are available 
for highly nonlinear problems. The solution procedure uses either full or modified Newton-
Raphson method. In compared with XFINAS version by Kim (2004), the present version is 
improved on the nonlinear concrete model (Mander model and general concrete), parabolic 
cable element and Gap model for support and nonlinear concrete shell (Plasticity and 
Elasto-plastic fracture model).  
 
TABLE 1 : XFINAS SOLUTION FEATURES 
1 Linear Static, buckling, natural frequency, linear dynamic, nonlinear static and nonlinear 

dynamic analysis, Heat Transfer 
2 Time-history analysis using explicit and implicit methods: Central difference, Newmark-beta, Wilson-

theta and HHT Methods 
3 Mode superposition method for linear dynamic analysis (with damped and undamped system) by using 

eigenvector and load dependent Ritz vector 
4 Seismic analysis using time integration, mode superposition method and response spectrum methods 
5 2-D and 3-D Heat Transfer analysis  
5 Co-rotational method for nonlinear beam and shell element 
6 Nonlinear control algorithm: load control, displacement control, constant arc-length, and automatic arc-

length control method for highly nonlinear problems 
7 Geometrical nonlinearity: Updated Lagrangian Method 
8 Elasto-plastic material : Von-Mises with strain hardening, Ivanov-Ilyusin with strain hardening, Mohre-

Column , Drecker-Prager , Tresca 

9 Concrete Creep and shrinkage according to the CEB-FIP Model Code 90 and ACI  

10 Fiber-reinforced composite materials with the progressive failure analysis 
(Maximum stress, Tsai-Wu, Tsai-Hill and Modified Puck Criterion Theory) 

11 Postbuckling analysis of frame, plate and shell 
12 Eigenvalue analysis using inverse iteration, subspace iteration method and Lanczos vector 
13 Buckling and natural frequency analysis 
14 Vibration control using viscous damper 
15 Base-isolation of framed structures 
16 Loss of prestressing in pre-tensioned and post-tensioned frame element due to elastic shortening, 

friction, anchor slip, creep, shrinkage and relaxation  using 3-D frame element 

17 Parabolic cable element for cable supported bridge 
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18 Boundary spring element, gap element, hook element and gap-hook element for support model 
19 Offset in the beam and frame element 
20 Automatic analysis of 2-D and 3-D Bridge moving load based on AASHTO 
21 Displacement loading 
22 Standard steel section property: Korean-code, Euro-code  

 

3 TITLE, AUTHORS, AFFILIATION, KEY WORDS 

The new elements in XFINAS are very efficient, accurate and robust as can be seen in an 
example manual (2006). In the following, the features of the XFINAS elements are briefly 
summarized in the appendix. A three dimensional 2-noded frame (XFRAME) and 2& 3 
noded beam element (XBEAM2 and XBEAM3) can be used for the nonlinear dynamic 
analysis of 3-D framed structures. The XFRAME has a semi-rigid and offset for easy and 
efficient modeling. Nonlinear 2-noded straight and 3-noded curved beam elements are 
based on the thin walled Vlasov beam theory and include transverse shear deformation. The 
elements are capable of representing any open and closed sections. The beam element can 
be used either in stand-alone form or as a stiffener element.  

4 NUMERICAL EXAMPLE 

In the following, the example of 3 dimensional analysis of the cable stayed bridge is 
suggested. The bridge has a total 520 m length and 2 towers with unsymmetric cable shapes. 
Using the fiber model of frame element and nonlinear cable element in XFINAS, the large 
displacement of in-elastic analysis of the cable stayed bridge is carried out. The supports in 
abutment are modeled using Gap-spring model in XFINAS The ultimate behaviour of the 
result is used to check the safety of the critical point in the design.   

 
Figure 1 Various solution options of XFINAS system 

 

Figure 2 XFINAS Element Library Menu  
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Figure 5 Bending moment at the ultimate load                 Figure 6 Deformed shape at  the ultimate load 
 
4. CONCLUDING REMARKS 
 

Although a lot of general purpose softwares are available for the bridge design and 
research, there are still rooms to improve the solution with design purpose.  For this 
purpose, XFINAS system is developed based on the most efficient formulation. All the 
XFINAS elements are fully tested and validated. Based on the XFINAS element, the 
nonlinear RC fiber beam-column element has developed and implemented for the advanced 
concrete bridge analysis. Using the RC fiber model, 3-D analysis of the concrete cable 
stayed bridge is carried out to get the ultimate load analysis. The results are used in the 
design of Hwapo Bridge in Turn-key project of Korea. 
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TABLE 2 :XFINAS element library 

 

Geometrically nonlinear Elements  Material library 
Shell element 
 

(1)XSHELL41: 4 nodes quasi-conforming  
element  
(2)XSHELL42: 4 nodes assumed natural 
strain element 
(3)XSHELL82: 8 nodes  element  with a 
penalty function 
(4)XSHELL83: 8 nodes assumed natural 
strain element 

Laminated Composite materials 
Von-Mises, Ilyusin-Ivanov: Small Strain Elasto-
plasticity with straining hardening  
Von-Mises, Ilyusin-Ivanov: Large Strain Elasto-
plasticity with straining hardening  
Concrete Plasticity 
Elast-plastic Fracture Model  
Creep and Shrinkage (ACI, CEB/FIP 90) 

Frame  & Beam 
element 

(1) XFRAME: 2 nodes frame element 
(2)XBEAM2Q: 2-nodes Valsov beam 
element with 7th D.O.F. (Warping)  
(3) XBEAM31: 3 nodes Vlasoc beam 
element with 7th D.O.F.  

Elasto-plasticity (Von-Mises) 
Loss of Pestressing 
Offset, Semi-rigid, Hinge option   
Mander and General concrete model 
Fiber Model 

3-D Solid  element (1) XSOLID81:EAS, Assumed Natural 
Strain Method 
(2) XSOLID4: 4-node Tetrahedral element 

2-D Plasticity Von-Mises, Drucker-Prager, Mohr-
Coulomb, Tresca 

Plane element 
(plane stress, 
strain, axi- 
symmetric)  

(1)XPLANE4:4-nodes EAS element 
(2)XMEMB8: 8-nodes plane element 

2-D Plasticity Von-Mises, Drucker-Prager, Mohr-
Coulomb, Tresca  

Truss element XTRUSS: Three dimensional 2-nodes 
element 

Nonlinear elastic 

Cable Element Nonlinear parabolic element (Cable sag 
effects) 

5 point nonlinear material model  

Spring element XSPRING: Three dimensional  element  
(Three translations and Rotations) 

Linear elastic 

Non-linear Link 
element 

Gap element, Hook Element and  Gap-
Hook Element 

* bridge support and expansion joint model 

 


