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1. Analysis Model of Truss Structures

The force method offers a simpler relationship between

the displacement vector and internal force vector, enabling

a more intuitive understanding of structures.

With the external load vector p and internal force vector

t, the equilibrium equation is expressed as At=b. The

compatibility between the displacement vector d and the

elongation vector e is given by Bd=e.

The relationship between internal force and elongation for

structures satisfying equilibrium and compatibility is

represented by the flexibility matrix F as Ft=e.

The general solution  to the equilibrium equations

includes a particular solution  , and the general solution is

given by

    (1)

Self-equilibrium and solving for  gives as

          (2)

This result allows calculating the internal force, where 

accounts for initial strain and  for external load effects.

2. Equilibrium force informed Neural Network

In the model for the boundary value problem concerning the

static analysis of truss structures, the data-driven loss

function is generally as follows:
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Here, the subscripts S and B represent the spatial domain

and boundary, respectively,  and  are the target data and

predicted output, respectively, and 
is the regularization

coefficient. While the nodal displacements can be divided

into node and boundary, the output related to internal forces

can be defined as   








When this problem is restructured into a model that

considers the physical constraints, including equilibrium (or
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compatibility) conditions of the structure, it is as:


min 

  
(4)

By using the information on the considered constraint

functions and converting the problem into a Lagrangian

duality framework with an added loss  of empirical risk

function, it can be reformulated into the following max-min

problem as follows:

 ≥ 
max


min    (5)

Here,  and  represent the residual parameters, i.e., the

Lagrange multipliers and the coefficients of the empirical

risk function, respectively, and  is can be defined

equilibrium matrix or compatibility matrix. Using the

proposed framework, the residual parameters are updated

sequentially to train the neural network model and obtain

the solution.

3. Numerical Examples

Numerical analyses were conducted on a 10-bar planar

truss and a 25-bar spatial truss.

[Fig. 1] Numerical Examples; (a) 10-bar planar truss, (b) 25-bar
space truss
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