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Abstract. This study presents a MATLAB-based approach to automate subrou-
tine generation for ABAQUS ground stress simulations, significantly reducing
the manual effort and potential for error in complex engineering projects. The
automated tool achieves high accuracy and consistency in stress calculations, ver-
ified through a case study involving underground tunnel simulations. Results
demonstrate that the tool not only accelerates simulation preparation by over 80%
but also enhances reliability by maintaining an error rate below 1%. These out-
comes underscore the tool’s practical value in improving simulation workflows,
making it a viable solution for engineers seeking efficient, precise, and scalable
ground stress analysis methods.
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1 Introduction

Ground stress simulations are crucial for ensuring the safety and stability of under-
ground structures|[1-3]. The finite element software ABAQUS is widely used in these
simulations due to its robust capabilities in modeling complex materials and stress con-
ditions[4]. However, manually creating user subroutines for ABAQUS, especially
when dealing with large datasets, is a tedious and error-prone process[5-6].

To address this issue, we developed a MATLAB-based solution that automates the
process of generating subroutine code for ABAQUS. This approach not only saves time
but also minimizes human errors, making the simulation workflow more efficient. This
study demonstrates a MATLAB-based approach to automate the generation of subrou-
tines for ABAQUS ground stress simulations, offering significant improvements in ef-
ficiency and accuracy. A case study validates the method, showing a notable enhance-
ment in simulation workflow, with substantial time savings and precision improve-
ments in generated subroutine code.
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2 Methodology

This study utilizes MATLAB due to its robust capabilities in data processing and auto-
mation, while ABAQUS is chosen for its established reliability in simulating complex
stress fields. The combination of these tools enhances the efficiency of ground stress
simulations by automating subroutine generation and minimizing manual intervention.

2.1 Overview of Automated Subroutine Generation

The MATLAB program developed in this study automates the creation of subroutines
by converting coordinate data and stress parameters into a format that can be directly
used by ABAQUSJ[7-8]. The program reads input data from standard text files or Excel
spreadsheets, processes the data to fit the required format, and outputs the subroutine
code.

2.2 Data Input and Processing
The input data for the MATLAB program consists of three main components:

e Coordinate Data: This includes the spatial locations where stress values need to be
calculated.

o Stress Parameters: Values such as initial stress states, material properties, and bound-
ary conditions.

o Subroutine Configuration Settings: Parameters that dictate how the generated sub-
routine interacts with the ABAQUS solver.

The MATLAB program processes the coordinate data and stress parameters using
built-in matrix operations to ensure efficient data handling. Below is an example of
MATLAB code for reading and organizing input data:

[}

% Load coordinate data from a CSV file

coordinates = readmatrix('coordinates.csv');

% Load stress parameters from a file

stressParams = readmatrix('stress params.csv');

% Initialize configuration settings

configSettings = struct('initialStress', stressParams(l),

'boundaryCondition', stressParams(2));

2.3 Automated Subroutine Code Generation

The automated process includes several steps:

1.  Reading and Formatting Data: The program reads input data files and formats
the data into arrays.

2. Generating Fortran Code: The MATLAB script generates Fortran subroutine
code based on the processed data. This includes defining variables, setting initial
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conditions, and implementing custom logic for ground stress calculations. The code
snippet below demonstrates the basic structure:

stressParams = readmatrix('stress params.csv');
if any(isnan (stressParams))
error ('Error: Missing values detected in stress param-
eter file.');
end
numDataPoints = length (stressParams) ;
if numDataPoints > 100
polyOrder = 3;
elseif numDataPoints > 50
polyOrder = 2;
else
polyOrder = 1;
end
coeffs = polyfit (coordinates(:,1), stressParams, poly-
Order) ;
fid=fopen('gongshi.txt','wt');% Written to the formula
fprintf (fid, '$s\n',gongshi{1l:6});
fprintf (fid, '\n");
fprintf (fid, 'b=\n");
fprintf (fid, '$f\n"',Db) ;
fprintf (fid, '\n");
fprintf (fid, 'R"2=\n") ;
fprintf (fid, '$f\n',stats2(:,1));
fclose (fid);
HO=sprintf ('H=%.9f*coords (1) **3%+.9f*coords (2) **3',bb (1:2
));

Hl=sprintf ('l %$+.9f*coords (2) *coords(1l)**2"',bb(3));
H2=sprintf ('2 %$+.9f*coords (1) *coords (2)**2"',bb (4));
H3=sprintf ('3 %$+.9f*coords (1) **2%+.9f*coords (2) **2"',bb (5:
6));

H4=sprintf ('4 %$+.9f*coords (1) *coords (2) %+.9f*coords (1) "',b
b(7:8));

H5=sprintf ('S5 %$+.9f*coords (2)%+.9f-coords(3)"',bb(9:10));
fidl=fopen('pl-g.for', 'wt');

fprintf (fidl, '$s\n', 'SUBROUTINE

SIGINI (SIGMA, COORDS, NTENS, NCRDS, NOEL, NPT, LAYER, ') ;
fprintf (£idl, '$s\n', 'l KSPT,LREBAR,REBARN) ') ;

fprintf (fidl, '$s\n', 'INCLUDE ' 'ABA PARAM.INC'''");
fprintf (fidl, '$s\n', 'DIMENSION

SIGMA (NTENS) , COORDS (NCRDS) ") ;

fprintf (£id1l, '$s\n', 'CHARACTER*80 REBARN') ;
fprintf (fidl, '$s\n', 'real H Z2');

o°
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fprintf (fidl, '$s\n', HO)
fprintf (fidl, '$s\n', HL)
fprintf (fidl, '$s\n',H2);
fprintf (fidl, '$s\n', H3)
fprintf (fidl, '$s\n',H4);
fprintf (fidl, '$s\n',H5);

fprintf (fidl, '$s\n', 'Z=H+coords (3)+451.9");
fprintf (fidl, '$s\n',gongshi{l:6});

fprintf (fidl, '$s\n', '"RETURN"') ;
fprintf (fidl, "$s\n', "END") ;

fclose (fidl) ;

3. Outputting Subroutine File: The generated Fortran code is saved as a .for file,
which can be directly imported into the ABAQUS simulation environment.
To enhance the robustness of the subroutine generation, additional logic was incorpo-
rated into the MATLAB script. The program now dynamically adjusts the polynomial
fitting order based on the distribution of input stress data. This ensures that the gener-
ated Fortran code maintains numerical stability even in complex stress fields. Addition-
ally, error-checking mechanisms were implemented to detect inconsistencies in input
data, reducing potential inaccuracies in the final simulation. The refined algorithm fur-
ther improves efficiency by eliminating redundant computations and optimizing
memory usage.

3 Case Study: Application in Ground Stress Simulation

3.1 Simulation Scenario

The case study involves simulating the ground stress distribution for an underground
tunnel. The input data includes the tunnel's geometry, material properties, and initial
stress conditions. Traditionally, creating a subroutine for this simulation would involve
manually coding the stress calculations in Fortran, which can be time-consuming and
error-prone.

3.2 Implementation of the Automated Approach
Using the MATLAB-based tool, the subroutine was generated automatically:

e Data Preparation: Input data, including coordinates and stress parameters, were
loaded into MATLAB.

e Subroutine Generation: The program processed the data and generated the required
Fortran subroutine in under a minute.

e Simulation Execution: The generated subroutine was incorporated into the
ABAQUS simulation to calculate the ground stress distribution.
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3.3  Results and Comparison

The simulation results obtained using the automatically generated subroutine were
compared with those from a manually written subroutine. The comparison showed:

Table 1. Comparative Indicators of MATLAB-Based Automated Subroutine Generation Tool

. Using MATLAB-Based Manual Cod-
Indicator R Advantage
Automated Tool ing
Generation Time 15 120 Time Savings (80% re-
(minutes) duction)
Error Rate (%) | 5 Increased Ac$uracy (4%
reduction)
Consistent Results (6%
Result Variability (%) 2 8 onsisten 'e sults (6%
reduction)
Data} Proces?mg Capac- 100,000+ 10,000 Enhancefi Scalability
ity (entries/run) (10x increase)
Adaptability to Geologi-
AprabIity to freologl 9/10 4/10 Improved Flexibility
cal Scenarios (score)
Higher Usability (90%
Learning Time (hours) 5 50 wgher Lsa _l ity (90%
reduction)
Debugging Time (hours) 1 10 Efficient Error Manage-
gging ment (9 hours saved)
Cost Effici 80%
Resource Cost (%) 20 100 ost Efficiency (80%
savings)

4 Results and Discussion

4.1  Advantages of the Automated Approach

Efficiency: The automated tool significantly reduces the time required to prepare sim-
ulation subroutines.

Scalability: The method can handle large datasets and complex geometries, making
it suitable for a wide range of applications in underground engineering.

Reliability: By eliminating manual coding, the risk of syntax errors and formatting
issues is minimized.

Limitations and Potential Improvements

Complex Logic Implementation: For very complex subroutine logic, additional
customization may still be required.

Integration with Other Software: Future work could involve integrating the
MATLAB tool with other simulation platforms to broaden its applicability.

5 Conclusions and Future Work

The MATLAB-based automated subroutine generation tool provides a practical solu-
tion for streamlining ground stress simulations, significantly reducing manual coding
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time and error risk. However, more complex subroutine logic may still require custom
modifications. Future work will focus on expanding the tool’s capabilities to accom-
modate more intricate stress models and integrate additional functionalities to broaden
its applicability.

Future improvements can focus on integrating machine learning techniques to fur-
ther optimize the subroutine generation process. By training neural networks on histor-
ical simulation data, it may be possible to predict optimal subroutine parameters, re-
ducing computational overhead. Additionally, expanding the tool to support multi-
physics simulations, such as coupled thermal-stress analysis, would enhance its applica-
bility in broader engineering scenarios.
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