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Abstract:

Soil being a natural material can behave in any way as it suffers from intrinsic spatial variability that
results from natural phenomenon and their influence on the soil. It became controversial and debated
how to estimate its classification to obtain a reliable geotechnical design with low cost and effort.
Classifying soils is one of the most essential steps in geotechnical engineering since it guides how
foundations are designed, structures are built, and land is developed. The Unified Soil Classification
System (USCS) is widely used for this purpose because of its clarity and acceptance worldwide, but in
practice, the process is still carried out manually in most cases. Manual classification takes time,
requires experience, and is prone to errors, which can affect both learning and fieldwork. In this study,
a desktop application was developed using Python to automate USCS soil classification. The program
is supported by a graphical user interface (GUI) that allows users to input sieve analysis results and
Atterberg limits and then automatically calculates D10, D30, D60, the coefficient of uniformity (Cu), and
the coefficient of curvature (Cc), while also generating gradation curves and plasticity charts in real time.
Testing against standard soil problems showed that the results closely matched those from textbooks,
confirming the accuracy of the application. The application, in its combination of rigorous technical
competence and easy-to-operate format, obviates calculation mistakes, saves time, and improves
understanding of soil characteristics, and thus also functions as a helpful engineering assistant and an

efficient teaching resource in geotechnical education.
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Introduction

Soil classification is the cornerstone of geotechnical engineering, and it provides essential insights into
the behavior of soil and the direction of its application in the field of construction, in the planning of
foundations, and in the reclamation of lands. Proper classification also enables the economic and safety
efficiency of civil infrastructure and sustainable engineering practices. Many classification systems have
emerged worldwide over the years, each with respective geology and engineering practice. Among
these, the Unified Soil Classification System (USCS) stands with the widest application owing to its

distinctiveness, regularity, and universality in diversified applications .

The USCS classifies the soil mainly based on particle size distribution and plasticity characteristics from
sieve analysis and the Atterberg limits. Its acceptance worldwide by engineers, researchers, and
governing bodies attests its practical reliability. Nevertheless, the process in most applications remains
a manual one, necessitating a great amount of experience, and often its performance becomes tedious
and susceptible to errors or discrepancies. These disparities have been well documented for a
considerable amount of time and thus the repeated demands for the use of more efficient, standardized,
and reliable methods.

New developments in computational technologies have brought the possibility of tackling such
challenges. Combination of computational software and automation within geotechnical engineering is
better suited for enhancing accuracy, providing more uniform results, and reducing hours of tedious
analysis. Concurrently, the availability of open-source scripting environments like Python has brought
the cost down in developing flexible, affordable applications well-adapted to the needs of professional
practice and student instruction. Such developments are in keeping with wider trends in engineering
courses, in which computational tools are seen as essential to close the gap between theory and
practice in the laboratory.

In spite of these developments, current methods in automating the classification of soil are restricted in
scope. Most are concerned with narrowly defined tasks or experimental innovations and are not
comprehensive enough for the full demands of the USCS system. Thus, recent innovations in image-
based classification and deep learning have held promise but have commonly failed with changing field
conditions, incomplete data, and the inability to adapt in classroom use or professional practice.
Inasmuch as such deficiencies remain, the demand for tools that integrate computational precision with

ease of use and learning remains important.

The present study addresses this gap through the development of a Python-based desktop application
equipped with a graphical user interface (GUI) for automated USCS classification. The program relies

on conventional input data from Atterberg limits as well as sieve analysis to compute key parameters
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such as D10, D30, D60, coefficient of uniformity (Cu), and coefficient of curvature (Cc) automatically. It
also offers gradation curves and plasticity charts in real-time, which reduces human error and enhances
understanding. The technology described offers the functionality as an applied engineering tool and an
educational aid by placing the features in an easy-to-use environment, bridging the gap between

traditional manual categorization methods and sophisticated digital applications.
Literature Review

The Unified Soil Classification System (USCS) has played a critical role in geotechnical engineering for
many years because it offers a straightforward, standardized and broadly accepted method for
understanding strength, compressibility, and engineering behavior of soil. Soil classification, though
following a certain system, is still largely done by hand, which consumes a lot of time. The push for
automated classification has been driven by researchers who see the potential for machine learning

among other techniques to speed up and also make the process more objective.

Early computational studies aimed at duplicating the manual USCS process that could be done easily
with programming scripts. These scripts could compute parameters like the coefficients of uniformity
and curvature from the data of sieve and Atterberg. The tools were able to lessen the amount of work
done repeatedly, but still, they lacked interactivity; features like visualization and user-friendly interfaces
were missing, so they were not very useful for students or engineers who did not have much
programming knowledge. Moreover, the early applications mostly concentrated on facilitating the steps
of the procedure and not on the accuracy of the analysis or the educational value, thus not fully utilizing

the computational power in engineering education and field practice.

The utilization of machine learning methods in geotechnical engineering brought new approaches for
soil classification, automation and prediction. Research indicates that models like Random Forest can
accurately predict soil types, even in the presence of missing input data. Moreover, comparative analysis
of Support Vector Machines, Decision Trees, and Artificial Neural Networks gave results that confirmed
the effectiveness of machine learning algorithms in classification by pattern detection. Their performance
is often highly reliant on large, well-organized data sets, which are not always available in common
fieldwork or educational situations. This makes the use of such techniques in data-poor or intermittent

collection scenarios even more difficult.

In addition to traditional machine learning, some researchers used to call for non-standard methods like
hyperspectral reflectance and digital image processing to classify soils based on either visual or spectral
properties. The precision of these operations is known in laboratory settings, but their performance is
hindered by varying light, texture, and temporal conditions. On the other hand, deep learning

approaches, such as Convolutional Neural Networks (CNNs), especially have shown great improvement
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in the classifying accuracy. However, their demand for the high-quality data and their existence on
substantial computational resources limits their use in routine geotechnical tasks that require simple,

clear, and affordable tools.

Despite these improvements, many automated systems still have difficulties in marrying computational
precision with user-friendly design and efficient visualization. Various mobile and desktop applications
do not offer important analytical features like the calculation of coefficients, drawing gradation curves,
and creating plasticity charts, which makes their usage in classroom and field less. Often, research
prototypes focus on developing computational methods at the expense of user-friendliness and
pedagogy, which are essential for bringing theoretical learning and practical geotechnical applications

together.

The literature continuously shows soil classification automation as an area that is developing. On the
other hand, it also points out a basic challenge that still exists: the existing solutions usually opt for either
high computational sophistication or they focus on predicting the outcome with the highest accuracy,
thus overlooking the three critical factors: accessibility, interpretability, and educational relevance. To
overcome this barrier, a study is presenting a desktop application using Python that integrates thorough
computational analysis with a user-friendly graphical user interface (GUI). Unlike prior tools, this
application fully encompasses the USCS framework: it automates parameter calculation, soil
classification, and the generation of standard engineering charts like gradation curves and the plasticity
chart. By integrating technical precision with user-centered design, the tool is designed to be both a
practical asset for professional engineers and an effective pedagogical resource for students, offering a
transparent and accessible alternative to opaque machine learning models or cumbersome command-

line scripts.
Methodology

This section described the design of the architectural, the development process, the module’s function,
the workflow and the terminologies used to build new Python-based software for the classification of soll
according to the Unified Soil Classification System (USCS). The methodology highlights segmentation,

convenience and obedience with ASTM D2487 standards for both practical work and academics.
System Architecture and Design Approaches

This application is used to design an Object-Oriented Programming (OOP) pattern to ensure

expendability and manageability. It consists of two basic modules.

e Sieve Analysis Module
e USCS Classification Module
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Both modules are interconnected via an integrated layer that supports smooth data transition between
them. A desktop-based GUI ensures accessibility for non-programmers; this application is useful for
students, engineers, and educators. Figure 1 shows the overall system architecture of the application.
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Figure 1: Overall System Architecture

Sieve Analysis Module

This module processes grain size distribution data and produces key soil parameters. It is implemented

in the file Sieve Analysis App.py.
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User Interface

The user can enter sieve analysis data such as retained weight. The interface supports loading and
saving JSON/CSYV files. Interface for sieve analysis input can be seen in Figure 2.

¢ sieve Analysis Tool

Sieve Analysis Input

Total Weight (g): 500

Load Sample Data: [IEEKCEEECICENT NN ~|

Sieve Size (mm) Sieve Number Retained (g)

4.75 No. 4 (0]

2.36 No. 8 25

1.18 No. 16 75

0.6 No. 30 150

0.3 No. 50 175

0.15 No. 100 50

0.075 No. 200 25

Figure 2: GUI Interface for Sieve Analysis Input
Calculation and Outputs
The following computations are performed:

e Percent Retained & Percent Passing

e D-values (D10, D30, D60): computed using root-finding algorithms (scipy, optimize, brentq)
e Cu and Cc values: Coefficient of Uniformity and Coefficient of Curvature

e Particle Size Distribution: classification into gravel, sand and fines etc.

e The example code is shown below Figure 3:
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. def calculate_coefficients(self) -> None:

. D10 = self.intersections.get(“D10”, None)

o D30 = self.intersections.get(“D30”, None)

. D60 = self.intersections.get(“D60”, None)

. try:

3 Cu = D60 /D10 if all(v is not None for v in [D10, D60]) and D10 !=0else None

3 except:

o Cu = None

. try:

. Cc = (D30**2) / (D60 * D10) if all(v is not None for v in [D10, D30, D60]) and
(D60 * D10) != 0 else None

. except:

o Cc = None

. self.coefficients = {

. “Cu”: round(Cu, 4) if Cu is not None else None,

. “Cc”: round(Cc, 4) if Cc is not None else None

. }

Figure 3: Code for Computing Coefficients of Uniformity and Curvature
Graph Generation

A Smooth grain-size distribution curve is plotted using PCHIP interpolation cipy.interpolate. Pc hip
Interpolation or linear interpolation as a fallback. Figure 4 shows the obtained smooth grain distribution

curve.

Grain Size Distribution Curve
Standard Sieve Numbers

No. 200 No. 100 Na. 50 No. 30 No. 16 No.8 No.4

100

D10 === Grain Size Curve
@ Data Points

010 = 0.23 mm
D30 = 0.43 mm
0 D60 = 0.74 mm

10 10°
Particle Size (mm) - Logarithmic Scale

Figure 4: Grain Size Distribution Curve Generated by Application
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USCS Classification Module

The uscs.py module classifies soil according to ASTMD2487 using Atterberg limits and particle

distribution.
User Interface
This module provides fields for inputting
e Liquid Limit (LL)
e Plastic Limit (PL)
e Practical distribution (%gravel, %sand %fines)

e D-values OR Cu/Cc

e The user interface of this module is shown in Figure 5.

¥ UsCs Classitier o b

Input Data | Resuits | Help

Sheve Analysis (% Retained) Gradn Sire Characteristics
= Enter D values Erter Coefficients

D'ee (men): |00

Dige (menj: |00

Diag (e

e E===23
Organic Content Check
Afterberg Limits Air-dried LL
n-dinied LL
Licqui Limat (LL}
Plastic Limit (PL
Plasticity index: [P

Figure 5: USCS Classification GUI Inputs
Classification Logic
The app applies logical rules for coarse- and fine-grained soils, including

¢ Organic content check using oven-dried vs air-dried LL
e Pl (Plasticity Index) calculation: PI=LL-PL

e Final USCS symbol and soil group name determination
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The example code below in Figure 6 shows the decision tree according to USCS

classification.

e def classify fine grained(self, Il, pi, organic, percent sand=0, percent _gravel=0,
percent_plus_200=0):

. # Determine position relative to A-line (corrected formula)

. below_a_line = (pi < 4) or (pi <0.73 * (Il — 20))

[ ]

. # Determine coarse fraction characteristics

. has_sand = percent_sand >= 15

. has_gravel = percent_gravel >= 15

. sand_dominant = percent_sand >= percent_gravel

. gravel_dominant = percent_gravel > percent_sand

. if organic:

o # ORGANIC SOIL CLASSIFICATION (Figure 5.6)

o if Il >= 50:

. base_name = “OH”

. base_type = “Organic clay” if not below_a_line else “Organic silt”

. else:

. base _name = “OL”

. base_type = “Organic clay” if not below_a_line else “Organic silt”

. detail = (

. f’Organic soil with LL={lI} ({=50’ if I>=50 else ‘<50’}).

o f’PI={pi} places it {'below’ if below_a_line else ‘above’} A-line. “

. f’"Contains {percent_plus 200}% fines with *

. ) # and code continues ......

Figure 6 Decision Tree for USCS Classification
Plasticity Chart Visualization

The module generates a Casagrande plasticity chart plotting LL and PI against the A-line and U-line to
assist in visual classification. Figure 7 shows built-in plasticity chart before classification and Figure 8

shows the obtained plasticity chart after classification.
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USCS Plasticity Chart (ASTM D2487)
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Figure 7: Plasticity Chart before Classification

USCS Plasticity Chart (ASTM D2487)
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Figure 8: Plasticity Chart after Classification
Data Integration and Workflow

The main integration script (integrated_soil_app.py) manages the integration between modules. When
sieve analysis is complete, D-values and particle distribution are passed directly to the classification

module, avoiding redundant user input.
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Between the modules the data flow pattern is shown in Figure 9.

| i |

Sieve Analysis USCS (Manual) USCS (sieve Analysis)
GeoGrade.py Calls GeoGrade.py GeoGrade.py pul‘Is
SieveAnalysisController open saved data
from USCS_Classifier from
SieveAnalysisApp.py from uscs.py SieveAnalysisModel

v

@ g USCS_CIass'Er

Results Performs Fills Fields using
Classification ‘:] populate_uscs_fields()

Figure 9: Data Flow Diagram between Modules
Libraries and Technologies
The application is built entirely in Python and utilizes the following several key libraries.

o tkinter: For creating the Graphical user interface.

e numpy: For numerical operations and array manipulation, particularly in sieve analysis
calculations.

e scipy: Scipy.interpolate for PCHIP interpolation and scipy.optimize for root-finding in D-

value calculations.

Wohllebe & Ross Publishing, Germany — The Open Access Publisher.

More information and current publishing opportunities at wr-publishing.org



https://doi.org/10.51137/wrp.ijmat.370
https://www.wr-publishing.org/

International Journal of Mobile Applications and Technologies (ISSN: 2944-5671)

an Open Access journal by Wohllebe & Ross Publishing, Germany.
Volume: 01 Issue: 02 Year: 2025
https://doi.org/10.51137/wrp.ijmat.370

matplotlib: This library is used for plotting the grain size distribution and the plasticity chart.
Matplotlib.backends.backend_tkagg helps in plotting within tkinter window.

Pandas: It is used for data handling, here used for structuring sieve analysis results.

json: For saving and loading application data.

Shapely.geometry: It is used for geometric operations related to curve analysis.

Assumption and Limitation

Input Accuracy: The app assumes correct user input for both sieve and Atterberg data.
Interpolation Behaviour: While PCHIP ensures smooth plots, it may be inaccurate
extremes.

Standard Compliance: USCS logic aligns with ASTMD2487; regional deviations are not
covered.

Organic Soil Detection: Uses LL comparison between air-dry and oven dry samples; may

not detect all organic soils.

Results and Discussions

To check the performance and reliability of the Python GUI program designed for soil classification based

on the Unified Soil Classification System (USCS), two typical textbook problems were considered and

solved by the program. Software results were assessed with textbook solutions and accuracy of

calculations of characteristic particle diameters, soil coefficients, and ultimate classification was

assessed.

Problem 1: Coarse-Grained Soil — Sieve Analysis and Coefficient Calculation

Example 2.2 taken from Chapter 2, Fundamentals of Geotechnical Engineering Braja M Das.

Given Data: Weight retained on each sieve is shown in Table 1.

Sieve Size (mm) Weight Retained (g)
4 0

10 40

20 60

40 89

60 140

80 122
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100 210
200 56
Pan 12

Table 1: Weigh Retained on each Sieve

Textbook Solution:

e D10:0.15 mm
e D30:0.17 mm
e D60:0.27 mm
e Coefficient of Uniformity (Cu): 1.8

¢ Coefficient of Curvature (Cc): 0.71
Application Output:

e D10:0.15 mm

e D30:0.17 mm

e D60:0.29 mm

o Cu:1.87

e Cc:0.66

e Particle size distribution curve for the given data is shown in Figure 10, Values of D10, D30
and D60 obtained from the application are shown in Figure 11 and Values of Cu and Cc

obtained from the application are shown in Figure 12.
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f Grain Size Distribution Curve

Grain Size Distribution Curve
Standard Sieve Numbers
No. 200 No. 100

100

80 1

60 A

Percentage Finer (%)

20 A

Grain Size Curve
Data Points

L 4
D10 = 0.15 mm
D30 = 0.17 mm

D60 = 0.29 mm

101 10°
Particle Size (mm) - Logarithmic Scale

Figure 10: Particle Size distribution curve

¢
D-Values  Particle Distribution
Parameter Value (mm)
D10 0.15
D30 017
D60 0.29

Figure 11: D10, D30 and D60 values
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ﬁ Soil Coefficients &= X

Soil Classification Coefficients

Coefficient Value
Coefficient of Uniformity (Cu) 1.87
Coefficient of Curvature (Cc) 0.66

Figure 12: Cu and Cc values
Comparison:
The program showed good precision, accurately reproducing the textbook values to the letter for D10
and D30. The D60 value was also marginally different (0.29 mm vs. 0.27 mm), a small difference caused
by interpolation processes. The calculated coefficients, Cu (1.87 vs. 1.8) and Cc (0.66 vs. 0.71), were

therefore close to the reference values as well. These findings attest to the high precision and accuracy

of the program in its outputs, testifying to its efficacy in precise geotechnical calculation.
Problem 2: Coarse-Grained Soil — USCS Classification

This problem is based on Example 5.5 from Chapter 5 Principles of Geotechnical Engineering.
Given Data:

e Percent passing through sieve #4 =70

e Percent passing through sieve # 200 = 30
e Liquid Limit (LL): 33

e Plastic Limit (PL): 12

Textbook Classification:

e USCS Group Symbol: SC
e USCS Group Name: Clayey Sand with gravel

Application Output:

e USCS Group Symbol: SC
e USCS Group Name: Clayey Sand with gravel. Figure 13 shows the group name given by
application according to USCS classification and Figure 14 shows the plasticity chart finally

obtained by the application giving an insight that where our tested soil lies in the graph.
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Classification Results

USCS Symbol: SC
Description: Clayey Sand with gravel
Detailed Description: Sand with =12% clay fines and =15% gravel.

Coefficient of Uniformity (C.): 0.00
Coefficient of Curvature (C.): 0.00
% Passing Mo. 200 Sieve: 30.0%

Figure 13: Soil Classification Results based on USCS

Plasticity Chart

USCS Plasticity Chart (ASTM D2487)
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Figure 14: Plasticity Chart after soil classification

Comparison:

The application produced results that are fully consistent with the textbook classification. Both the USCS

group symbol (SC) and group name (Clayey Sand with gravel) matched exactly, indicating 100%

accuracy. The correct interpretation of fines content and Atterberg limits, along with accurate plotting on
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the plasticity chart, confirms the application’s effectiveness in handling coarse-grained soil classification
under the USCS system.

Efficiency Evaluation

First, we checked the computational performance of the code by running several book examples for
sieve analysis and USCS classification. On a normal lap top it takes up to 1.2 seconds per example for
full analysis which includes Sieve analysis, Curve Plotting, Coefficient Determination, USCS
classification and Plasticity chart. The results were compared with book which yields relative errors up

to 8% in Coefficients Determination because of interpolation and it works perfectly for classification.

Secondly a small usability test was performed among 20 civil engineering students, Lab Operator and
Field Engineers. From the test we got positive response from 19 of them which said that interface is
clear, easy to use and time saving with respect to manual classification. The Results are shown in Figure
15.

Usability Test

Number of Users
=

[
Positive Feedback Neutral Feedback
Feedback Type

Figure 15 : Usability survey results for the developed soil classification application (n = 20)
Conclusion

e This work sets out to design and test a Python-based desktop application that automates
soil classification using the Unified Soil Classification System (USCS).

e The tool is used to process the common laboratory inputs of sieve analysis and Atterberg
limits and then automatically calculate parameters such as D10, D30, D60, Cu, and Cc. In

addition, it generates gradation curves and plasticity charts in real time.
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e The validations resulted in the correct performance of the application with the answers
matching the textbook solutions very closely.

e By putting these calculations in a graphical user interface, the software not only saves time
and effort in classification but also decreases the possibility of human mistake.

¢ In such a manner, the software provides useful applications for practitioners while also
acting as a learning tool for students entering the field of soil classification.

e This application was developed with both usability and reliability in mind unlike many
existing tools that are either too technical for non-programmers or too limited in scope.

e |t demonstrates how open-source programming can be adapted into straightforward

engineering solutions that meet academic as well as field needs.
Future Recommendations

In the next phase, the performance and accuracy of GeoGrade (Software) will be compared using soil
samples from the geotechnical laboratory investigation. We will take the data of sieve analysis and
Atterberg limits and will perform our own calculation using software. The results of our software will be
compared with manual calculation of lab technicians and practicing engineers. If we get any difference
in the results, we will evaluate the computation procedure or enhance interpolation section to ensure
required accuracy. Furthermore, the software will be extended to include AASHTO classification system
which will enable GeoGrade to directly compare USCS and AASHTO results enhancing its relevance in

both academic and professional applications.
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