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Cement stabilization

General observation about
the strength controlling
factors in cement stabilized
compacted soils (CSS).

Cement soil stabilization
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RESULTS AND 
DISCUSSION

CONCLUSIONS
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Mapping the strength
controlling factors
with the UCS of CSS
through laboratory
testing

Consoli, et al. 2011

Limitations ?

Empirical modeling

Applicability

Simultaneous consideration of factors

Too simple to capture complex relations

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

• 𝒒𝒖 𝒌𝑷𝒂 = 𝟓. 𝟎𝟑 × 𝟏𝟎𝟕 ×
η

𝑪𝒊𝒗
𝟎.𝟐𝟖

−𝟑.𝟑𝟐
(Consoli, et al. 2007)

• 𝒒𝒖 𝒌𝑷𝒂 = 𝟑𝟕𝟕𝟏𝟐𝟏 × 𝒕𝟎.𝟑 ×
η

𝑪𝒊𝒗
𝟎.𝟒𝟓

−𝟐.𝟎
(Baldovino, et al. 2020)

• 𝒒𝒖 𝑴𝑷𝒂 = 𝟑. 𝟒 × 𝟏𝟎𝟓 ×
η

𝑪𝒊𝒗
𝟎.𝟐

−𝟑.𝟓𝟖𝟓
(Santana, et al. 2021)

• 𝒒𝒖 𝒌𝑷𝒂 = 𝟒 × 𝟏𝟎𝟗 ×
η

𝑪𝒊𝒗
𝟎.𝟐𝟏

−𝟒.𝟐𝟗𝟔(Rios, Viana da Fonseca,
& Baudet, (2012)
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To develop predictive models for strength development in CSS
considering a wide range of soil types and cement types

To Identify the most important features and their 
contribution to the strength 

To provide design charts by optimizing the strength of CSS
based on compaction parameters.

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS
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B

C
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Data compilation and preparation
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Compiled dataset on cement-stabilized compacted soils

Author USCS Cement type Datapoints

Baldovino, et al. (2020) High plastic silt (MH) Type-III 36

Abdallah, A. et al. (2023) Lean Clay (CL) CEM-II 120

Beckett, C. (2014) Crushed limestone OPC 18

Dong, Xinxin, et al. (2022) Silty sand (SM) CEM-II 20

Mengue, et al. (2017) High plastic silt (MH) CEM-II 36

Chamling, P. K., et al. (2021) Silty sand (SM) OPC Grade-53 30

Minh-Duc, et al. (2020) High plastic silt (MH) PC-40 20

Total 280

Liquid 
limit

Fine 
contents

Cement 
type

Norm. Initial 
dry density 

Norm. Initial 
water content 

Cement 
dosage

Curing 
time

Porosity-
cement ratio

UCS

LL FC - ρnorm ωnorm C T η/Civ qu

(%) (%) - - - (%) (days) - (KPa)
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𝑉𝐼𝐹 =
1

1 − Ȓ2

Pearson correlation Variance inflation factor

Accessing the correlation
between features and
UCS

Multi collinearity
check !
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Data preprocessing
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(https://medium.com/@analyttica/understan

ding-shap-xai-through-leaps-e648c77310e8)

(https://spectra.mathpix.com/article/2021.09

.00007/demystify-post-hoc-explainability)

Interpretability and complexity
in ML modeling

What is a black box model ?

How can we interpret a black
box model (Explainable AI) ?

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

Machine learning modeling
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A series of weak learners try to
fit the residuals in the
predictions made by previous
weak learners.

XGBoost: A boosting ensemble
learning technique

Grid-search algorithm was used
to obtain optimal values of
hyper-parameters

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

eXtreme Gradient Boost (XGBoost)

https://medium.com/@roshmitadey/bagging-v-s-boosting-be765c970fd1
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Training set Testing set

Experimental validationInitial conditions for lab testing

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS
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SHAP is based on game
theory and interprets
the predictions of black-
box models

SHAP value of a feature is
the marginal contribution
of that feature to the
output
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Shapley additive explanations (SHAP)
A BPrice Money

𝐶𝐴𝐵 = 𝟏𝟎𝟎𝟎

𝐶𝐴 = 𝟕𝟓𝟎

𝐶𝐶 = 𝟓𝟎𝟎

𝐶0 = 𝟎

Marginal contributions

A B

𝐶𝐴𝐵 − 𝐶𝐵 = 𝟓𝟎𝟎

𝐶𝐴 − 𝐶0 = 𝟕𝟓𝟎

500 + 750

2
= 𝟔𝟐𝟓€

𝐶𝐴𝐵 − 𝐶𝐴 = 𝟐𝟓𝟎

𝐶𝐵 − 𝐶0 = 𝟓𝟎𝟎

250 + 500

2
= 𝟑𝟕𝟓€

Coalitions
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SHAP local interpretations

Local interpretations help
evaluating the individual
predictions.

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

Shapley additive explanations (SHAP) SHAP explanation of a single observation

Actual values of the input features

Average predicted UCS

Predicted UCS of a particular observation
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SHAP global Interpretations

Global interpretations
evaluate the overall
behavior of the model
across the entire dataset

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

Shapley additive explanations (SHAP)

T has the highest
individual impact
followed by n/Civ, and
compaction parameters.

SHAP feature importance SHAP summary plot



14

14 JANUARY 2025

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

Design charts
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Streamlit library in
Python was used to
develop a user interface
for the model.

The app asks for the
input values within the
given range and predicts
the UCS

BACKGROUND OBJECTIVES METHODOLOGY
RESULTS AND 
DISCUSSION

CONCLUSIONS

User interface

To access the
model, can the QR
code.
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A grid-search-based XGB model was developed to evaluate the strength of cement-treated
compacted soils (CSS).

The XGB model showed high predictive performance during model training, testing and
experimental validation phases.

SHAP revealed T, n/Civ, ρnorm, and ωnorm to be the most important features contributing to the
strength development in CSS

Design charts are presented offering the possible combination of dry density and water contents
to obtain the target UCS.

This research, with the help of explainable AI, was able to offer valuable insights into the strength
development in CSS and provided a model can conveniently be applied in diverse conditions
pertaining to soil type, and cement type.
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