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Author's Note & Vision for GeoNexus

Pages 2-3 | The Foundation of Everything

I A Word from O.P. Thakur

I wrote this roadmap for myself — and for every geotechnical engineer who refuses to be ordinary. As an M.Tech student at
IIT Madras, I have seen how the gap between classroom geotechnics and industry-grade expertise can feel immense and
intimidating. This document is my personal blueprint: a living, structured guide that I am following right now, and one I

intend to refine at every stage of my career.

Geotechnical engineering is undergoing a quiet revolution. The engineer who once relied solely on Terzaghi's consolidation
theory and a safety factor of 1.5 now competes in a world where numerical modelling, machine learning, physics-informed
neural networks, and cloud deployment are becoming table stakes. I want to be at the intersection of all of these — not a
software operator, not a data scientist dabbling in soil mechanics, but a genuine Geo-AlI researcher and numerical modeller

who commands the entire stack, from field investigation to deep learning deployment.

GeoNexus is not just a brand. It is a commitment — to the profession, to the global geotechnical community, and to the idea
that knowledge must be made accessible, structured, and alive. Every model I build, every paper I write, every tool I deploy
under the GeoNexus banner is a step toward a platform that India and the world will recognise. This roadmap is Edition
2026-2028, reflecting where I am now and where I intend to be by the time I hold my degree and step into the industry —
ready not merely to work, but to lead.

Core Philosophy: Theory without software is incomplete. Software without mathematics is a black box. Mathematics without

communication is invisible. Only the engineer who unifies all three — and then adds AI/ML — becomes truly irreplaceable.

I The GeoNexus Vision

GeoNexus is conceived as a full-stack digital geotechnical intelligence platform — bridging the gap between raw
geotechnical data and actionable, Al-assisted design decisions. The platform will serve students, practitioners, and researchers

across India and beyond. By 2028, GeoNexus aims to offer:
o Interactive soil property databases and SPT/CPT e Published research connecting PINNs with classical

correlation tools constitutive models

e Web-based bearing capacity and settlement calculators e A curated learning hub: tutorials, code notebooks, model

e Machine learning models for soil classification and libraries

liquefaction prediction e Video content and LinkedIn series breaking down complex

e Open-source Python libraries for geotechnical data analysis geotech concepts

e A professional portfolio demonstrating 6 stages of mastery
— publicly visible

I Tagline: "Intelligence for the Ground Beneath Us" — GeoNexus || O.P. Thakur

I The Three Continuous Pillars

Three domains run in parallel throughout every stage of this roadmap — they are never "completed" and never set aside.
They are disciplines of daily practice, not one-time achievements. Every project, every model, every paper, and every

LinkedIn post is an opportunity to advance all three simultaneously.

Pillar I — Engineering Mathematics

Linear algebra, differential calculus, ODEs/PDEs, probability & statistics, numerical methods, optimization theory. Mathematics is the universal
language of all geotechnical models — without it, software output is unverifiable. Target: solve governing PDEs by hand, implement numerical
methods from scratch.
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Key topics: Finite element formulations,
eigenvalue problems, variational methods,
Bayesian inference, reliability theory
(FOSM, Monte Carlo).

Three Pillars — Milestones by Stage

Math Milestone

Pillar IT — AI/ ML / Deep Learning

Python ecosystem, data wrangling, classical
ML, deep neural networks, physics-
informed models, and deployment. Al is not
a replacement for geotechnical knowledge
— it is the amplifier. The engineer who
builds a PINN that respects Biot's
consolidation equation is ten times more
powerful than one who applies a black-box

model.

Progression: Python basics —
Pandas/NumPy - scikit-learn —
TensorFlow/PyTorch — PINNs — Streamlit
deployment.

AI/ML Milestone

Pillar IIT — Communication Skills

Technical writing, research paper authoring,
LinkedIn

creation, report writing, and visual

presentation  skills, content
explanation. The engineer who cannot
communicate discoveries to peers, clients,
and the public loses half the value of their
work. Start writing on Day 1 — one
LinkedIn post per week, one report per
month.

Outputs: Conference abstracts, journal
papers, project reports, technical videos,
GitHub README:s, portfolio website.

Communication Milestone

Basic Consolidation, shear strength equations;

NumPy from scratch

Intermediate ~ FEM formulation understanding; scikit-learn soil classifier; ML notebook
probability distributions on GitHub

Advanced PDE solvers in MATLAB; optimization ANN for settlement prediction; CNN for
for parameter calibration soil image classification

Expert Variational formulations; reliability PINN for Terzaghi consolidation;
analysis (FOSM/MCS) deployed Streamlit app

Professional =~ Advanced constitutive model calibration; =~ Full Geo-Al tool in production; API
stochastic analysis deployment

Apex New model development; peer reviewer Research group-level Al framework;

for journals

Python basics, data plotting, first
regression

open-source contribution

Basic to Apex: The 6-Stage Mastery Progression

Pages 4-8 | Skills - Software - AI/ML - Math - Communication - Deliverables

2 LinkedIn posts/week; first project
report

PLAXIS model summary report;
conference abstract draft

Literature review (25+ papers); 1
conference paper

Journal paper submission; thesis

chapter draft

Published paper; project proposals;
webinar/lecture

Book chapter / monograph;
international keynote

How to use this section: Each stage builds on the previous. Never skip a stage — depth at Stage 1 determines the ceiling at Stage 6.

The Three Pillars (Math, AI/ML, Communication) run in parallel through all stages. Timeframes are targets; quality matters more than

speed.

Basic — Foundation Building

Domain Content & Skills

Core Theory

2026 | Months 1-4

Soil mechanics: phase relations, Atterberg limits, compaction, permeability, effective stress principle, Terzaghi

consolidation theory, shear strength (Mohr-Coulomb, c-¢ parameters). Foundation engineering: shallow foundation

bearing capacity (IS 6403, Terzaghi, Meyerhof, Hansen), settlement calculations (elastic, consolidation, secondary).

Engineering geology: stratigraphy, rock classification, site characterisation basics. Codes: IS 1904, IS 6403, IS 2720,

IS 2911 overview.

Software Tools

Excel: SPT correction worksheets, bearing capacity calculators, Cc/eo consolidation plots, grain size distribution.

AutoCAD: Site plan drawing, borehole log templates, cross-section layouts. Civil 3D (intro): Surfaces and

alignments. Python basics: Variables, loops, functions, file /0, Matplotlib soil property plots.
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AI/ML Python environment setup (Anaconda, VS Code, Jupyter). NumPy arrays for soil data. Pandas DataFrames — SPT

Component borehole data cleaning, EDA. Matplotlib/Seaborn — grain size curves, SPT N-value profiles, e-log p consolidation plots.
First regression: linear regression predicting compression index Cc from Liquid Limit using scikit-learn.

Math Review calculus (differentiation, integration — area, volume, centroids). Linear algebra: matrix operations, solving Ax=b

Component (stiffness equations). ODEs: Terzaghi 1D consolidation PDE derivation and solution. Statistics: mean, variance, normal
distribution, probability of failure concept (intro reliability).

Communication Start LinkedIn profile (GeoNexus || O.P. Thakur). Post 2 technical summaries/week. Write first project report: soil
investigation summary. Create GitHub repository. Draft "About Me" page for future GeoNexus website. Read and
summarise 5 geotechnical papers.

Field & Lab Lab: Atterberg limits, sieve + hydrometer analysis, Proctor compaction, direct shear, consolidation (oedometer). Field
intro: borehole log reading, SPT procedure, core logging basics.

Deliverables (1) Excel-based soil investigation report with plots. (2) Python notebook: soil data EDA + first regression model. (3)
AutoCAD site plan + borehole location plan. (4) 5 LinkedIn technical posts. (5) GitHub repository with Python scripts.

Intermediate — Core Software Mastery 2026-2027 | Months 4-10

Domain Content & Skills

Core Theory

Software Tools

AI/ML Component

Math Component

Retaining wall design: gravity, cantilever, sheet pile (IS 2911). Slope stability: LEM methods (Bishop, Spencer,
Janbu), critical slip surface, factor of safety interpretation. Seepage analysis: Darcy's law, flow nets, seepage force,
piping, exit gradient. Pile foundations: load carrying mechanisms, IS 2911 design, group efficiency, negative skin
friction. Ground improvement overview: preloading, stone columns, dynamic compaction, geosynthetics.

PLAXIS 2D: Soil stratigraphy modelling, Mohr-Coulomb + HS model, excavation, retaining walls, embankment
loading, consolidation analysis, output interpretation, safety analysis (phi-c reduction). GeoStudio SLOPE/W: Limit
equilibrium slope stability, parametric analysis. GeoStudio SEEP/W: Steady-state and transient seepage through
embankments, dams. GEO5: Foundation bearing capacity, retaining wall, pile design checks per Eurocode 7 / IS
codes.

scikit-learn pipeline: data split, cross-validation, feature engineering (plasticity index, relative density), Random
Forest classifier for USCS soil classification, XGBoost for bearing capacity prediction. Model evaluation: confusion
matrix, R2, RMSE. First complete ML project: predict liquefaction potential from SPT + soil property dataset (Seed &
Idriss framework as target). Upload to GitHub with README.

FEM concept: weak form, Galerkin method, shape functions, stiffness matrix assembly (understand what PLAXIS
does internally). Probability: Bayesian updating for soil parameters, reliability index , FOSM (First Order Second
Moment). MATLAB intro: matrix operations, ODE solvers (ode45), plotting consolidation settlement vs time.

Communication Write PLAXIS model report with interpretation (first professional-grade output). Draft conference abstract for Indian
Geotechnical Conference (IGC). Prepare 1-page project poster. Continue LinkedIn series: "PLAXIS for Beginners"

— 8 posts. Begin ResearchGate and Google Scholar profiles.

Field & Lab CPT interpretation: sleeve friction, cone resistance, soil behaviour type. Pressuremeter basics. Triaxial: UU, CU, CD
tests — parameter extraction. In-situ field visit: excavation, embankment construction observation.

Deliverables (1) PLAXIS 2D report: excavation + retaining wall analysis. (2) GeoStudio slope stability + seepage report. (3) ML
notebook: liquefaction prediction model (published on GitHub). (4) Conference abstract draft. (5) MATLAB
consolidation solver script.

Stk Advanced — 3D Modelling & Deep Learning 2027 | Months 10-18

Domain Content & Skills

Core Theory

Advanced constitutive models: Hardening Soil (HS), Hardening Soil Small Strain (HSS), Cam Clay, MCC —
parameter identification, calibration from triaxial and oedometer tests. Rock mechanics: RMR, Q-system, GSI
classification, rock bolt design. Tunnelling: ground reaction curve, convergence-confinement method, crown
settlement, face stability. Earthquake geotechnics: seismic response, liquefaction triggering, post-liquefaction
settlement. Offshore geotechnics: mudline conditions, pipe-soil interaction, seabed characterisation.
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Software Tools

Edition 2026-2028

PLAXIS 3D: 3D pile group analysis, deep excavation with walers, tunnel simulation, 3D consolidation. ABAQUS: Soil-
structure interaction (SSI), dynamic analysis, user material subroutines (UMAT basics), coupled temperature-displacement.
ANSYS: Structural-geotechnical interface, foundation settlement. FLAC 2D/3D: Slope stability, tunnel support, creep
modelling, explicit finite difference method. RS2/RS3: Rock tunnelling, support design, jointed rock mass. MATLAB:
FEM solver from scratch (plane strain), curve-fitting for parameter calibration, optimization (fmincon). QGIS: Seismic
hazard mapping, soil type zonation, satellite data.

AI/ML Deep Learning (TensorFlow/PyTorch): ANN architecture design for settlement prediction, training loops, batch

Component normalization, dropout. CNN for soil image classification (microstructure from SEM images). LSTM for time-series
settlement monitoring. Hyperparameter tuning with Optuna. Transfer learning: fine-tune pretrained CNN for geotechnical
image datasets. First PINN prototype: 1D Terzaghi consolidation PINN — physics residual loss + data loss. Streamlit
dashboard: interactive bearing capacity calculator with ML backend.

Math Variational calculus and weak formulations (energy methods). Eigenvalue analysis for buckling and dynamic problems.

Component Numerical integration: Gauss quadrature, Runge-Kutta methods. Monte Carlo simulation for reliability analysis.
MATLAB: PDE toolbox for seepage/consolidation, FFT for signal processing of seismic data, SVD for dimensionality
reduction in ML pre-processing.

Communication  Literature review: 25+ papers in specialization area. Submit to IGC or regional ISSMGE conference. Write thesis chapter 1
(introduction + literature review). Launch "GeoNexus Insights" blog: 2 technical articles/month. Present at department
seminar. Build GeoNexus website prototype (GitHub Pages / Netlify).

Deliverables (1) PLAXIS 3D pile group / deep excavation report. (2) ABAQUS SSI model + dynamic analysis. (3) FLAC tunnel support
design. (4) Deep Learning notebook (ANN + CNN for geotech). (5) PINN prototype for consolidation. (6) Streamlit geo-
calculator app (deployed publicly). (7) Conference paper submitted.

Expert — Specialisation, Thesis & Publication 2027-2028 | Months 18-24

Domain Content & Skills

Core Theory

Software Tools

AI/ML Component

Math Component

Communication

Deliverables

Deep dive into chosen specialisation track (see Section 4). M.Tech thesis: novel contribution to geotechnical
knowledge. Advanced topics based on track: dynamic SSI / seismic response / offshore pile laterals / PINNs for
constitutive modelling / coupled seepage-stability for dams. Understanding uncertainty: spatial variability of soil
(geostatistics, kriging), reliability-based design (RBD), partial factors.

PLAXIS 3D + SoilTest module: Constitutive model calibration. DEEPSOIL / OpenSees: Site response analysis,

liquefaction modelling, nonlinear dynamic analysis. LPILE / GROUP / APILE: Lateral and axial pile analysis, pile
group under combined loading. Settle3: 3D consolidation and settlement of complex foundations. OptumG2: Limit
analysis for slope and foundation (FEA-based). Python scripting for PLAXIS: Automate parametric studies, output

extraction, sensitivity analysis scripts.

Full PINN implementation: embed Biot's consolidation, Mohr-Coulomb yield criterion, or seismic wave equations as
physics residuals. Bayesian neural network for uncertainty quantification in settlement prediction. Deploy GeoNexus
tool as web API (FastAPI + Docker). Contribute to open-source geotechnical ML libraries. Build GitHub portfolio:
5+ starred repositories. Probabilistic slope stability with Monte Carlo + ANN surrogate.

Tensor analysis and continuum mechanics notation. Finite element formulation from first principles (4-node
quadrilateral element, isoparametric mapping). Biot's consolidation theory (coupled fluid-solid). Spectral element
method basics. Geostatistics: variogram fitting, kriging interpolation for spatial soil properties.

Submit M.Tech thesis. Submit 1 journal paper (Computers & Geotechnics / JGGE / Géotechnique). Present at
ICSMGE or national conference. Polish GeoNexus website and portfolio. Update ResearchGate, ORCID, Google
Scholar profiles. Final resume polish. Seek internship/placement at Fugro, AECOM, L&T GeoStructure, Arup, Tata
Projects.

(1) M.Tech thesis (complete). (2) Journal paper (submitted). (3) Full PINN + Geo-Al deployed tool. (4)
Comprehensive GeoNexus portfolio website live. (5) ORCID + ResearchGate profile with publications. (6) Final

placement-ready resume.
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1€ Professional — Industry Leadership & Innovation Years 2-4 (Post-Degree)

Domain Content & Skills

Skills & Focus Project management: multi-disciplinary geotech projects, client interaction, risk assessment. BIM integration: 3D
geological models in BIM workflows. Digital geotechnics: real-time monitoring, IoT sensors, cloud data platforms.
Advanced QA/QC on numerical models. Technical proposal writing and tendering. Peer review for journals.

Mentoring junior engineers.

Software Evolution Advanced PLAXIS Python scripting: automated parametric studies. Cloud-based MATLAB/Python simulations.
AVEVA / Bentley OpenGround for data management. BIM platforms: Revit / Bentley ContextCapture for 3D geotech
models. GIS for large-scale hazard mapping and risk assessment. In-house tool development for firm-specific

workflows.

AI/ML Component Production ML pipelines: MLflow for experiment tracking, CI/CD for model updates. Digital twin prototypes for
embankment/dam monitoring. Anomaly detection in geotechnical monitoring data (inclinometers, piezometers).

GeoNexus platform V2.0: full-stack web app with user accounts, project database, ML engine.

Deliverables (1) 2+ published journal papers. (2) GeoNexus platform V2 public launch. (3) PE/FE certification (if applicable). (4)

Industry project portfolio. (5) International conference presentation.
'TAGE 6 Apex/Legend — Global Recognition & Platform Building Years 5-15+

Domain Content & Skills

Vision Recognised internationally as a Geo-Al expert and numerical modelling authority. Contributing to IS/ISO codes for
Al-integrated geotech design. Building next-generation engineers through GeoNexus platform. Leading R&D teams.

Adjunct faculty / visiting professor at IITs or international universities.

Innovation Develop novel constitutive models integrating AI. Contribute to open-source FEM codes. Write a definitive textbook
or technical monograph on Geo-Al. Establish GeoNexus as a nationally/internationally trusted brand. Patents on
geotechnical monitoring/prediction tools.

Influence 10,000+ LinkedIn followers (GeoNexus engineering community). 50+ peer-reviewed publications. Invited speaker at
ISSMGE, ASCE GeoCongress, GeoShanghai. Member of ISSMGE technical committees. Mentor to 20+
M.Tech/PhD students. GeoNexus platform: 10,000+ active users globally.

Deliverables (1) GeoNexus enterprise platform. (2) 50+ publications. (3) International recognition (awards, keynotes). (4)
Technical book/monograph. (5) Research group / startup.

Research Papers, Journals & Conferences

Pages 9-10 | From M.Tech Student to Published Researcher

I Top Journals to Target
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Journal

Géotechnique
(ICE)

JGGE (ASCE)

Computers &
Geotechnics
(Elsevier)

Canadian

Geotechnical J.

(CGJ)

Soils &
Foundations
JGS)

IJGE

Geotechnique
Letters

Acta Geotechnica

Focus & Impact

Fundamental geotech Expert—
research; highest prestige; IF Professional
~4.5

J. Geotechnical & Expert
Geoenvironmental Eng.;

practical + research; IF ~4.0

Numerical methods, FEM, Advanced—

AI/ML in geotech; IF ~5.3 — Expert
ideal for Geo-AI work

Broad geotech; accessible for Expert
M.Tech first papers; IF ~3.5

Japanese Geotechnical Advanced—
Society; accessible, rigorous; Expert

IF ~2.8

Intl. J. Geomechanics Advanced
(ASCE); broad geotech

applications

Short communications (46 Advanced
pages); faster review — ideal

for M.Tech work

Experimental + numerical; Expert

Springer; IF ~6.0

I Top Conferences

Conference

ICSMGE

IGC

GeoCongress

GeoShanghai

ISSMGE

Regionals

NUMOG

TC103/TC309

Details

Intl. Conf. Soil Mechanics & Geotech. Eng. —
flagship global conference (every 4 years)

Indian Geotechnical Conference — annual; best
target for M. Tech students in India

ASCE Geo-Institute annual conference — USA;

strong industry + research mix

Intl. conf. with excellent AI/ML + geotech fusion

track

Asian Regional Conf., European Conf., etc. —
accessible and high-quality

Numerical Models in Geomechanics —

specialised numerical modelling conference

ISSMGE Technical Committee workshops —
Numerical Methods & Machine Learning

I Paper Structure for Geotech Research

Target Stage ‘

Edition 2026-2028

1. Title: Specific, keyword-rich, action-oriented. Include
method + application + context.

2. Abstract (150-250 words): Background (1-2 sentences),
gap/problem, methodology, key results, significance. Write
last.

3. Introduction: Broad to narrow funnel. Literature review
mini (10-15 refs), identify gap, state objectives clearly.

4. Literature Review / Background: Chronological or
thematic; cite primary sources; identify consensus and
controversy.

5. Methodology: Reproducible description of
experiments/models/datasets/algorithms. Calibration and
validation protocol.

6. Results & Discussion: Present data clearly (figures, tables).
Interpret — "so what?" Compare with literature. Discuss
limitations.

7. Conclusions: Numbered key findings (3-5). Practical
implications. Future work.

8. References: Vancouver or APA depending on journal.

Minimum 25-30 for journal papers.

Research Methodology for M.Tech
Students

Four-Step Research Process:

(1) Identify Gap: Read 50+ papers in target area — find what
has NOT been done or needs improvement.

(2) Formulate Hypothesis: Clear, falsifiable research question +
anticipated contribution.

(3) Execute & Validate: Build model / run experiment / collect
data — validate against literature benchmarks.

(4) Disseminate: Conference abstract — conference paper —

expanded journal paper.

Building Research Profile

Platform Action

ORCID Register orcid.org — persistent unique
researcher ID; link to all publications

Google Scholar Create profile; auto-index papers; track citations

ResearchGate Upload preprints; follow researchers; answer
questions in area

Semantic Claim profile; good for Al-related geotech work

Scholar visibility

Academia.edu Secondary platform for preprint visibility

arXiv / Post preprints before journal submission — free

EarthArXiv visibility
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I Tips for Getting Published as an M.Tech Student

e Start with a conference paper (IGC, GeoCongress) —
lower barrier, faster feedback, builds confidence and
citation record.

e Target Computers & Geotechnics or Geotechnique
Letters first — they welcome AI/ML + numerical
modelling work, which is OP Thakur's core track.

e Co-author with your advisor on the first paper —
advisor's credibility + your computational work = strong
combination.

o Submit thesis chapter as paper — M.Tech thesis chapters

are often paper-quality; restructure and submit.

I How to Present at Conferences

Oral Presentation (15 min + 5 min Q&A): Slide 1: Title +
affiliation. Slides 2-3: Background and motivation (the problem).
Slides 4-5: Methodology and model setup. Slides 6-8: Key results (3—
4 best figures). Slide 9: Conclusions and implications. Slide 10: Future
work + acknowledgements. Practice 5+ times. Know your material —
do NOT read from slides. Use PLAXIS/ABAQUS model screenshots
effectively. Prepare for 3 likely questions.

Five Specialisation Tracks

Pages 11-12 | Choose One at Stage 3—4; All Tracks Require the Three Pillars

¢ Respond to reviewers professionally — point-by-point
response letter. Minor revisions = almost certain
acceptance.

e Never plagiarise — use iThenticate/Turnitin. Self-citation
limit: cite previous own work only when genuinely
relevant.

e Open access when possible — improves citations
significantly. ASCE Geo-Institute offers open access
options.

e Write every day — 15 minutes of thesis/paper writing is
better than one 8-hour session per month.

Poster Presentation: A0 or Al size. Use a logical reading flow (top-
left to bottom-right). Large, clear figures dominate — minimise text.
QR code to GitHub repository or Streamlit app for live demonstration.
Prepare 2-minute "elevator pitch" for walk-up visitors. Print high
quality (300 dpi). Bring business cards with GeoNexus branding.

By Months 16-18 (Stage 3), focus narrows to one premium specialisation track that will define the M.Tech thesis, first

publication, and career positioning. All tracks require mastery of the Stage 1-3 foundation. The choice should align with

thesis advisor expertise, available datasets, and long-term career interest.

Core Focus: Applying machine learning, deep learning, and
physics-informed Al to solve geotechnical engineering problems.
Developing deployable tools that combine classical geotech theory
with modern data science.

Key Topics: Soil behaviour prediction (RF, XGBoost, ANN),
image-based classification (CNN), time-series monitoring (LSTM),
uncertainty quantification (Bayesian NNs), PINNs for PDEs,
surrogate models for FEM acceleration, generative Al for report
automation. Software Stack: Python (TensorFlow/PyTorch/scikit-
learn), PLAXIS Python API, MATLAB, Streamlit/FastAPI, Docker,
GitHub Actions, AWS/GCP basics.

Core Focus: Earthquake-induced ground failure: liquefaction
triggering, cyclic behaviour of soils, site response analysis, ground
motion characterisation, seismically induced slope failures,
dynamic soil-structure interaction.

Key Topics: Cyclic stress ratio (CSR), cyclic resistance ratio
(CRR), Seed & Idriss method, Boulanger & Idriss framework, pore
pressure generation models, post-liquefaction settlement, lateral
spreading, ground motion selection and scaling. Software Stack:

Track 2 — Seismic Geotechnics & Liquefaction Engineering

Track 1 — Geo-AlI & Smart Geotechnics (Recommended for GeoNexus)

Research Ideas: PINN for Terzaghi consolidation; ML surrogate
for PLAXIS 2D pile settlement; deep learning liquefaction database
model; Bayesian update of soil parameters from CPT; data-driven
constitutive model identification.

Career Opportunities: Geo-Al researcher (Fugro Innovation,
Bentley, Aecom Digital), digital geotech startup founder, PhD in
computational geomechanics, data science roles at infrastructure
companies. Target Journals: Computers & Geotechnics, Acta

Geotechnica, Engineering Geology (Elsevier).

DEEPSOIL (site response), OpenSees (nonlinear dynamic FE),
PLAXIS 2D/3D dynamic module, ABAQUS (advanced SSI),
QUAKE/W, MATLAB (signal processing + RHA).

Research Ideas: ML-based liquefaction probability from CPT data;
PINN for 1D site response; deep learning for ground motion IM
selection; OpenSees nonlinear dynamic pile analysis; IS 1893
compliance check automation via Python.

Career Opportunities: DRDO, ISRO, NDMA, earthquake
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engineering consulting, nuclear facility geotechnics (AERB), R&D
labs, PhD track. Codes: IS 1893, ASCE 7, Eurocode 8, FEMA P-

Track 3 — Offshore & Marine Geotechnics

Core Focus: Foundation design for offshore structures (jacket
platforms, monopiles, suction caissons), subsea pipelines,
submarine landslides, seabed characterisation, cyclic loading from
waves and currents.

Key Topics: Mudline soil behaviour, T-z and p-y curves, lateral pile
analysis, suction bucket installation, VH(M) load interaction
diagrams, cyclic degradation of clays, OTRC/NORSOK standards.
Software Stack: PLAXIS 3D (offshore module), ABAQUS CEL
(coupled Eulerian-Lagrangian for large deformation),
LPILE/GROUP/APILE, OptumG2, MATLAB for T-z curves.

Track 4 — Tunnelling & Underground Space

Core Focus: Tunnel face stability, crown settlement prediction,
lining design, soil-structure interaction in tunnels, shield TBM,
NATMY/SCL tunnelling, underground cavern design, metro
tunnelling.

Key Topics: Ground reaction curve (GRC), convergence-
confinement method (CCM), support stiffness line (SSL), rock
mass classification (RMR, Q-system, GSI), face stability (Broms &
Bennermark, Mollon). Seftware Stack: PLAXIS 3D (TBM
module), RS2/RS3 (Rocscience), FLAC3D, Phase2, Unwedge,
Dips, RocData (Hoek-Brown), MATLAB.

Track 5 — Dams, Embankments & Geohazards

Core Focus: Earthfill and rockfill dam design, seepage control,
internal erosion and piping, seismic dam safety, embankment
stability, landslide risk, debris flow, flood embankments.

Key Topics: Zoned earthfill dam design (IS 8826), filter criteria,
piping failure modes, drawdown stability analysis, seismic
deformation analysis (Newmark method), dam safety surveillance.
Software Stack: GeoStudio suite (SLOPE/W + SEEP/W +
SIGMA/W + QUAKE/W integrated analysis), FLAC 2D, PLAXIS
2D (consolidation + stability), RS2, MATLAB, QGIS (hazard
mapping).

Specialisation Track Comparison Matrix

Edition 2026-2028

2090.

Research Ideas: ML prediction of pile capacity from CPTu in soft
clays; ABAQUS large deformation analysis of suction caissons;
Python tool for API RP2GEO pile design automation; cyclic
stiffness degradation database for OC clays.

Career Opportunities: Fugro, 2H Offshore, Shell, ONGC,
ExxonMobil, COWI, Arup Energy — offshore geotech roles
command premium salaries globally. Codes: API RP2GEO, ISO
19901-4, DNV-RP-C212, NORSOK G-001.

Research Ideas: ML-based crown settlement prediction for metro
tunnels; FLAC3D parametric study on lining forces; PINNs for 3D
stress redistribution around tunnels; GIS-based tunnel alignment
risk mapping.

Career Opportunities: RITES, DMRC, NHAI, NHIDCL,
AFCONS, L&T Tunnels, Mott MacDonald, Jacobs, Bechtel —
India's infrastructure boom makes this highly valued. Codes: IS
4756, ITA guidelines, Eurocode 7.

Research Ideas: ML-based dam seepage monitoring anomaly
detection; coupled seepage-stability analysis for large
embankments; probabilistic slope stability with Latin hypercube
sampling; GIS-based landslide susceptibility mapping (CNN +
satellite imagery).

Career Opportunities: CWC, NHPC, WAPCOS, SJVN, Irrigation
Departments, NDMA, international dam safety consultants, World
Bank infrastructure projects. Codes: IS 8826, IS 11315, ICOLD
guidelines, ANCOLD.

Best Software Pair Key AI Application India Opportunity Global Demand
Geo-Al PLAXIS + Python/TF Full-stack deployment High (emerging) Very High
Seismic/Liq. DEEPSOIL + OpenSees Liquefaction ML classifier Very High (seismic zones) High
Offshore PLAXIS 3D + ABAQUS Pile capacity from CPTu Medium (ONGC, L&T) Very High
Tunnelling RS2 + FLAC3D Crown settlement prediction Very High (Metro, NHIDCL) High
Dams GeoStudio + FLAC Seepage anomaly detection High (CWC, NHPC) Medium-High

Career Tracks & Industry Readiness

Page 13 | Premium Careers - Resume Checklist - Certifications - Placement Prep
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Career Tracks & Industry Readiness

Edition 2026-2028

Page 13 | Premium Careers - Resume Checklist - Certifications - Placement Prep

I Premium Career Tracks

Key Skills Target CTC
Career Track

Required Companies Range
Geo-Al Specialist ~ Python, Fugro, 18-35

TensorFlow, Bentley, Tech LPA

PLAXIS API, startups,

deployment AECOM

Digital

FEM/Numerical PLAXIS 3D, Arup, Mott 12-25
Consultant ABAQUS, Mac, LPA

FLAC, AECOM,

MATLAB Ramboll
R&D Engineer / Research CSIR, IITs, 8-20 LPA
PhD Track output, DRDO, ISRO, (India)/

publications, global 30-60

advanced FEM  universities USD k

+ Al (Global)
Design Engineer PLAXIS, L&T, Tata 8-15 LPA
(Geotech) GeoStudio, IS Projects,

codes, report STUP,

writing Gammon
Offshore PLAXIS 3D, Fugro, Shell, 15-30+
Geotech ABAQUS, ONGC, 2H LPA
Engineer LPILE, API Offshore, (India) /

codes Saipem $60-100k

(Global)

Seismic / DEEPSOIL, DRDO, 10-20
Earthquake OpenSees, IS NDMA, LPA
Geotech 1893, AERB, IITs,

MATLAB global consult.

I Industry Certifications & Exams

Professional Engineer (PE) — NCEES (USA): FE (Fundamentals of
Engineering) exam first, then PE Civil-Geotechnical after 4 years
experience. Valuable for global consulting firms with US projects. FE

exam available in India via Pearson VUE.

Chartered Engineer (C.Eng.) — IEVICE: Institution of Engineers
India or Institution of Civil Engineers (UK). ICE Chartership opens
doors to UK/global consulting firms. ICE has Indian student chapter at
IIT Madras.

I Placement Preparation Strategy

9 Months Before Graduation: Polish resume. Update all digital
profiles. Complete GeoNexus portfolio website. Identify 15 target
companies. Research their recent projects. Connect with alumni at

those firms on LinkedIn.

Key Skills Target

Career Track

Required

Companies

Tunnelling RS2, FLAC3D, DMRC, L&T 12-22
Specialist PLAXIS 3D, Tunnels, LPA
rock mechanics = Bechtel,
Jacobs

I Resume Booster Checklist

2 expert-level software: PLAXIS 2D/3D + GeoStudio Suite

Advanced FEM: ABAQUS + ANSYS exposure (at least 2 models
each)

FLAC 2D/3D or RS2: slope/tunnel/rock model

MATLAB programming: FEM solver + data analysis scripts
Python + scikit-learn + deep learning (TensorFlow or PyTorch)
1 deployed Geo-AI/ ML project (live Streamlit or FastAPI app)
1 published / submitted conference or journal paper

M.Tech thesis with novel contribution

GitHub portfolio: 5+ repositories with README

GeoNexus portfolio website (live, with project pages)

LinkedIn: 500+ connections, 50+ posts, consistent technical
content

1 internship / industry project (Fugro, AECOM, L&T, Arup)
NPTEL Geotechnical Engineering certificate
DeepLearning.Al or fast.ai deep learning certificate
Rocscience / Bentley PLAXIS webinar certificate

ORCID + Google Scholar + ResearchGate profiles active

NPTEL Certificatess NPTEL Soil Mechanics, Foundation
Engineering, Engineering Geology — elite IIT faculty, free, proctored.
Strong on resume for PSU/government positions. Complete with

minimum 70% score.

Technical Software Certifications: Bentley PLAXIS Learning Series
(free online), Rocscience RS2 certification, Autodesk Civil 3D
certification. These demonstrate tool-specific competency to

employers.

6 Months Before: Apply for internships (even 2-month ones). Attend
IGC / regional conferences — network in person. Get advisor
recommendations drafted. Prepare 3 portfolio project presentations
(PLAXIS model, ML project, thesis preview).

GeoNexus || O.P. Thakur * Geotechnical Engineering Mastery Roadmap « Edition 2026928 « Page 10



GeoNexus || O.P. Thakur

3 Months Before: Targeted job applications. Tailor resume to each
role. Prepare for 3 types of interview: technical (geotech
fundamentals), software-specific (model walk-through), and
fit/motivation. Practise answering: "Walk me through your PLAXIS

model" and "Explain your ML project."

Edition 2026-2028

Interview Tips: Bring a printed portfolio page. Show Streamlit app
live. Know IS codes relevant to the role. Be ready to sketch a bearing
capacity failure mode. Quantify everything: "My PLAXIS model
predicted 45 mm settlement vs 42 mm field measured."

Coding & Data Science for Geotechnical Engineers

Page 14 | Python - MATLAB - GIS - Dashboards - Cloud Deployment

I Python for Geotechnical Applications

Library Geotechnical Use Case ‘
NumPy Matrix operations, effective stress
calculations, FEM stiffness assembly, stress
transformation
Pandas SPT/CPT borehole data, lab test results, site
investigation databases, EDA
Matplotlib/Seaborn Grain size distribution, consolidation curves,
SPT profiles, e-log p plots, plasticity chart
SciPy ODE solvers (consolidation), optimisation

(curve fitting), FFT (seismic signal),

statistics

scikit-learn Soil classification, liquefaction prediction,

bearing capacity regression, pipeline + CV

TensorFlow/PyTorch =~ ANN settlement prediction, CNN soil image
classification, LSTM monitoring time-series

DeepXDE / PINN Physics-informed neural networks for

libs consolidation, wave equations, seepage
PDEs

Shapely/Geopandas GIS operations, site boundary polygons,
hazard zone mapping

Streamlit Interactive geo-engineering calculators, ML
model frontends, project dashboards

FastAPI / Flask REST API for geotechnical ML tools;
backend for GeoNexus platform

PLAXIS Python API = Automated parametric studies, batch model

runs, output extraction, sensitivity analysis

I MATLAB Advanced Applications

e FEM solver from scratch: plane strain element, stiffness
assembly, load vector, boundary conditions — deepens
PLAXIS understanding

e Curve fitting: fmincon / Isqcurvefit for calibrating HS
model parameters to triaxial test data

e PDE toolbox: Terzaghi consolidation, steady/transient
seepage

o Signal processing: FFT of accelerograms, response

spectra computation, Arias intensity

¢ Reliability analysis: Monte Carlo simulation (10,000+
runs), FOSM, Latin hypercube sampling

o Kiriging/geostatistics: variogram modelling, interpolated
soil property maps

e Optimization: genetic algorithm for pile layout

optimisation, simulated annealing

I GIS & Remote Sensing

Tool Geotechnical Application

QGIS Free, open-source GIS. Seismic microzonation
maps, borehole location maps, landslide

susceptibility mapping, soil type zonation

ArcGIS Industry standard for large infrastructure
projects. Terrain analysis, erosion mapping,
ground settlement monitoring

Google Earth Satellite imagery for landslide detection,

Engine settlement monitoring, subsidence mapping
from InSAR data

OpenTopography High-res DEM for slope stability and debris

flow modelling

Python (rasterio, Programmatic GIS: raster analysis, coordinate

fiona) systems, spatial queries on soil data

I Data Visualisation & Dashboards

Streamlit (Primary): Fastest path to a working web app from Python.

Build interactive: (1) bearing capacity calculator  with
Terzaghi/Meyerhof/Hansen methods; (2) SPT N-value profile plotter;
(3) liquefaction potential predictor using ML model; (4) consolidation
settlement calculator with time-settlement curve; (5) PLAXIS
parameter calibration tool. Deploy on Streamlit Community Cloud

(free). Add to GeoNexus platform.

Plotly Dash: More control than Streamlit for complex dashboards

with multi-page layout. Suitable for site investigation data portal.

Flask + HTML/CSS/JS: Full control backend. Use for GeoNexus
API that serves predictions from ML models. Return JSON to

frontend.

I Cloud Basics & Deployment

e GitHub Actions: CI/CD pipeline — auto-run tests when
code is pushed. Essential for production ML models.
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e Docker: Containerise Python/FastAPI app; ensures

reproducibility across environments.

e Streamlit Cloud / Render / Railway: Free-tier

deployment for portfolio apps.

Edition 2026-2028

AWS EC2 / Google Cloud Run: For production-grade
GeoNexus tools (Stage 4+). Start with free tier.

HuggingFace Spaces: Deploy ML models with

Gradio/Streamlit interface — excellent for showcasing

Geo-AlI tools publicly.

Al /ML / Deep Learning for Geotechnical Engineering

Page 15 | Applications - Tools - Portfolio Projects - PINNs for Geomechanics

I AI/ML Application Matrix — Geotechnical Engineering

Geotechnical
Problem

Best AI/ML Method

Input Features

Target Output

Dataset Source

Soil Classification
(USCS)

Random Forest /
XGBoost classifier

LL, PL, % fines, % gravel,
Gs

Liquefaction XGBoost / SVM / SPT Neo, FC, CSR, amax,

Potential ANN Mw, depth

Settlement ANN / Gradient eo, Cc, Cs, load increment,

Prediction Boosting drainage condition

Bearing Capacity SVR / Random Forest ¢, ¢, B, Df, groundwater,
shape factors

Slope Stability ANN surrogate for ¢, 0, slope angle, H, y, pore

(FoS) LEM/FEM pressure

SPT Correction Regression / XGBoost =~ Hammer type, rod length,

(Energy) liner, N_field
Soil Image CNN (ResNet-50, SEM/optical microscope
Classification VGG-16) images (224x224)
Time-Series LSTM / Transformer Previous 30 days settlement
Settlement readings, load, temp
Consolidation PDE = PINN (DeepXDE) Physics residual (Terzaghi
PDE) + sparse data
Pile Capacity ANN / XGBoost qc, fs, depth, pile geometry,
(CPTu) soil type

USCS class label

Liq. / No-lig. (binary)

Primary + secondary

settlement (mm)

qult (kPa)

Factor of safety

Neo corrected

Soil type / fabric class

Next 7-day settlement

forecast

Excess pore pressure
u(z,t)

Qult (kN)

NGES, internal lab database

Seed & Idriss, PEER, literature
cases

Oedometer test database

Synthetic from Terzaghi/Meyerhof
equations + variability

PLAXIS 2D parametric study
output

Standardised correction database

SEM image datasets, literature

Embankment monitoring

instrumentation

Oedometer test + synthetic; no large
dataset needed

ISSMGE TC212 database

I PINNSs for Geomechanics

Physics-Informed Neural Networks (PINNs) embed the governing
PDEs as an additional loss term during training. This means they work
with sparse data — a huge advantage in geotechnical engineering
where data is expensive and limited.

Key Geomechanics PDEs for PINNs:

(1) Terzaghi 1D Consolidation: g—g = cug% — predict pore
pressure evolution from minimal field data.

(2) Seepage (Laplace/Richards): V2h =0 — solve transient
seepage through embankment dam with few piezometer readings.

(3) Elastic equilibrium: V - o + f = 0 — surrogate for FEM
stress fields.

2 2
(4) 1D Wave equation (site response): gt—f = Vs2 371;

PINN Implementation Stack: Python + PyTorch or DeepXDE
library. Define domain — set collocation points — define PDE
residual as loss term — add boundary/initial condition loss — add
data loss (measurement points) — minimise total loss with Adam + L-
BFGS.

Thesis Opportunity: "Physics-Informed Neural Networks for

Terzaghi Consolidation with Uncertainty Quantification" —
publishable in Computers & Geotechnics at Expert stage.

I Portfolio Project Ideas (Ranked by Impact)

# Project Stack Outcome
1  Liquefaction Prediction XGBoost + Live app, GitHub,
Web App Streamlit paper
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Terzaghi PINN Solver

Bearing Capacity
Calculator API

Settlement Time-Series
LSTM

Soil Classifier (USCS)
RF App

PLAXIS Parametric
Study Automation

Seismic Microzonation
QGIS + Python

PyTorch +
DeepXDE

FastAPI +
Python

TensorFlow +
LSTM

scikit-learn +
Streamlit

PLAXIS
Python API

QGIS +
GeoPandas

I AI/ML Learning Path

Thesis chapter +
publication

GeoNexus tool,
portfolio

Monitoring demo
app

First ML
deployment

Efficiency tool for
consulting

GIS + Al
integration demo

Master Roadmap Summary Table

Page 16 | All 6 Stages - All Pillars - Complete Overview

Period

M1-4
27
M 4-10
M 10—
18
28
M 18-
24

Core Skills &
Theory

Soil mechanics,
effective stress,
consolidation,
shear strength,
bearing capacity,
IS codes (1904,
6403, 2720)

Retaining walls,
slope stability
(LEM), seepage,
pile foundations,
ground
improvement,
CPT/SPT

interpretation

Advanced
constitutive models
(HS, HSS, MCC),
rock mechanics
(RMR, GSI),
tunnelling (GRC,
CCM), earthquake
geotech, offshore
basics

Specialisation deep
dive, M.Tech
thesis, constitutive
model calibration,
geostatistics,
reliability-based
design, Biot's
consolidation

Software Tools

Excel, AutoCAD, Civil
3D (intro), Python basics

PLAXIS 2D, GeoStudio
(SLOPE/W + SEEP/W),
GEO5, MATLAB (intro)

PLAXIS 3D, ABAQUS,
ANSYS, FLAC 2D/3D,
RS2/RS3, MATLAB
(advanced), QGIS

DEEPSOIL, OpenSees,
LPILE/GROUP/APILE,
Settle3, OptumG2,
PLAXIS Python API

Edition 2026-2028

1. Python for Engineers: NumPy, Pandas, Matplotlib — 4
weeks

2. Classical ML: Andrew Ng Coursera ML Specialization — 8
weeks

3. scikit-learn Applied: Build 3 geotech ML projects — 6
weeks

4. Deep Learning: DeepLearning.Al Deep Learning
Specialization — 12 weeks

5. PyTorch: PyTorch official tutorials + geotorch applications
— 6 weeks

6. PINNs: DeepXDE documentation + raissi2019 paper — 8
weeks

7. Deployment: Streamlit + FastAPI + Docker + GitHub
Actions — 4 weeks

AI/ML Focus Math Focus Communication N
Deliverable
Python setup, Calculus, LinkedIn launch, = Python
NumPy, Pandas, linear algebra,  project report, 5 EDA
Matplotlib, first Terzaghi paper summaries ~ notebook +
linear regression PDE, statistics AutoCAD
(CcvsLL) intro site plan
scikit-learn FEM concept, ~ PLAXIS report, Liquefaction
pipeline, probability, conference ML +
RF/XGBoost, reliability abstract (IGC), PLAXIS 2D
liquefaction ML index, FOSM, ResearchGate report
model, first MATLAB profile
GitHub project ODE45
ANN, CNN, Variational Literature PLAXIS 3D
LSTM in methods, review 25+ model +
TF/PyTorch; Monte Carlo, papers, IGC PINN +
first PINN MATLAB conference Streamlit
prototype; PDE toolbox, paper, app
Streamlit app signal GeoNexus
deployed processing website
(FFT) prototype
Full PINN, Tensor M.Tech thesis, Thesis +
Bayesian NN, analysis, FEM  journal paper Published
FastAPI + from first submitted, paper +
Docker principles, ORCID profile, Deployed
deployment, 5+ isoparametric international Geo-Al tool
GitHub repos elements, conference
kriging
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Post-

2028 BIM integration,

Yr digital geotechnics,

2-4 monitoring, QA/QC on
numerical models,

Project management,

proposal writing

' APEX Yr Novel constitutive

5— models, international

15+ standards
contribution, R&D
leadership, PhD
supervision,
II'T/global faculty

PLAXIS Python
scripting, Bentley
OpenGround,
AVEVA, BIM
platforms, cloud
GIS

Open-source FEM
contribution,
custom tool
development,

Production ML
pipelines
(MLflow, CI/CD),
digital twin,
anomaly detection,
GeoNexus V2

Research group
AI framework,
open-source Geo-
Al library, LLM

Edition 2026-2028

cloud platform for geotech

Stochastic 2+ publications, GeoNexus
analysis, webinar/lecture, V2.0
constitutive model  project proposals platform
calibration at launch
research level
New method 50+ publications, GeoNexus
development, keynote speaker, Enterprise
peer reviewer for  technical Platform
top journals monograph,

GeoNexus global

brand

THE GOLDEN RULE — BY O.P. THAKUR

Theory — Mathematics — 2D Software — 3D / Advanced FEM - Scripting - AI / ML / DL — Specialisation —

Research — Deployment ~ Communication — Global Impact

Key Reminder: The Three Pillars — Engineering Mathematics, AI/ML/Deep Learning, and Communication Skills — run

continuously through ALL 6 stages. Never pause any of the three. Every week: study theory, code a model, write something.

GeoNexus Digital Presence & Platform Strategy

Page 17 | All Platforms - Coming Soon - Digital Brand Architecture

GeoNexus Website

geonexus.in
COMING SOON

Full portfolio: Projects, Tools, Research, Blog,
About. Home of all GeoNexus calculators and
ML tools. GitHub Pages / custom domain.

YouTube Channel

GeoNexus by O.P. Thakur
COMING SOON

PLAXIS tutorials, AI/ML for geotech, thesis
writing tips, research paper walkthroughs, career
advice for M.Tech students.

ResearchGate

GeoNexus Research
ACTIVE — BUILD NOW

Upload conference papers, thesis chapters as
preprints. Follow leading researchers. Answer

questions in specialisation area.

I Digital Branding Strategy

GeoNexus Web App

app.geonexus.in
COMING SOON

Interactive geotechnical calculators: bearing
capacity, consolidation, liquefaction predictor,
SPT analyser. Streamlit / FastAPI backend.

LinkedIn

GeoNexus || O.P. Thakur
ACTIVE — BUILD NOW

‘Weekly technical posts. Connect with global
geotech community. Target: 500+ connections by
Stage 2, 2000+ by Stage 4.

Google Scholar

O.P. Thakur Profile
CREATE AT STAGE 2

Auto-indexes publications. Citation tracking.
Essential for academic credibility. Link to
ORCID.

GeoNexus Mobile App

Android & iOS
FUTURE PLAN

Field-use app: borehole data entry, SPT
corrections, soil classification on-site. React
Native / Flutter frontend.

GitHub

github.com/geonexus-labs
ACTIVE — BUILD NOW

All Python projects, ML notebooks, MATLAB
scripts, Streamlit apps, PLAXIS automation
scripts. Minimum 5 starred repositories.

ORCID

orcid.org profile
CREATE NOW

Unique researcher identifier. Required by all
major journals. Link to Google Scholar,
ResearchGate, institution LDAP.
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Content Pillars for LinkedIn & YouTube: (1) Technical geotech
concepts (soil mechanics, PLAXIS walkthroughs, code explanations)

Consistent Identity Across All Platforms: Every platform uses

"GeoNexus || O.P. Thakur" as the display name. Profile photo:

professional, consistent across all platforms. Banner: GeoNexus brand — 40% of content. (2) AI/ML applied to geotech (project showcases,

colours (dark navy + teal) with tagline "Intelligence for the Ground tutorials, paper discussions) — 30%. (3) Career and education insights
Beneath Us". Bio: "M.Tech Geotech | IIT Madras | Numerical

Modeller | Geo-Al Researcher | Building GeoNexus".

(IIT experience, M.Tech tips, placement advice) — 20%. (4)
GeoNexus platform updates (behind-the-scenes, new tools) — 10%.

I Content Creation Plan

Platform Frequency Content Type Stage to Start
LinkedIn 2-3 posts/week Technical summaries, project updates, paper insights, career tips Stage 1 — Now
GitHub Weekly commits Python scripts, notebooks, apps, documentation Stage 1 — Now
ResearchGate Per publication Papers, preprints, thesis chapters Stage 2
YouTube 1 video/month PLAXIS tutorials, AI/ML demos, career advice Stage 2-3
GeoNexus Blog 2 articles/month Deep-dive technical articles (800-1500 words) Stage 3
GeoNexus App Per feature release New calculator/ML tool announced via LinkedIn + YouTube Stage 3—4

Brand Rule: Every deliverable from this roadmap — every PLAXIS model, every ML project, every paper — gets documented on at least
one platform. Nothing stays private. The portfolio IS the brand. Build in public from Day 1.

Master Timeline 2026-2028

Page 18 | Quarter-by-Quarter Schedule - Milestones - Deadlines

Deadline /
Deliverable

Communication &

Technical Learning (Theory +

AI/ML Milestone

Software) Research

Jan—-Feb 2026 Soil mechanics revision (all IS Python environment setup LinkedIn profile live. 2 Excel soil report

M 1-2) 2720 tests). Phase relations, (Anaconda). NumPy technical posts/week. template + Python
Atterberg limits, compaction, arrays, Pandas DataFrames. = Begin reading: Das notebook (soil
permeability. Start Excel templates = Plot grain size distribution "Principles of EDA) published on
(SPT correction, bearing capacity). ~ from CSV data. First Geotechnical GitHub
AutoCAD: borehole log template. Jupyter notebook. Engineering". Draft

GeoNexus "About"
page.

Mar-Apr Effective stress, Terzaghi Matplotlib/Seaborn: e-log p ~ Technical summary: AutoCAD site plan

2026 consolidation (derivation + plots, SPT N-value vs "Understanding + Python bearing

M 3-4) solution). Shear strength: MC depth profiles, plasticity Terzaghi Consolidation"  capacity calculator
failure criterion, direct shear + chart plotter. (LinkedIn). First mini + first MLL
triaxial. Bearing capacity: IS 6403, SciPy.optimize: curve fit project page on regression model on
Terzaghi, Meyerhof. Settlement Cc from oedometer data. GeoNexus (GitHub GitHub
(elastic + consolidation). AutoCAD  First linear regression Pages). Read 5 papers in
site plan from soil investigation (scikit-learn): predict Cc chosen area.
data. from LL.

May—Jun INTER. PLAXIS 2D: Mohr-Coulomb scikit-learn: Random Forest =~ PLAXIS model report PLAXIS 2D

2026 model, excavation analysis, classifier for USCS soil (written professionally). = excavation/retaining

(M 5-6) retaining wall, embankment classification. Feature LinkedIn series: wall report +
loading. GeoStudio SLOPE/W: engineering: LL, PL, % "PLAXIS 2D for SLOPE/W slope
LEM slope stability, Bishop + fines. Model evaluation: Beginners" — 6 posts. analysis + RF soil
Spencer methods. IS codes: IS accuracy, confusion matrix. = Begin ResearchGate classifier (GitHub)

2911 (piles), retaining wall design.

Upload to GitHub with
README.

profile. Draft abstract
for IGC 2026.

GeoNexus || O.P. Thakur * Geotechnical Engineering Mastery Roadmap « Edition 2026928 « Page 15



GeoNexus || O.P. Thakur

Jul-
Sep
2026
(Wi
7-9)

Oct—
Dec
2026
M
10—
12)

Jan—
Mar
2027
M
13-
15)

Apr-
Jun
2027
™M
16—
18)

Jul-
Sep
2027
™M
19—
21)

Oct—
Dec
2027
M
22—
24)

ADVANCED

ADVANCED

ADVANCED

EXPERT

EXPERT

GeoStudio SEEP/W: steady-state
and transient seepage through
embankment. GEOS5: pile design,
retaining wall, foundation checks.
PLAXIS 2D: consolidation
analysis, safety analysis (phi-c
reduction). Field/lab reporting
skills.

PLAXIS 3D: pile group analysis,
3D excavation with walers.
Advanced soil models: HS, HSS
— parameter identification from
triaxial data. MATLAB: FEM
plane strain solver from scratch
(2x2 elements). QGIS: import
borehole data, create soil profile
map.

ABAQUS: SSI model — Mohr-
Coulomb soil + concrete
structure, contact formulation,
output interpretation. ANSYS:
foundation settlement. FLAC 2D:
slope stability, explicit method
understanding. RS2: rock tunnel
support design. DEEPSOIL intro:
1D equivalent linear site

response.

Select specialisation track (advise
with thesis advisor).
LPILE/GROUP: lateral pile
analysis under combined loading.
Settle3: 3D consolidation analysis
for complex foundation.
OpenSees: nonlinear dynamic
analysis setup. OptumG?2: limit
analysis for slope/foundation.

Thesis research: data collection,
model building, validation.
Specialisation software deep-dive.
PLAXIS Python API: automate
parametric studies for thesis.
Geostatistics: variogram + kriging
for soil spatial variability

analysis.

Thesis completion: Chapter 5
(discussion), Chapter 6
(conclusions). Address advisor
feedback. Final model validation.
Constitute examination
preparation. Thesis submission to
IIT Madras.

XGBoost liquefaction
prediction model (Seed &
Idriss framework). Feature set:
SPT Neo, FC, CSR, amax, Mw.
Cross-validation + confusion
matrix. First MATLAB script:
ODEA45 for consolidation
settlement vs time.

ANN (TensorFlow): settlement
prediction — architecture
design, training loop, batch
norm, dropout. Hyperparameter
tuning with Optuna. LSTM
prototype: consolidation
settlement time-series.

CNN for soil image
classification (SEM images).
Transfer learning: ResNet-50
fine-tuned. First PINN
prototype: 1D Terzaghi
consolidation using DeepXDE
(physics residual loss).
Streamlit: interactive bearing
capacity calculator app —
deploy to Streamlit Cloud.

Full PINN implementation for
chosen specialisation PDE.
Bayesian neural network
prototype for uncertainty
quantification. Start FastAPI
backend for GeoNexus tool.

Deploy GeoNexus Geo-Al
tool: FastAPI + Docker
container on cloud (Render /
Railway). GitHub Actions
CI/CD pipeline. 5+ GitHub
repositories with README.
Contribute to open-source
geotech Python library.

Journal paper: finalise
ML/PINN results section.
Figures and tables at
publication quality.
Supplementary Python code
package for GitHub. Model
reproducibility documentation.

Site investigation report
(professional format).
Submit abstract to IGC
2026 (November). Begin
Google Scholar profile.
Write 3 GeoNexus blog
post drafts.

Present at IGC 2026 (if
abstract accepted). Write
thesis Chapter 1
(introduction) draft.
LinkedIn: "Advanced
Constitutive Models"
series. GeoNexus website
prototype deployed on
GitHub Pages.

Literature review (25+
papers) in specialisation
area. Thesis Chapter 2
(literature review) draft.
ORCID registration.
GeoNexus Blog: 2
technical articles/month
started.

Thesis proposal submitted
and approved. Conference
paper submitted (IGC
2027 or GeoShanghai).
LinkedIn milestone: 500+
connections. GeoNexus
portfolio with 5+ project

pages.

Thesis Chapters 3—4
(methodology + results)
drafts. Submit to regional
conference. Write journal
paper first draft. Update
all research profiles. Seek
internship at Fugro /
AECOM / Arup.

Submit M.Tech thesis
(December 2027 target).
Submit journal paper to
target journal (Computers
& Geotechnics / JGGE).
GeoNexus website: final
portfolio version with all
24-month deliverables.
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GeoStudio SEEP/W
report + XGBoost
liquefaction
notebook +
MATLAB

consolidation script

PLAXIS 3D pile
group report + ANN
settlement model +
QGIS hazard map +
IGC conference

paper

ABAQUS SSI
model + FLAC
slope + CNN soil
classification +
PINN prototype +
Streamlit app live

Thesis proposal
approved +
LPILE/Settle3
analysis report + full
PINN

implementation

Live deployed Geo-
Al tool + FastAPI
API + thesis
Chapters 3—4 draft

M.Tech thesis
submitted + journal
paper submitted +
final GeoNexus
portfolio live
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Jan— @ Industry transition. Apply for GeoNexus platform V1.5: Viva preparation. Journal paper: Degree conferral +
Jun targeted roles. Thesis viva second major tool released. respond to reviewer comments. journal paper

2028 preparation. Respond to journal =~ MLflow experiment tracking LinkedIn: 1000+ connections. accepted + industry
™M paper reviewers. Continue skill for all models. Explore YouTube channel: 12 videos role offer +

25— development for chosen generative Al for geotech published. Apply to ISSMGE GeoNexus 1000+
30) industry role. report automation. Technical Committee membership. users

Complete Learning Sequence — Visual Flow Diagram

Page 19 | From Foundation to Apex - All Skills - All Software - All Milestones

THREE CONTINUOUS PILLARS (Active at ALL stages — Never Stop)
® Engineering Mathematics ® AI/ ML/ Deep Learning ® Communication Skills

STAGE 1 Soil Mechanics Foundation Eng. Engineering Geology Python + NumPy Excel + AutoCAD
BASIC Phase relations, Atterberg, Bearing Capacity, Settlement Stratigraphy, Rock class. Pandas, Matplotlib Civil 3D intro
Consolidation, Shear Strength 1S 1904, 6403, 2720 First regression SPT worksheets

M1-4

s Deliverable: Python EDA notebook + AutoCAD site plan + GitHub repository launched + LinkedIn active

STAGE 2 PLAXIS 2D GeoStudio GEO5 scikit-learn MATLAB (intro)
INTERMED. Excavation, retaining wall, SLOPE/W + SEEP/W Foundation, pile, RF + XGBoost ODEA45, consolidation
consolidation, safety LEM stability + seepage retaining wall Liquefaction ML model curve fitting

M 4-10

s Deliverable: PLAXIS 2D report + GeoStudio report + Liquefaction ML model (GitHub) + IGC abstract

!
STAGE 3 PLAXIS 3D ABAQUS + ANSYS FLAC 2D/3D RS2/RS3 ANN + CNN + LSTM
ADVANCED Pile groups, tunnels, SSI, dynamics, Slopes, tunnels, Rock tunnels, TensorFlow/PyTorch
M 10-18 deep excavations UMAT basics explicit FDM support design First PINN prototype
Streamlit App QGIS MATLAB (adv.)
Deployed live Hazard mapping, FEM from scratch,
Bearing capacity calc. soil zonation Monte Carlo, FFT

s Deliverable: PLAXIS 3D + ABAQUS + FLAC models + PINN + Streamlit app live + Conference paper + Literature review 25+ papers

1
I----_--_------------_--_------------_--_------------_--_-----------I
1| @ DECISION POINT (Month 16-18): Choose Specialisation Track 1
1 |
1 Track 1: Track 2: Track 3: Track 4: Track 5: 1
: Geo-Al & Seismic & Offshore & Tunnelling & Dams & :
1 Smart Geotech Liquefaction Marine Underground Embankments 1
1 1

l

STAGE 4 DEEPSOIL / OpenSees PLAXIS Python API Full PINN impl. FastAPI + Docker M.Tech Thesis Journal Paper
EXPERT LPILE / GROUP Automated parametric Bayesian NN Cloud deployment Novel contribution Submitted:
Settle3 / OptumG2 studies for thesis Uncertainty quant. CI/CD pipeline IIT Madras C&G /JGGE

M 18-24

L, Deliverable: M.Tech Thesis + Journal Paper Submitted + Full Geo-Al Tool Deployed + GeoNexus Portfolio Live + ORCID + ResearchGate

active
l
PROOF LAYER GeoNexus Website GitHub Streamlit App Conference Paper Journal Paper LinkedIn
Portfolio & Portfolio live 5+ repos, starred Live + accessible IGC / GeoCongress Accepted & 500+ connections
Public Evidence 5+ project pages Weekly commits 1000+ users target Presented Published 50+ technical posts

L, Placement Ready: Industry offer from Fugro / AECOM / L&T / Arup | OR PhD at IIT / Global University

!
STAGE 6 GeoNexus 50+ Publications Geo-Al Framework Technical IS/1SO Code
APEX / LEGEND Enterprise Platform International keynotes Open-source library Monograph / Contribution
10k+ users ISSMGE committees Novel constitutive model Textbook Global recognition

Yr 5-15+
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THE GOLDEN RULE

Theory — Mathematics — 2D Software — 3D/Advanced FEM - Scripting — AI/ML/DL - Specialisation —

Research — Deployment ~ Communication — Global Impact

GeoNexus || O.P. Thakur | M.Tech Geotechnical Engineering, IIT Madras | Edition 2026-2028
"Intelligence for the Ground Beneath Us"
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