
Applications of LLM in Geotechnical Engineering: Use it or 

lose 

BY ENRIQUE FARFAN, PhD, PE 

 



https://www.geoprofessional.org/news/ai-unveiled-the-wizardry-behind-chatbots-and-intelligent-systems/
https://www.goldmansachs.com/images/migrated/insights/pages/gs-research/gen-ai--too-much-spend,-too-little-benefit-/TOM_AI%202.0_ForRedaction.pdf


 

• 

• 

• 

  

 

• 

• 

• 

 

• 

• 

 

• 

• 

• 

 

• 

• 

 

• 

• 

 

• 



• 

 

• 

• 

 

• 

• 

 

• 

• 

 

• 

• 

 

• 

• 

 

• 

• 

 

• 

• 



 

• 

• 

 

 



 

 



 

Pile Group Foundation Calculations Report 

1. Introduction 

• 1.1 Purpose of the Report 

o Brief description of the objectives (e.g., to calculate the capacity and settlement of a pile 

group foundation for a specific project). 

• 1.2 Project Overview 

o Location, type of structure, and foundation system required. 

• 1.3 Scope of Work 

o Description of the pile group design process, including calculations for load capacity, 

settlement, and structural integrity. 

2. Geotechnical Investigation 

• 2.1 Soil Profile 

o Overview of soil conditions (e.g., soil types, layers, and depths). 

• 2.2 Soil Properties 

o Shear strength, bearing capacity, cohesion, angle of internal friction, etc. 

• 2.3 Groundwater Conditions 

o Depth of the water table and its influence on pile behavior. 

• 2.4 Site Investigation Results 

o Borehole data, Standard Penetration Test (SPT) results, or Cone Penetration Test (CPT) 

results. 

3. Pile Group Description 

• 3.1 Pile Type and Material 

o Type (e.g., driven piles, bored piles) and materials (concrete, steel, timber). 

• 3.2 Pile Dimensions 

o Length, diameter, cross-sectional area. 

• 3.3 Pile Spacing and Layout 

o Arrangement of piles in the group (e.g., square, triangular) and spacing between piles. 

• 3.4 Number of Piles in the Group 

o Total number of piles and their arrangement. 

4. Load Analysis 

• 4.1 Applied Loads 

o Dead loads, live loads, wind loads, seismic loads, etc. 

• 4.2 Load Distribution 

o Distribution of axial and lateral loads between piles in the group. 

• 4.3 Load Combinations 

o Governing load combinations as per design codes (e.g., ultimate and serviceability limit 

states). 

5. Capacity of Individual Piles 

• 5.1 Axial Capacity 

o End bearing and skin friction (adhesion) calculations. 

o Use of formulas like Meyerhof, Terzaghi, or empirical methods. 

• 5.2 Lateral Load Capacity 

o Lateral load capacity estimation using p-y curves or other methods. 

• 5.3 Uplift Capacity (if applicable) 

o Calculation of uplift resistance. 



• 5.4 Pile Group Efficiency 

o Calculation of group efficiency using factors like interaction between piles. 

6. Pile Group Capacity 

• 6.1 Vertical Load Capacity of Pile Group 

o Summation of individual pile capacities with consideration for group effects (e.g., 

reduction due to pile-soil interaction). 

• 6.2 Lateral Load Capacity of Pile Group 

o Estimation based on pile-soil interaction and pile arrangement. 

• 6.3 Moment Capacity 

o Evaluation of the pile group's ability to resist bending moments. 

• 6.4 Group Settlement 

o Calculation of settlement based on methods like elastic theory, load transfer models, or 

empirical correlations. 

• 6.5 Pile Cap Design 

o Design of the pile cap to distribute loads across the pile group. 

7. Settlement Analysis 

• 7.1 Elastic Settlement 

o Calculation of settlement using elastic modulus and pile spacing. 

• 7.2 Consolidation Settlement 

o Estimation of long-term settlement due to consolidation of the surrounding soil. 

• 7.3 Differential Settlement 

o Assessment of potential differential settlement within the pile group. 

• 7.4 Allowable Settlement 

o Comparison of calculated settlement with allowable limits based on structural 

requirements. 

8. Safety Factors and Code Compliance 

• 8.1 Safety Factors for Load Capacity 

o Application of safety factors for ultimate and serviceability limit states. 

• 8.2 Code Compliance 

o Reference to applicable design codes (e.g., Eurocode 7, AASHTO, BS 8004). 

• 8.3 Design Assumptions 

o Listing of assumptions made in the analysis (e.g., load distribution, soil homogeneity). 

9. Conclusion and Recommendations 

• 9.1 Summary of Calculated Results 

o Key findings such as pile group capacity, settlement values, and safety margins. 

• 9.2 Recommendations 

o Design recommendations, construction considerations, and any necessary remedial 

actions (if applicable). 

• 9.3 Further Investigations (if required) 

o Suggestions for additional testing or analysis based on uncertainties or specific site 

conditions. 

10. Appendices 

• A1. Calculation Sheets 

o Detailed hand calculations or computer-generated results. 

• A2. Soil Investigation Reports 

o Full geotechnical investigation report. 

• A3. Design Code References 

o List of codes, standards, and regulations used. 

• A4. Figures and Diagrams 

o Pile group layout, pile cap design, and any other relevant drawings or diagrams. 



Overview of Terzaghi's Consolidation Theory 

Terzaghi's consolidation theory provides a way to estimate settlement over time as excess pore water 

pressure dissipates. The key variables are the degree of consolidation (U), time factor (Tv), coefficient 

of consolidation (Cv), layer thickness, and time. 

 

Step-by-Step Guideline to Create the Spreadsheet 

1. Spreadsheet Setup 

• Columns Needed: 
o Time (t) in days, months, or years. 
o Thickness of the clay layer (H). 
o Coefficient of Consolidation (Cv). 
o Degree of consolidation (U). 
o Calculated settlement (S). 
o Cumulative settlement over time. 
o Iterative calculation for time factor (Tv) and settlement. 

 
2. Input Parameters Section 

Create a section at the top of your spreadsheet for the input parameters: 

Parameter Symbol Units Value 

Thickness of the Clay Layer H meters (m) or feet (ft) [User Input] 

Coefficient of Consolidation Cv m²/year or ft²/year [User Input] 

Applied Load ΔP kPa or psf [User Input] 

Compression Index Cc unitless [User Input] 

Pre-consolidation Pressure Pc kPa or psf [User Input] 

Initial Void Ratio e₀ unitless [User Input] 

Initial Thickness of the Clay Layer H₀ meters or feet [User Input] 

Time Steps t days or years [Calculated/Iterative] 

This section will hold user-defined values that can be referenced in your calculations. 
 



3. Time Factor (Tv) Calculation 

• The Time Factor (Tv) is a non-dimensional number calculated using: 

𝑇𝑣 =
𝐶𝑣 ⋅ 𝑡

𝐻𝑑
2 𝑇𝑣 

Where: 

o Cv = Coefficient of consolidation (m²/year or ft²/year). 
o t = Time (days, months, or years). 
o Hd = Drainage path (half the thickness for double drainage, full thickness for single 

drainage). 

• In your spreadsheet, calculate the Time Factor for each time step. Create a time column 

(t) and calculate Tv for each time step using the formula above. 

 

4. Degree of Consolidation (U) Calculation 

• The degree of consolidation (U) is related to the time factor and is typically derived from: 

𝑈 = 1 − ∑ (
8

π2
exp (

−𝑛2π2𝑇𝑣

4
))  

For simplicity, a commonly used approximation for degree of consolidation (U) is: 

𝑈 ≈
√𝑇𝑣

2
 (for small values of Tv) 

In your spreadsheet: 

o Calculate U for each time step based on Tv. 

 

5. Settlement Calculation (S) 

• Final Settlement (S₀) is calculated using: 

𝑆0 =
𝐶𝑐 ⋅ 𝐻0 ⋅ Δ𝑃

1 + 𝑒0
𝑆0 

Where: 

o Cc = Compression index. 
o H₀ = Initial thickness of the clay layer. 



o ΔP = Applied load. 
o e₀ = Initial void ratio. 

• In your spreadsheet: 
o Calculate S₀ based on input parameters. 

• The Settlement at Time t (St) is given by: 

𝑆𝑡 = 𝑈 ⋅ 𝑆0𝑆𝑡 

Where U is the degree of consolidation at a particular time t. 

o Calculate St (settlement at each time step) by multiplying U by the final settlement S₀. 

 
6. Cumulative Settlement Calculation 

• For each time step, the cumulative settlement S_total can be calculated by summing the 
settlement values from previous time steps or directly using the St values for the corresponding 
time. 

 
7. Formatting the Spreadsheet 

• Row Setup Example: 

Time (t) Tv Degree of Consolidation 
(U) 

Settlement 
(St) 

Cumulative Settlement 
(S_total) 

1 day [Calculated] [Calculated] [Calculated] [Cumulative Sum] 

1 week [Calculated] [Calculated] [Calculated] [Cumulative Sum] 

1 
month 

[Calculated] [Calculated] [Calculated] [Cumulative Sum] 

... ... ... ... ... 

• You can create time intervals (daily, weekly, monthly) as needed for accurate analysis. 

 
8. Graphical Representation 

• Create a graph showing time (t) on the x-axis and cumulative settlement (S_total) on the y-axis. 
This will give a visual representation of the settlement over time. 

• Optionally, add a graph of Degree of Consolidation (U) vs. Time Factor (Tv). 

 



 

Additional Tips 

• Use named ranges for key parameters like Cv, H, and S₀ so you can easily reference them in 
formulas. 

• Include checks for common errors, like dividing by zero or negative time values. 
• Add comments or notes to key cells to explain the formulas used. 
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