
Measuring While Drilling in Florida Soils 
for Geotechnical Site Characterization

BED31-977-03
GRIP Meeting

FDOT Project Manager:  
Dino Jameson, P.E.

UF PI:  Michael Rodgers, Ph.D., P.E.

Graduate Researcher:
Wyatt Kelch, Ph.D.

August 13, 2026

1



Project Objectives

1. Evaluate MWD for in situ soil 
characterization
• Support conventional geotechnical 

investigation methods

2. Select an effective drill bit for Florida soils
• Maximize material sensitivity while 

maintaining efficient drilling

3. Standardize the drilling method
• Establish optimal operating ranges and test 

procedures

4. Develop an operational material index
• Combine independent and compound MWD 

parameters to classify soil and rock

5. Evaluate eccentric drill-string rotation
• Determine its influence on MWD response and 

in situ assessment

6. Develop engineering-property relationships
• Relate MWD response to soil and rock 

properties used in geotechnical design
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Project Tasks

• Task 1 - Drill Rig Instrumentation, Site 
Reconnaissance, and Preliminary 
Development

• Task 2 - Drill Bit Selection and Method 
Development

• Task 3a - Operational Index Development
• Task 3b - Eccentric Rotation Investigation at 

Deeper Drilling Depths
• Task 4 - Developing Correlation Between 

MWD and Engineering Parameters
• Tasks 5a, 5b, and 5c - Consultant 

Implementation of MWD for Geotechnical 
Site Characterization

• Task 6a - Draft Final
• Task 6b - Closeout Meeting
• Task 7 - Final Report
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Task 1 – Drill Rig Instrumentation, Site Reconnaissance, 
and Preliminary Development

• Four new Gatorock slabs were cast 
for controlled MWD testing
• Develop relationships between drilling 

response and UCS using the Task 2 
drag bit

• Synthetic rock and IGM provide 
controlled reference materials
• Known strength with reduced natural 

variability
• Controlled, low-variability vibration 

baseline relative to natural rock
• Isolates the drilling response 

associated with material strength

• Provides a clean baseline for physics-
based feature development
• Supports ML training before applying 

the model to more variable natural 
rock 4



Task 1 – Drill Rig Instrumentation
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Task 1 – Drill Rig Instrumentation
Torque, Crowd, and Vibration

6

• New wireless drill rod transducer measures torque, crowd, and 3-axis 
vibration in the drill string   

• Begins sampling drill rod data after the MWD system is powered on

Old System Requirements
• External computer

• Daily shunt calibrations and 
logging procedures

• External base station
• Conversion module box
• Auxiliary junction box
• Additional cabling
• Not viable for implementation



y = 263.7447x - 24.7447
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Task 2 –  Drill Bit Selection and Method Development

• Florida practice was used to define 
candidate tooling
• Tri-cone and drag bits were most 

common in the survey

• 3 bit types were evaluated for MWD
• Tri-cone, PDC, and stepped drag bit

• Stepped drag bit selected for 
method development
• Best overall performance across 

Florida sand, clay, and rock
• 2-7/8 in. diameter retained to reflect 

typical field practice
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Task 2 – Method Development 
From Standardization to Physics-Based MWD

• Standardization establishes how MWD 
measurements are collected

• Physics-based development establishes 
what the measurements represent
• Isolate the ground response from drilling-

system effects
• Produce a clean, repeatable, and 

interpretable soil/rock signal

• Demonstrate repeatability under consistent 
operating conditions

• Understand the physical response
• Specific Energy = magnitude of the work
• Vibration and waveforms = character of the 

work

• Engineer complementary physics-based 
features

• Classify material before estimating 
engineering properties



Task 2 - Method Development

• Iterative development using the select drag bit
• Tested across sand, clay, IGM, and rock

• Three development sites covered a wide range 
of Florida materials
• Clean and silty/clayey sands
• Soft to highly plastic clays
• IGM and rock

• Highly plastic clay was the limiting condition
• Monitored cuttings and bit for smearing, balling, 

and clogging
• Video demonstrates proper clay cutting vs. 

simulated balling/smearing

• Optimized u/N and flow for efficient drilling 
and cleaning

• Result: reliable MWD method for Florida soils 
and rock
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Controlled Environment

UF/FDOT Field Trials

Consultant Implementation

Proper Cutting → Balling/Smearing
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Figure 1. SPT split spoon soil samples collected at a) 35-ft, b) 40-ft, c and d) 45-ft, and e) 50-ft. 
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Figure 1. SPT split spoon soil samples collected at a) 5-ft, b) 15-ft, c) 20-ft, d) 25-ft, and e) 30-ft. 
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Task 3a – Operational Index Development 
• Objective: Evaluate independent and 

compound drilling parameters within 
established operating ranges to develop an 
operational index for soil and rock classification

• Measure the magnitude of the drilling work
• Specific energy quantifies resistance to 

excavation

• Describe the character of the drilling response
• Vibration and waveform behavior provide 

complementary information

• Combine complementary physics-based 
features
• Capture differences in drilling response for 

sand, clay, and rock

• Develop an operational material classification 
system
• Machine learning integrates the magnitude and 

character of the drilling response to classify 
material type 13



*Specific Energy measures the magnitude of the work; vibration and strain waves describe the character of the work*
  

The Next Evolutionary Step of Geotechnical MWD
Magnitude of Work Character of Work
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MWD, CPT, and SPT at Hawthorne
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From Drilling Work to an Operational Material Index
• Established independent material classes

• Sand, clay, and rock labels were defined from CPT, SPT, 
laboratory classification, and UCS/core data

• Depth was excluded so classification relied on measured drilling 
response 

• Engineered complementary physics-based features
• Evaluated >100 individual and compound parameters
• Reduced these to 13 features based on physical relevance and 

observed material signatures

• Developed a Random Forest material classifier
• Trained to distinguish sand, clay, and rock drilling behavior
• Broadly distributed feature importance indicates classification is 

supported by multiple complementary physical responses

• Validated material delineation
• 5-fold cross-validation used to evaluate generalization and 

assess overfitting
• Predicted classes correspond closely with conventional soil 

behavior
• A-2-6 (SC) and A-4 (SM) show expected overlap in the transitional 

granular–cohesive range
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Task 3b – Eccentric Rotation Investigation at Deeper Drilling Depths

• Decreased core recovery and RQD observed at 
greater depths
• Occurred at South Florida sites despite 

increasing rock UCS

• Eccentric rotation was identified as a potential 
cause
• Greater drill-string slenderness may increase 

lateral motion and vibration with depth

• Prior research characterized the eccentric-
rotation response
• A worn rotary table induced eccentric rotation
• MWD specific energy was evaluated before and 

after repair

• Task 3b will evaluate whether similar behavior 
develops with depth
• New 3-axis vibration and waveform data provide 

a more direct means of identifying eccentric 
rotation

• Quantify depth-dependent effects and refine 
operational limits if necessary 
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Task 3b – Eccentric Rotation Investigation at Deeper Drilling Depths

• Specific energy did not 
systematically increase 
with depth
• Deeper Hawthorne clay at 

~75-ft produces a response 
comparable to clay at 40-50 ft

• Large lateral excursions 
are material-driven
• Peaks correspond to weak, 

heterogeneous limestone 
containing large oyster shells

• No systematic increase in 
eccentric rotation 
observed with depth
• Measured lateral RMS returns 

to the concentric prediction in 
deeper clay

• No depth-related operational 
limitation identified within the 
depths investigated

• Coring discussed later
18

• UCS = 5 psi to 28 psi
• γd = 77 pcf to 82 pcf
• w% = 33% to 39%

*Large shell fragments induced Phase 3 drilling condition

• Drag bit used during MWD 
• Adjacent boring cored to identify 

materials 
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Task 4 – Developing Correlation Between MWD and 
Engineering Parameters

• Classify the material first
• Apply the Task 3a operational 

material classification system

• Use material-specific physics
• Feature importance changes 

between granular, cohesive, and 
rock response

• Bridge soil behavior with CPT
• Develop MWD relationships to 𝑞𝑐, 
𝑓𝑠, and 𝑅𝑓

• Bridge rock behavior with UCS 
testing
• Develop MWD relationships to 

measured rock strength
19



The Future of Geotechnical MWD

Preliminary Physics-Based 
MWD Model Results

• 13 physics-based MWD features
• Site and depth were not used as 

predictors 
• Reference data: SPT, CPT, laboratory 

classification, and rock UCS

• Material classification
• Sand, clay, and rock (4 FL sites)
• 5-fold cross-validation accuracy: 

98.6% ± 1.7% 
• Training accuracy: 100%

• MWD → CPT Prediction Accuracy
• qc (tip resistance): R² = 0.96
• fs (sleeve friction): R² = 0.98
• Rf (friction ratio): R² = 0.99

• Preliminary model will be retrained 
with additional sites and data

20
Rodgers et al. 2026

Advancing MWD from a qualitative observation tool to a quantitative, energy-based characterization system!



Task 5 - Florida Consultant MWD
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• Two FL consultants will engage in MWD site investigation
• UF research team will provide assistance and guidance

• Instrumentation, method development, and data reduction
• UF research team will provide wireless drill rod transducers to 

measure mechanical torque and crowd, and 3-axis vibration
• Both consultant drill rigs have been instrumented to date



Task 5 - Florida Consultant MWD – Rock Coring
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Isolating intervals consisting primarily of rock and excluding higher RPM core runs, 
the results improved with an average REC of 100% and an average RQD of 91%



Questions?
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Thank you!

Bruce Swidarski 
Mike Risher 
Dan Pittochi
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