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Project Background

 FDOT investigated the use of MWD for Auger Cast Piles
(ACP) to provide QA/QC during pile installations in
Miami-Dade
— BDV31-977-125

* A new analysis tool was developed

— Transformed time-referenced data collected from
AME to depth-referenced data that is compatible
for MWD strength assessment

 For ACPs, a time-referenced data format collected from
AME is most commonly used in Florida, and the ACP
analysis tool was developed specifically to
accommodate the data format
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Project Background

For drilled shaft MWD...

— Time-referenced data
— Depth-referenced data
— Both data formats

A new analysis tool needed to be developed to
accommodate the possible variations in raw data
recording and reporting

Provide the FDOT with a reliable method of drilled
shaft QA/QC analysis, regardless of the monitoring
system used

Contractors can utilize a variety of MWD systems

— System does not have to produce depth-
referenced data

— Current constraint for full drilled shaft MWD
implementation

On-site and remote monitoring should be explored to
improve the quality control portion of the of the
QA/QC tool

— Providing real time strength assessments that can
be viewed by all stakeholders



Project Objectives

Using FDOT MWD criteria (FM 5-625), develop a
versatile data analysis tool that will be used to
provide drilled shaft MWD QA/QC

Conduct a feasibility study to identify the
requirements of providing on-site and remote
monitoring capabilities to enhance the QA/QC
method

Monitor at least one load tested shaft and three
production shafts at three independent sites to
develop correlations for QA/QC purposes

Provide a QA/QC report for all shafts monitored
during the research

Compare test results with previously derived
correlations




Tasks and Deliverables

Deliverable 1 — Establish drilled shaft MWD
data reduction criteria and procedures (Task 1)

Deliverable 3 — MWD specific energy vs. drilled = -
shaft side shear correlation (Task 3) ’§ L
3§b ‘

Deliverable 4 — MWD correlation validation for '
drilled shaft QA/QC (Task 4)

Deliverable 5a - Draft Final (Task 5)
Deliverable 5b - Closeout Meeting (Task 5)
Deliverable 6 - Final Report (Task 6)



Task 1 — Establish Drilled Shaft
MWD Data Reduction Criteria
and Procedures for QA

e Task 1 has two subtasks
— (1a) Developing specification language

— (1b) Developing a new versatile data
analysis tool for drilled shaft QA/QC
purposes (Beta Version)

— Purchase of new MWD system (LIM)
* Provides the FDOT...

— Necessary spec language to convey
proper MWD requirements to the
contractor during bidding, or prior to
construction

— Necessary data analysis tool to process
and evaluate the raw MWD data
received from the contractor to
provide quality assurance (QA)




Task 1a — Development of
Specification Language

Identify MWD systems currently available

— On-board, in-house, and commercially
available systems

Develop spec language that includes data
recording and data formatting requirements

Specification language will detail
construction requirements for the
contractor

— Ensures each drill rig has the
appropriate monitoring equipment
installed and calibrated

— Data logging capabilities to supply the
FDOT with the necessary electronic
records for drilled shaft MWD QA.




Task 1a — Development of
Specification Language |

On-board MWD Systems

— Bauer’s B-tronic System

— Liebehrr’s Litronic System

— Soilmec’s Drilling Mate System (DMS)
Commercially Available MWD Systems

— Jean Lutz’ DIALOG MX System

— LiM’s PocketLIM System \

— Gamperl & Hatlapa’s DaVis Systems

— Pile Dynamics’ Pile Installation Recorder (PIR)
System

In-house MWD Systems
— Keller’s Pile Installation Monitoring System (PIMS)

Every system can produce time-referenced data
at 1Hz

— FM 5-625 requirement for FDOT Bored Pile Class 1




Task 1a — Development of
Specification Language

* UF Researchers submitted draft spec
language for Drilled Shaft MWD:

* FDOT Standard Specifications for Road and
Bridge Construction — Section 455

— Section 455-15.1.2 — Drilled Shaft Installation Plan
(DSIP)

— Section 455-15.1.3.1 — Measuring While Drilling
(MWD)

— Section 455-15.10.5 - MWD Equipment
— Section 455-15.10.6 — MWD Measurements

Florida Method of Test (FM 5-625)

— Section 3.6.1 — Minimum Accuracy of Measured
Values




Task 1b - New MWD System - LiM’s PocketLiM
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Task 1b — Development of the Data
Analysis Tool — Beta Version

* The monitoring systems onboard the drilled shaft
drill rigs, and the format in which the drilling
parameters may be recorded and reported were
unknown

* New raw data processing criteria and procedures
needed to be developed to accommodate the
data, regardless of the format

— Data layout
— File type
e.g., .xlsx, .csy, .txt, .guh, etc.

* The research team considered:

— Prior MWD data collected in various formats :
— Obtained sample drilling data from commercial vendors

— Simulated large data sets (1 million rows of data)
16 hrs of drilling at 20 Hz

— Investigated multiple file types for reported data

* Allowed UF to develop initial processing criteria
and a preliminary analysis tool (Beta Version)

— 5t jteration of Beta version in use in S. Florida for ACPs



Raw Data Variations Based on MWD System
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0.00 0.000 0.00 0.00 116.03 406.10 0.183 45.122 3.881091138 0 0

0.00 0.000 0.00 0.00 111.20 402.48 0.176 45.097 4.39633378 0 0 [DATA]
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3.39 0.479 14.80 0.00 112.40 416.98 4.816 45045  4.704096164 0 0 12.10.2022 10:52:9;0;-10;60;27;26;34;0;0;0;0;0;0;1;0;0;33;0.47

3.59 0.551 20.33 0.00 101.53 406.10 6.433 45.040 4.377891091 0 0 12.10.2022 16:52:18;0;-10;55;27;25;31;0;-0.1;-0.1;08;0;0;1;0;08;33;6.5

3.78 0.627 22.90 0.00 140.20 406.10 5.865 44924 3.953709229 0 0 3 12;2;; igg;i;g12g;;;323522222222233323545

3.97 0.696 22.90 0.00 328.75 454.45 6.040 44934 3.958319901 0 0 12110.2022 10:92:13,0,10152,27.25129.0.0,0.010.0.1,0.0,33:0.47
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6/10/2020 7:29:45 AM 0.23 2355 2.9855644  0.334945055 0.5577428 710.1045792 0 252.6556734 3917.17 12.18.2822 18:52:41;-1.38;-18;205;87;19;116;388.8;-8.2;0.5;8;0;8;3;0;0;53;8.78
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12.10.2022 10:52:47;-1.71;-9.8;220;87;17;124;357.6;-0.1;0.4;0;0;0;3;0;0;55;0. 82



FLMWD Analysis Tool Workflow

New MWD analysis tool utilizes

python to perform the background

calculations

— No longer have to copy and paste
data or files into analysis tool

* Imports all data and files from folders

* Never have to open a single drilling file
to analyze your MWD data

— Much smaller file sizes
 >3MB compared to 40 to 50 MB

— Easier to track changes during
upgrades and modifications

Provides a similar user interface
(Ul) to ACIP analysis tool
— Specific energy threshold and layers

can be adjusted without triggering
the program to reanalyze the data

Strength Analysis Tab

¥

Press “Analyze MWD Data” Button

¥

Excel Retrieves Drilling Worksheet Data from Folder

¥

Python Filters and Cleans the Raw Drilling Data

¥

Python Performs Hydraulic Conversions Based on Drill Rig Data

¥

Python Provides Average Values Based on AZ Increment, References
Data to Elevation, and Performs Specific Energy Calculation

¥

Python Sends Processed Data Back to Excel

¥

Perform MWD Analysis — e Threshold, Layers, Segment
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MWD Summary Report

[
Engineer Pile ID Drill Rig Drill Bit Diameter (in)
Michael Rodgers TW-3-1 Drill Rig B 30
Project Location Top of Pile Elevation (ft) Bottom of Pile Elevation (ft)
UF Demo Gainesville, FL 13.40 -80.63
Station Offset (ft) Depth | t Analyzed (cm) MWD A t
100+00.01 10.00 1.00 FDOT Quality Class 1
Specific Energy, e (psi) - All Data ACIP Pile QAJQC - Rock Socket A t
Mean 1,728 Pile Length (ft) 94.03
Median 1,327 Total Rock Socket Length (ft) 50.59
I Standard Deviation 1,832 Pile P of Rock (%) 54%
POF Saved :’{ Coefficient of Variation (CV) 112 Specific Energy Threshold (psi) 1,250
Maxi 59,253 Specific Energy, 8,00, (psi) 2,418
235 Specific Energy, &,4uses (PSi) 1,301
Number of Data Points 2,866 [Total Energy, E, (kip-ft) 86,469
Specific Energy, e,.... (psi) - Above Threshold | Bored Pile Installation Summary - Time (min)
PDF saved to: DAFLMWD_Betal.3'Pile Summary Mean 2,418 Driling 2333
- i 1,951 Redrill 11.43
Re po rts‘n,?"n"‘."-ﬁ -1. P df Standard Deviation 2.425 Idle Rotation 1.55
[Coefficient of Variation (CV) 1.00 Idle 9.10
Maxi 59,253 Withdraw 533
Minimum 1,253 P ion without i 0.52
Number of Data Points 1,542 [Total 51.27
DK Total Energy, E; (kip-ft) Bored Pile Installation Summary
[v] 20,000 40,000 60,000 80,000 100,000 204
20 _1
10
o 0
) ) =10
# USE Drive (Iv) » FLMWD_Betal.3 » Pile Surnmary Reports
-20 -20
- g E
. <30 5
Mame Date modified § £
£ 40 g ol
]
TW-3-1 8/12/2024 2:43 PM 50 1 -
|
TW-3-6 4/25/2024 12:47 PM 0 \ »
oA 70
TW-3-8 4/30/2024 11:59 AM N
-B0
_80 <
-80
0 1,000 2,000 3,000 4,000 5,000 o 10 20 30 40 50
Specific Energy Adjusted, €,4,,.1,q (PSi) Time (min)
—_—- Aﬁiustgd —Total Energ\r W Drilling W Idle Rotation Withdrawal
Redrill W idle B U without N
Notes:
Enter notes here.

Date of Analysis: 8/12/2024
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Task 2 — Real Time, On-site and Remote QC
Monitoring Implementation Feasibility Study

The new data analysis tool will greatly
improve drilled shaft QA/QC as the quality
and lengths of rock sockets can be verified
through specific energy obtained from MWD

When MWD-load test correlations can be
established for a site or region, the QA portion 5! ;Lm,v
of the procedure is improved by allowing the

shaft’s axial capacity to be estimated to
ensure it meets design criteria, directly

However, the quality control (QC) portion of
the procedure could be further improved by
providing real-time measurements of specific
energy, total energy, and side shear axial shaft = =
capacity during the drilling process e/

Ty O



Task 2 — Real Time, On-site and Remote QC
Monitoring Implementation Feasibility Study

Can currently view drilling parameters live

Need to develop a robust method that can
transmit MWD data that is applicable to all
monitoring systems

— Likely through CAN bus integration

— Will be tested during BED31-977-03 in a
controlled setting

— SBC module can transmit actual data on-site and

to remote locations via CAN and Modem hats
added in

Moving in the direction of remote monitoring
being demonstrated during this project

— Live data is sent to a satellite server that can be
accessed via the FLMWD Excel Ul, filtered,
cleaned, and analyzed in the office

* Creates a viable path forward for remote monitoring
and live analysis in the office

*  Will be tested with the Jean Lutz system very soon




Remaining Tasks

Deliverable 1 — Establish drilled shaft MWD
data reduction criteria and procedures (Task 1)

-
T —

Deliverable 3 — MWD specific energy vs. drilled
shaft side shear correlation (Task 3)

Deliverable 4 — MWD correlation validation for
drilled shaft QA/QC (Task 4)

Deliverable 5a - Draft Final (Task 5)
Deliverable 5b - Closeout Meeting (Task 5)
Deliverable 6 - Final Report (Task 6)
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