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FDOT GRIP 2024 Meeting Outline

1. Introduction & Overview 

2. Objective

3. Task Results to Date
1. Literature- Completed
2. SMO Testing – Completed
3. Site Selection, Site Visits, and Procurement of Site Data – Completed
4. PPMT, TEXAM, SSMini, CPT, DMT, SPT, and Field Plate Load Testing – 98% Completed
5. Analyzing the Modulus Effects on Foundation Settlement and Bearing Capacity – In Progress
6. Extrapolation of Design Procedure Data with Design Flow Chart using Florida Site Conditions
7. Draft Final Report and Closeout Teleconference
8. Final Report

4. Project Timeline

5. Closing Slide
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Introduction
 When Shallow Foundations are used, the zone of soil 
affected is typically within the top 25 to 25 feet.

 PENCEL PMT stress-strain curve components are easy to 
interpret and use in footing designs
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Why are we doing this?
 To make the Geotechnical community comfortable with the easier to use PENCEL PMT

Data from this work to be added to the existing data used in Briaud’s 2007 Settlement of 
Sands prediction method.

New PPMT data are being compared to existing PMT data 
 To determine PENCEL PMT affect on the Briaud 2007 settlement prediction method.  
Potential pile foundation sites will be re-evaluated using digital PENCEL PMT data to determine if they 
would enable shallow footings to be used. 

The research report will contain specific guidelines/ recommendations for consulting 
engineers to follow when using PMT data to design shallow footings.Draf
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Objective

To improve the geotechnical engineer's confidence in using PENCEL PMT 
data to safely design shallow footings placed on Florida fine sands. 
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Task 1 Literature and Historical Review
 Engineers now use PMT testing for more designs

Traditional uses were for lateral loads on structures

High-quality PMT stress-strain data gives engineers confidence to use it in other areas 

especially for shallow footings

 Methods to predict elastic moduli and settlement of sands indicate:

Several PMT elastic moduli approaches are available

DMT elastic moduli approaches to predict both bearing capacity and settlement are 

available 

CPT correlations between qc and elastic moduli are used

SPT Correlation to elastic moduli are available

 Case Histories from Shallow Footings in Chicago, Virginia and Florida were reviewed 

 Numerous Correlations were reviewed by UCF
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Task 2-SMO Testing- In situ 
tests to determine E

 Both Indoor SMO Pits used

 Compacted to about 5 ½ feet 

Two SP sands

Starvation Hill Pit- Stronger SP

Osteen Pit- Weaker SP

NDG-to ensure uniform compaction

90, 95, 100 % Modified Proctor Densities

PPMT-mostly pushed

CPT

DMT

Plate Loading

SSMini PMT
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Index Test Results

Osteen

SP sand

2.2% passing #200

Starvation Hill

SP-SM silty sand

6.8% passing #200

04/25/2024
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Summary of SMO Testing 
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Instruments

PENCEL PMT DMT CPT Plate

04/25/2024

SSMini PMT
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Task 2 Objective

Compare in-situ stiffness and strength parameters from PPMT, DMT, CPT, 
SSMini PMT and plate bearing tests using 90%, 95%, and 100% modified 
Proctor densities on two SP sands in SMO Test Pits

04/25/2024
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PENCEL Pressuremeter Output
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Dilatometer Output

Relevant parameter: 

04/25/2024
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Cone Penetrometer Output

Relevant parameter: 

Given directly from test data

Can be correlated into 

𝐶𝑃𝑇  to 4 𝑐 (NC sand)

𝐶𝑃𝑇 c (Silty sand)

04/25/2024
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Plate Bearing Output

Relevant parameters: , 

Three methods to find :

0.05” deflection (Bowles 1982)

0.1” deflection

10 psi pressure (Yoder and Witczak 1959)
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Task 2 - Testing Program
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Test Pit Preparation

04/25/2024
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Test Pit Testing Layout
100% Compaction 95% Compaction 90% Compaction

Plate Test CPT PPMT DMT

8’

9’

04/25/2024
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In-situ Testing

Instrument # of Tests Depths (ft)

PPMT 36 2,4

DMT 84 1,2,3,4

CPT 18 Cont. 0-5

Plate 20 Surface

04/25/2024
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Task 2 Analysis
Correlations, data reduction, errorDraf
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PPMT Results

Starvation Hill
Osteen
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CPT Results

Osteen Pit Starvation Hill Pit
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DMT Results
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Plate Testing Results

Osteen Pit You’re Starvation Pit

0

50

100

150

200

0 0.1 0.2 0.3 0.4 0.5 0.6

S
tr

es
s 

(p
si

)
Deflection (in)

90%_1

90%_2

90%_3

95%_1

95%_2

95%_3

100%_1

100%_2

100%_3

0

30

60

90

120

150

0 0.1 0.2 0.3 0.4 0.5 0.6

S
tr

es
s 

(p
si

)

Deflection (in)

90%_1

90%_2

90%_3

95%_1

95%_2

95%_3

95%_4

95%_5

100%_1

100%_2

100%_3

Draf
t O

nly



PPMT Data Quality SMO Pits
 54 tests - SP Sands

E = 9.9pL
R² = 0.98

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 50 100 150 200 250 300 350 400 450

El
a

st
ic

 M
o

d
u

lu
s 

(p
si

) 

Limit Pressure (psi) 

PPMT produces reliable data

𝑃𝑃𝑀𝑇 is ~10 times 𝐿 

 Relationship consistent with literature 

that 𝑃𝑀𝑇 ~ 6 to 16 times 𝐿 

Useful for QC of PMT test resultsDraf
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PPMT-CPT Comparison

 versus Takeaways

 Strong correlation

~ 1.0  

Literature suggests  = 2.5 qc 

 qc influenced by bottom of test pit 

04/25/2024

EPMT = 0.99*qc
R² = 0.86
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PPMT-CPT Comparisons

 versus Takeaways

 ~  

 Strong correlation

04/25/2024

pL = 0.1*qc
R² = 0.9
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PPMT-DMT Comparisons

 versus Takeaways

 ~  

04/25/2024

EDMT = 2.73*EPPMT

R² = 0.85
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PPMT-DMTave Comparisons

 versus Takeaways

 ~ 19 times  

Weaker correlation
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EDMT = 19.12pL
R² = 0.51
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CPT-DMT Comparisons

 versus Takeaways

 ~ 0.33 times  (18 data points)

 Mayne and Liao 2004 say 0.2 for similar soil

 Strong correlation

 Less certainty at higher values

R² = 0.95qc = 0.33 EDMT
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Plate Bearing Comparisons

04/25/2024

 Literature SP K 300-400 pci

 Correlation Good

 I see a Giraffe

EPMT = 2.74*k
R² = 0.86
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You’re Starving Settlement – Ave. Plate vs. PPMT
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Osteen Settlement – Ave. Plate vs. PPMT
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Task 2 Conclusions

Stiffness and strength parameters from PPMT, DMT, CPT, and Plate tests 
suggests strong correlations with each other

Relationships are consistent for 90%, 95%, and 100% relative compaction in 
both Florida sands with 95% and 100% being the most closely related

04/25/2024
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Task 3 Field Sites Soil Profiles
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Task 3 Field Sites Soil Profiles
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Task 3 Field Sites Soil Profiles
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Task 4 Field Testing

Equipment Used
PENCEL PMT

TEXAM PMT

SSMini PMT

CPT

DMT

SPT

Plate

• Results
• PENCEL PMT E , pL

• TEXAM PMT E , pL

• SSMini PMT E , pL

• CPT qc

• DMT Ed

• SPT NES  Blows/Foot

• Plate k (pci)Draf
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Overview of A Lot of Field Testing

Draf
t O

nly



Task 4 CPT-SPT Soil Profiles
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Task 3 PENCEL PMT Data
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Task 3 TEXAMe PMT
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Task 4 - All Tests- Kingsley 
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Moduli Trends are Similar from PPMT, TEXAM, CPT and DMT Data
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Moduli Trends are Similar from PPMT, TEXAM, CPT and DMT Data
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E0= 3.32*qc
R² = 0.9
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E0 = 225*NEs

R² = 0.9
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E0 = 0.45*EDMT

R² = 0.92
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E0 PPMT= 2.4*E0 TPMT

R² = 0.91

0

1000

2000

3000

4000

5000

6000

0 500 1000 1500 2000 2500

E
0

 P
P

M
T
  (

p
si

)

E0 TEXAMPMT (psi)

pLPPMT = 1.6*pLTPMT

R² = 0.95

0

50

100

150

200

250

300

350

400

0 50 100 150 200 250

p
L

 P
P

M
T

  (
p

si
)

pL TEXAMPMT (psi)

PPMT - TEXAM Correlations

Draf
t O

nly



Task 4 Summary

Moduli Trends are Similar from PPMT, TEXAM, CPT and DMT Data

PPMT Factor Test Stiffness

E0

2.4 TEXAM

0.45 DMT

3.32 CPT

225 SPT

2.74 Plate

pL

0.95 TEXAM

0.033 DMT

0.24 CPT

16 SPT

19 Plate
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To the Best State Materials Gang in the Land: Thank you

Questions
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