Relaxation of Driven Piles in Florida Soils
BED25-977-05

AN T 1 B SN

GRIP 2025

Gray Mullins, Ph.D., P.E.
Research Assistants: Dalton Knowles, Jason Steinbach, Justin Carlisle and Andrew Ward

Project Managers: Juan Castellanos, P.E. and Rodrigo Herrera, P.E.

UNIVERSITY OF
SOUTH FLORIDA.




Background/Introduction

* Driven piles can exhibit an increase or decrease in capacity relative to
end of drive conditions defined as set-up or relaxation, respectively.

e Set-up is beneficial to pile performance; relaxation is not.

* The mechanism of pile relaxation has been attributed to dilative soil
conditions that cause negative pore pressure making the soils
respond stronger during driving (until the pore pressure dissipates).



Pile Relaxation

* Case studies have shown restrikes have regained capacity in as little
as 0.5in or as much as 7 ft.

 Large displacement required to regain capacity is likely to be caused
by negative pore pressure

* Small displacements required to regain capacity could be due to
concrete creep/shortening

* Creation of a database to include all information from PDA EOID and
Restrikes is the primary effort (Task 2)



Problem Statement

Relaxation is the reduction in pile capacity with time. It is a phenomenon that
has been observed in several projects, especially Design Build projects as a
result of verification testing. There have been reported cases in which over

25% of the original measured capacity has been lost after initial pile driving.

Currently the Department does not _have a _methodology to assist designers

estimate relaxation (protocols for In-Situ testing or laboratory testing), nor a
process to establish a pile driving criteria to accept piles during construction

when relaxation occurs. This creates delays, extra testing and extra costs

during construction, especially because the problem is typically found after pile
driving begins. In most cases the issue has been resolved by additional driving

until the piles reach a stable bearing layer.



Objectives

* The primary focus of this study is to document as many cases as
possible from within the state of Florida where pile relaxation has been
experienced.

* Determine what soil types and conditions are likely to create relaxation
conditions

Revised Approach

* Collect any restrike data sets to show where both set-up and relaxation
might occur



Work Tasks

* Tas
* Tas
* Tas
* Tas
* Tas
* Tas

< 1: Literature Search

< 2: Data Collection

< 3: Data Analysis

< 4a: Draft Final Report

< 4b: Closeout Meeting / Presentation

< 5: Final Report
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Granular Materials

SPT N-Value | SPT N-Value
Relative Densm (Blow/Foot) (Blow/Foot)

Very Loose Loose Less than 4
Loose - 10

Tle_dlum Dense ‘ 10 30

Greater than 40

Herrera 2015

May
dilate
during
pile
driving




ask 2 Data Collection

* ~10,000 files review from ~6,000 piles

Plan sets

Boring logs

Driving logs

PDA reports

* Found 1111 set checks on 948 piles (EOID and Restrikes)

e 185 boring logs (some piles have same boring)

* 23 bridge sites throughout the state
* 13 counties
* 6 districts
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Collected Data Types

e Pile e Hammer
o Manufacturer o Type
o Number o Rated E (k-ft)
o Length e Boring Logs
o Size o SPT Counts
o Type o Soil Type
o Acceptance o Soil Depth
o Date Cast

o Plumbness

Ground Elevation
Tip Elevation

Time Driven

Time Checked
Total Drive Time
Total Stopped Time
Wave Speed



Collected Data Types

e Driving Records EOD e Driving Records Restrike
= Blow Count * Final and Max EMX of RS
= BLC (bl/ft) * Blow Count
= RMX Values (RX4-RX8 depending on = BLC (bl/1t)
what is available) (kips) = RMX Values (RX4-RX8 depending on
= CSX (ksi) what 1s available) (kips)
= CSB (ksi) = CSX (ksi)
= STK (ft) = CSB (ksi1)
* EMX (k-ft) = STK (ft)

* EMX (k-ft)
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Sample Pile Installation Information

Howard Frankland Bridge - End Bent 1-1 Pile 3 15DSC Double Splice 30" PSC Pile Total Length 220ft.

OP: DFC/BF Date: 13-July-2022
AR: 900.00 in? SP: 0.150 k/ft?
LE: 215.00 ft EM: 5,813 ksi
WS: 13,400.0 f/s JC: 0.60
RMX: Maximum Case Method Capacity (JC) DMX: Maximum Displacement

CSX: Compression Stress Maximum ETR: Energy Transfer Ratio - Rated
TSX: Tension Stress Maximum - Full Record Search BTA: Integrity Factor (1)

EMX: Maximum Energy TLS: Tension Stress at Splice

NBR = 1422k STK: Hammer Stroke

BL# Depth BLC TYPE RMX CSX TSX EMX STK DMX ETR BTA  TLS
ft it Kips ksi ksi k-ft ft in (%) (%) Ksi
1 139.01 72 AV1 1,457 28 04 646 958 044 261 830 0.00

[Exceed NBR

2 139.03 72 AV1 1,444 3.0 0.4 75.6 10.24 049 305 820 0.00

3 139.04 72 AV1 1,388 29 04 695 1013 044 280 80.0 0.00
95%NBR = 1351k

4 139.06 72 AV1 1,389 3.1 04 79.7 10.52 0.51 32.1 81.0 0.00
Average = >
1,372 kips | 5 139.07 72 AV1 1,350 3.2 04 847 1092 0.52 34.2 80.0 0.00

6 139.08 72 AV1 1,290 3.1 03 806 10.60 055 325 80.0 0.00

7 139.10 72 AVl 1295 31 04 790 1030 054 318 790 0.0
90%NBR = 1280k

All exceed | 8 139.11 72 AV1\1,314 3.1 0.4 79.9 10.48 0.51 32.2 79.0 0.00

o e
90% NER 9 139.13 72 AV1 1,290 3.1 0.4 774 10.52 0.50 312 79.0 0.00

Average 1,357 3.0 0.4 76.8 10.37 0.50 31.0 80.3 0.00
Total number of blows analyzed: 9



Bearing Layer Soil Types

MISSING BORING Very Loose Sand, 3
LOG, 83 Loose Sand, 82

Limestone, 101 Medium Dense

Sand, 283
Very Stiff Clay, 11

Stiff Clay, 92

Hard Clay, 9
Firm Clay, 35

D 1
Very Dense Sand, ense Sand, 135

238



Time between Initial Drive and Restrike
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Stroke Ratio

0.5

Stroke vs EMX

(not helpful but interesting)
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Number of Occurrences
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Bearing Layer (relaxation cases)

Limestone, 2
Firm Clay, 1

Loose Sand, 2
Very Dense

Sand, 10

Medium
Dense Sand,

10
Dense Sand, 4
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Embedment Depth

(based on soil strength?)
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Example Strength-based Embedment Criteria

Depth (ft)

20
25
30
35
40
45
50
55

Driving Log BLC (blows / ft)

100

&0

\" A

200

65
70

300

50% Embedment Criteria
0.5(240) = 120b/ft @56ft

70% Embedment Criteria
0.7(240) = 168b/ft @60ft

/ End of Drive, 240b/ft @ 64ft
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90% Embedment (D/B)
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Summary

* Most relaxation cases occurred in medium dense, dense and very dense
sand.

* Dilation theory is likely the best explanation
* Creep effects not found
* Pile length not specifically the cause of relaxation

 Sufficient embedment depth into competent bearing layer appears to be
the strongest deterrent to relaxation

* D/B embedment > 10 showed no relaxation



Limitations

* Bearing layer correction does not address medium dense layers at
higher elevations away from the pile tip which may also experience
relaxation; some references suggest not as problematic

* The study examined only used end of restrike vs end of initial drive
values. Relaxation that was observed during cushion changes or other
intermediate installation pauses were not and could not be

addressed.



Future Work (Phase 1)

* A strength-based critical depth correction should be explored in lieu
of the soil type method currently used; this has the potential of
addressing both relaxation and critical embedment depth criteria.

 Evaluate all stops in driving (e.g. cushion changes, other) from original
data set now looking at individual blows after restart of driving.



Sample Pile End of Drive Summary

Tl N g 1WA N AR IR

1-100 hammer

18 inches of plywood pile cushion

2-2 inch blue nylon and 2-1 inch alum.

Ref. Elevation 13.65'

Mud Line Elevation Approximately -12 feet
Min Tip Elevation -85 feet

P.C.O El 2.2 feet

W.O.P to El. -40 feet

Start driving with dry hammer blows (no fuel)

8 -40.9 1200 PSI
44 -52.2 RUN TO 63.5 - DRY FIRE
49 -52.9
846 -82.8
899 -84.6 > AT MIN. TIP EL. -85' - DIRECTED TO CONTINUE TO DRIVING TO EL. -132'
900 -84.7 FREINFORCEMENT DESIGN
1041 -88.9 .
1313 -98.9 WC = 14485.981
Time Summary
Drive 34 minutes 12 seconds 2:38:11 PM - 3:12:23 PM (3/18/2014) BN 1 - 899
Stop 30 minutes 53 seconds 3:112:23 PM - 3:43:16 PM
Drive 29 minutes 52 seconds 3:43:16 PM - 4:13:08 PM BN 900 - 2180

Total time [1:34:57] = (Driving [1:04:04] + Stop [0:30:53))



Sample Pile End of Drive Summary

BL# Sensors

1-1457  F3:[F405]95.3 (1.00); F4: [F851] 94.3 (1.00); A3: [K4538] 330.0 (1.00);
Ad: [K3768] 405.0 (1.00)

1458-2375 F3:[J830] 104.4 (1.00); F4: [J921] 95.0 (1.00); A3: [K4883] 388.0 (1.00);
Ad: [K4884] 365.0 (1.00)

BL# Comments

1 NBR 480 / NUR 276 kips / Ref. 6.55 feet
1457 STOPPED TO CHANGE TO UW GAUGES
( 1810 STOP TO CHANGE CUSHION >

2375 at grade

Time Summary

Drive 1 hour 3 minutes 10 seconds 9:59 AM - 11:02 AM (5/5/2015) BN 1 - 1810
Stop 15 minutes 21 seconds 11:02 AM - 11:18 AM
Drive 14 minutes 29 seconds 11:18 AM - 11:32 AM BN 1811 - 2375

Total time [01:33:01] = (Driving [01:17:40] + Stop [00:15:21])



Sample Pile End of Drive Summary

Pile Dynamics, Inc.
Case Method & iCAP® Resulis

Page 3
PDIPLOT2 2017.2.58.3 - Printed 29-August-2022

Howard Frankland Bridge - End Bent 1-1 Pile 3 EORD Double Splice 30in PSC By 220ft Total Length
OP: DC/BF/MA/bf/MA/bf/DC/BF/ER/BF/MA/bf/IDC/BF/DFC/BF Date: 11-May-2022

Time Summary

Drive 14 minutes 53 seconds

Stop 21 minutes 4 seconds

Drive 39 seconds

Stop 5 days 22 hours 24 minutes 49 seconds
Drive 24 minutes 51 seconds

Stop 20 hours 47 minutes 9 seconds

Drive 9 seconds

Stop 7 days 4 hours 18 minutes 55 seconds
Drive 12 seconds

Stop 6 days 23 hours 19 minutes 48 seconds
Drive 18 seconds

Stop 48 minutes 49 seconds

Drive 21 minutes 22 seconds

Stop 35 minutes 10 seconds

Drive 29 seconds

Stop 6 days 18 hours 54 minutes 9 seconds
Drive 25 minutes 23 seconds

Stop 21 days 15 minutes 55 seconds

Drive 21 seconds

Stop 14 days 5 hours 24 minutes 44 seconds
Drive 13 seconds

1:45 PM - 2:00 PM (5/11/2022) BN 1 - 627
2:00 PM - 2:21 PM

2:21 PM - 2:22 PM BN 628 - 631

2:22 PM - 12:47 PM

12:47 PM - 1:11 PM BN 632 - 1255
1:11 PM - 9:59 AM

9:59 AM - 9:59 AM BN 1256 - 1262
9:59 AM - 2:18 PM

2:18 PM - 2:18 PM BN 1263 - 1271
2:18 PM - 1:38 PM

1:38 PM - 1:38 PM BN 1272 - 1284
1:38 PM - 2:27 PM

2:27 PM - 2:48 PM BN 1285 - 1937
2:48 PM - 3:23 PM

3:23 PM - 3:24 PM BN 1938 - 1963
3:24 PM - 10:18 AM

10:18 AM - 10:43 AM BN 1964 - 2279
10:43 AM - 10:59 AM

10:59 AM - 11:00 AM BN 2280 - 2294
11:00 AM - 4:24 PM

4:24 PM - 4:25 PM BN 2295 - 2303

Total time [63: 02:39:33] = (Driving [01:28:55] + Stop [63: 01:10:37])
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