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Review of benefits and objectives

Qualitative:

 Better estimation of infrastructure damage as a result of excessive pile-driving induced settlements.

 Understanding pile driving induced settlement mechanisms can improve design practices in Florida.

» Avoid unnecessary countermeasures in FDOT projects. Infrastructure damage will be minimized as a
result of pile driving.

Quantitative:

 Produce pile driving induced settlement chart (or correlation or equation) relating PPV, D, , distance
from source, and input energy to be used in FDOT projects.

Objectives:

» To understand mechanisms of near-field and far-field settlement and determine influence zones.
» To measure field vibration-induced settlements in predetermined locations in Florida.

» To develop numerical models of dynamic settlements due to pile driving.

» To develop pile driving induced settlement prediction model(s) (e.g., closed formula or chart).
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Scope of work

Task 1 — Technical review of case studies

Task 2 — Survey to practitioners

Task 3 — Field testing in pile installation sites

Task 4 — Numerical modeling of pile driving induced settlement

Task 5 — Empirical prediction formula or chart for dynamic settlement

Task 6 — Guidelines and recommendations
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Technical background: variables involved in the problem
76 case histories and 55 papers revised to study variables involved:

» Vibration characteristics and input energy: vibration type,
amplitude, frequency, and duration of the source

» Soll characteristics: soil gradation and type, relative density,
and moisture content

» Attenuation characteristics: geometric and material damping

FLASTIC 708¢

Energy transfer from pile to soil (top)
Hypothetical soil behavior zones in

Pile-driving induced vibration in urban environments terms of shefafl_r §tra|nsband attenuation
(Hintze et al. 1997 and Deckner 2013) coefficients (bottom) 5/28




Methods for pile driving induced settlements (Drabkin et al. 1996)

Multifactor polynomial model. Steps:

>

>

Estimate/measure PPV.

Compute x; only if within the tested ranges.

Calculate settlement.

Compute A for a sand layer of thickness H, using

Y for a 5.9 in-tall specimen.

(Y x0.001
59

t

Factor Factor Tested Ranges Coding of Factors
Code
Peak Particle . PPV — 0.1
Velocity (PPV) X1 X1 = - 03
Deviatoric Stress « 2-15 psi PN s—2
(s) 2 *2 6.5
Confmlrzg)Pressure X, 10-30 psi o= —14 p 1010
x4 ranges from -1 for
Sand Mixture Xy Coarse, Medium or Fine | coarse sand to 1 for fine
sand
Number of N — 60
vibration cycles X5 60-500,000 cycles xs = —1+
26,997
(N)
X ranges from -1 for dry
Moisture content Xg Dry, Saturated sand to 2 for saturated
sand
Initial relative . X7 ranges from -1 for
: X7 Loose, Medium Dense loose sand to 2 for
density

medium dense sand

InY = 2.27 + 1.19x; — 0.71x,% + 0.49x, — 0.68x,% — 0.8x3 + 1.09x32 — 0.46x, + 0.06x,% + 0.45x: — 0.38x<2 — 0.19x, — 0.1x,

\ Settlement for a 5.9 in. tall specimen
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Methods for pile driving induced settlements (Mohamad and Dobry, 1987)

» Similar to soil liguefaction hazard assessments.

> Itis used to determine threshold PPV, and settlement susceptibility in sands.

» Susceptibility defined in terms of shear strain (y,), typically 0.01%.

» The model does not calculate specific settlements. It provides susceptibility to excessive settlements.

[ Determine ] [ Determine G/G,.., *and V,

[ Calculate PPV,

Calculate the threshold PPV, and
compare with measured or

 Hatdin ang Dinevich [e=0 63, ¢ 30", Ky*06

s ¥ Shibate and Soelarne .
_ Sond a0 iy o e computed PPV attenuation curves
| 0 Y, " : -

Ve, ¢ U S — to determine susceptible Zzones
(AN N=v s 025 | S (i.e., distances from the pile).
A\ \

/;// A | | ﬂi 1.0 kg/em? | R : 73
’ "" / : » = 1 SR S | f ‘ G
vﬁ( )+ 98 "t 2 5 Nt 3 i 8 5 w! 5 10? Vs (G )
’ ; SINGLE AMPLITUDE SHEAR STRAN, PPV, = y; max
. m
i TR *Based on shear modulus degradation curves for z

[Far. Ik the site at a shear strain of 0.01%.
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Methods for pile driving induced settlements (Massarsch 2004)

» Settlements depend on soil type and stratification, groundwater conditions (degree of saturation), pile type, and

method of pile installation (driving energy).

» Densification due to pile driving occurs within a zone of three pile diameters around the pile.

D

Settlements adjacent to a single pile in
homogeneous sand

S ax = a(L + 6D)

(L +3D)
avg — QT

Compression factor, o, for sand based on relative

density and level of driving energy (depends on PPV)

Vi(;:‘;:z:s: Low Medium High
Soil Density ~ ----- Compression factor, a-----
Very loose 0.02 0.03 0.04
Loose 0.01 0.02 0.03
Medium 0.005 0.01 0.02
Dense 0.00 0.005 0.01
Very dense 0.00 0.00 0.005
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Case histories: pile driving database

Database of Case Histories: Pile Driving Induced scttlements

_ _ Depth of
Reference Location Type of Pile Pile Group | Numper of Dlstan.ce hm?n Pile Specifications . il L-ength Type of Hammrear Type of soil Water Table prenglral e
Miles, Michigan H-Pile Mo - 360x109 mm*kgfm 16.8 [;:E;:JI I;:ﬁu:ni:f Loose to medium-dense sand - 16.2
Grizi elal 2016 R P .
Canstantine, Michigan H-File Mo Fe0n109 mm*kgim 16.8 L:I-?In'-ag D30-32 1 Surficial Loase to medium-dense 131
Nigsel Hammer sand and hard sandy clay
Wersill and Massarsch, 2013 Gothenburg, Sweden Driven Concrete Pile Yes 1.3 275 mm L0 Soft Clay L20
Kwang etal, 2001 Chiayi-Taipo, Taiwan Drivien Hr.llll::«'.'.' Concrete VoS 12 Y Outer Di.ar'1r.'l¢:r B00 mm; 210 Flcllrlai; 0100 swrficial soft clay and medium- 10 2410
Pile Inner Diameter 560 mm Diesel Hammer dense sand
Hozozuk et.al, 1978 Contrecoeur, Quebec Driven Concrete Pile Yes 116 1.5 00 mm 26.0 Marine Clay 26
Waong and Chua, 1999 Singapur Island, Singapur Driven Concrete Pile (18] 350 % 350 mm
Brunning and Joshi, 1989 Calgary, Alberta H-PFile Yios G 2 300 x 200 mm 11 D;f.iz,.nl::.:;m Dense Gravel 11
Morth Yorkshire, england Yes i - ;::-I;:F:af-;:ﬁr.:::r
Variables summarized in database:
Vibration Measurements Atenuation Parameters Ground Maovement
Distance . Distance
e vl SO | am ko e e | Meuenet - Reference ble locat
my | 7 ~ | Depthif [~ ] - P v - Site location - Water table location
0 05 043 Type of pile - Depth of penetration
0 0.5 0.13 Number of piles - Distance from plle
Heave 25 12 B u Pt - PPV
Heave 24 39 - Distance between piles
_ - — : e Geophone depths
| - Pile specifications (type, Attenuation parameters
. . . materials and dimensions) Heave? Magnitude

Pile length

Type of hammer

Type of soil

- Settlement? Magnitude
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induced by pile driving installations?

No
41%

Survey to practitioners (selected responses)

Q1. Have you experienced in any past designs or construction
projects; any problem associated with ground surface settlement

Yes
59%

Q3. At what distance from the pile driving source did
the previously-reported settlement occurred?

Less than 10 ft

10-30ft

30-50ft

Greater than 50 ft

Q2. Did you observe or experience any type of damage to
adjacent infrastructure during pile driving because of high
vibration levels (quantified in terms of high peak particle
velocities) or large ground settlements or structural
distortions?

No
31%

Number of questions: 20
Respondent population: 22
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Survey to practitioners

Q4. Do you consider monitoring ground vibrations due
to pile driving an important issue during the design
phase of any deep foundation system?

No :
9% Not applicable
5%
Yes
86%

Q6. How much time do you think is necessary to monitor
ground vibrations and soil settlements induced by pile

driving?
Strictly during
pile driving
Others operation and
27% some time after
the pile driving
operation
Sporadically 16%
during pile
driving

operation and
not necessary
any time after
the pile driving
operation is
completed
27%

Percentage (%)
N W
o o

Percentage (%)
= NN
(62 BN @»]

Q5. What was the approximate level of ground
settlements experienced in the project?

0III

(6]
(@)

o
o

(BN
o

Lessthan 0.5 0.5to1lin 1to2in Greater than Others

in 21in
Q7. From your experience, what should be the location of

the farthest sensor? (typically a geophone or settlement
transducer)

B B O
o o1 O

w W
o1 O o1

-
o1 O

10 - 20 ft 20— 30 ft 30-40ft More than 40 Others
ft

o

(Site specific)
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Survey to practitioners

Q8. From your experience what are the type(s) of driven pile(s) that
you commonly use for your projects?

Prestressed H-Pile Sheet Pile Pipe Pile Others
Concrete Pile

Percentage (%)
P P DN N W w b b
g O o1 O o1 O O O O

Q10. Which of the following methods and/or models do you use
to estimate dynamic soil displacement due to pile driving and/or
to determine the impact of construction vibrations?

= Spreadsheets you have in your company

= Software you have in your company

= Empirical methods ,
Finite element model

= Soil strain and/or soil stiffness approaches

= Not familiar with any of those

= Others

90

80
~ 70
< 60
S 50
£ 40
© 30
220

10

Q9. From your experience, what is the maximum
distance from the pile driving source at which
infrastructure (e.g., buildings, public utilities, bridges,
etc.) is not affected by pile driving?

=
o N

Percentage (%)

o N B~ OO ©©

Lessthan 10 10— 30 ft 30-50ft Greater than Others
ft S0ft  (Site specific)

Q11. From your experience, the installation of what type
of deep foundation system would potentially cause more
damage to adjacent urban infrastructure?

Small Large Jacked piles Drilled shafts  Others
displacement displacement (Vibratory

piles piles methods) 12/28



Survey to practitioners

0 being the soil that will Q13. From your experience, what are the main sources of pile-driving

have the least amount of induced settlements?
settlement

u
o

>
o

= Soil consolidation

= Soil liquefaction “
= Groundwater considerations
Impact characteristics of the pile driving source

w
o

g
o

Q12. What is the type of soil that will
develop the most amount of settlement

10 (transmitted energy, frequency content, etc.) 29%
' = Number of hammer blows
0.0 = Others
Sands above Sands below Silts Clays
water table water table
Q14. From your experience, do you think Q16. Do you think measuring the impact Q17. Do you think performing a pre-construction
monitoring ground vibration due to deep characteristics of the pile driving source is survey of adjacent infrastructure before pile driving
foundation installations at multiple locations is necessary? installations is necessary?
important? No No
No 18% 0%
9% ‘ 0
91% Yes Yes 13/28
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Field testing: instrumentation plan and sensor purchases

Procedure: Site selection Instrumentation [ Analysis

Field testing EDPs: Schematic diagram

Critical distance

subjected to near-
Measure PPV Pile Nearfield ' cra ' Far-field
drivingl : A \ ! { A \
Porewater pressures S R
| Sensor on the surface
Settlements
-

B Geophones and approximate
location of settlement transducers

@ Piezometers

Pile O) @ ®

[ VI

- irszas |

Piezometers, magnetic extensometer, VW continuous settlement (GEOKON) 14/28

Geophone and readers (SERCEL)



Field testing

» Geophones
(Purchased 9 from Sercel)
Delayed due to COVID

> Pilezometers
(Purchased 5 from Geokon)
Received on March 16/2020

» VW Settlement
(Purchased 1, we had 1)

» Spider Magnets
(Purchased 5, we had 5)

Output 1 Output 2
) |
}IJJ.IJ’J J'JJJ'JJ'I:r

BUILDING

N\

Cutput 4
{

Qutput 3

g LR T T LD

SOIL MEDIUM

Measurement locations (Athanasopoulus

and Pelekis 2000)

Vibration wire
piezometers, readout,
and datalogger

. Instrumentation plan and sensor purchases

(= )
oQe

e 9

Geophones and acquisition system

Survey equipment
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Field testing: site locations

In coordination with FDOT, District 5 and Turnpike Engineers:
- Roger Gobin (Turnpike)

- Michael Byerly (District 5)

- Larry Jones (FDOT)

Project 1: I-4 and

Turnpike Intersection Project 2: Wekiva Parkway
oA IN
"t‘*" )id McDonald Road!g ""t—_/.—/m——Q\OOsprey Hammock
B T g W . _
! OREANDO : =y
I\ .

Wekiwa

Springs

(Likely testing site)

Project 3: Turnpike over Central
Florida Pkw and CSX Bridge
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BEND POINT
STA 218+8966. 21.00 LT ‘\
LGHT POLE PEDESTAL 1

STA. 218+5551. 5367 LT. | \
(INDEX 21200} (TYP) |

Project 1: project specifications (1-4 and Turnpike intersection)

STA 221997.15. 2100 L1,

[— BEND POINT
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STA 218+9543, 5212 (T.

- BEND POINT DIRECTION OF STATIONING g

r
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LEGEND STA. 21943351, 9.50 AT \ A3 \‘,' ) o PR STA 22104615 ’ ’ \ o ’ yr .y X / ;
\ 1 \ LIGHT POLE PEDESTAL
@ APPROXINATE BORING LOCATION PLAN ~ BEND POINT STA 22301854, 1102 AT
PMYVC POINT OF MINIMUN VERTICAL CLEARMNCE s

vhmamRd

‘ ™2
oty .

TH-1
L

Lown o 1l

oA
Aoy Phuit

.muv 7
.()OCAII'I Jnons

STA 22197577, 950 AT

Pier 11 Location

O\ o o Villages on
A\

N\ Millenia
\‘. ' oL Boulevard

FDOT Soil Boring Viewer

ELEVATION (FEET NAVD 88)

-10

Pier 11Land 11R

B-63
GSE: +100.9°
STA. 1000+30, 158" RT.

Groy—brown fine SAND with

silt, (SP-SM)
[~ W=35 |
g'.ﬂgg — 12 Graen—-gray CLAY, (CH)
- 3; Green-groy clayey fine SAND, (SC)
8 Gresn—oronge sandy CLAY, (CL)
g Green—groy fine SAND with sift, (SP—SM)
«200= 16 wips
u.-76" 3 %] Green—gray sandy CLAY, (CH)
Pi=49 8
5 gg Green—gray silty fine SAND, (SM)
-200"--' 7‘5 7 bt Gresn—groy cloyey fine SAND, (SC)
We-Ne [ 2 ?%fp Green—gray silty SAND, (SM)
Pi=NP M X 6]  Dark gresn—groy claysy fine SAND, (SC)
: ‘j‘aj Dark green—groy silty fine SAND, (5M)
13 3
17 4

e

Sk ST S e

Oark green sandy CLAY with trgce shell, (CL)

Oark green silty SAND with phosphate
B and shei, S’
LL=NP Creen fine SAND with silt, with phosphote
Pl=NP and shall, (SP-SM)

Green: SAND with nted and
trace pZOII*\.;.g porticles, (SCMT ¢ o

Graen~gray clayey SANO with cemented clay, (SC)

Green silty SAND with trace cemented clay, (SM)
-5 Pl=9

Creen clayey SAND with troce cemented clay, (SC)
BORING TERMIN. @ 107.5'
NO CASING

Geotechnical Investigation Near Pier 11
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Project 1: project specifications (1-4 and Turnpike intersection)

Florida Turnpike and 1-4

Summarized subsurface conditions at project site

Elevation SPT-N  Fines Content (%) W (%) Dr (%) S, (psi)
(ft-NGVD) 0 204060 80100 0 2040 60 80100 0 20 40 60 80100 0 20406080100 0 7 15 22 29
115_ _J_|_L_||||||||| [ I I I [ I I I | [ I | [ I T

= = ] u .'-%@’ . i . j ] ]

98I 22| - °t 14, 1. : :

O Construction Site : z E E = m @.d ; E% Ba & # ; E
Highway Route ; = E E‘ E _: ﬁ _: * ." EE f E
12 #0| 3 ] q @ ] amal ] ]
] ] %}. ] ] ]
] i = . ] ]
. ] ‘ﬁ'_ ] - -
] 1 % . ] ]
] e 7 2 - . .
- ] N ] eoa ] ]
E . . ] ?11)' q e @ ] -
é . M o’ 1 o s w |] ]
= — & . - - -
- . N . W . o s LLIH .
] S @ ] » u - .
. 8T . » PL7 1 1psi= 144psf
- = B2 ¢ B3 2 B4 « B5 ¢ B6 4 -
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Modeling: progress flowchart

4 ) 4 N 4 p 4 D é )

Testing Site Summarize Soil C AISA\V?/%%//Z?DD A ‘%I:lli_‘tYr\iEif)\rli” PLAXIS

Selection Profile Results from PDA
Results
\ J \. J \ J \. J \. J
1) 1-4 and Turnpike : : . To calibrate forcing Apply forcing fungtion _to
Intersection From soil bormgs From geote(_:hnlcal function and penetration analyze response in soil
and FDOT soil reports provided by _ !
v displacement per blow continuum
. boring viewer FDOT
2) Wekiva Parkway \ ’
3) Turnpike over '

Central FL. Parkway
and CSX Bridge ) ) )
g CAPWAP/PDA measurement —> GRLWEAP “calibration” —> Numerical simulations

Capadky C1131
AR 44T

12000 kN
3000 . . .

9000

7187kN Converting into

16050 | Stresses

g
P %8125
; B M TR R e B3
Task in progress . e 0
i i i i = i i 0.00 0.05 0.10 0.15
! ! ! ' -3000 | : : 8125
-1500 -6000 ' -16250

Time (s)
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Modeling: information obtained from foundation reports
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Structura

rawings

Bor’ihg Information

TDO-0 10640
Constnuction,
Mar-13

STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION

PILE DRIVING LOG

Structure Me: 110113 Page Ma: _ID‘f 4
PROJECTMo:  238275-52-01 Dste 72518 StationNo: 1238+20.01
PILE szarmype: 24°5Q PCP length (i 107.00 BentPierNo: 1  PILENo:
HAMMER WateMode: _APEDTOS2  SIN_14087208 iy © _ 888K gy _ 1T36K
REFeer _ +80.87  (REF1) MINTIPEev 3000 PILE CUTOFF Elev____+57.07
DRIVING CRITERIA (DC):  DC2 Elev:

Time ENAMET Dc1 DC2, input if applic.

DCMaxSk  10.00 Min Stk ragd for PR: &} blowes n 5 biows @ n
Motes:  100% PDA PRODUCTICHN PILES [ bicws L, 7 biows {1 L,
3 bows & i biows @ m
e bicws L, £l biows {1 L,
SC critena if applici: bpl @ fnox blows & L biows @ m,
SCOUR Elev: PILE CUSHION Thickness & Matenal: 20" PLYWOOD
HAMMER. CUSHIOM Thickness & Material: 2-1"MICARTA F 3 -1/2" ALUMINUM
|  Preforming 772418 1:15 PM 1230 PM M CLOUDY, B8
DRIVE Pile T/25M8 E25 AM 906 AM MCLOUDY, T8
PILE DATA:
PAY ITEM No: WORK ORDER No: MGOT26818
MANUFACTURED By DURASTRESS MFR’s PILE Noc AASTS DATE CAST: 51718
TEM/EM Elev: TEM/EM Rod Read: H.I. Elev:
PRE-DRILLED Elev: GROUND Fod Read: GROUND Elev: +48.87
Manualy input GROUND Elev (no sheef caic)
PREFORMED Blav: +28.87 Bottom of Excav Fod Read: Botiom of Excav Ekev.
PILE HEAD Fod Read: PILE HEAD Elew: +30.48 PILE TIP Elev: -37.54

PHERY= REF-LP # PL= +63.46
Top of SOIL PLUG Elev ifor Open Ended Pipe Plies & H-plles): Matural Ground Blev:
Input Natural Ground EL” ONLY when natural ground surface i beiow embankment'ill material Othensise, eave this cell BLANK

f=1 = = Phamb or FILE LIEITH i EXTEMZIONEUILD UF
w = w (= Batter ? Fie
- | ledl- |9 |uw 5 g & (click & oL | FENETRATION
] E = |u o k o = E = |- v amoaNaL LeratH | below GROUND [AUTHORIZED| ACTUAL
&} g Luwlfg E Sle 21K £ = g :. L] select) | | unasnen | wim m m m
-l ~ | P— EXTENSION
sa|E2|5 oz 8|2 8|8 & |X5|5 o[ Proms
1 107.00 | 107.00 2441
Plie PENETRATION (R, Delow: GROUNMD: BLa11
CTQP Trainee (supervised by the Qualified Inspector) MName:
expenencing the full pile installation & log inspection: TIN

Qualified Inspector - | certify the Pile DrivingLog ~ Name & TIN: MICHAEL GARTEM GB3554170

content, and as applicable. the above CTQP

Trainee's participation during this pile installation: Sagnature: MICHAEL GARTEN

Pile Driving Log

LP « Parstiratecn ()

Vil Tty Commrng 03 [Br. 10011 3. Pl Eved bt 1 P 4. APE PS5, Bhoew: 1ed (T, 25 250 1064 5

ERK (i) s——
e Trarsfemed Enes

LT
M Carse Method Capacity

RN ] ——
Wi Mleasuned Comgs. STess =

1500 2.000 Q0 i 20 an 40 2D 150 300 450  &OD

o S0 1,000

1@ 40 G000 300 500 a00 1200
ETH (1) e—
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e e
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Modeling: pile driving log record and GRLWEAP
From pile driving records, CAPWAP/PDA, and foundation reports

GRLWEAP input

Hammer Information

T00-010-60
Excel 218 (v 18.0) STATE OF FLORIDA DEPARTMENT OF TRANSPORTATION Construction
PILE DRIVING LOG At
Structure No: 750648 Page No: 1 of 4
PROJECT Ne: 437166-2/437987-1 Date: 11/8/119 Station No: 223+13.34
PILE SizaType: 247 50 PCP Length (ft): 50.00 Bent/Pier No: Pier 11R  PILE Mo: 1
HAMMER MakeModel: _ APED70-52 | sinv: 201305665 g™ 17304 O“{;’l"ﬂfa’e 353 |
REF Elew: +10405 (REF1) MIN TIP Elew +36.00 PILE CUTOFF Elev: +91.50 |
DRIVING CRITERIA (Dcy DC2 Elewv:
Type: Test Pile DRIVING CRITERIA inputs n/a for TP DC1 DC2Z, input if applic.
DC Max Sthk: Min Stk req'd for PR: 1 Mi&  bhows @ ft, blows @ ft,
MNotes:  100% PDA For Pier < blows @ ft, 7 blows @ fi
NBR=527 Tons=1,054kips blows @ ft, = blows @ ft
4 blows @ ft. blows @ fi
SC criteria (if applick bpi @ ftStk (5 blows @ ft, 10 blows @@ i
SCOUR Elev: PILE CUSHION Thickness & Material: 15" Plywood/18" Plywood (Note 10) 11-12-19
HAMMER CUSHION Thickness & Matsrial: 17 Micarta (2 EA) & 1/2" Aluminum (3 EA)
Pile Activity Date Star 1ime Stop Time Weather . Temp £ Notes
Pre-Drill 1148119 9:10AM 9:24 AM Partly Cloudy T7 Ref Elev=Bottom of Excav
Standing 11/8/19 S4ZAM 10:024M Cercast 77 |
DRIVE Pile 114819 2:42PM 3:53PM Cvercasr T2 |
Re-Drive 111219 10:03AM 10:21 AM Clear 75 |
PILE DATA:
PAY ITEM ho: WORK ORDER Me:
MANUFACTURED By:  Std Conc Products MFR's PILE Neo: C-026 DATE CAST: 101519 |
TEMEBM Elzv: TBMBM Rod Raad: H.l. Elew:
PRE-DRILLED Elev: +72.30 GROUND Red Read: GROUND Elew:
PREFORMED Elev: Bottom of Excav Rod Read: Bottom of Excav Elev: +80.30
Manually input BOE Elev (no sheet calc available) |
PILE HEAD Rod Read: PILE HEAD Elev: +105.65 PILE TIP Elew: +15.65 |

PH Elev = REF-LP +PL = +10585
Top of SOIL PLUG EleV {for Open Ended Pipa Files & H-piles):

Input "Matural Ground EL" OMLY when natural ground surface is below embankmentill matenal. Othenwise, leave this cell BLANK |

Natural Ground Elev:

(] % PILELENGTH (%} EXTENSIONBUILD UP
Y 5 m "'6 w |Fiumb or Batter Bila
~ |2 |ed|- f w Elo |2 7 (olick & rota | PENETRATION
B-|Pu|Za|85|25|2| 3 |E8|Fw| ==t | smena | enem | osionBotiom of | AUTHORIZED | ACTUAL
£ 5 h% ! g - B o B S| E %: w 8 FURNIZHED WITH Excaw (ft) ift) ()
| EXTENZION
5259|556 |25|%| &5 55|z S[PrumB
0 0 1 0 o |1 0 0 1 90.00 S0.00 7465 0.00 0.00
Pile PENETRATION (ft), below: Bottomn of Excav: 74.66 ft
CTQP Trainee (supervised by the Qualified Inspector) Name: Tyler Hammett
experiencing the full pile installation & log inspection: TIN: H53080395
Qualified Inspector - | certify the Pile Driving Log MName & TIN: Luis Ballester B42352189
content, and as applicable, the above CTQP _
Trainee's participation during this pile installation: Signature:

E'laalicn (ML)

STRTEOF FLOR o CERAETIREER T 50 TRAMSFOATATION

PILE DRIVING LOG
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Modeling: main phases in the numerical model

Pile driving numerical model stages:

1. Define material properties (HSS model) and
drainage conditions

2. Define model geometry (pile, soil layers and
“plastic zone clusters)

3. Mesh definition
4. Initialization of soil stress field
5. Activation stage: pile and plastic zone cluster

6. Dynamic analysis: application of 1824 blows
separated one second between each other.

Stress (ksf)

522
418:
| ——PDA (Measured) ]
sy GRLWEAP Stress function at
200 | the top of the pile

,2.311 * " Dense Sand -

104 -
N —
'1047 T T T T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Hme® | Close up
3 ] 14.0 ft View
Numerical -
skl model mesh
90 ft
NI, A4
; “‘ 20ft‘ . Medium Dense Sand

o<\ Plastic >
[/ Zone'

. 4
» ¥
O P SRV 7 A
AV
BRI X :



Modeling:

numerical material parameters (HSS model)

Free-Field Zone

Plastic Zone

Medium

Medium

Medium

Medium

) Loose Dense s Loose Dense
Parameter  Units ~ Den¢ ST g i gang Demse SHT g d Sand Parameters used for the
Sand Clay Sand Clay )
Thickness  m 6.2 7.0 15.0 16.0 6.2 7.0 15.0 16.0 HS small model in our
SPT-N ; 30.0 10.0 20.0 50.0 30.0 10.0 20.0 50.0 - - - )
D; (%) 60.0 - 45.0 85.0 60.0 ; 45.0 85.0 numerical simulations:
R ; ; ; - 0.4 0.4 0.4 0.4
Rs - ; - ; - 0.12 0.12 0.12 0.12 .
v KN/mM® 2000 19.0 19.7 20.4 20.0 19.0 19.7 204 References used for definition of
¢’ o 35.5 28.0 33.6 38.6 14.2 11.2 13.5 15.5 parameters:
y o 5.5 - 3.6 8.6 22 ; 1.5 3.5
¢ kPa 1.0 11.5 1.0 1.0 0.0 11.5 0.0 0.0
Su kPa - 110.0 - - - 44.0 - - - For the sandy layers:
Esq"f kPa 36000 9500 27000 51000 518 137 389 734 Brink | (2010
Eoed™ kPa 36000 12000 27000 51000 518 173 389 734 rinkgreve et al. ( )
Eot kPa 108000 30000 81000 153000 1555 432 1166 2203
GoRef kPa 100800 70000 90600 117800 1452 1008 1305 1696 _
m _ 0.5 0.7 0.6 0.4 0.5 0.7 0.6 0.4 - For the clayey layers:
Vir - 0.3 0.2 0.3 0.3 0.3 0.2 0.3 0.3 Vucetic and Dobry (1991)
Y07 x10* 1.40 9.95 1.55 1.15 1.40 9.95 1.55 1.15 .
a ; 2.7 2.6 1.9 2.0 0.7 0.6 03 0.3 Likitlersuang et al. (2013)
B x104 9.4 9.2 6.7 6.9 2.6 1.9 1.0 1.1
R¢ ; 0.9 1.0 0.9 0.9 0.9 1.0 0.9 0.9
PLAXIS 2D Strength Reduction Factor ~ Shear Wave Velocity Reduction Factor
. Model Number (R) (Ry)
Reduction factors Modol A 04 012
for the plastic soil Model B 0.4 0.2
adjacent to the pile Model C 0.5 0.12
Model D 0.5 0.2 23/28




Modeling: overview of results from numerical models

8274 82 )
1 =—— Measured |
Model A 1
66f Model B 66f
£ ] ——ModelC £
c Model D c . . .
541 541 Comparison of different soil parameters
g | g | and dimensions for the plastic zone.
% 337 — % 337 Measured
= ] = ] r=4.0 ft
16{ 16{ r=10.0 ft
OA? — T T T [ T T T T [ T T T T [ T T T T ] 0 | — T T T [ T T T T [ T T T T [ T T T T ]
0 500 1000 1500 2000 0 500 1000 1500 2000
Hammer Blow Number Hammer Blow Number
2% @ 717
E 944 6.3
= 71+ 5.5
o i
g 47 4.74
_ 4 241 3.9
Comparison  of 31

discontinuous  and g o]
continuous modeling approaches with §-24-
values from GRLWEAP on top of the pile. £-47-

2.4

()
»
Pile Penetration (in)

= 1.6-

S i

D -71 0.8 -

> i i

=< -94 0.0 - T - .
'S - 10 0.08 0.16
§118 - -0.8- Time (s)

—— GRLWEAP Continuous Discontinuous
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Modeling: comparison versus PPV values in nearby projects

PPVs: Computed with model vs. measured values in nearby projects
(Bayraktar et al. 2013):

» Sand Lake Rd. over the Turnpike,
» SR 528 over the Turnpike,

» Turnpike over Shingle Creek,

» Turnpike over US 441, and

» Kissimmee Park Rd. over Turnpike.

PPV (in/s)

1000.00
Sand Lake Road over Turnpike
100.00 .

P ] ===- SR 528 over Turnpike

10.00 [=e = HH"“-E::""*-.H_‘ = = =Turnpike Over Shingle Creeck
[ e R
1.00 i S :_-.,-H'"";:::l“‘-..__ Turnpike over US 441
T . '“"“--..::""-..___h ————— Kissimmee Park Road over
0.10 e """--..\_“'"--.__‘_ Turnpike
&‘“"-,,:-"‘ ®  Plaxis
0.01 =
0.10 1.00 10.00 100.00

Scaled Distance (ft/Vft-kip)

Computed with model vs. measured values in nearby projects
(Bayraktar et al., 2013)

=
- -

o
=
=

PPV of GRound Vibrations, in/s

0.001

0.001

Project locations

. ation
k=1.4, n=1

0.01 0.1 1 10 100 1000
Scaled Distance D/ISQRT(Wt), ft/sgrt{kip-ft)

Data from Turnpike over Shingle Creek

(Bayraktar et al. 2013) 25/28



Conclusions and challenges

1. Continuous pile driving process is currently modeled
successfully using plastic zone and soil-pile interaction
concepts.

2. A continuous pile driving model matches better pile response
than a discontinuous model. A continuous model considers
changes in the state of stresses as the pile is installed.

3. Results computed by assuming “wished-in-place” locations
of the pile at different elevations applying single hammer blows
at those locations, and accumulating those values (i.e.,
“discontinuous” approach) do not constitute an accurate
method to study pile driving dynamics and can produce
misleading results.

4. Some numerical issues were found: stiffness errors, model
divergence, computational time, and characteristics of forcing
function and stroke height changes with depth.

5. Rayleigh damping in the soil mass was used to
supplement constitutive model damping. Definition of
damping is key.

Influence of damping for attenuation characteristics
1

PPV (ft/s)
©o o o o
o N M o ™

0 2 4 6 8 10 12 14

Distance from the pile (ft)
—e—Undamped —o—2% 5% —e—10%

Settlement

6. Ultimate goal: find relationships among
PPV — distance from source — settlement for
different input energies and soil types in
Florida.

Distance

PPV
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Task 1 — Technical review
Task 2 — Survey

Task 3 — Field testing

Task 4 — Numerical modeling
Task 5 — Prediction method

Task 6 — Recommendations

Tasks timeline and future plans

O = C ~ C T

-

w 5 D

Deliverable # / Description of Deliverable as provided in the Anticipated

scope (included associated task #) Date of
Deliverable
Submittal
(month/year)

Project kickoff teleconference 03/2019

Deliverable 1: A technical report presenting the results of the 05/2019

technical background on pile-driving induced settlement and past

case studies.

Deliverable 2: A survey instrument and technical report with the 09/2020

analysis of the survey data.

Deliverable 3: A technical report summarizing the results of the 03/2021

first field test, including: (i) details of pile installation, (ii) soil

properties at the selected site, (iii) data of excess pore water

pressure and ground vibration (PPV) during pile driving, and (iv)

measured settlement data during pile installation.

Deliverable 3b: A technical report summarizing the results of the | 06/2021

second field test.

Deliverable 4: A technical report summarizing the results of the 09/2021

numerical models and parametric studies developed in this

research.

Deliverable 5: A technical report summarizing the correlations 11/2021

between settlement, PPV, and distance from source, including a

prediction equation or chart for pile-driving induced settlement

as a function of PPV, distance, and energy source.

Deliverable 6a: Draft Final Report 12/2021

Deliverable 6b: Closeout teleconference meeting and PowerPoint | 1/2022

presentation

Deliverable 7: Final Report 2/2022

Comments

Completed

Completed

Completed

— Pending

==

Working on it!

— Pending
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