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ey RALEIGH

Filling Holes

Check the water mflow rate at the bottom of hobes after all pumps have been removed.
IF the water inflow rate is greater than & inches per half hour or holes are

with sluery, use an appeoved method for placing concrete, grout o flows
Otherwise, remove any fluids and free fall concrete, grout or fowable fill into holes.
Ensure that conerete, grout or flowable fill flows completely around piles.  Place
comerete, gront o fowable Gl continuously and remove all temporary casings.

Pile Driving Analyeer

When required, test piles in accordance with ASTM D843 using a pile driving analyzer STA N DA R D S P EC l Fl CAT l O N S
(PDA} manufactured by Pile Dynarnics, Inc. Analyze PDA data with the CAse Pile Wave i

Anulysis Program (CAPWAPY manufactured by Pile Dynamics, Inc. Use o pregualificd

DA Consultant o perform PDMA testing and CAPWAP anglyses and provide PDA eporis.

Use a PDA Operator approved a8 a Field E i} For the PDA Consodtant. FO R

Provide PIdA reports scaled by an engineer approve wt Engineer (key person)

far the same PIA Consultant,

The Engineer will determine how many and which piles n3 vidle piles ROA D S A N D S I R U C T U R E S
for PDVA testing that are at least 5 feet longer than the esti N

preliminarnly scoepted.

adviinee,

The Eagineer will complete the review of the proposed pil

within 7 days of receivi i i

cape or footings on piles until PDA reports and pile driving criteria have been ac

i1y PDA Testing
If necessary, provide a shelter 10 proteet the PDA Opersor and equipment fron
conditions of sun, water, wind and rempersture, The shelter should have a floor siee
of at beast 6 feet 1 6 feet and a roof height of at least £ feet. [f necessary. beat or cool
the shelter o maintain a temperature between S0°F and 85°F. Place the shelter within

ciich of the PIXA cables and lens view of piles being driven. ' W H B lag 3 g T ¥ W i . § sl 1% o w
N e T S S When reguired, test piles in accordance with ASTM D945 using a pile dnving analyzer
Drill holes for PDA instruments as directed, : piles in lewds and wemplates heforg " ) d. 3 - e 4 : k e
i aonly preliminarily accepted pile driving methods and [ 3 . 0 ) (1 B g 1 - Fph Py [} g n s B - i -

eguipment to drive pile piles as directed and in accordance with Subarticle ‘-PIJ'I“ ! [I I"l“urd:" "u r"d h-‘-. I 1]"' 'j} "J'"“"" h‘ I“"‘ > "ﬂ"n'll-}l'?t' E r':'\ JJ'L'] ‘“‘ ”'h 'hL l:' '1'!"" FI I"' ‘. J'”"
450-3D). The PIYA Operstor or Engineer muy require modified pile installation I “ o ERL Ri- .1 2 —r. . L - -
B S ettt i g b o o Analysis Program (CAPWAP) manufactured by Pile Dynamics, Inc. Use a prequahified
evaluate the hammer perfonmance, driving resistance and siresses, energy transier, pile 5 - - L % i
inegrity and vrious soil parameters such as quake and damping. PDA Consultant to perform PDA testing and CAPWAP analyses and provide PDA reporis
If required, reattach PDA instruments and restrike or redrive piles maccordance with . . o - & ) X = T g B
Subaricle 450-HDN4).  Obiain the required stroke and af least 6 inches of pile LUse a PDA Operator approved as a Freld Eagineer (key person) lor the PDA Consultant.
vovement as direeted, Dynamic measurements will be recorded during restriking and ¥

redriving. The Engineer will determine when PIMA testing has been satisfactorily pl"\l,‘ ld‘: I: I}'L. e l'!.u rl:‘ ‘|':H.|k"d h} an ‘:“E"n‘u":r JPP rlﬁi‘d as a P[u—]ﬁ{ an! etr 1 R\I:'I F':l-!l-l““ ’

completed

. . - ¥ ¥ - .
CAPWAP Analysis for the same PDA Consultant
CAPWAP analysis 18 requined for a1 keast i hammer blow near the end of initial drive

and each reswwike and redrive.  Additional CAPWAP analyses may be required as

determined by the PDA Consultant or Engineer.

PDA Reports

Submit 2 copies of ench PDA report within 7 days of completing PDA testing. Includs

the fullowing in PI3A reperts:
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GEOTECHNICAL CONTRACTOR PREQUALIFICATION REQUIREMENTS
{CONTINUED)

Registration’ Yews of
Key Personnel Certification

Hoguined Regquired

Continuous
Experience
Required

003060 Pile Dnving Analyzer Project Engineer PE"'& Advanced® 5 Expenience with PDA-S, CAse Pile Wave Analysis Program (CAPWAP),
(PDA) of Highes version 2014, and GRL Wave Equation Analysis Program (GRLWEAP),
version 2010, manufactured by Pile Dynamics, Inc

One steel pile example and one prestressed concrete pile example, both PDA
testing examples with CAPWAP analysis and dnvang critena

Work Code Work Description Type of Work Additional Requiremenis

Field Engincer Intermediate” or
Higher

Cernficate uf]‘lﬁc:mc} Rank from Pile Dvnamics (www pdaproficiencytest com)




* Goble Pile Check (GPC)

* Pile Driving Analyzer (PDA) from Pile
Dynamics, Inc.

INFRASTRUCTURE
CONSULTING & ENGINEERING

Refined Signal Matching with N-GAPA
2 — combined accelerometer /strain gauges

Wireless

Option for instant (blow by blow) signal
matching with iN-GAPA

Refined Signal Matching with CAPWAP
2 strain gauges

2 accelerometers

Wireless / Wired

Option for instant (blow by blow) signal
matching with iCAP
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NCDOT TEST LOCATIONS
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INFRASTRUCTURE NCDOT TEST LOCATIONS

CONSULTING & ENGINEERING

Table 1. GPC and PD4 Dynamic Pile Testing Camparison Locations

Required
PDI Gage GPC Gage Driving Tnitial Slgnal
Location Pile Driving Pile Length Location Location Resistance Drive / Matching
# TIP Contract | Contractor County Bridge # Bridge Description Bent # Pile # Pile Type {feet) {LT} (feet) {LE} (feet) {LE} (kips) Hammer Date Restrike |Comparison Notes
Data collected during driving of both bottom and
1 1-5877 €204283 | STWooten | Cumberland 155 SR 1813 (Percy Strickland Road) (  jp o 7 Wpizesy | 30/ 100 (NOTE 48/ 47797 430 Delmag D19-42 2/6/2023 || initial Drive No top sections of Hpile, missed data near the end of
over 1-95 1) (NOTE 1) (NOTE 1) ! ;
drive due to |oose strain gages

N . . PP 14x0.5 Close: 47.7 Short Term Data only collected during short term restrike with

2 178P.3R80 | DCo0314 TA Loving Brunswick 104 NE 806 over Middle Swamp End Bent 1 5 ended Pine 50 a7 wore 2 270 APE D15-52 2/7/2023 b No very low capacity
PP 20%0.5 Open . Data collected during driving but missed some data
3 15877 C204283 | STWooten | Cumberland 148 1-95 over Reese Creek 2 7 Ended Pine 65 617 60.0 ar0 Plleco D30-32 2/24/2023 | Initial Drive Yes towvands the nd of deive due 15 broken hangar balt
a R-1015 Capayy | DalfourBeatty Craven 274 US 70 (Havelock Bypass) Left Lane 3 3 HP12x53 14 120 110 280 ICE 1-19v2 3/3/2023 | Inktial Drive Yes
Infrastructure owver NCRR
5 U-25198A cz04110 sanford Cumberland 248 Fayetteville Outer Loop Right Lane 1 3 HP14xT3 70 68.0 67.6 360 ICE I-30v2 3/10/2023 | Initial Drive Yes
over UT to Stewart's Crekk
6 HE-0005 Caoazgy | APACAtlantic, | o 1397 [P 169 (Regional Road)over UTto | oy ) g |HPAZGS3w/pile a1 85 380 340 Berminghammer B-| 311412023 | initial Drive Yes
Inc. Brush Creek point 3305
7 U-2719 fU-4437 | c204157 Lane Wake Hillshorought Street aver Blue | ¢ g,y 3 [HPazs3wipile 6 66.5 65.5 340 Pileco D19-42 3/20/2023 | Initial Drive Yes
Ridge Road point

8 R-2721A 204198 Flatiron Wake 1557 NC 330 "*hlcl::: overMiddle | ¢ i Bent2 1 HP12x53 50 8.0 47.0 390 APE D19-42 3/20/2023 | Initial Drive Yes
9 B-5694 €204362 | STWooten Bladen Tem’“i;"hﬁ:‘;:; ?,:'::' Hover | e igent? 2 HPLAx73 50 58.0 57.0 %0 GPE D19-42 3/23/2023 | Initial Drive Yes

NOTE 1 : Bottom section of pile / total top and bottom section of pil
MNOTE 2 : GPC gages were located at the same distance from the pile head but rotated around pile 90 degrees from the PDI gage
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TYPICAL DATA ANALYSIS

Open Save
[Ctrio] [Ctls)

Recent Print
Files Blow Report

Unit

US Customary

Project Name
Project Number
Pier/Cap and Pile No

Opentor
Date| Mar03, 23

CSlmit| 4300 ksi

Start Stop

T2 AM | | 12:01 PM
03/03 03/03

GPC - Havelock By

Bent 3 Pile3

ICE

Marker Li

Ref. Elev.

TsLimit| 4300 ksi Batter Angle

NBR|  3100kip| Batter 1HV

Pile Non-Uniform Pile

Pile Wizard

0000kt LE 1100
1550sqin| L 11400t

16606 ft/s

ICE

Open End Diesel

Drive Notes

Calibration Table

5 0

Blow List

LP or Set Table

) Manual ) %.00ft
Auto 100t

Gpey/

Time Shift Filter Points
F

04
Vo

ViewingBlow 1597 >

of 1606

B Fleps) A\
B VZ (kips) PN

i
d 4 n
Replay Factor
F100 100 Off Off
V100 100 Off Off

Blow Time RMX
1200:50 PM 309 kip
FMX RUX

380 kip

EMX
152 kip-ft

SFR

194 kip

X Cs8
U5ilai 19.33 ksi
BTA L0
100 % 11.00#

TS s
085 ksi Nahl ki
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iN-GAPA

BC Match Level 1
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RU MQ

MWakp M
4] 1]
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DIEND} OK

BT 100%
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STRIBTIFTNGI PLE3- EOD

s isnosen |
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000 ksi
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16807.91fs
16639 31
4

10

B4kl
N3l
Blksl

170k
9061
#0%
9%

Whkips
182kps
198kips
D4kps
5 ips
1 kips

4241
1697/1696
1557

F@N20E(Ekps) ———

VEZI0A2IYS) =t
{1 i

[
A3

LU L

WU@1 1200860 kips) =
D@2004(3%4 i)
1§

| Cament 9 )

{DRIVE

| LOG | 9998

1415971590 BALTSGT BCAG/ALAT
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PREPPING PILES
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INFRASTRUCTURE TYPICAL INSTANT SIGNAL MATCH
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= Excluded Blows Y-Ruxis
Viewing Blow 1597 = of 1606 Blow Included (F1 e 5 Fiter Pts
Hidden Blows

T 720

Resistances; kip

B Fkips) A\
B VZ (kips) (o™

B8 Pl Edt Cpsors  Funcion  Windows  Help

CUR:OK

V2. DK 1.02 VIEND] Ok D{END}: Ok Balance Unavailable

HAVELOCK BYPASS STRIBTIFTNG] PLE 3-E00 vz 121607056 P T

E W

i
w32

| Deeie Bnangicar | e e
et | J— |

D T
[]
L]
[]
[]

AP o Dozurant

1A S P

i

AP e TV - Outont.

P e

: i : : | Manual N-GAPA 1 5 S —
Filter Points Replay Factor |
Fo F1.00 100 Off Of
Vo V100 1.00 Off Off

iN-GAPA

BC Match Level 3 = Current P (1)
i LOG 09.98

Fine Match

CSB RU MQ
19.33 ksi 239.0 kip 1.26

LTD cs s
111.00 ft 26,76 ksi  0.53 ksi
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CONSULTING & ENGINEERING #1 HP12x53 50/100° Delmag D19-42




INFRASTRUCTURE #2 PP14x0.5 CEPP 50’ APE D19-52
CONSULTING & ENGINEERING




INFRASTRUCTURE #3 PP20x0.5 OEPP 65’ Pileco D30-32
CONSULTING & ENGINEERING




INFRASTRUCTU RE #4 HP12x53 114’ ICE I-19v2
CONSULTING & ENGINEERING




INFRASTRUCTURE ’ »
CONSULTING & ENGINEERING #5 HP14x73 Uit el

PDI Wireless

Radios
Triggering
Issue (Blows
missed)




INFRASTRUCTURE . . ’ P2
CONSULTING & ENGINEERING #6 HP12x53 w/ pile point 41" B’ham B3305




INFRASTRUCTURE : e ’ P} g
CONSULTING & ENGINEERING #7 HP12x53 w/ pile point 46’ Pileco D19-42




IN ERASTRUCTU RE, #8 HP12x53 50’ APE D19-42
CONSULTING & ENGINEERING

Initiation of
pile tip
damage per
GPC?




INFRASTRUCTURE : .
CONSULTING & ENGINEERING #9 HP14x73 60° GPE D19-42
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CAPWAP(R) 2014-3-Infrastructure Cansulting & Eng, PLLC. - [Structure 3 Bent § Focting 1 Ple 3 1307)
Baukmavh_ Farameters and Results { imuati ¢
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INFRASTRUCTURE PDI WAVE EQUATION CALIBRATION
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& GRIWEAP 2010-7-ICE of Carolinas, PLLC - [Struscture 3 Bent 3 Focting 1 Pile 3 E0D]
Bl Fie Edt View Options Tools Window Help

D|e|d| #|®|n| si|riez|st|sz|o|stisajorfw] ¢ [A]o]

Hammas Information

Selact from folovere fet [10/17/2016-2003) Ll 1 5013

D [ Hame | Type | PomwiEcc M | Enesgu/Fower
1502 ICE w2 OED 1764 18669
1503 ICE 1132 DED 402 46137
1504 ICE 130v2 OED 6613 76051

Hammes paramaters Likimate Capacites [up to 101
Efficiancy 2

fo.485_|
PR 0 Cla o EC
Srote LN Foed - B Gwa - [R:\Projects\19-79 - Balfour Beatty Foundation Testing19-79.01 Balfour Beatty Hal]

Fie mateia U ' File Edit State Help
" Concaste: @ Stesl 4

[ Action »3| i

Cushion Information

- e [ Havelock Byp_STR3 - BT3 FTNGL PL3 EOD 18/16/2023
y Soil Pasameters A )

. : ks 2ndToe -No ICE of Carolinas, PLLC GRLWEAP VERSION 2816
e Mo S Shalt in  [Goont
Thickness 1] x
coFm i Tos in Rult Set BlCt TopFx MxCS MxTS ENTHRU ActRes Stroke
Stifiness 1 0 —— kips inch  BLl/ft kips ksi ksi kip-ft kips ft
Heloet Weght B

shat [FTNEN - ot
File Infomations : 327 8.28 42.2 314.4 21.952 2.576 17.8 9.F

S _ — Tor (NN -4 Fh

Penstishon
Shalt Resistance

Section Mea 5.5 u Facwing m %

Elast Mo =2
Spac Weight - o
Toahiea Dist. Shape Nun ]

Penmeter

Pl Size Residuy Stress Anabpsis




Table 2, GPC and PDI Signal Matching

INFRASTRUCTURE
ENGINEERING

CONSULTING

Results Location #3

OVERVIEW RESULTS

Penetration
Below Ground
[1ad]

Total
Capacity
[k

487

BES

kipsl 1 ikips)

Shaft
Capacity

566

Percent Shaft

Toe Capacity
’I:ﬁ;l

(e

Count ’EI

PMeaswred Bhow

[ 1=]

|5 troke (F)
—

LShaft Quake
Jin}

8.9

.0

A7

575

392

187

&9

2.9

0 04

PLC and P Signal Matching Results Location &4

Bl
Musmber

Ponetraticn
Below Ground
£red

Total
Capacity
{kigpes )

Shaft
Capacity
fhcips}

Percent Shaft
Copacity [}

Micasisred Blow
Count (bof)

Compatod Blow
Count {bpf)

[Stroke (fri

1597

100

327

207

&3

A%

A2

2.1

1597

LOO

313

289

o2

[F]

B2

9.1

PiC and P 5

ignal Matching Results Location #5

Blows
wmber

Penstration
Below Grownsd
)

Tatal
Capacity
Lklps]

Shaft
Capacity
{kdps}

Percent Shaft
Capacity (%)

Peasured Bhow
Count (baf)

Computed Blow
Count {baf)

|Stroke {Fr)}

Energy (kip-
it ]

530

AR 4

457

22T

Sl

0

A0

2.5

30,7

SRE

48 4

a1%

1828

a5

a0

39

B.%

27.6

PC and PDI Signal Matching Results Location 86

Blow

Panatration
Below Ground
[Fed

Toal
Capacity
{kipes)

Shafr
Capacity
{kips )

Percent Shaft
. ity (3

Mieasured Biow
Count {bpf)

Computed Blow
Count (bpf)

[Strake (F)

Energy {kip]
i)

Shaft Cuake
Lin}

233

437

116

27

B2

140

2.3

15.1

0,06

235

SED

Ll

120

231

8.9

12.8

O O8

ignal Matching

Results Location 87

Panetration
Below Grownd

[1ad]

Total
Capacity
[kips]

Shaft
Capacily
{kips}

Percent Shaft
Capacity (%)

Toe Capacity
ikipa)

Measwred Blow
Count (bpf)

Comparted Blow
Cowunt (bpf)

L:rulce [FEl

Energy (kip
it}

Shaft Quake
i}

315

411

186

45

X35

1]

45

| 1038

306

L0

il.5

R

169

43

227

A8

i

| 108

27.2

0.0

ignal Matching

Results Location #8

Penetration
Below Growund
(e

Tortal
Capacity
Lkips]

Shaft
Capacity
(kips)

27.7

431

117

277

344

G5

Table 8. G

ignal Mil:chini

Typn

Penetration
Below Ground

Results Location &3
—

Total
Capacity

Shaft
Capacity

Percent Shaft
Capacity (%)

Toe Capacity
ikips)

[Stroke (Ft)

Enerngy {kip
ft}

286

138

a5

33

93

.3

20.7

286

115

a3

37

7

7.2

17.3




Table 9. Signal BMatching/GRLWEAP Calibration Results Location U3 (NOTE 1)

Moy Cound |
Hesistance Blow GRIWEAF Blow Signal Batch Eng.
:IEE Disribution L'l:l=l'|1 oyt Em‘ § GALWESP EEI
P T ngailai 6T 1.03 54 102
P TII.JHEIl.Jr il 1.08 101 100
Table 10. Signal Matching/GRUWEAP Calibration Besults Location 84 {MOTE 1)
Bl Cound |
Rasistanie Hlow GRUWESAF Bloyw Signal Match Eng.
T Dizaribiitian Coimil L&t ErHrE § GRLWEAP FﬂL
PL bl T |._|.|'|.| LF 2] 1.0}
SPC TnanEJhr ] I:-._B-l 155 L5
Tahle 11. Signal Mnl‘chmE'GRL'n'EAF' Calibration Results Location #5 {NOTE 1}
e Cound |
Hesistance Blow GRUWELAF Blow Signal Bakch Eng
'|ﬂl: sributian Lot Launt E § GHLWERP F.I1I
POl Triangalar &0 .99 201 100
G Trigngaikar 3r 1,23 ¥15 L.0M3
Table 1. Sigral Matching/GRELWEAP Calibraticn Besults Location #B6 {MOTE 1)
Mo Coung |
Hesistance Blow GRUWEAF Blow Signal Batch Eng.
Type Diribution Cgumnii Lount Em‘ F GALWESP E
PO Asniil . 151 100
G TIIdIIEIHr ( M 17 ) 13
\/

Table 13, Signal Matching/GRLWEAP Calibration Results Lecation A7 (NOTE 1)

Bl Couns f
Aesistance filoawe GALWEAP Blow Signal Match Eng.
Type ixdribution Cipuanit Count Ererpy | FGRAUWEAP Enp
POl Auctual ] 0958 ol LD
GG Triangulas Lo | [ ITE 055
Table 14, Sipral Matching/GRELWEAF Calibraticn Results Locaticn B8 {ROTE 1)
Bloww Couna f
Resistance Blaw GRUWEAP Blew Signal Match Eng.
Typa Digfribution gl Caunt Ensrpy { GALWEAP EI'IL
PLi Achaal . ILi LG
GRC Triangalar ( &0 1.33 ) 214 1.0
Talble 15. Signal Matching/GRL'WEAP talihrgtlm Results Location 45 {ROTE 1}
Rasistance Hlaw Bl Cound f Signal Macch Eng.
Typs Dintributian Ll ﬁH:K:E.ﬁF Bl Enerpy T GRLWEAP En‘_I
Pl Tl'-.:lnEl:lr 11 \I..|.II. k] L0
SRC Triangular 10 \L.0& 17.1 1.0 |

NOTE 1 Sigral matching sy calibrated with GRANWEAP wiing aclual Fumernr,
hebmet, and farsenes cushicns s well as sl wales\ef torsl capacity, quakes
dampings. and percerd shaft capa oty from sipnel matchieg. Hereted 22 needed 1o g
closest blow count and energy match



INFRASTRUCTURE OVERALL COMMENTS /
CONSULTING & ENGINEERING RECOMMENDATIONS

Good comparison between GPC and PDI results

No issues with GPC Wireless connection or data transfer

No issues with GPC combination accelerometer/strain gauges

By design GPC Signal Matching is more automated compared to CAPWAP...
Both require experienced engineer for analysis

Recommend NCDOT revise Prequalified Geotech Contractor Requirements to be more generic
or add “or equivalent” (2024 Specs already updated)

(F) High-Strain Dynamic Pile Testing (Dynamic Pile Testing)

When required, test piles in accordance with ASTM D4945 using dynamic pile testing
equipment with external transducers manufactured by Pile Dynamics, Inc. or another
approved vendor. Approved vendors can be found on the Geotechnical Engineering Unit’s
website. Analyze collected data using signal matching software (CAse Pile Wave Analysis
Program (CAPWAP) manufactured by Pile Dynamics, Inc. or equivalent by another
approved vendor). Use a prequalified consultant to perform dynamic pile testing and signal
matching analyses and provide dynamic pile testing reports. Use a dynamic pile testing
operator approved as a Field Engineer (key person) for the dynamic pile testing consultant.
Provide dynamic pile testing reports signed and sealed by an engineer approved as a Project
Engineer (key person) for the same dynamic pile testing consultant.
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