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This manual is property of Smart Structures, Inc. It must be promptly returned to them at any time they may so request. It is loaned to the
holder for his personal information and use only, and its content shall not be disclosed by the holder to any third party. The holder shall take
every precaution to prevent third parties from perusing, reproducing or copying the same either wholly or in part.

© 2012 Smart Structures Inc. All rights reserved. Neither the whole nor any part of this manual may be reproduced, stored in any retrieval
system or transmitted in any form or by any means (electronic, mechanical, reprographic, recording or otherwise) without the prior written
consent of the copyright owner.

SmartPile® is a registered trademark of Smart Structures Inc. The SmartPile® system is protected under U.S. Patents No. 6,533,502 and
7,637,166, with additional patents pending. Smart Structures aims to ensure that all information in this document is correct and fairly stated,
but Smart Structures is not liable for errors or omissions. Specifications are subject to change without notice.

This device complies with Part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) this device may not cause harmful
interference, and (2) this device must accept any interference received, including interference that may cause undesired operation.

FCC ID: VOCSP-X01D2

Changes or modifications not expressly approved by the party responsible for compliance could void the user’s authority to operate the
equipment.
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Introduction

Through sensors embedded in the pile, the SmartPlle® system obtains accurate information on stress levels in a concrete pile from the moment
it is cast. This provides the system with the unique ability to measure residual stresses during installation and provide an accurate assessment of
the true conditions in the pile. Multiple embedded sensors also collect accurate wave speed measurements, allowing a higher level of pile
integrity monitoring. Consequently, accurate dynamic data on the shaft friction and tip resistance is available, so that an estimate of the
ultimate static resistance (i.e. capacity of the pile) can be made. To enhance safety and ease of use, its patented design allows monitoring and
recording of data from up to 500 feet from the pile, with no wires to connect. Powerful PC-based software generates DOT-formatted reports,
provides multi-user access with password control, and allows data review from both current as well as past projects.

The system provides the user with the following benefits:

e |t provides for a high level of confidence in achieving the e |t measures pile pre-stress and driving stresses (i.e, tip stresses,
required driving resistance residual stresses, total stresses) and pile tip resistance

e |t eliminates PDA installation pile preparation time at jobsite e It provides for high levels of pile integrity monitoring

e |t eliminates climbing leads at the job site for gauge installation e It provides for an efficient means for monitoring pile re-strikes

e |t provides constant monitoring of pile driving energy e Instrumented piles require no special handling by the contractor

e It records pile driving data history e |t provides additional features for pile manufacturing and

e Instrumentation is calibrated before every installation installation quality control

Following a short system introduction, this manual describes in 27 steps, the data review process with the SmartPile® system. It is important
that these steps are followed strictly, and it is therefore suggested that this manual be carefully reviewed before the actual work is started, so
that any questions or concerns can be addressed prior to the actual work. In case you require additional support or clarifications from Smart
Structures, Inc., don’t hesitate to do this. The best way to contact Smart Structures is by calling (866) 640-2993 and then entering 1 for support.
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Part 1

System Overview
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System Overview

Off-site Preparation of Installation Kit

In most cases an Installation Kit will be prepared before the installation technician
arrives at the casting yard (“off-site”) to speed up the installation of the system on-
site.

If for whatever reason an Installation Kit has not been prepared, and instead loose
components have been shipped to the casting yard, additional preparation work will
be required prior to the physical installation of the system.

Activate System

If pile casting is expected within the 3 days from the preparation of the Installation
Kit, the preparation of the Installation Kit includes system activation by connecting
the State Stamp Battery properly to initialize the Dataport. After the Dataport access
cover has been put back into place, colored tape is placed over the screw heads to
clearly mark that the Dataport has been activated. The tape also ensures that
concrete is kept out of the screw head slots when the piles are poured.

On-site Installation of Items included in the Installation Kit

In the casting yard, the items included in the Installation Kit are installed. This
includes installation of the Suspension and Dataport Assemblies as well as connecting
all these items using the Tip Extension Cable. The work also includes proper dressing
of all exposed cables.
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Check System Prior to Pile Casting

Prior to casting, the installation of all items is inspected and checked. Once verified,
the SmartPile® Workstation is connected to the system to verify its functionality and
performance. If the system operates correctly, a Pre-cast State Stamp is issued.

If applicable, epoxy can be applied to the Dataport housing before pile casting.

/~ANTENNA TO BE MOUNTED
ALONG THE PILE CENTERLINE

N,

20

==

“S—ATTACH TIP GAUGE EXTENSION CABLE TO
UNDERSIDE OF STRAND USING NYLON
WIRE TIES EVERY 6 FT OR AS REQUIRED

#~MOUNT ANTENNA TO A DEPTH OF 34"
/ INTO THE FACE OF THE CONCRETE

ABOVE TOP GAUGE ASSEMBLY. SEE SHEET 2

ey

- GAUGES SECURED IN PLACE
USING NYLON WIRE TIES (2) ..

Pour Concrete

While pouring the concrete, special attention must be given to ensure that the
SmartPile® system is not damaged either by having concrete dropped right on top of
the sensing elements, or by careless vibrator use.

Check System after Pile Casting

After the pour has been completed, the SmartPile® Workstation is once again
connected to the system to verify system functionality and performance. If the
system operates correctly, a Post-cast State Stamp is issued. A copy of this State
Stamp can be given to the appropriate yard personnel for quality and integrity
tracking purposes.

SIDE GASKETS SHOWN

IN PLACE FOR CASTINGS
w [
COVER REF. | 4,_3#&\\ ~ _COVERREF

LID SEAL GASKET

LEVEL %

W‘—

POTTED AREA
PROVIDES A
WATER-TIGHT
SEAL
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Transport finished SmartPiles® to the Job Site

Data Acquisition

The data acquisition using the SmartPile® Workstation is described in the Data
Acquisition Manual. SMARTPILE USER MANUAL
It is essential that the system is properly configured prior to the start of the data
collection to ensure that the data is recorded correctly. This configuration as well as
the actual data recording is done with the Data Acquisition software within the
SmartPile® Suite.

a
°
°
L]
92}
<
>
A
|
3
I=
m

DATA ACQUISITION

September 2012 - Version 4.0
Smart Structures, Inc. - 324 5. 2nd Street Pike, #13 - Southampton, PA 18966

Data Review

The analysis of the recorded data, either during data acquisition on site or at a later
date in the office, is described in the Data Review Manual. SMARTP|LE u'SER MANUAL
This review is done using the Data Review software, running either stand alone or
within the SmartPile® Suite. This software also allows you to perform installation
monitoring analysis (including pile capacity calculations) and pile integrity analysis, as
well as generate summary report.

I1d LIVINS eee)

DATA REVIEW

September 2012 - Version 4.0
Smart Structures, Inc. - 324 8. 2nd Street Pike, #13 - Southampton, PA 18966

Additional capabilities of the system beyond driven pile installation are covered at
the end of this manual.
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Part 2

Data Review
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Using SmartPile® Review

Get Familiar with the Manual

It is very important to carefully review this manual before using the
software, so that any questions or concerns can be addressed prior to
encountering issues.

SMARTPILE USER MANUAL

3id LIVINS eee ]

DATA REVIEW

September 2012 - Version 4.0
Smart Structures, Inc. - 324 S. 2nd Street Pike, #13 - Southampton, PA 18966

Get Started

Make sure that you have installed the latest version of SmartPile®
Review on your computer. If you are using a Workstation running
SmartPile® Suite, you can assume that this is the case. If not, go to
the Smart Structures portal to verify that you are using the latest
version (please follow Specific User Instructions Item E at the end of
this manual).

This manual is applicable to SmartPile® Review version 4.0 and
higher. Any older versions of Review need to be updated at this time.

Finally, create a ‘SmartPile’ folder in your ‘My Documents’ directory.
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Start SmartPile® Suite / SmartPile® Review e
From the Windows Start menu, start the program with one of the S memsay
following selections: "
Start-> Programs=> SmartPile® Suite 4.0 = SmartPile Suite 4.0 e
Start-> Programs—> SmartPile® Review 4.0-> SmartPile Review 4.0 A

Set the Initial Data Directories

B4+ SmartPile™ Review: Blow Data Display and Reporting

= by

. . . . . . Eile Session Configuration Import/Export Acquire Date  Publish  Help.
The first time you start up SmartPile® Suite/Review, you will be — .
. ] - . ©®® SVMARTPILE™ Review 40 (g B Review session Loaea 0 Display Skip Top P 68 T pLo [0
prompted to identify where the SmartPile® data will be located (red seson ot | (oo e | To o | T o | i i | Rt Cotonn | s | oy |
. . . . ) FoedkcDampingCosficert 3 55 |
box). Browse to highlight the target folder in the window, and then e | gt 7o [ onen | e
Wave Speed
click on the Choose Dir Button to confirm. The recommended o ity e Dol Ty T e DS 2 =5
location is the ‘SmartPile’ folder in your ‘My Documents’ directory | T B - espm-
(see step 3). ~ J'_';_J;‘"::‘i;.da T Ml )3, il -
) | compation -
Note: Jgiskza;z::;.‘:;ﬁ:;i:::::f @ s () g‘;g;,’.;gr‘u";iatzx“‘“
If you wish to relocate this data at a later time, you can select a new L) gy S ars e B s
location using the following menu option: ejiﬁi’::f;.?;‘z::;iz;. . W] e
File = Change Default Data Directory B s . [R eat cdr. e e
= v ingWonk Notes T | fstress
Nﬂwwk File name: | - Save
Ssvesstpe: (Al Fles () - — feet
.’5. 0000 & ﬂ © o= © -
000 mprpy O LTen=
I‘L N:!'!‘I:: Mode [Reset Zoams
|“” ‘ e e o

Restors Deleted Blow
Delete Current Blow

- ——
Sesion Conlpunten Inpor/Eaport Acyere Dte  Publish  Felp
R
[T e —— s e 85 o R0 65T

-0 fooage | T csge | summeyous | semionmasen | cumencang | | RGOS compon | cocmun o | oo |

Star/Stop Session AutoRun  Ctle.
| ¥, swm semicn
Session Fix Utilities. —
Review Ead Hows Wrasonsd
Review Stte-Stamp
e — T | s o ey § 58 v
Unpac Drive Ses: Concrete speamcweigrt § 015 xapasns °
Change Defau Dats Dircctory 510 fe 0
Store Fitering Defaults e =
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SmartPile® Application Licensing

With Release 4.0 of SmartPile Suite and Review, valid license keys
from the SmartPile Portal must be provided. At startup, the system
will appear idle, but actually current licenses (based on the Stations’
Workstation Key). You will note a blinking License Expiration, which is
the confirmation-in-process indicator.

Licenses, Keys, and Expirations are managed by a Workstation Key by
Smart Structures. Please contact SSI if you have problems with your
Licensing with any of the SmartPile® Tool Suite (Review, Suite, Match,
or Simulate)

B Smartfile™ Review: Blow Data Display and Reporting > »

ol

P

| Eile " Session Configuration Import/Export AcquireData Publish Help

nl.' SMARTPILE™ Review

‘Session Gonfiguration

izar | ornisrt  Ple | rrbsria |

O+#® SMARTSTRUCTURES

[T Ry —— [Eere—

Hll Review Session Loaded

0 Display Skip | TUIFLD Tip PLD
I(]Rrs raphs mmmlm\mlnml

(Raw) Blow Data | Top Sages | Tip Geges | o Data | |

[rora—

(@Jsﬁwhﬁml Fored Jc DampingCoefficent 3 o,sﬁ |

00359-0EM-8992687-00095 || oemi

Account  Licenses.

Applcation | [Review

Key "umza“"-"ui—'sﬁiﬁ?iﬁépb-’ﬁidj

Application | [Signal Match

Key || HEPY3-HU2BK-8685V-CNTO)-24010 | |
t e

Application | [Simutate

Key | [HEPY3-HUZEK-8685W-CNTO)-24010 | |
L o]

B e |

ThingWerx

SmartPile® Definitions

Session Configuration Data is the data entered during the Data
Acquisition phase before starting a Session. It includes User (ID)
Data, Project Data, Structure (Location) Data, and Pile Configuration
Details and Driving Criteria.

During a Session, Raw Blow Data are recorded, and a completed
Session includes both Session Configuration and Raw Blow Data.

e SmartPile® Acquisition is the tool used to perform all
necessary tasks to create a complete Session file.

e SmartPile® Review is the tool to interpret the Raw Blow Data
and also acts as a Session viewer.

— (= =
& () =[[5» Fich » MyDocuments » SmanPile » OriveData » I Widening_On ste_Pier2.Pie23 DrwveData 4] oA
Organize »  Extract all files
50 s p Password
§r Favorites 00-AD-96-0D-F5-BE_blow-03068 N
HVR2012 00-A0-96-00-F5-BE_blow-03069 N
KeyCalculstionsAndSupport 00-40-56-0D-F5-BE_blow-03070
LabVIEW Data 00-A0-96-0D-F5-BE_blow-03071 N
MATLAB 1] 00-AD-6-0D-F5-BE_blow-03072 N |
My Downloads 00-AD-96-0D-F5-BE_blow-03073 N
! My Games 00-20-96-0D-F5-BE_blow-03074 N |
\ My Google Gedgets 00-20-96-0D-F5-BE_blow-03075 OF File
I 4 My Notebook 4. 00-40-96-0D-F5-BE_blow-03076 N
3 My Web Sites 00-A0-96-0D-F5-BE_blow-03077 i
) My Webs 00-AD-96-0D-F5-BE_blow-03078 N
National Instruments 00-40-96-0D-F5-BE_blow-03079 OF File Ne
NSFReviewer 00-40-96-0D-F5-BE_blow-03080 F File N
PapersAndPresentations )] 00-A0-96-0D-F5-BE_blow-03081 N
! POF Favorites 00-A0-96-0D-F5-BE_blow-03082 N
Personal 00-A0-96-0D-5-BE_blow-03083 N
Reflect 00-20-96-0D-F5-BE_blow-03084
Shared 00-20-96-00-F5-BE_blow-03085 ‘
SmantPil 4. 00-40-96-0D-F5-BE_blow-03085 [
Calibration Files 00-A0-96-0D-F5-BE_blow-03087
DriveData 00-40-96-0D-F5-BE_blow-03068 |
1. U Widening_On site_Pier 2 Pile23_DriveData 1 Widening_On site_Pier 2_Pile23
Pile Library
3089 tems

'l
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SmartPile® File Types
Within SmartPile Suite/Review, the following file types are used:

In Acquisition:
e usr - User Configuration File
e prj- Project Configuration File (Project details, down to the
physical pile installation location)
e spd - Pile Configuration File (including manufacturing
dimensional information and sensor calibration data)

Data Files (Review and Acquisition):
e tsp — State Stamp File
e bdf - Blow Data File (measured response during installation)

Full Configuration File:
e ssn - Session Configuration File, combined Drive details to the
raw blow data

Mame = Size | Tvpe I Date Modified

[=ec alibration Files File Folder 11j9/2007 12:23 PM
[ Pile Library File Folder 9/11/2009 9:23 AM
[ChProjects File Folder 1122009 10:21 AM
|3 Sessions File Folder 1122009 10:43 AM
[)5napshats File Folder &/28/2009 3:43 PM
[ Transfer File Folder 712312009 1,37 PM
[ChUsers File Folder 512512006 12:40 PM
[£] radio Histary bxt 1KE Text Document Qf28/2009 4:51 PM

7 SmartPile® Review Modes
SmartPile® Review has 2 modes of operation:

e Live - In this mode, SmartPile® Review is combined with
SmartPile® Acquisition to provide real-time monitoring data
analysis.

e Offline(Review) - In this mode, SmartPile® Review is run
stand-alone to replay and report on a previously recorded
Session.

Regardless of mode, SmartPile® Review performs the same
calculations and reports the same kind of results. SmartPile®
Acquisition stores raw sensor data, while SmartPile® Review
processes this data set and generates reports.

To better understand the use of SmartPile® Review in conjunction
with Acquisition, please refer to the SmartPile® User Manual - Data
Acquisition.

e SmartPile™ Review: Blow Data Display and Reporting

= X

File Session Configuration Import/Export AcquireData Publish Help

n... SMARTPILE™ Revie

‘Session Gonfiguration | (Raw) 8low Data | Top Gages | Tip Gages | Summary Dsta | Session Repert | Sesion Caislog | ) Reset Graphs

o

@ Bl Review Session Loaded

0 Display Skip

vsar | popss | e | e |

No Pile Spedified Pile Number 0 Modulus of Elasticity 5 5461 g
Conaete specticweignt {035 xpiz
waespeea 5T Fsec

Fxed s Damping Costrient &5

Pile Tip UP Soil Rate Factor [Sand(92) [+]

Test Pile @

— Pie Physicat mensions|
bietengtn 3100 Fast

Ple Markernerement 3§18

setCheck Marker ncrement. ] 1000 inches

Top Gage toPileTop  §[ 1,000 (Multi-Peak Top Strain) AirHydraulic Hammer @)
Tip Gageto PileTip  §[ 1.000 Hammer
dDimension  §[ 1000 Inches
Mid Gage to FileTip  §[ 1,000 Units Radio11D

English_w|

Firmware Version

5
sl 1000 g2

Top Cross-Section Area

]

Tip Cross-Section Area 1.000

" U Radio 21D
Voided Pile @ Firmwate Version

Void Diameter 4600 Inches
L0 Feer

End of Vaid to Top

Top PLD Tip PID
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Wave Spesd
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[

e T UP Sai

Total Capacity - Fixed Jc KPS

Energy
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et

Current "
e
stroke | 100 pgRer

il 1 Blow Count

DBRef=1 Kips

osrer2 @
Nom. Reslstance Achieve(
Calculated Wane Speed
i
Vax Top Compressive stress
MaxTip Compressive Stress

Max Tension Stress

Endof Voidto Tip &
P &l L00 000 Lengthto MaxTension fect
— 000  ResidusiStressesTop  Ksi
2| Last Blow Residusl DBRef Displacement r
Sl P Inches Recaleuate roduts (0 e 000 Residual Stresses Tip @ Sam
(1] 0000 | Final Tip Elevation Fect el .
000 © G @ TpDua
MPLES) =
I% Page Up m Mode | Reset Zooms
Next Blow
ISySt:m Idle, - Blow Number Page Dn _
A [0 o o | Pesiow cLose
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Use SmartPile® Review in Live Mode 4 S Reis:Bow Dt iy nd Raporig Lol
. . . Eile Session Configuration Import/Export Acquire Data  Publish  Help
When in Live mode, the Review output screens can be used to assess BYe 00 swnricr e & B Mo o oo
pile driving progress, pile integrity, and system status. Allow the PR e sy g s p———" p—— oy o e—" p——
. . . . . . . ) ) Foed kDampingCotcens 8 05 |
Session to continue until monitoring is complete (making sure to ver | Pt e | oo | oy o = el
properly record the pile penetration markers). Once complete, the —
. . . . No Pile Specified PileNumber | 0 Tetpie @ Modulus of Elasticity g 5461 kg1 o
Session can be rebuilt for further review and analysis. — conartespecncwegn B3] gpyrs e
PileLength | 1000 Feet Wave Speed §[ 13200 Fisec o
Pile MarkerIncrement 3 1,000 Fixed Ic Damping Coefficient §[ 04 o
To use SmartPile® Review to review the captured data during an e ™™ | snteratrw s s P

extended monitoring break of the work in progress , use the following rpesstomere H10m S T e

dDimension g 1000 Inches

isiti | Units adio ‘Avg Capacity
steps from the Data Acquisition mode: mtcaseta et B L0 | o o
i Top Cross-Section Area §[ 1000 [ 2 0 DERH;‘Z . t. .

e Take the system out of session (see step 26 of the Data - S - o et i
Acquisition Manual), including possibly moving the Collect e e o T rop e

Data slider to “Idle” macrvowwr I8 fou
ndotveteme gl 1000 000 Lengthto MaxTension feet
e Switch to SmartPile® Review (see step 23 of the Data - e
.. ) 0000 | Last Blow Residual DBRef Displacement [nenes Recalculate moduius | + Calculite 000 Residual Stresses Tip @ sm

Acqu|S|t|0n Manual) (=1 0000 | Final Tip Elevation Feet Baadlabireed ~—] e O

e Select File -> Rebuild Pile Blow Index F "“““E

e Use PageUp, PageDown, and Ctrl-S to review the currently —— A i e

collected Blow Data File set

To restart monitoring, put the system back in session (see step 27 of
the Data Acquisition Manual), including (if applicable) moving the
Collect Data slider to “Collect Data”. When a new blow arrives, the
system will automatically move to the end of the previous Blow
Count, and again begin to display the new blows coming in.

Use SmartPile® Review in Offline Mode
To properly review and assess the results of a specific Session in
Offline mode, session data need to be loaded either by:

e Unpacking a previously created Session
or

e Loading a previously created (prior) Session
To ensure that the Session is properly loaded, the user needs to first
select the Clear Current Session option from the pull down menu
before attempting to load another Session.

Basic Data Review Page 16 FOR EVALUATION PURPOSES ONLY



Deee® SMARTPILE DATA REVIEW MANUAL REVISION 4.0

Unpack a Previously Created Session LD i .
By selecting the File -> Unpack Drive Session menu option (red box), B Pt I om0 5 e
the user can unpack a compressed Session file. When selecting this prrise Bl e '[L —— =
option, the SmartPile® system will automatically unpack the selected ::'“W":: [ :
* zip file into the local SmartPile Project Directory, and load the [-ﬁ‘mﬁm_‘ i A uiioint B -
Session for review. This is indicated by the Review Session Loaded B po 3 :
indicator light turning green (see previous step). S ;75 «m..:'IJL";Piii.’lfl::‘:ﬁ.j?l“.‘ji."Hm L
Note that the system will prompt the user to delete/overwrite data if —— — —_— I |
a conflicting file is found to exist while unpacking the selected *.zip N = e
file. 3= =
e — e e | (g
SmartPile® Review also provides a means for creating a compressed Lo [EmE— e o O%
Session Data file to allow the data to be shared with other users, or Ih R ‘»5:;"‘! -
transferred to other computers. This is done by selecting File -> Pack i o | P

Drive Session menu option. When selecting this option, the resulting
packed file is loaded into a *.zip file in the local SmartPile Project
directory.

Please close any open Excel Session Reviews Session Drive Data Packed
now ko avoid a file sharing wiolation when creating to Directary:

the packed drive session.
Ci\Documents and SettingsiAnniiy Documents)
ProjectsiSR21 over Black Creek_On Site_Bent
1_Pile7_DriveData.zip

Delete Packed Blow Data?

| Delete Data | Keep Data

Session Exists, Project Direckory Exists.,
Crverwrite? Cverwrite?
ok | | cancel | | ok | | cancel |
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Load a Previously Created Session

By selecting the Session Configuration menu option (red box), the
most recently loaded Session Configurations (up to 25) are shown
(which obviously have already been unpacked). The user can either
select one of these configurations, or select the Select Session
Configuration, which will allow the user to browse for other Sessions.

Once the selected Session is successfully loaded, the Review Session
Loaded indicator will turn green (blue box), and a pop-up window
showing the number of blows that have been indexed and loaded will
appear very briefly, after which the following message box will
appear (which is further described in step 12):

To ensure highest accuracy of results,
please run through the entire drive
session prior to reviewing specific blows.

Continue

The selected and now loaded Session information regarding User,
Project, Location and Pile Configuration details can be viewed by
going to the Session Configuration Tab.

Note:

Sessions are created or assembled during monitoring as part of the
SmartPile Data Acquisition process. When selecting a saved Session
Configuration, all aspects of the information entered or collected
during monitoring (User, Project, Location, Calibration, ID, etc.) is
loaded along with the associated Blow Data Files.

ImportExpertAcquire Dol Publish

B Revie Top 0 [T@8 ] Tip PO [0

| Summary Data | SamionRapert | Sesion Catsiog | | Reset Graphs o._.]m.—\h—n.'nd

T session Configuration Help

L] Select Session Configuration ion Losded 0 Display Skip

G| 1595 Design BuildBridge 25_Bent 1 Ple3 |

MNewpart Fishing PierBridge_Bent 9_Pilel -
P Fona e amsmontons 8 01
L [ Wideningi?$ over Fletcher Pies 4L Pied ) see e
- his=y
Tewksbury TestingLestPile_Bent | PileS £ 4 e |
Tewksbury TedtingTectbile_ent H Pileh
Tewksbury TestingTestPile_Bent F_Piled Tetpibe @ Modulus of Elasticty §l 5461 yg ) Total Capacity - Fixed Je %ip4
Tewksbury TestingTestPile_Bent G_Pied Conarste Spratic Weight 5 015 gpari z
Tewksbury TedtingTexttile_fent F_Piled . —=
Tewksbury TestingLestPile_Bent E_Pile3 = LK Fifsec [
Tewkabiry TestingTsstPile_Bent D_Filed Fised Ic Damping Coctiicert 8] G4 =
Tewksbury TestingTestPile_Bent C_Pied S T IF ool mate recte | e [
ECSEIS Tt a2 Inche i Tin UP 501 Rate Factos ) =] e o
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75 Over Alligater Creek10063_Bent 31_Pile2 DBfiefz1 Kt
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Tewksbury TestingBridge A Bent A Pilel. Inches’ Mo, Resistance Achievec ¥
Tewksbury TestingTestPie. Cast 3 Pied . 0 Colulatea wave soeed
i
Tewksbury TestingLestPile_Cast 2_Pile6 oided Pile @) Firmware Version 100 MaxTop Compresiove Stress
Tewksbury TestingTestPile_Cast 2 Pilel -
Tewksbury TestingTestPile_Cast1_Pdel 100 e
Tewksbury TestingLestPile_Bent A_Pileld Feet 100 MaxTension Stress
000 Length to MaxTension  feet
= . 000 RestusiStessesTon ksl
o Il e L e Recaicuste mods | o cocy | 000 Residusi Stressss Tp @ Som
[ 0000 |Final Tip Bevation Feet based on wave speed
00 gy Oow O eom

i

| i[5 o ms
Is,.,zm(m i Em;ﬂ-w' = “r:'u“;n-
L —

— e = p— = =
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'rm Session Configuration Import/Bxport  Acquire Data  Publish Help.

|

u... SMARTPILE™ Top P10 [THATT] T 0 [TGETT ||

--—e-———|u-un-|f.o—|vu-]u—-y~ Semion Repent | Sewion Caniog | Reset Graphs u—*‘m--\lﬂalhl

|
v | oot P | coe | 22 5o s

o~ oispay suip
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Initial Session Run Through e
To ensure the highest accuracy of the results and before any random [t [ asomsmmons o o oo g oo i |
analysis of individual blows is conducted, SmartPile® Review requires e : ' Lm.,_ —=1"
that the individual blows are first reviewed sequentially from the first g o g, PET
blow until the last, and as this is done the overall Session Data File is Eiui‘m -
created. Qoo b :

S : =
After selecting and loading a Session, this review can be done either s '@" Sl b e
manually (by stepping through successive blows using PageUp, 51 | N
PageDown, or by loading blows individually using the Load Button), or - cmans |
automatically (by selecting the File -> Start/Stop Session AutoRun =
menu option, or using the Ctrl-S hotkey). , e

femme o |

When using the automatic review, the play-back speed of the Review fy s ‘..;-:.,“: e s«:m
Session can be configured in the Session Catalog Tab using the Auto [ e S e B e i
Delay field (red box). The number selected represents the play-back T =

| File Session Configuistion Import/Export  Acquire Data  Publish  Help |

-n... SMARTPILE™ G revemsermon iossea 0 Display Skip 100 910 [T8E o 0 [T8ET 1
To speed up the automatic review, the system can save processing ey S i e
time by not displaying the graphical results for a recurring set interval : T
block of blows. Note that the results will still be calculated, just not

displayed on the initial run-through. The number of consecutive
blows that should be skipped is specified in the Display Skip field

(green box). The default value for this field is 0.

delay between blows (in seconds).

00 Enery Kips-1t
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000 stoke [ 10 pger
o Eem B
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oo
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El 000 MEm)
<Hot A ath>
nwn i Seisien
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- [wasl[ 5 ef s | B [ aoe |
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Data Review Summary

After the initial Session run-through, the raw data interpretation

results are ready for review. Tabs are provided to present the

Configuration (see step 15) and Raw Blow Data, as well as various
derived values for each Blow Data File in graphical form:

o (Raw) Blow Data - Strain and Accelerometer sensor data

display (see step 16)

o Top Gages - Force-Velocity and Wave Up-Wave Down display

(see step 17)

e Tip Gages - Force-Velocity and Unloading Point display (see
step 18)

e Summary Data — Capacity, Stresses, Integrity and

Displacement data (see step 19)
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Analysis Tabs e =

To minimize screen change requirements and simplify viewing during BYoeo svanrriicr e o« i @ ¢ o

monitoring; key pile status calculations and other indicators, including = v e e e e P

diagnostic information (all in the form of Analysis Tabs), are located e BA0l | eec E"": : e . e

on the right hand side of the screen (red box). The Tabs are labeled e e e

as follows: T .

e Configuration — providing a summary of the configuration data; 0

e Calculations — providing numerical results for some key = | S
calculation points not visible in graphical displays; E —

e Capacity — providing a comparison of fixed Case method capacity z A T e R N
results vs. UF method results. Key pile health indicators are also : \“ “U/ \‘u“ R ——] |
numerically displayed. " MIMT%W% i E——
To simplify result interpretation during real-time monitoring, the kN e
average calculated capacity (using the selected calculation N — o I ot @5
method) between the last and the current pile marker entry (the : et — mm M
so-called DBRef+1 value) as well as the average calculated : A IW_I_
capacity between the next-to-last and the last pile marker entry =
(the so-called DBref+2 value) are also displayed (blue box). If otprzien | e | oy | 0| cortpin | s | oty | 0 || contortn | ot | comn | 20 |
these values are greater than or equal to the Nominal Bearing 460218 llezmn | | @ HEmEs ———
Resistance entered by the user in the Pile Data sub-Tab, the field — T l%ifglzpl“““dww::“ - =
will turn green. If both fields turn green (signifying 2 pile marker s ST oz e T seone i
increments of achieved bearing), the Nominal Resistance 70 e s 0490 Pile Top Set e (ron® e
Achieved indicator will also turn green. %00 Pile Length vorr 511‘?}332?5.TJTISZSS?L“I.Zi ..,..3:2 —
The system will also check for a “pile refusal condition”, i.e. when — 3322 : EE:{E?:”?“; mTwa%T;:,i . mm |
the DBR value increases less than 2 inches in 40 blows. In that 550 i comseion oaa? g;}aif;:@iﬁ"::cmnt i: S |
case the Nominal Resistance Achieved indicator will automatically o IR 433 Blows pur Minute rotan @ saran @
turn green, irrespective of the calculated capacity values logic j:;m ;,gt::m:ﬁg % % Wapp! P tmeorty (VP .
described in the previous paragraph. If the system indicates 050 Conerete Spec Weight oes E”:ipi E |z ?
refusal, the user should also confirm the condition is true before O3 Medusof ()17 MeensonSues ke e
the pile driving is ended. v @ sran @
Finally this tab includes the so-called MPI value. For the et g [ T e erion S Locsion b e
interpretation of this parameter please refer to Appendix 3. Blow Date BlowTime D000 Vi ek . mm |

e Diagnostics — Provides a consolidated view of the SmartPile® i oo 0000 Vifuo!Siin Damping e
Acquisition Accel / Strain Data Tab diagnostics information. Weespesa| 0

Similar content is also contained in the State Stamp Tab.
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Review Configuration Data
Under the Session Configuration Tab, the Review program presents
the Configuration details for the respective installation Blow Data

Bre Smantile™ Review:

Dispiay and Reporting — S —

[ File Session Configuration Import/Export Acquire Deta  Publish  Help
|

)

u... SMARTPILE™

B @ revemsesiontonses 0 ousiysum

| ToGeoms | summaryouts | Semion Reson | SemionCatalog | Reset Graphs

Top L0 [TZ8] Tie L0 [THED.

contgunce | cacmns | comen | % |

The Raw Blow Data Tab represents the filtered accelerometer and
strain sensor Blow Data File data for all Sensor Packs enabled in the

™
Files under analysis in three Sub Tabs (red box): . |
—— Concrte specc e i{% e
e User Information ; WE « sk
e Project Details = hd
e Pile Data o TR | iy [P e
e (Driving) Criteria Including Allowable Stresses pmer] =~ T
e (Optional) Pile Inspector Details S ST - E"‘ ’ T
e
3 e e —
[Hm:'\-.;'m:uvn‘:v\\wadecJS'.i.w\rPrvc:wﬂv\tvlat.ll,benl:)ﬂe/.m i @ﬂ;ﬁ)ﬂ-‘m‘_ 'l:'n.:
Review Raw Blow Data e e T—— =

Eile Session Configuration Import/Export Acquire Dats  Publish Help.

n. ® ® SMARTPILE™

& Review Session Luadied 0 Displaysiim

Semon Congerton | AamiBowOnin | 700 Geger | T Qe | Summary Onte | Semion gt | SeonCatog | ResetGraphs

Top P [TZE] Tip P [TID,

Comtgarnton | Cocssers ou-|n.I

WA eSO, T e
Session Configuration. - @ [T e R e
.‘“"‘.‘" = ’_ o 51 Total Capacity - Fixed Je 9%
= = —
The data displayed in this view can be adjusted in various ways as | 0 \
described in Specific User Instructions Item B at the end of this o oun " |
==

manual. In addition, the Top and Tip vertical cursors can be
independently moved by right clicking on it, and dragging it into
position. The cursors relative spacing can be locked by moving the
Hold slider to the Hold position (red box). This aids in wave speed and
reflection related periodic analysis.

W oBAtel Wies

088 MaxT Compressive Stiess

118 MarTenson Stress

729808 [ 5 Y utate [out caraations
Data channels can be disabled from the calculations by clicking on the e i l—~ wm o --;'2
— |

active indicator light next to the trace color legend in the upper right
hand corner of the display. This can be done in response to any signal
errors indicated by the system, and confirmed by the user. It should
be noted that disabling a data channel will automatically disable the
other data channel from the same Sensor Pack in calculations
involving both.
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Review Top Gages Data (Force/Velocity & Wave
Up/Down)

For the centroidal reading analysis associated with the Sensor Pack(s)
located at the top of the pile (Top Position), the Force and zVelocity
traces for the associated Blow Data File are displayed, along with a
proportional view of relative calculated displacements for the pile top
and tip in the lower right.

Below this display are the corresponding Wave Up and Wave Down
analysis traces for the same file. Both displays are provided to help
the user make an educated assessment on the pile condition.

Similarly to what was described in step 16 above, the T1/T2 vertical
cursor relative spacing can be locked at 2L/c by clicking the Cursor
Lock indicator (red box). Clicking on, and holding while moving the T1
(left) cursor aids in wave speed and reflection related periodic
analysis.

It is beyond the scope of this manual to teach wave mechanics theory
as it applies to driven pile foundation analysis. If the user would like
additional theoretical training in this subject area, please refer to
Appendix 1.

TOv SmartPile™ Review:

— =

(= ——)

File Session Configuration Import/Export AcquireData Publish Help

n... SMARTPILE™ Review 40 ﬁ Ll Review Session Loaded 0 Display Skip

s | e siouen | TonGenes | mp s | i

Top Pre-Load Delta [ 44|

Mech. Error Fitter @ Trigoerfic @

Ionmmnm

Top

Configuration

ik DarpgContient 3] 7|

Wave Speed

PD [ 44 | Tip PLD

oo

Y0 o Feicomtieins
542 Total Capacity - Fixed Jc KiPs
0 Total Capacity - UF Method
©  Tip Capacity - UF Method
0 Skin Capacily - UF Method
122 Energy o Kipstt
72 Stoke | 5500 pgper
4 BM T 17 Blowcount
Avg Capacity
905 peRefsl Kips
665 DBRef:2 J
Nom. Resistance Achievee
13592 Calculated Wave Speed
Ksi
143 MaxTop Compressive Stress
131 MaxTip Compressive Stress
016 MaxTension Stress
040 Lengthto MaxTension  fest
003 Residual StressesTop  Ksi
036  Residual Stresses Tip @ Sum
e —— ——————————————— ||| .0 Qow ©rpom
MPL£%) Cuerze
2 i Design 123\Pier 3\Pile 14\00-20-96-30-26-DA_blow-01535.balf
li oS uel Al I Data Calculations
Session Configuration loaded: 1595 Design Build_Bridge 123_Pier 3 Pilel4.ssn - Blow Number Page on [ 1y
| 1535 | ef] 1522 Prev Blow CLose
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Review Tip Gages Data (Unloading Point Capacity — M —=
Force/ VE|OC|ty) no.l SMARTPILE™Y Feview 40 [y i RevewSession losded o Display skap P ——
For the centroidal reading analysis associated with the Sensor Pack(s) | e e [y = | DR
located at the tip of the pile (Tip Position), the Force and zVelocity — S R
traces for the associated Blow Data File are displayed, which are used "'*" o —
as part of the tip resistance analysis. Emg 1 ' i o
Above this display, the Unloading Point based tip capacity derived S i = . M- o s
from the measured tip resistance is displayed. This is used as part of P = ,_m:: 5 o
the composite UF capacity analysis method (UF method). The s & P = T
Unloading Point Soil Rate Factor can be adjusted (red box) based on e rari o~ [
the soil properties. The options are sand (default), rock, silt, and clay. o N g
In addition, the Damping Averaging can be disabled, but it is : %E \\ = =
recommended that this not be done. i P .

i s i i S i 0 5 W o i, oo 85
Both displays are provided to help the trained user make an educated = ﬂ-ﬂl - m— ;m = ‘r(oe,,h,
assessment on the pile condition at the tip. [ ottt 55 et 5.5 o s ,,r,:y.;.::E [ oo |

There are 2 simultaneous capacity calculations performed as part of
the Blow Data File analysis:

e Fixed Case Method - using a user selected fixed static Jc value

e UF Method - combines a calculated Jc capacity at the pile top,
with the static tip resistance derived from the Unloading
Point

The numerical results of either method can be displayed graphically
by selecting the desired method in the Capacity Analysis Tab (purple
box). Both capacity calculations however, are saved as part of the
Session report.
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Sum Button (purple box) in the Capacity Analysis Tab.

Additional capabilities of the system beyond driven pile installation
are covered in Specific User Instructions Item E at the end of this
manual.
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Generate Session Report

A Session Report can be created at the end of reviewing (processing)
a loaded Session. At the conclusion of processing the last Blow Data
File contained in the Session, the system will prompt “Processing
Complete: Generate Session Report?”

Selecting Report will populate the appropriate calculation
results fields in the Session Report Tab.

The user will then be asked to define the directory where the
Excel Workbook will be saved. By selecting Cancel, the user
will have the opportunity to edit the Averaging field for the
reported results display averaging, if so desired.

The user can define the delineation and quantity of individual
end of drive blow calculation details to be included in the
report and also whether the report is in the DOT format (red
box). Note:

The calculated results exported will be average values
within pile marker increment boundaries up to the user
selected end of driving details delineation, except for
Tension (TSX), which will be a maximum recorded value
within the respective pile marker increment entries.
Clicking on the Generate Report Button will export the
results displayed in the Session Report Tab to a small Excel
Workbook file that can be used for future review and post-
processing. By not selecting DOT Report Format, the user can
export the same basic calculated results, but minus the
graphs, for later use in a user generated custom report
format or template. Appendix 4 of this manual contains
samples of the different report formats.
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B VView Session Catalog Index

The Session Catalog Index can be viewed from the Session Catalog

Tab. The user can use this screen to:

e Display a specific Blow Data File in the Catalog Index by
clicking on it from within the index list, and then using the
Page Up or Up Arrow Button (purple box) to load.

e |ndividual Blow Data Files can be removed (or restored) from
analysis by clicking on the selection, and clicking either the
Exclude or Restore Buttons on the right (red box). The

selection is reversible.

e The Session can be configured to auto-run at a predefined
display delay interval using the entered Auto Delay field

81+ SmartPile™ Review: Blow Data Display and Reporting
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o Alternately, after first running through the entire Session;
individual Blow Data File results can be viewed on each of the
Tabs separately by directly entering the specific Blow
Number, and then clicking on the Load Button (green box).
This action will only update the display of the Tab currently
visible. If additional display details are required for the Blow
Data File, select the desired Tab and then click on the Load

Button again.
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Measurement Comparison Flagging
Several levels of data integrity checking are performed on the
incoming raw sensor data. The intent is to identify and ignore, rather
than delete suspect blows captured during the monitoring process.
Incoming Blow Data Files are processed and analyzed based on
several established criteria including:

e Accel/Strain proportionality

e Accel and Strain balance (in case of SP_601 configuration)

e Accel orientation

e Accel Tip/Top reflection decay
The default is full checking enabled, and any blows identified by the
system as invalid are indicated on the main program banner in the
lower right (red box).

If the user questions the systems interpretation results, the user can
select to disable or override some or all of the measurement
comparisons flagging by left-clicking in the selection window on the
Raw Blow Data Tab (purple box). It should be noted, however, that
bypassing any level of data integrity checking will be indicated as part
of the Session Report.

As an additional level of error detection, the software looks
specifically for the presence of a mechanical impact interference
installation between the pile and the surrounding support structure
(incl. the hammer and leads) during installation. Because the pile is
fully instrumented, it is important that the only dynamic waveforms
within the pile are those generated by the pile driving hammer and
that these waves propagate through the hammer cushion in a
longitudinal fashion. If any internal waveform artifacts (e.g. those
generated by unsecure metal hammer leads slapping the pile, the pile
slapping the template due to lateral stresses, or a poorly aligned
hammer helmet contacting the top side of the pile) are detected, a
flashing red indicator labeled “mechanical error” will appear (black
box) so that corrective action can be initiated immediately.

Be+ SmartPile™ Review: Blow Data Display and Reporting
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Export Data

There are several options to export data (red box). The options

include:

e Create Blow Comparison Template and import PDI® blow
data, either at 5 kHz or 10 kHz (see step 24)

e Create Session Comparison Template and import PDI®
results (after the Session has been run)

e Export Filtered Blow Data to .XLS (@ 5KHz or 10KHz)
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288 Importing Comparison Files
An Excel template/macro has been developed that allows the user to
import PDI® Session Data for comparison purposes. The PDI export

assignments should be set as follows:

Q1=RX6 e

Q2=RX4 .

Q3=RX5

Q4=TSX | . oo

Q5=CSX I ;

Q6=CSB ' 3

Q7=STK ,

Q8=EMX ' |

Q9=BTA Wl ]
Specific details regarding the process are found in the Introduction S e e —
Tab (first worksheet) of the generated comparison file. These details 2eE BEskink Sk 5G] el KEESL LGB hetelin iel Clkin skt 11 e —

are also included as Appendix 2 in this manual.
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SmartPile Suite: Starting SmartPile Acquisition

SmartPile Acquisition must be launched through SmartPile Review.

To launch SmartPile Acquisition and create a live capture mode :

Session within Review, select the following menu options: SMARTPILE USER MANUAL

e Session Configuration - Clear Current Session
(Recommended)

e Acquire Data > Open SmartPile® Acquisition

o]
°
°
°
»
<
>
byl
=
3
=
m

DATA ACQUISITION

September 2012 - Version 4.0
Smart Structures, Inc. - 324 8. 2nd Street Pike, #13 - Southampton, PA 18966

Refer to the SmartPile® User Manual - Data Acquisition for more
details.
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Eile Session Configuration Import/Export  Acquire Data Publjih

The SmartPile® Software Suite provides user access to SmartPile® O

Review, Acquisition and Installation documentation which can be st | onenoss | Tposes | voomes [l RTINSO e | neGms e | coosion | o | s |
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viewed when running the respective application. Adobe Acrobat s ol

Reader must be installed in order to use this feature. ol — ooy
. . 5 i :
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g, C\Users\Rich\Documents\SmartFile\Projects\[75 Widening\i75 over Fletcher\Pier 4L\File 200-40-36-30-2C 49 blow-00552.bdf

cHa

As well the current Station Station Key (From Windows 7) are e
H . . . . Fletcher_Pier 4L_Pile2_SessionComparison.xls i 'T uflT
included along with the revision and build date.
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Specific User Instructions

Reviewing a StateStamp® o — —
State Stamps are sets of data captured to: e o 58] oo 3

Delete Current Slcw CurieD o, | caesmoms | camcy | 0o |

Stor/Stop Session AutoRun  Cirke§ ———

e verify system installation connectivity

e confirm static sensor reading levels within pre-defined ranges

e collect system configuration information prior to, and during the
manufacture of concrete pilings.

‘Sesicn Fis Utiities

rsmiacim ()
£13 Femar Vevon
T AmmercTempannre

The State Stamp is mainly provided to verify the system when piles are being
manufactured. The State Stamp can also be useful at the job site as a quick and
easy way to quickly capture critical pile health detail information.

A State Stamp only requires the user to input a slightly reduced Pile
Configuration that includes Project Details (using the Casting Yard as the
designated Project Location), and (only) the basic pile mechanical details

captured at the time of manufacture. [ i sosenorgumionasuon Acaaeoms i o
nll. SMARTPILE™ iG] nevew session Lossea o oisplay skip top 0 [585] Tm A0 (81T
Sesmicn Contguraton Mhhl'—&nlmmlwm I -
A saved StateStamp can be viewed using the following menu option: File > — P m“’-':“-; = -
Review StateStamp® (red box). - & me =R

The system will prompt for a file location; browse to locate, and double-click on
to select and load.

When a StateStamp® is loaded, the system displays key health and calibration
data for the DataPort® in the Diag Analysis Tab (purple box). - o

Alternately, a screen shot of the State Stamp, stored as a *.jpg image in the
SnapShots folder in the SmartPile directory, can be viewed using any available
suitable program.
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Display Screen Viewing Options

There are several ways to manipulate/adjust many of the SmartPile® Review
displays located throughout the application. These features provide for many
display option capabilities. A summary of the display control points are listed

below, and include:

TR WN e

Using the (time base) Zoom, and (delayed time base) Slider bars
Using the vertical Scale adjust

Directly manipulating the display ranges (upper and lower ends)
Using the Native Graphics Controls

Clicking on the Reset Graphs radio button

@r* SmartPile™ Review: Blow Data Display ar i - =l
File Session Configuration Import/Export  AcquireData Publish Help
. ® @ SMARTPILE™ Review il Review Session Loadea 0 Display Skip Top LD Tip LD

400,
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) MoriorVotage | _ 0500
‘ ‘ —
00z ‘o0 a6 008 o4 01z 014 a6 o0z —
e — ('1'5 s
2 Messurament Comparsion Fiaggng
a4

g C\Users\Ri ;h\DHs\Sma tPile\Projects\[595 DB\Bricge 000031\ Pier 7\Pile 11100-A0-96-29-A2-14_blow-00119.bdf

NElgBllg: Data Calculations

Sharing Session Data

SmartPile® Review contains a Publish File transfer utility that is used to move
selected items up to the Smart Structures Customer Portal using background

CPU resources. This allows the user to do other tasks, while the identified

transfer takes place in low priority. Using the Publish Application menu option

(red box), the following selections are available from the pull down menu:

e Session Report
e Drive Data
e Anyltem

All published data is based on the currently loaded session. Captured data and

reports can also be uploaded directly to the Portal for customer review

(https://smartstructures.thingworx.com/Thingworx/).
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SmartPile® Fix Utilities

A series of utilities exist within SmartPile® Review to edit and correct details
about the currently loaded Session or perform routine maintenance (cleanup).
These utilities are intended to correct or update Session Configurations when an
entry error was made during the setup process in Acquisition or mistakes were
made during data collection (such as incorrect blow displacement).

The utilities allow the user to :

e Remove Empty Blows — Cleanly remove empty blow files saved
inadvertently due to an improperly set trigger level; this utility must be
run before any other Session editing is done.

e Update Pile Penetrations — Edit pile marker increment details or blow
distributions; this utility must be run second after the removal of the
empty blows, but before any other Session editing is done.

e Renumber/Combine Blows - renumber blows sequentially to combine
with other session data when blows are collected on two stations.

e Change Project & Location - Edit Project, Location, Structure, or Pile
(number) details.

e Purge Sessions — Remove stored Sessions from the identified session
thereby freeing up disk space.

Apart from the Review Bad Blows utility (which is accessed directly from the
menu), these utilities can be accessed using the menu option: File -> Session Fix
Utilities (red box) and then selecting the appropriate tab (black box).

Note:

It is recommended that these utilities are run in the sequence listed above, but
it is absolutely essential that the removal of the empty blows and the updating
of the pile penetrations is done as the first and second fix, followed by a
Session Run Through and the review of the bad blows (see box D3).

When these utilities are run, they supersede/replace any existing data files and
Session Configuration details. As such, Session Fixes should be performed
ONLY AFTER the raw Session data has been backed up or archived (in case a
return to original is required) and BEFORE any data is shared with other users.

B4 SmanPile™ Review: BIoW
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Note that this utility will permanently remove any empty blows. Remaining blows will e renumbered.

Use this utility when you want to remove flat line blows that may have been captured by a bad or free-running trigger.
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SmartPile® Fix Utilities — Remove Empty Blows =
If the trigger was set/reset improperly or the data collection was not turned off Qe oo suaniie FixUlies <o
at the right moment, the session will include a number of blows that add to the oy |t | oo | oo | P | o || B
blow count but don’t provide any capacity or health data. The Remove Empty oty ot e e s e st
blows fix allows the user to remove these empty blows and renumber the blows — _—
that remain by clicking on the Remove Empty Blows button (red box). e e o ‘ O:“E{‘i;z}m

oo |y
Before the program will perform this utility, the user will be asked whether a - e B e
back-up should be created of the blow files (see the note in box D), after which o — e
the empty blows are removed from the drive and the blows are renumbered. o e S
The progress of this activity is displayed in the Blows Processing box (green box). W wh 1o o o i
As stated on the utility screen, the program will identify a blow as an empty blow o
if the recorded response is a (nearly) flat line. The user can define the channels — ==
that will be checked as part of this effort and also what constitutes a flat
response (blue box). Itis recommended that the default settings (all channels Creste Sackup of Blow Flles?
and the number 40) are used while performing this utility. ( No Backup |
After the utility has been run the blows identified as empty will be listed on the [Beeosumrric S
screen (purple box). =T e e e B o
If no other utilities need to be used, the user can click on the Quit button (black ,mc,e...,wnm -
box). Please note, however, that this will cause the session to be cleared and | E————
before the review can continued the session should be reloaded (see step 11), e o e
followed by a Session Run Through. - f | - Zorens

1400 I [F e
Note: - | — |
The next utility applied should be updating the pile penetrations. If this is not B R I
required, the user should click on the on the Quit button to reload the Session T

and perform a Session run Through before any other utilities are applied.

Specific User Instructions Page 36 FOR EVALUATION PURPOSES ONLY



D2

Jeee® SVMARTPILE

DATA REVIEW MANUAL

REVISION 4.0

SmartPile® Fix Utilities — Update Pile Penetrations

During data collection, it is important that the operator/user accurately collect
the pile displacements as this information is used for calculations and reporting.
Sometimes errors occur in the process and it is necessary to adjust the blow
increments for consistency and accuracy.

Typical indicators of bad pile penetrations can be found in the output reports
(where increments do not follow the typical displacements sequence) and can be
confirmed by monitoring the User Input Displacement on the Configuration Tab
in SmartPile Review (lower left above blow timestamp information)

The Update Pile Penetrations utility can be used to correct these problems:

1. Process the current session blows (by clicking on the Process Blow
Increments button) to create a histogram of the blows at all captured
penetrations along with an (initial) adjustment table; missed/skipped
penetrations are populated with a zero blow count

2. Update the blow counts at the given penetrations in the table (red box).
Note that blows are handled sequentially, which means that the starting
blow at Depth N will always be less than the starting blow at Depth N+1.
Also, every change to the table results in a refresh of the update array
and blow histogram

3. Ensure that all blows are accounted for by monitoring the blow count
difference that is calculated and displayed (blue box); whenever this
number is zero all blows are accounted for.

4. Right clicking in table will allow the user to enter additional
rows/displacements or delete rows; however, this is not recommended.

5. After entering the corrected information start the utility by clicking on
the Commit Changes button (purple box). The progress of this activity is
displayed in the Blows Processing box (green box) and Updating Count.

6. Once the processing is done, clicking on the Quit button (black box) will
cause the session to be cleared and before the review can continued the
session should be reloaded (see step 11), followed by a Session Run

Before the program will perform this utility, the user will be asked whether a
back-up should be created of the blow files (see the note in box D). Once again,
it is strongly recommended that this is done.

B+ SmartPile Session Fix Utilities

||ﬁ...SMARTPILETM Fixly
Remove Empty Blows | Update Pile Penetrations | Renumber/Combine Elows | Change Project & Location | Purge Sessions | Support | | B qu
Use this utility to correct displacement recor ding prior data, updating the penetration and blow counts, and updating the
displacements in the blow files ... NOTE: This pros e will create a backup of the data ..
Processing
“ 1595 DB_Bridge 000031 Pier 7 Pilell.ssn \] [ =) p]'::r:: S;‘: WEEEEEEREE
TO Displacement  Blows  Starting Blow
Total Blows E
| o | o 1421 2;
Tz o | o[ e ;Immt Differenc o
ERE B
[+ o [ o |
s o o |
P e
T .
[ s | o | o | )
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SmartPile® Fix Options — Review Bad Blows

Radio interference, bad triggering, and hammer startup/shutdown can all
produce data that is not useful for calculations and reporting. These so-called
Bad Blows are automatically identified by the software and specifically left out of
calculations. In addition SmartPile® provides a means of reviewing and even

deleting them from future processing.

Unlike the other Session Fix Utilities, this fix option is accessible in SmartPile
Review AFTER the session is run to completion. This feature is also different
than removing (or restoring) Individual Blow Data Files from analysis using the
Session Catalog Tab (see step 21), in that the software specifically scans for
blows flagged as bad, skipping all others until the end of the drive. The goal is to
quickly review and optionally delete all bad/suspect blows in the drive.

To perform a bad blow review:
1. Load and run a drive session

2. At the completion of the session run, start the bad blow review by using
the menu option: File -> Review Bad Blows (red box), which will display

the first bad blow on the screen

3. Along with the bad blow, a separate navigation/update window is
displayed that provides the user with three options to proceed (purple

box):

o Delete and Continue: Delete the blow displayed on the screen and
continue with the review of the bad blows;

e Ignore and Continue: Maintain the file of the blow displayed on the
screen and continue with the review of the bad blows;

e Done: End the review of the bad blows.

S
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Once complete (done) Blows are removed from subsequent listing and
processing, but the remaining good blows are not renumbered.

Note:

This Session fix should be applied after removal of the empty blows and the
updating of the pile penetrations, but before any other fixes are applied.
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collected from the same pile).

3. Enter the number of the last blow of the original drive session (see step
1) in the Blow Adjustment box (red box)

4. Begin the renumbering by clicking on the Renumber Blows button
(purple box).

5. Once completed, you can copy the updated blows (using the Windows
File explorer) to the Original Blows Directory and rerun the drive session
with the both sets of blow data.

Note that if no Blow Adjustment is entered (i.e. left at zero), then nothing is
done. Also, the user can enter a negative number in the Blow Adjustment box.

If no other utilities need to be used, the user can click on the Quit button (black
box). Please note, however, that this will cause the session to be cleared and
before the review can continued the session should be reloaded (see step 11)

Subsequent to these changes, it is recommended that the updated drive session
be packed and submitted to the portal.

n 000® SMARTPILE DATA REVIEW MANUAL REVISION 4.0
SmartPile® Fix Utilities — Renumber/Combine Blows ==
When collecting data on two different acquisition stations for the same pile, the Qoo sumrene '
user will end up with two sets of blow data, each starting with blow 1. This fix e [ e e e e | ROR
utility will allow the user to renumber blows so sets of blow data can be d_www
combined as follows: “a:w:,sath\uummEm\smwwws s o P S VB T it W U B

1. Identify the last blow of the original drive session (note the number).

2. Identify the drive session that need to be combined with the original
drive session in the Target Directory box (green box). It should be
noted that this utility will only function if both sessions have the same Cumert taring Blow umber | 1|
radio ID (which should be the case since the sessions contain data =5 M;

[ RenumberBlows

Poll

Upmnngl [} MI 0
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SmartPile® Fix Utilities — Change Project & Location

The Project Name, Location, Structure, and Pile Number all uniquely identify the
placement of data on the hard drive and cannot be changed anywhere but in this
utility. It should be noted that changes made by this utility alter not only the
Session details but also the directory names.

To alter the project and location data, the corrected information must be
entered (red box), after which the utility can be started by clicking on the
Update Details button (purple box).

As part of the updating process, the utility will:

1. Automatically modify the name of the Session Configuration File to
reflect the revised project and location data (green box).

2. If the session configuration being processed is an older file format (Pre-
3.75), ask the user whether or not the file should be saved for the latest
version of the software or a previous version. It is suggested that the
latest file format is always used

3. Relocate all Blow data to the new Project/Location/Structure/Pile
directory. The move progress is displayed in the Blue Updating indicator
at the lower right of the utility screen.

If no other utilities need to be used, the user can click on the Quit button (black
box). Please note, however, that this will cause the session to be cleared and
before the review can continued the session should be reloaded (see step 11)

Subsequent to these changes, the drive should be repacked and submitted to
the portal.

ore SmartPile Session Fix Utilities

Do e e susrrriie

Remove Empty Blows | Update Pile Penetrations | Renumber/Combine Blows |

ire: renamed an:
|75 Over Cow Pen Slough(NB)_L70110_Bent Wi _PileW3.s5n

Change Project & Location I resisoae | Support |

0 map to a different project and location. Note that the prior
n.

\] Current Session

Fix Utilities 20

=

rye—

ey

Project Name I75 Over Cow Pen Slough(NE)
City Sarasota State FL
County/District 1
Project Number 406314-3-52-01

Project Description  Bridge Widening

Structure

170110

lew Session C i File[h

(e S

WARMING: Session File being saved for Version 4.0 and higher.
Format is not supported in older versions of Software
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SmartPile® Fix Utilities — Purge Sessions

Every unpacked Session is several megabytes (5-15 Mbytes) of blow data. Over
time, unpacked drives can consume much of an available disk, and the Purge
Sessions Utility allows users to review and completely delete Drive Sessions on
the hard drive.

The Purge Session Utility lists all sessions in the current SmartPile Sessions
directory (sorted by date with the oldest session at the bottom of the list). From
here, the users can select and review the current storage requirements of any
given session against the total storage available on the disk:

1. From the Session Listing, double click on a given Session to begin
calculating the total storage; during the calculation the updating count
will increment until all blows in the session have been accounted for
(green box); once the calculation is complete the total storage to be
freed up is displayed to the user along with the available storage and
total disk size (red box).

2. Click the Purge Selected button to remove the Session and all associated
blow data; this will automatically update the Session Listing and all Pile
Statistics.

3. Continue the process until all Sessions to be purged are removed

Note:
It is recommended that the hard disk on the workstations is defragmented on a
regular basis to improve acquisition performance.

O SmartPile Session Fix Utilities
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| | | o

Double Click on Session to Calculate Size
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E Additional Capabilities Pite Gore to Skin Temp Profie
The SmartPile system has additional capabilities extending beyond the 10
installation of driven piles; including: - /\\\\
e Measuring and recording the actual pre-stress of concrete pilings at the 120 ,/J k‘:\_\,\ -
time of manufacture 3 b = AR
e Monitoring and recording the actual skin vs. core thermal curing profile § w otlcing or oo N
of pilings during manufacture 5 N [—
e Monitoring of the completed structure post construction & \// \”'\,—'—\\J o
e Monitoring specific segments of piles (i.e. scour elevation to tip) :
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Download the SmartPile® Review Application

In order to download the latest version of the SmartPile® Review software, begin
by accessing the Smart Structures Customer Portal
(https://smartstructures.thingworx.com/Thingworx/).

If successful, you will be presented with a screen similar to that on the top right.
Log in with your provided user account information, which will subsequently
open the Main Portal Screen similar to that on the bottom right.

Click on the Download Link Icon on the right had side of the Installer to begin the
download process (red box). Make sure that you download the files first to
your computer, and only then open them to install the program.

Oe+e® SMARTSTRUCTURES g Franwers (o RS - B

D porsss
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Appendix 1 — Background Paper

30 YEARS OF EXPERIENCE WITH THE WAVE EQUATION SOLUTION BASED ON THE
METHOD OF CHARACTERISTICS

Peter Middendorp, Profound BV, Waddinxveen, the Netherlands

This paper was presented during GeoCongress 2006: Geotechnical Engineering in the Information Technology
Age in Atlanta, GA.
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J0 YEARS OF EXPERIENCE WITH THE WAVE EQUATION SOLUTION BASED ON
THE METHOD OF CHARACTERISTICS

Peter Middendorp, Profound BV, Waddinoveen, the Metherands

Gerald E_H. Verbeek, VMS-Profound, Tyler, TX, USA

This paper will describe a brief history of the method of characteristics a5 an accurate
solution of the wave eguation, and the author's experences with the method of
characteristics over a period of 30 years.

As a result of the offshore pile driving activities asscciated with the development of
thie Morth Sea oil fields in the 1870s, two Duich compamies initiated extensive
research efforts. Heerema staried io research the dynamic behavior of soil duning
driving and HBG (Hollandsche Beton Groep) extended the method of charscteristics
with a straightforward theoretical solution for the shaft friction along a pile.

The research institute THO started the dewvelopment of the wave equation program
THOWAVE in the late 1970's based on HBG's fricion model extension for the
miethod of characterstics. Today the program has a wordwide application in the field
of pile testing. This paper will describe its development and application over time and
its relation io today's applicatons for drveability studies for impact hammers
(PFDPWAVE) and vibratory hammers (WVDPWAWE), signal matching for Dynamic Load
Testing (DLTWAWVE), Pile Integrity Testing signal matching (SITWAVE), and
Statnamic simulation (STNWAVE).

The paper will also highlight the algorthms behind the THOWAWVE program finally
amnd identify areas for further dewelopment to enhance the capabiliies of the

THOWAWE program.

Introduction

The Dutch suthor Jaap ter Haar once remarked
that “he who lives in the present and doesn't
know the past, floats aimlessly and dangerously
into the future”. In response to that observation
Ter Haar spent 5 years in the early 18970s
writing a senes of four books covering the Dutch
history from the prehistory to the then present.
Hawing spent more than 30 years dealing with
the Wawe Eguation Solution based on the

paper was presented covering some of the
auwthor's expenence with the method of
characteristics with the focus on the algorithm
used im THOWAWVE. This paper will expand on
that topic by looking at the subject of the Wave
Egquation Solution application in pile foundation
technology from a different angle: what can we
leam from the dewelopments in the recent past,
not only to prevent us from floating aimlessly
into the future, but more importantly to make us
see more clearly how and in which arsas o

Method of Characteristics, the author is regularty improve the cumrent technology.
reminded how ftrue this observation is.
Engineers today take for granted Pile Driving The Pre-His

Analysis (PDA) and Signal Matching Techniques
to determine pile capacities, without realizing
first that these technigques are relatvely mew,
and secondly that they are the outcome of multi-
national and multi-disciplinary efforts.

Last year, duing the 7" Intemational
Conference on the Application of Stress Wave
Theory to Pies in Kuala Lumpur, Malaysia a

Im the 1860's a Frenchman, A.J.C Bame de Saint
Venant, applied the principles of conservation of
mass and momentum to the water flow in an
open channel. The application resulted in tawo
quasi-linear differential eguations, for which de
Saint Venant produced a theoretical solution, the
sg-called method of characterstics. This
miethod was then used for a vanety of hydrology
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related isswes, such as to  predict the

propagation of tidal waves, based on the work of
J. Massau and J.C_Schonfield.

Starting in the 1930's Saint Venant's equations
were applied to pile driving around the warld,
such as by LH. Donnell in the United States,
DV, lsaacs in Australia, and W.H. Glamville in
England. In 1838 the latter directed the first
comprehensive study aimed at wnderstanding
cracking in concrete piles at both the top and the
bottomn during pile driving. As part of this work,
measurements were taken during pike driving
using what was considered at that time portable
eguipment in a8 construction frailer. As such
Glamville is truly the pioneer in the field of PDA,
as it would take some 18 years before similar
work was done in the Nethedands (by A
Verduin in 1858) and some 25 years before it
was done here in the United States (by G.G.
Goble in 1984).

Just as Glanville can be considered the father of
PDA, Isaacs can be considered the first to ever
use wave equations for modeling pile drving.
But apart from that, he should also be
remembered for his insights on the issue of
safety factors. In an article published in 1831 in
the Joumal of the Institution of Engineers
Australia, Isaacs wrole the following on this
subject
¥ zhould be remembered, howewver, that
theze are not frue facfors of safely, but
include a “factor of ignorance." The
author suggests that when fhe wlfimale
reziziance of any pie has been
defermined, in fixing the factor of
zafety...the most urfavorable condifions
pazeible in the supporting sirata shouwld
be judged (the range of conditions
knowiledge of the subswface condifions
and of the pozzibility of dizfurbance from
exfrancous sources) and & proporiion of
the factor of safely — a "facfor of
ignorance” — then allowed in respect fo
thegze possible condiions, the manner of
defermining fhe ulfimate load, and the
fype of loading to be bome. The
remaimning propovtion of the facfor of
zafety — or frue margin of safefy —
should be approximately consfant for all
classes of loading and foundafion
conditions imvolving the same value of
loss in casze of faiure; and fthe owerall
factor of safety. . wil then be equal fo the

_2-

DATA REVIEW MANUAL

product of the true factor of safely with
the "facfor of ignorance.” (p. 305)
This way of dealing with safety factors was and
remains extremely insightful, and is just anocther
example why it is important to know the past.

The anginal method of charactenstics was valid
for a free rod, not interacting with shaft friction or
toe resistance. After all, the method is based on
the phenomenon that stress wawes propagate
unaltered with a characteristic siress wave
velocity. In 1858 Dutch scientist G. de Josseling
de Jong proposed a model to incorporate the tos
resistance into the method of characterstics
(Fig. 1} and then in 1974 the Dutch company
HBG extended the method by formulating the
thieoretical solution for piles with shaft friction.
This development was pat of HBG's
development of the Hydroblok impact hammer, a
high-tech hammer using nitrogen cushioning fo
improwve efficiency.

Until 1874 when friction was introduced, the
partial differential equation could only be solved
analytically if the friction was represented as an
analytical function. The soluton was then found
by imtegral transforms (such as the Laplace
transform) and obtained in the form of Fourier
senies (WVan Koten, et al. 1880). However, if the
shaft friction was assumed to depend on the
welocity or displacement, there was no
thieoretical solution and a8 numencal integration
of the differential equation had to be used, as
was done at that tme in the numercal wave
eguation program developed by EAL. Smith.
For this purpose the pile was modeled by a
number of point masses, with the shaft friction
and toe resistance introduced through a series
of springs with dash-pots connected to the point
miasses (the so-called Lumped Model, Fig. 2).

F o
Fig. 1. Toe resistance model for method of
characteristics for low and high
frequencies proposed by De Josseling de
Jong [(1956)
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Fig. 2. Wave Equation Models

Tao be able io generate a theoretical solution, the
HBG took a different approach to account for the
friction, which — with hindsight — was really wery
simple: “when the friction is concentrated at a
number of points, the parts of the pile between
these points are not subject to friction and the
simple stress wave theory is valid for them”, and
the discontinuities that occur at the points where
the friction is modeled can be easily dealt with.
This method formed the basis for HBG's
computer program PILEWAVE that was
released in 1974, a few years before the WEAP
program was released in the USA and
THOWAVE was released in The Metherdands.

INOWAVE

Although it is a small country, The Metherdands
has a huge piling market because of the poor
soil conditions. Ewery year betweesn 700,000
and 1,000,000 pre-cast piles are driven and &
similar mumber of cast in situ piles are installed.
It is therefore not surprising that there was a
need for basic research in the area of pile
foundations. Consequently in the 1960's a
group was established within the Building and
Construction Research Department of the Dutch
(THOY), the second largest RED organization in
Ewrope. The Foundation Pile Diagnostic
Systems (FPDS) Group, as it was inibally called
before it was renamed Profound, tock on a
broad range of activities for its clients in
foundation pile testing with state-of-the-art
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technology that was developed in research and
development projects.

Im the 1870's this group staried to really focus on
thie field of stress wave applications when two
Duich companies (Heerema and HBG) together
with THO intensified their research in this area
because of the offshore pile driving activities
associgted with the development of the Maorth
Sea oil fields.

In 1875 Heerema performed research at the
THO laboratories fo investigate soil behavior
during pile driving to develop models for pile
driveability analysis, elaborating om the work
done by HM. Coyle and G.C. Gibson in the
United States. At the same time HBG used the
stress-wave application in their development of
the Hydroblok, which lead io the release of
PILEWAVE in 1874.

Following the release of PILEWAVE, THO
wanted fo develop its own wave equation
program. While & was considered io use
Smith's algorithm as the basis for such a
program, it was decided to use the method of
characteristics instead, and the first issue of the
program THNOMWANE was released im 1878, In
thie following years much work was done to
better umderstand the dynamic socil model
parameters and to establish signal matching
techniques, similar to CAPWAP. The first
commercial version of the DLTWAVE module
was released in 1982,

In the second half of the 1880°'s THOWANE was
extended io wvibratory pile driving prediction,
again in response io developments in the
offshore oil & gas industry. At that time the
theories to predict the performance of a vibro-
hammer were based on a single, lumped-mass
pile model. This approach is valid for relatively
shart piles, but not for long piles (such as used
offshore). A long pile is not moving as a single
lumped mass, and stress wawve phenomena
hawe o be taken into account. Using the method
of charactenistics the VDPWAVE module was
developed, and following its release in 1988 it
was used to demonstrate that long offshore piles
could be installed with vibro-hammers (Jonker &
Middendorp, 1988).

From the above it is obvious that the eary
development of TNOWAVE was heavily affected
by the offshore oi & gas industry (just as the
United States Federal Highway Administration
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and the Mew York Depariment of Transportation
had a strong influence on the development of
the WEAF program in the United States). By
the late 18980°s and early 1880°s there were
several features added to the program o
address needs in the pile foundation imdustry in
general.

First, the Dutch pre-cast piling industry wanted
to know the minimum amount of steel required
to allow pile driving without loss of quality and
refiability. Simce the main function of the
reinforcement is to prevent or at least reduce
cracking during pile driving, 8 mumerical crack
miedel was developed and implemented into
THOWANVE in 1888, This model contains the
following options:

O Simultaneous wawve propagation in the
concrete and the reinforcement
Bond forces between concrete and
reinforcement
Pre-stressing
Cracking models
Muttiple cracking
Opening and closing of cracks

(=]

oooo

Secondly, amound that same tme the
THOWAWVE signal matching techmology was
extended to pile integrity testing, and in 1888 the
SITWANE module was released. Later that year
the module was successfully tested on piles with
known defects.

Finally, in the early 1880's the program was
expanded one more time with the release of the

DATA REVIEW MANUAL

STHWAVE module to cover the development of
Statnamic testing, which was developed by THO
amnd Berminghammer. [t is interesting to note
thiat this module strictly speaking doesn't belong
in TNOWAVE. Given the long duration of the
Statnamic test (compared to a dynamic load
test) it was first assumed and later demonstrated
that the pile could be modeled as a lumped
mass with springs and that stress wawve
phenomena did mot have io be taken inio
acooumnt.

THOWAVE Algorithm

In the second half of the 1870°s, when THO
wanted fo develop its own wave equation
program, it was well known that the Smith
algorithm gave approximate solutions and some
miajor problems were known (van Weels, 1884

O A falling ram with the same impedance
as the pile did not result in & block
shape wawve in the pie as it should
according to the theony

O A wave in a frictionless pile decreased
in amplitude with depth because of
numerical damping, while it should not.
Furthermore the elemenis were not in
rest after the wave front had passed, but
still contained some emnergy, as they
were vibrating.

O There was a limitation in  the
representation of higher frequencies: the
higher the frequency, the larger the
inaccuracies in the propagation of the
wave.

Fig. 3. THOWAVE models for Diesel and Hydraulic Hammers

I
¥
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O Im the case of large end resistance the The algorthm proposed by HBG did mot suffer

solution could become unstable. from all these problems since it was based on a
thieoretical soiution (the miethod af
characteristics) and mot on an integration

1 I'_. -LHL!- procedure. Therefore TNO decided to pursue a
P’.ﬂ. 1 wave equation program based on the method of

N U characteristics. It shoukd be noted that later

n r“_ n studies proved that several of the problems of
the Smith’s algorthm could be overcome by

F miedifications fo the spatial and temporal
discretisation of the program, i.e. by introducing
thie critical time-step. (van Weele and Kay,
18684).

1 IH’_. -

With: The algorithm that was finally developed can be

summarized as follows (see also Fig. 4):

2 = downward traveling force wave, O The pile is divided into equally sp i

T
.F:,._ - intersections. The spaces between the
= upward traveling force wave. intersections are called elements. The
n = discrete point or node number, sat of intersections commaon to each pair
.. of spaces is to be considered as a co-
i =tme step number. ordinate system.
£y = impedance of pile element M, O The waves amiving at the intersections

. are determined from the waves
Zw1 =impedance of ple slement N+1. calculated at the former time-step.
N = pile element number. Between the imtersections the pie is
_ B . fricticnless and so the propagation of a
W = sail interaction wave will travel undisturbed. At each
intersection a part of the wave will be
N transmitied and ancther part refiected.
Equations: O The magnitude of ftransmitted and
..f* - z.h'_z.h'H T+ zl‘+| lr*_ﬂr } reflected waves 'EE'IEI'H:E- on the FiLE'
i o+ Eput ! properties and the shaft friction. The
eguations for transmitted and reflected

hf;’r_[_zﬁ_zl'ﬂ}f‘.p[ Zy }2;’_..“?"] waves are derived from the fulfilment of
E,+Z,, £,+E,, equilibiium and continuity conditions at
W=W+W+WF, the l'|ter59c=|nn5- )
O Force, wvelocity, displacement and
_ T accelerations are calculated from the
f{"’ﬂ_f“‘”" +f"”-"' waves, and the outcome is then usad for
1 1 the calculation of enengy and friction.
L _ Ao JaHi O stariing conditions like the velocity of the
Velacity - vni) = Z, Z impacting ram (Vs are introduced by
defining initial wawves at the start of the
Acceleration: calculation process:
L T
a(n,i) = (v(n,i) — v(n,i —1)) / At Viset T Vasot = Vi
O Additional external forces (F.) are
Displacement: :.-(r.-,:‘}=zv(n,fmf introduced by defining force waves o
take into account pre-siressimg of the
Power : Pin,i)= fn,i)v(n,i) piles. additional pulling or compression:
fi+ £ =F
Energy: E=3%"Pin,i) af * Fag T

O Paris representing the ram, amvil, striker
plates, helmet, hammer-caps, inserts,
Fig. 4. THOWAVE Algorithm and followers are separated by
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intersections  that only tansfer
compression forces (no tension levels or
splices). Hammer cushions and pile
cushions are modeled as discreie
springs or continuous parts. Diesel
hammer combustion forces  and
Statmamic combustion forces are acting
as extemnal forces on the pile and ram or
reaction mass. Vibratory hammer forces
are also introduced as an external force
on the pilke top. Im case of signal
matching, a measured force signal is
introduced on the pile fop as an external
force.

iy M AL B NN

LLTT T T[Tk

Dapits
Fig. 5. Successive propagation of waves in
timefintersection co-ordinate system

(&l = distance between intersections,

At = time step)

There are several possibilities to model the soil
resistance, but those most frequently applied are
presented in Fig. 6 In principle three differemt
types of soil resistance models are available:
displacement  dependent resistance WL
(modeled as  springs), velocity dependent
resistance W, (modeled as dash-pots), and
acceleration dependent resistance W, (modeled
as masses). The springs and dash-pots can be
defined as linear and mon linear.

For static analysis (load displacement diagrams)
only the stiffness of the pile elements and soil
springs are taken into account.

The total friction W,, acting at an intersection is
then: W...—W +W.:+W.
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Displacement based
soil model

Velocity  based soal
models

Fig. 6 Frequently applied soil models

Ihe Future

It is clear that the stress-wave programs, such
as THOWAWVE, have allowed and continue fo
allow lowering of the pile foundation costs. First,
through the simulation mode it provides
engineers the opportunity to optimize the design
of both the pile iselff and the pile foundation.
Secondly, through the signal matching mode it
allows the widespread use of dynamic load
testing as well as Statnamic testing, which
provide valuable information on the pile bearing
capacity and therefore enable even further
optimization of the pile foundation design.

However, these programs also have a distimct

downside. |n his address to the DF| Conference

in Vienna in 1288 Heinz Brandl put it like this:
[Young engineers] frequently think that
everything can be calculated, even fo an
accuracy of several decimal places.
More and more, a so-called “poinf-and-

experience iz emerging.
The geotechnizal professiom must remain fully
aware of this downside and ensure that the
practitioners in this field continue to have a good
basic understanding of the theory behind the
tools of the trade.

With that understanding comes a realization that
thie current stress-wave programs must continue
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to be developed, which as an aside can only be
done by people who do have this good basic
understanding of the theory. Some of these
developments will be considered (at least with
hindsight) so obvious that future engineers will
wonder why it took so long before they took
place, just as it is now blatantly obwious how pile
friction should be dealt with in the stress-wawve
program.

One area that can never be overlooked is soil
micgdeling. While the THOWAVE sois
investigation module handles many  different
types of soil investigations, this part is
undoubtedly the weakest link in the owerall
hammer-pile-soil model. To bomow a phrase
from lsaacs, the faclor of ignorance is the
greatest in the soil modeling, and thersfore
research efforis should be directed towards this
area, making full use of the ever increasing
computing capabiliies. In this regard the efforts
in the Metherands surmounding the Geotechnical
Exchange Format (GEF) should be noted. Sail
investigation data (ke CPT results) are
recorded in a standardized digital format (GEF)
amnd the THWOWANE program can than read
these GEF files, after which the soil imwestigation
module automatically determines the soil types
and then comverts the soil investigation data into
the fundamental static and dynamic soil
parameters used in the algorthms.

FHRFEFFETEm 0O il g |

par—— Ty

tacRcmefifTever

d
Fig. 4. Soil investigation input module

A second focus area should be the application of
the stress wave program to pile driving with
vibratory hammers. ‘While this s a routine
operation, there is a lack of measurement data
documenting the operation. 5o in order to bring
VDPWAVE fo the next level there is a need not
only to collect data during the wibratory driving
process, but also to analyze this information and
compare it with the computer predictions.
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As engineers we need to keep pushing the
emnvelope for these developments to take place,
but at the same time we need to keep a close
eye on other disciplines. We need to remember
thiat the basic equations used in the stress-wave
programs did not come from gectechnology. In
other words, the next big development may
already be out there, waiting for a geotechnical
engineer io apply it to pile foundations.

Similary we need to be open to developments
elsewhere in the world. Many enginesrs work
for companies with intermnational operations,
which provides ample opportunity for interaction
with enginesrs of other nationaliies. The
intemet allows easy communication with people
arpund the word, either through e-mail or
message boards such as Geoforum.  Once
again, the problemn at hand may not only have
been encountered by another engineer, but the
solution may already have been developed.

After all, the pile driving application of the wave
eguation solution based on the methods of
characterstics is the result of multi-national and
miulti-disciplinary efforts, and any substamtial
developments are more than likely to come from
similar efforts like that rather than from a
narmowly focused effort.
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Appendix 2 — Interpretation of SmartPile™ EDC Measured Pile
Integrity (MPI) Results

Introducing Measured Pile Integrity (MPI)

The SmartPile™ EDC system uses the output value MPI (Measured Pile Integrity) to report on the concrete pile
integrity. MPI is a composite function that uses two parallel and independent analysis methods:

e The first based on the traditional detection of change in pile impedance (Z22/Z1) using a Wave Up
analysis method (similar to the PDI BTA method)

e The second based on changes in the pre-load stresses in the concrete pile as measured by the
embedded instrumentation (specifically the top and tip strain gauges)

Pile Impedance Based Damage Analysis

The change in pile impedance interpretation (Z2/Z1) is based on a signal analysis technique of the Wave Up
signal involving a search for abruptly occurring waveform artifacts during the time that the stress wave travels
from the top of the pile to the tip and back up to the top (0 <T < 2L/c, with L the length of the pile and c the
wave speed). The magnitude of any detected anomalies is appropriately weighted and the impedance ratio
(Znew/Zold) is reported as a percentage, albeit that any values less than 51are reported as 0. This is based on
the fact that any values below 60% already indicate significant issues with the pile, with the actual value
providing little to no additional insight.

It is important to note that the change in pile impedance damage analysis approach is most effective in
detecting horizontally oriented defects that affect the pile cross section (such as in the case of tension cracks),
and is NOT meant to provide any insight into vertically oriented material damage unless or until the damage
results in a reduction in cross sectional area.

The method of pile impedance based damage detection is most effective during “softer” driving (which creates
higher tension stresses in the pile) because during “harder” driving damage is more likely near the pile tip due
to the increase in the compressive stresses in the pile (to basically double the original value when driving into
very hard material).

While the interpretation of these values is subjective, it is obvious that as the reported MPI values deviate
further from 100% the likelihood of pile damage increases. Generally speaking, results interpretation of the
pile impedance based damage analysis is recommended as follows:

100% - No issues detected regarding a change in pile impedance
99% - 80% - Minor signal issues detected possibly indicating slight pile damage
79% - 60% - More significant issues detected indicating possible pile damage

Less than 60 % - Major issues detected, seek qualified professional assessment
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Pre-Stress Based Damage Analysis

An alternate material integrity analysis method involving the

Significant effort is currently applied to monitoring of static pre-stress levels (specifically changes)

ensure the integrity of the pile top during within the core of the concrete material yields a different

driving through the use of adequate pile level of insight regarding the structural integrity of the pile.

cushions, and constant visual monitoring Because the embedded strain instrumentation is positioned

and inspection techniques. With EDC, in the pile core prior to pile casting and subsequent pre-

similar levels of oversight are now applied | gassing the instrumentation can monitor the pre-stress

independent of accessibility. levels, even at the pile tip, which for obvious reasons cannot
be monitored once pile driving has started. But it is at this
very location where the pile is subject to the greatest

compressive stresses, shear stresses, and stress gradients within the foundation element during installation.

The pre-stress levels in a pre-tensioned pre-stressed concrete pile are established as the result of two directly
opposing forces reaching equilibrium. The first being the tensile stress in the steel strands multiplied by the
total cross sectional area of these strands; and the second the compressive stress in the concrete multiplied by
the total cross sectional area of the concrete. Once this equilibrium condition and corresponding pre-stress
level is established, any change in either force will upset this balance and result in a new equilibrium (and
therefore new pre-stress level).

For example, a vertically oriented crack extending up from
the pile tip is very likely to upset this balance. When viewed
looking into the pile end (see Figure 1), separate concrete
sections will result, with the resulting pre-stress level in each
section determined by the section’s cross sectional area and
the number of steel strands in that section.

Consequently any vertical crack resulting in non-symmetric
volumes will result in some sort of pre-stress shift, with a
complete loss of pre-stress potentially indicating the
complete loss of bonding between the steel and the
concrete from the pile tip up to the location of the strain
gauge. It should be noted, however, that any change in the
static pre-stress levels, especially a reduction or relaxation
inthe concrete compressive static stress levels during pile

driving, especially a reduction in the concrete compressive
stress levels, should be considered a possible leading indicator
high stresses near the pile tip.

Figure 1: Orientation of vertical cracking

Please note that an increased compressive residual force could be the result of the pile weight of the pile plus
any below grade soil shaft friction forces preventing tip rebound from a hammer blow.
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The monitoring of the changes in pile internal pre-stress levels is accomplished by measuring and tracking the
static pre-stress equilibrium levels for every hammer blow measured after the dynamic strain events have
dissipated or settled out. With the raw offset strain values available for display in the Raw Data analysis tab of
SmartPile™ Review, any reported change in the measured static pre-stress values are clearly evident in the
strain signal presentation during data playback.

If the recorded change in pre-stress level drops the equivalent of more than 50 microstrain for 10 consecutive
blows, than is it assumed and reported that pile damage has occurred. In all other cases, it is assumed that the
pile is intact.

Interpreting Measured Pile Integrity values

The reported MPI value is basically the calculated change in impedance output, reduced by 50 if the pre-stress
based damage analysis indicates pile damage. So for example, if the detected change in pile impedance is
calculated to be worth 12 points, MPI can report either an 88% (100-12) or a 38% (100-12-50) depending on
whether the pre-stress based damage analysis indicates any damage to the pile.

The reported “Measured Pile Integrity” (MPI) values can then be described as follows:

MPI Pile Impedance based damage Pre-stress based damage analysis
analysis
100 % No issues detected No Issues detected
99-80% | Minor signal issues detected No Issues detected
possibly indicating slight pile
damage
79-60% | More significant issues detected No Issues detected

indicating possible pile damage
59-51% | Major issues detected indicating No Issues detected
likely pile damage; seek qualified
professional assessment

50 % No issues detected Issues detected indicating likely pile
damage; seek qualified professional
assessment

49-30 % Minor signal issues detected Issues detected indicating likely pile
possibly indicating slight pile damage; seek qualified professional
damage assessment

29-10% | More significant issues detected Issues detected indicating likely pile
indicating possible pile damage damage; seek qualified professional
assessment

9-0% Major issues detected indicating Issues detected indicating likely pile
likely pile damage; seek qualified damage; seek qualified professional
professional assessment assessment
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Interpretation Examples

A measured shift in the reported static pre-load value if detected is a composite of three potential sources:

1. Residual compressive stresses
2. Compromised or relaxed pre-stress (tension)
3. Any unsettled dynamic wave propagation (error)

The system software accounts for the third as described below, with any resultant reported measurement shift
being a summation of the remaining two. The specific error condition being monitored for is a relaxation of
the static compressive pre-load.

To help prevent large negative reported pre-load delta values, the SmartPile™ algorithm takes a baseline
measurement at the beginning of a blow at the pile tip and determines if any residual negative movement was
present and detected at the end of the previous blow. Any reported delta measurement is then adjusted
accordingly. For this very reason, stepping through blows backwards vs. forwards in SmartPile™ Review will
affect the reported pre-load delta values and must be avoided. Before acting on large negative reported
static pre-load delta shifts, move to the Raw Data analysis tab and look for unsettled wave propagation on the
tip strain at the end of recorded blows. Check and confirm that the dynamic strain events have settled out, as
it is easier to assess reported conditions when all dynamic events have settled out to zero by the end of the
blow.

In softer driving, which is common during the initial part of the pile driving, tip strain readings don’t always
return to zero by the end of the blow as shown in Figure 2 below (red arrow). When soil conditions tighten up,
the dynamic tip strain measurements settle out to zero by the end of the blow, as seen in Figure 3.

Unsettled Tip Strain

n 00 ® sMARTPILE™ w i Review Session Loaded o Display Skip n 00 ® sSMARTPILE™ w | Review Session Loaded 0 Display Skip
Session Configuration  (Raw) Blow bata | Top Gagss | Tip Gages | SummaryData | Session Report | Session Catalog | { Reset Graphs Session Configuration  (Raw) Blow Data | Top eagesl Tip nges] Summary Data | Session Report | Session Catalog | € Reset Graphs
Er Cligkto .  Topassal € AutoFix = Clikto . ¢ Tophccel ¢ AutoFix
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2260 - s Top st [ <) 2250-] - U £2t) Top Strain 1
= e )

2000 | T e Tiesces | [ ) 205 | To sl e adee] | ]

=5 d Twsnan [

175.0-] 1750-|

180.0 160.0-

125.0+] 1250

1000 100.0-]

nd Accel (35, Microstrain)
and Accs| (Gs, Microstrain)

Stiain a
Strain

iz e BED B @9 B2 0D T B 0 o0z 004 008 ooe 0.1 0.12 014 048 04708
e
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Figure 2: Unsettled tip strain (blue) wave propagation at the end of  Figure 3: Settled tip strain (blue) wave propagation at the end
blow
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Use of Tip Stresses as a leading indicator of pile damage

In Figure 4 the change in static strain (pre-stress) reading at the top and the tip of the pile are shown (left
vertical axis in microstrain) as well as the compressive stresses (CSB) at the tip (right vertical axis in ksi), all as a
function of the blow count (horizontal axis).

As can be seen from a report generated with SmartPile™ Review, around blow count 1500 the pile penetrates
a hard soil layer, causing the compressive stresses measured at a point in the tip core to increase to approx.
1.6 ksi. At the same time the static tip strain (pre-stress) begins to fall and eventually drops some 50
microstrain, indicating likely damage to the pile tip.

1595 Design Build Higway 441, Pier 3 Pile 9
PRELOAD DELTA
SmartPile(TM) Review Yersion 3.72
100.00 2.00
80.00 1.80
£0.00 |ﬂ§ 1.60
~ 1.55KSI N‘Tl \ l
40.00 } e 1.40
IR -
20.00 - 120
3 l CSB Stresses
< o R e : - 1.00
= N L P2 3000
2 2000 b osa  (KSI)
1T g i
¢ -4000 060
& I ! Blut
-60.00 4 4 H 0.40
-80.00 0.20
-100.00 0.00
Blow Number
—— Preload Delta Top Strain - —— Preload Delta Tip Strain I
—— Series2

Figure 4: Measured CSB (magenta) plotted with top (green) and tip (blue) pre-load deltas. Note the loss of pre-stress occurring right
after punching through a hard layer (~ 1.55 KSI) resulting in an eventual pre-stress relaxation of approximately 50 microstrains (red
line)

It should be noted that the pile tip compressive stresses are NOT necessarily uniformly distributed, and may
contain VERY large localized shear stress gradients distributed anywhere across the pile tip cross sectional
area. Although the gauge mounted in the center of the pile may not actually record the maximum
compressive stress experienced by the pile tip, the gauge IS adequately positioned to measure any localized
changes in compressive material pre-load.
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Case Study — US19 over Barge Canal, Pier3 Pile2; anatomy of a
failure

This case study illustrates a scenario whereby the measured pre-stress was completely lost at the tip of the
pile. A subsequent extraction of that same pile confirmed the damage to the tip as detected and reported
through MPI. It should be noted that, except for a few individual blows, the pile impedance based damage
analysis did not indicate any damage to the pile.

Pre-Load Delta {ue}

SrartPile(Th) Review Version 3.72
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Figure 5: Tip (blue) and Top (green) measured pre-load deltas (above), and corresponding reported MPI values (below)

US19 over Barge Canal Site, Pier 3 Pile 2
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Figure 6: Example of material disturbance. Driven pile referenced from data above after extraction. Vertical cracks extend 10 feet up
from the pile tip as noted by the visible ends of the tape measure. The tip instrumentation located in a segmented mass within pile
core remained operational.

The SmartPile™ Measurement System - Components and Design

Regarding any data analysis approach, it is important to note that the quality of the measured data is only as
good as the design and implementation of the measurement system. The SmartPile™ EDC foil-based
embedment gauge is manufactured and sealed in a controlled environment to address the bonding and sealing
concerns that are common for gauges embedded in concrete. The external package is of a special contoured
design to ensure that proper bonding is established and maintained with the material under test. To optimize
measurement precision, the EDC embedment gauge utilizes the latest foil resistor technology; leveraging the
latest state of the art resistor grade metal alloys for better long term stability. The foil resistor design also
provides for precise thermal compensation using a proprietary approach to negate any gauge thermal output
effects throughout the normal operating temperature range of the sensor.

To address the front end signal conditioning design requirements; the SmartPile™ EDC system utilizes the
latest state-of-the-art, low power, high performance instrumentation design, layout, and military standard
fabrication practices. Instrumentation grade components are carefully selected to ensure both precision and
stability. The result is an active strain sensing and measurement system with built-in thermal compensation
that can withstand the rigors of concrete casting, curing, and deep foundation installation process.
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£ ST F

Figure 7: Embedment strain gauge manually chiseled out of solid ~ Figure 8: Another embedment strain gauge extraction, now showing
24” PSC pile end to show encapsulation effectiveness and material close-up of bonding effectiveness of waffle pattern. Note the
bonding. Note the lack of any visible material voids in surrounding negative image of the pattern visible in loose piece of concrete
concrete above (rotated)

Conclusion

During pile driving it is important to continually consider the pile integrity, especially during hard driving
conditions. Quite often this is done based on a pile impedance based damage analysis, but the SmartPile™
EDC system includes a second and completely independent analysis method: the pre-stress based damage
analysis. If either of these analysis methods indicates that damage of the pile tip is likely, it is strongly
suggested to seek a qualified professional assessment to determine how to proceed.

Appendices Page 62 FOR EVALUATION PURPOSES ONLY



n 000 SMARTPILE DATA REVIEW MANUAL REVISION 4.0

Appendix 3 — SmartPile™ EDC Reports

SmartPile Review can generate two types of reports: a Standard Format Report, which produces an Excel
spreadsheet with a tabular display of all the pertinent project information or a DOT Format Report, a nicely
formatted Excel spreadsheet with both tabular and graphical displays of the pertinent data.

On the following pages a sample copy of a DOT Format Report has been included for illustration purposes.
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SR1121195_870329_Pler 8_Pile3_SeszlonReport DOT Format

[eee SMARTPILE

SmariPile (TM) Review Version 3.75

SmartPile™ EDC REPORT

Disabled Error Defection Levek: None SR1121195 Pier 8 Pile 3
User Information Pile Information
CEl Name Phi Terry Structure Pier 8
Company Name AFT Pile Numbar 3
City Pile Length 42
State Pile Marker Increment 1
Zip Set Check Marker Increment 1
Cerification ID 000FL000012 Top Gage fo Pike Top 36
Phone Number Tip Gage 1o Pile Tip 18
d Dimension 18
Mid Gage 1o Pie Tip 1
Project Information TopCross-Section Area 324
Projgci Name SR1121105 TipCross-Section Area 324
City Miami Modulus of Elasticity 6076.62658
State FL Concrefe Specific Weight 0.15
County/Dstrici Miami Dade D6 Wave Spzed 13700 Feet/sec
Projct Number (DOT) 405578 1 52 01 Fixed Jc Damping Coefficient 0.6
Progct Descripion SR112 1195 from East of 195 to Biscayne Bay Pile Tip UP Soil Rale Faclor 0.92
Struciure 8703290 Air/Hydraulic Hammer FALSE
Description SR112 1195 from East of 195 to Biscayne Bay Hammer
Latilude Nominal Bearing Resstance 145
Longilude Tension Resstance 0
Minimum Tip Elevation -19
Notes Jet'PreForm Elevation §
Pile Cut-Off Elevation 5
Radio ID 00.A0.96.31.B0.F0
Firmware Version 517
Final Tip Elevation -22.83 Feet
Drive Duration:From 01-18-2011 14:1822 to 01-18-2011 14:2930 **Average at identified displacement unless a single blow or indicated otherwise in header (e.g. Tension)
Xed Jc Tor TP
Tip Elevation Bows per | Stroke/8PM |Eneray (Kips-| Capacity UF Capacity | Wave Speed | Compression | Compression | Max Tension TopPrebad | Tip Preload
(Feet) Blow Number | Fool fo Disp (Feet) ) (Kips) (Kips) (Feetisec) (Ksi) (Ksi) (Ksi) MPI Delta (uStrain) | DeHla (uSirain)
2.16 2 1] 4.0 186 08 488 114718 1.1 03 0.1 100.0 374 369
1.16 7 5 5.5 176 12.0 367 14031.3 1.3 04 0.1 100.0 -2.0 24
0.16 16 9 5.7 182 578 718 13911.6 15 0.5 0.1 100.0 -18 -3.5
084 2 11 59 17.1 100.2 115.0 13208 .2 16 06 0.1 100.0 -1.1 23
-184 39 12 6.1 174 132.6 157 8 13776.6 17 06 0.1 100.0 0.1 -38
-284 53 14 6.0 15.5 173.0 1828 13715.5 17 0.7 0.1 100.0 09 -37
384 70 17 6.1 150 1949 1995 13699.6 17 07 0.2 100.0 13 46
-484 90 20 6.1 142 2394 2332 13730.1 17 08 0.2 100.0 14 5.1
-584 112 22 6.3 150 2438 2442 13837 1 18 09 0.2 100.0 15 43
B84 138 26 6.5 16.1 255.7 2559 13885.3 19 10 0.2 100.0 14 -5.7
-7 84 164 25 6.3 148 2714 2678 13845.2 18 1.0 0.2 100.0 12 64
-8 84 190 25 6.3 149 276.0 2722 13922.3 18 1.0 0.2 100.0 15 7.1
-084 221 30 6.4 159 2656 2698 13950.9 19 1.0 0.2 100.0 13 7.9
-10.84 248 27 6.2 143 2758 268 4 13896.4 18 09 02 100.0 16 £9
1184 271 23 6.2 148 256.7 2524 13888.0 18 09 0.1 100.0 16 78
-12.84 205 24 6.3 15.0 2554 2472 13923.3 18 08 0.2 100.0 17 111
-1384 317 22 6.2 143 2744 2608 13946.9 17 08 02 100.0 12 7.7
-1484 342 25 6.2 147 266.9 2509 139328 17 02 0.2 100.0 17 70
-1584 365 23 5.4 1486 3239 30486 13936.0 18 1.0 0.2 100.0 19 -10.1
-16.84 390 25 6.7 15.1 348.3 3552 138419 19 1.3 0.2 100.0 24 -10.7
-17.84 429 39 6.6 157 256.2 258.3 13796.9 19 1.0 0.1 100.0 286 -12.0
-18.84 458 29 65 15.0 278.3 2839 13768 6 19 09 0.1 100.0 27 7.0
-19.84 487 29 6.7 18.0 2936 2940 13686.5 2.0 1.0 0.1 100.0 29 7.7
2084 519 32 87 154 3389 357.3 13619.9 20 1.1 0.1 100.0 25 28
-21.15 532 13 6.9 153 367.0 378.0 13577.7 2.0 12 0.1 100.0 29 7.0
-21.17 533 5.8 1568 378.0 3850 13568.9 20 1.3 0.1 100.0 29 -140
-21.19 534 5.2 150 389.0 3920 13573.1 20 1.3 0.1 100.0 29 -129
-21.22 535 5.2 149 393.0 3920 13564.5 20 1.3 0.1 100.0 29 96
2124 536 68 155 389.0 3970 13569.6 20 13 0.1 100.0 27 85
-21.26 537 6.9 158 400.0 405.0 13581.5 2.1 1.3 0.1 100.0 15 -11.0
-21.20 538 71 157 409.0 4150 13578 .5 2.1 1.3 0.1 100.0 15 48
-21.31 539 7.0 16.2 416.0 4200 13569.7 2.1 14 0.1 100.0 29 -10.7
-21.33 540 6.9 180 4230 4220 13553.7 2.1 14 0.1 100.0 27 -107
-21.36 541 6.9 18.5 4210 4270 13546.1 2.1 14 0.1 100.0 29 99
-21.38 542 71 162 4240 4320 13541.3 2.1 14 0.0 100.0 15 -10.7
-21.40 543 71 156 4230 4400 13534.3 20 14 0.1 100.0 29 -118
2143 544 7.0 158 416.0 4330 135395 2.1 14 0.1 100.0 29 74
-21.45 545 6.9 159 415.0 4410 135514 2.1 14 0.0 100.0 15 -13.2
-21.47 546 7.0 16.0 430.0 4450 13546.9 2.1 14 0.1 100.0 29 28
-21.50 547 71 16.2 4310 4510 13539.6 2.1 14 0.1 100.0 29 25
-21.52 548 71 158 4210 4530 13534.5 2.1 15 0.1 100.0 29 -13.2
-21.54 549 71 16.0 436.0 4500 13546.4 20 1.5 00 100.0 15 2.5
-21.57 550 71 153 4310 4610 13541.7 20 1.5 0.1 100.0 29 -9.9
-21.59 551 7.0 16.3 437.0 4640 13553.6 2.1 1.5 0.1 100.0 29 -13.2
2161 552 71 158 4350 4710 13549.2 20 15 0.1 100.0 15 114
-21.63 553 7.1 182 440.0 4740 135418 2.1 1.5 0.0 100.0 29 -136
-21.66 554 7.2 182 446.0 4830 13524 .4 2.1 16 00 100.0 29 09
-2168 555 7.2 164 453.0 4850 13518.2 2.1 16 0.1 100.0 29 7.1
-21.70 556 71 162 4420 4790 13523.5 2.1 1.5 0.1 100.0 29 27
-21.73 557 71 16.1 4470 4870 13517.3 2.1 1.6 0.1 100.0 15 99
2175 558 7.0 161 4450 4790 13523.2 21 16 0.1 100.0 29 118
2177 559 7.1 159 442.0 485.0 13517.0 20 16 0.0 100.0 29 -12.5
-21.80 560 7.1 157 453.0 4920 13498 5 2.0 16 0.0 100.0 29 -132
-2182 561 7:9 16.1 446.0 4940 134934 2.1 16 0.1 100.0 29 -136
-2184 562 7 158 451.0 5010 13486.0 2.1 16 0.0 100.0 24 -11.0
-2186 583 71 155 456.0 4980 13481.6 20 1.6 00 100.0 19 -10.3
-2187 564 71 158 452.0 5020 13473.6 2.1 1.7 0.0 100.0 29 -186
-2189 565 7.1 157 460.0 506.0 13469.2 2.1 1.6 0.0 100.0 29 -10.3
2190 560 71 153 4530 500.0 134735 20 16 0.0 100.0 29 136
2192 567 7.1 16.0 467.0 5120 13485.5 2.1 17 0.0 100.0 23 05
-21.93 568 71 16.4 464.0 5150 13490.1 2.1 17 0.0 100.0 29 -12.5
-2104 569 72 16.5 464.0 5140 134782 2.1 1.7 00 100.0 35 -32
-21.96 570 71 157 4730 5160 13482.4 2.1 1.7 00 100.0 15 -38
-21.97 571 7.3 18.5 4720 5250 134782 2.1 1.7 0.0 100.0 19 -10.7
-21.99 572 7.2 156 4730 5230 134824 20 1.7 0.0 100.0 18 -10.3
-22 00 573 40 7.2 159 4750 516.0 13478.2 2.1 1.7 00 100.0 29 -129
22,02 574 7.0 158 4740 517.0 13482.4 2.1 17 0.1 100.0 29 -12.9
L 12303 575 7.0 15.5 466.0 520.0 13478.2 20 17 0.0 100.0 29 12,5 ofs
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SR1121193_870329_Pler 8_Pile3_SeszionReport DOT Format

Foed Jc Top Tip

Tip Elevation Bows per | Stroke/8PM |Enery (Kips-| Capacity | UF Capacity | Wave Speed | Compression | Compression | Max Tension TopPrebad | Tip Preload
(Feet) Blow Number | Fool fo Disp (Feet) 1) (Kips) (Kips) (Feet/sec) (Ksi) (Ksi) (Ksi) MPI Delta (uStrain)| Della (uStrain)
2204 576 70 153 4780 5150 134824 20 17 0.1 1000 29 28
22,08 577 71 168 479.0 5200 13494 4 1 17 1 100.0 2 -129
2207 578 71 158 4830 5310 13478 1 1 18 0 100.0 2 136
2209 579 72 159 429.0 5340 134740 1 17 ) 1000 2 121
22.10 580 71 155 4780 5240 13478 1 0 17 1 1000 2 158
22,12 581 71 145 4710 524 0 13474.0 20 17 0.0 100.0 29 7.0
2213 582 70 156 4770 5270 13478 1 2.1 17 0.1 1000 e 110
22,14 583 70 15.1 487.0 5260 134740 20 17 0.1 100.0 9 -132
22.16 584 70 152 4830 5300 13478 1 20 17 0.1 1000 2 140
22 17 585 70 148 474.0 5300 134740 20 17 0.1 1000 9 -16.2
22,19 586 71 154 4840 5320 13458 3 21 17 0.1 100.0 7 110
2220 587 6.9 148 4850 536.0 134551 20 17 0.1 100.0 26 -15.1
2222 588 69 147 4810 5310 134583 20 17 0.1 1000 20 20
2223 589 71 142 20.0 524 134551 17 1 100.0 2 12
2224 550 71 ) 4820 528 134387 17 1 1000 2 107
2226 591 69 146 71.0 521 134365 17 1 1000 2 169
2227 502 67 15.0 20.0 531 134187 17 1 100.0 3 50
2229 503 6.7 143 474.0 5240 134306 19 17 0.1 100.0 43 1.0
22.30 504 69 187 4740 5250 134325 20 17 0.1 1000 29 77
2232 595 6. 145 480.0 532 13444 4 20 17 0.1 100.0 3 22
2233 596 X 134 4760 524 134470 19 17 0.1 1000 118
22 34 597 6 142 4730 529 13458 9 20 17 0.1 100.0 02
2236 508 3 145 4790 532 134622 20 17 0.1 100.0 77
2237 599 68 141 480.0 5320 13458 9 19 18 0.1 100.0 44 184
2239 600 6e 146 4800 5340 13462.2 20 17 00 1000 29 99
22 40 801 68 142 492.0 537 13458 9 1 18 0.0 100.0 1 118
2242 602 68 132 3810 521 134622 1 17 0.1 1000 2 74
2243 603 6.7 138 486.0 531 13458 9 1 17 0.1 100.0 2 151
2244 604 66 139 478.0 526 134622 1 17 00 100.0 2 125
2246 805 6.7 141 485.0 5320 13458.9 19 18 0.0 100.0 35 143
2247 606 67 130 489.0 5350 13462.2 19 18 0.0 100.0 29 32
2249 607 ; 145 480.0 33 13474 .1 2 17 0 100.0 24 88
22,50 [ 143 26.0 38 134617 2 17 1 1000 29 BT
2252 609 144 4980 44 134736 1 18 0 100.0 25 140
2253 610 152 4870 541 134852 2 17 1 100.0 29 28
2254 811 68 146 487.0 5300 134808 20 17 0.1 100.0 25 132
22.56 812 68 147 4870 5360 134852 20 17 0.1 1000 29 114
2257 613 F 143 4820 34 13480 19 1 1 100.0 14
2250 614 - 144 4750 34 13485 20 1 1 100.0 13
-22 60 615 146 4210 38 13480 20 1 0 1000 13
2262 616 15.1 4790 37 13485 20 1 1 100.0 12
2263 817 69 15.1 489.0 5420 134808 20 18 0.1 100.0 290 125
2264 518 69 148 4920 5440 134683 20 ) 0.1 1000 20 2.1
2266 819 ; 14 4850 39 464.7 1 0 100.0 136
2267 620 ¥ 14 91.0 544 468 3 1 0 1000 132
2269 621 14 85.0 40 464.7 1 0 100.0 118
2270 622 14 850 37 468 3 1 0 100.0 103
2272 623 69 145 4840 5410 13480.2 20 18 0.0 100.0 29 173
2273 624 69 152 501.0 5530 13484 5 20 T8 00 100.0 32 143
2274 625 7. 152 4980 549 13496 1 0 100.0 38 96
2276 626 7 150 498.0 551 135014 1 0 1000 29 99
2277 627 7 15.1 502.0 552 13401 1 1 100.0 44 118
2279 628 7 153 5010 558 1350 1 0 100.0 29 129
2280 620 71 15.1 509.0 5500 135135 20 19 0.0 100.0 32 147
2282 830 70 146 502.0 5500 135195 20 18 00 1000 29 136
2283 631 58 69 125 504.0 5340 135135 18 18 0.0 100.0 29 158
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