— Center for
Transportation

INTELLIGENT
lnfrasén;(t:étgg COMPACTION
ROLLER RETROFIT

KIT VALIDATION

Conducted for

Texas Department of Transportation
In cooperation with

Federal Highway Administration

Aug RDtl 5

Center for Transportation Infrastructure Systems
The University of Texas &l Paso
El Paso, TX 79968
(915) 7476925
http://ctis.utep.edu



http://ctis.utep.edu/

TECHNICAL REPORT STANDARD TITLE PAGE

1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
4. Title and Subtitle 5. Report Date
Intelligent Compaction Roller Retrofit Kit Validation August2015

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.

Soheil Nazarian, Mehran Mazari, George Chang, Raed
Aldouri, Jorge Beltran

9. PerformingOrganization Name and Address 10. Work Unit No.

Center for Transportation Infrastructure Systems

The University of Texas at El Paso 11. Contract or Grant No.

El Paso, Texas 79968516

12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Texas Department of Trangpation Draft Final Report

Research and Technology Implementation Office 14. Sponsoring Agency Code

P.O. Box 508pAustin, Texas 78763080

15. Supplementary Notes

Research Performed in cooperation with TXDOT dmedRederal Highway Administration
Research Study Titléntelligent Compaction Roller Retrofit Kit Validation

16. Abstract

The main goals of this projectaneto evaluate and validate intelligent compaction (IC) retrofit (a
market) kits for use in thigeld compaction of asphalt pavements, bases, and subgrade materia
This project was a part tfie second phase of Every Day Cosi(EDC2) programby the Federal
Highway Administration (FHWA) to nationally deploy the use of IC technology to improve
compction quality and managing compaction data. Under this studintéiiggent compaction
measurement values (ICMV) obtained from the mounted IC retrofit kits were compared with t
Original Equipment Manufacturer (OEM) IC rollers and other spot test metho addition, a
verification process was developed to ensure that the retrofit kit was mounted properly to cap
drum rebound. Two equipment rodeos, one in California for asphalt materiala@thér onén
Texas for soilsnaterials were conduetd for sideby-side comparison of I€etrofitted rollesto the
OEM IC rollers. Finally, the data collected at the two rodeos were utilized to evaluate the
performance of eagbarticipatinglC equipmentegardingmeasurement reliability on asphalt
pavementbase, and subgrade materidls general, the performance of the IC retrofit kit utilized
this study seemed reliable as long as the hardware and software weredipstadérly. The
calibration¥alidation ofthevibration sensor anthe global positoning system (GPS) of the retrofit
kit is crucial to obtain dependable and reliable IC data.

17. Key Words 18. Distribution Statement
Intelligent compactionRetrofit kit, No restrictions. This document is availableghe
Geomaterials, IC Measurement Value public through the National Technical service,

5285 Port Royal Road, Springdfield,
Virginia 22161 www.ntis.gov

19. Security Classif. (of this report) 20. Security Classif. (of this page)] 21. No. of Pages 22. Price
Unclassified Unclassifed

Form DOT F 1700.(-69)



http://www.ntis.gov/

INTELLIGENT COMPACTION ROLLER RETROFIT
KIT VALIDATION

by

Soheil Nazarian, PhD, PE
Mehran Mazari, PhD, EIT
George Chang, PhD, PE
Raed Aldouri, PhD
Jorge Beltran, BSCE

Conducted for
Texas De@rtment of Transportation
i n cooperation with
Feder al Hi ghway Admini str at

Center for Transportation Infrastructure Systems
The University of Texas at El Paso
El Paso, TX 799680516



DISCLAIMERS

The contents of this report reflect the view af Huthors who are responsible for the facts and the
accuracy of the data presented herein. The contents do not necessarily reflect the official views or
policies of the Texas Department of Transportation or the Federal Highway Administration. This
reportdoes not constitute a standard, a specification or a regulation.

The material contained in this report is experimental in nature and is published for informational
purposes only. Any discrepancies with official views or policies of the Texas Depaxment
Transportation or the Federal Highway Administration should be discussed with the appropriate
Austin Division prior to implementation of the procedures or results.

NOT INTENDED FOR CONSTRUCTION, BIDDING, OR
PERMIT PURPOSES

Soheil Nazarian, PhD, PEG895)
Mehran MazatiPhD, EIT
George Chang, PhD, PE

Raed Aldouri, PhD

Jorge Beltran, BSCE



ACKNOWLEDGEMENTS

The authors would like to express their sincere appreciation to the Project Management Committee
of this project, consisting dimmy Si and Richaklzzo from Texas Department of Transportation

and Antonio Nieves, Michael Arasteh, and Richard Duval from the Fédétghway
Administration (FHWA)for their support.

We are grateful to Ebi Firand Chuck Suszk&rom California Department of Transportatio
(CalTrans) and Granite Construction for their cooperation in arrangement of California field tests
and Richard Williammee from Texas Department of Transportation (TxDOT) and Lone Star Civil
Construction for helping with planning the Texas field test® Mélp and support from the IC
roller vendors (Caterpillar, Wirtgen Group/HAMM and SAKAI) and their partners (TOPCON and
Trimble) are also acknowledged.

We are also grateful to a number of undergraduate and graduate studenftdidniversity of
Texas EPaso (UTEP) for their assistance in the project.



ABSTRACT

The main goals of this project were to evaluate and validate intelligent compaction (IC) retrofit
(after market) kits for use in the field compaction of asphalt pavements, bases, and subgrade
materials. This project was a part of the second phase of Every Day Counts (EDC2) program by
the Federal Highway Administration (FHWA) to nationally deploy the use of IC technology to
improve compaction quality and managing compaction data. Under tlaig, she intelligent
compaction measurement values (ICMV) obtained from the mounted IC retrofit kits were
compared with the Original Equipment Manufacturer (OEM) IC rollers and other spot test
methods. In addition, a verification process was developed sorerhat the retrofit kit was
mounted properly to capture the drum rebound. Two equipment rodeos, one in California for
asphalt materials and another one in Texas for soils materials, were conducted-tigrssite
comparison of I&etrofitted rollers tahe OEM IC rollers. Finally, the data collected at the two
rodeos were utilized to evaluate the performance of each participating IC equipment regarding
measurement reliability on asphalt pavement, base, and subgrade materials. In general, the
performane of the IC retrofit kit utilized in this study seemed reliable as long as the hardware and
software were installed properly. The calibration/validation of the vibration sensor and the global
positioning system (GPS) of the retrofit kit is crucial to abd@pendable and reliable IC data.



EXECUTIVE SUMMARY

The intelligent compaction (IC) retrofit kits have been recently introduced as an economic
alternative to theriginal equipmentmanufacture(OEM) IC systems. Although IC retrofit kits

have been empl@g in many projects nationwide, their performance and reliability on asphalt,
soils and base materials has not been evaluated in a comprehensive manner. The Federal Highway
Administration (FHWA), as a part ¢iesecondevery Day Counts (EDC2) initiative,funded this
research study througthe Texas Department of Transportation (TXxDOT) to evaluate the
performance of intelligent compaction (IC) roller retrofit kits. A data acquisition system was
developed to validate the vibration data collection processlg@laro the IC retrofit kit andhe

OEM IC systems. As one of the main parts of this study, two equipment rodeosomeected

for field evaluations. One of these equipment rodeos was dedicated to asphalt materials which was
performedalongaconstructim sitenear Sacramento, California. The second equipment rodeo was
dedicated to study the soil layers on a test section near Cleburne, Texas. Three IC roller vendors
including Caterpillar (CAT), Wirtgen Groudamm (HAMM), and Sakai AmericéSAKAI),
participated in both rodeosThe IC systems on the CAT rollers asamilar to the Trimble
aftermarket IC (retrofit) kits for singleand doubledrum rollers. The IC systems dime SAKAI

rollers are provided by SAKAI and TOPCOReTOPCON also recently launched EC retrofit

kit. TOPCON retrofit kit was not evaluated in this study because it was not available during our
field studies. HAMM utilizes its OEM IC system known as HAMM Compaction Quality (HCQ).
Both the Trimble retrofit and CAT OEMsystemgroduce Comacter Meter Values (CMV). The
HAMM OEM produces AMM Measurement Value (HMV), whilthe SAKAI OEM produces
Compaction Control Value (CCV) heseaccelerometebasedmeasurement valuewhich are
collectively called Intelligent Compaction Measurement Va(léMVs), are generally related to

the stiffness ofhe existingcompacted materiaisith influence from underlying layer$his report

along with the appendices present the findings from the evaluatibal@f roller retrofit kits. The

findings of thisstudy are briefly summarized as follows.

Equipment Rodeo dAot Mix Asphalt

1 Thecumulative distributioaof CMVs collected withthetwo retrofit system#nstalledon
the HAMM and SAKAI rollers during the prmapping of the existing base layer were
similar. However,the CAT roller showed a different trend ftite cumulative distribution
of thecollected CMVs.

1 The distributions of the ICMVs from the OEM system and retrofit kit on the HAMM roller
HMV and CMV respectivelywere similarduring the premapping The IC data from the
SAKAI OEM system were not available for comparison purposes.

1 The two retrofit systems mounted on the HAMM and SAKAI rollers showed different
trends in terms athe CMV values during the mapping of the HMA layers. This could be
due to he different coverage area and change of HMA stiffness between the breakdown
and intermediateompaction duringhe HMA rodea

Equipment Rodeo ddeomaterials

1 TheCMVs during the premapping of the existing embankment layer with the retrofit kit
mounted orthe HAMM roller and the OEM system on the CAT roNeeresimilar. The
CMVs collected from the retrofit kit mounted on the SAKAI rollgere different than
those reported by the HAMM retrofit and CAT OEM systems.



1 ThelCMV data from the retrofit kit an@EM systemduring the premappingwith the
HAMM roller, CMV and HMV respectivelyshow similar trends with some differences
that could be due to the data processing algorithms used by each of the two systems.

1 The spatial distributions of the CMVs from thetrofit system orthe HAMM roller and
the OEM system on the CAT rollduring mappingare similar as they iawified similar
less stiffareas.

1 Even though the mapping tfe compacted subgrade layer witie smooth drunCAT
roller was performed about 18&irs aftethecompaction processsing a CAT roller with
a padfoot shell kit the spatialdistribution trend of the CMVs from the two operations
were similar However, the spatial distribution dfe CMV from thesmooth drunroller
was clearerthan thos from the padfoot rolleand the amplitudes of CMVs from the
smooth drum rollewere greater than thof®m the padfootroller.

The following points summarize comments regarding validation of the ICMV using a UTEP
Vibration Data Acquisition (DAQ) System

1 The proper positioning of the accelerometers is crucial in capturing the proper vibration
energy.

1 Identifying the vibration frequencies and their multiple harmonics properly is essential in
calculating the appropriate ICMVs.

1 The vibration responses did two accelerometers installed by the research team on the
opposite sides of the drigwere similar with typically less than 4% difference.

1 The calculated cumulative distributions of the CMkésn the retrofit kit and DAQ system
were similar with minor dferenceswvhen the retrofit kit was installed properly

1 The influence depth of roller vibratiamderneath the druaepends othe layer stiffness
as well as the vibration settingdased on the field data in this study, the influence depth
could be as shlaw as 20 in. for a very stiff granular layer over bedrock and deeper than 5
ft for aless stiffclayey materials.

Spot Tests:

Correlatiors betweenthe spot test values (including density and stiffness) ICMVswere not
significant which may be due thfferences in test foot prints and influence depths

In general, the performance of the IC retrofit kit utilized in this study seemed reliable as long as
the hardware and software were installed properly. The calibration/validation of the vibration
sen®r and global positioning system (GPS) of the retrofit kit is crucial to obtain dependable and
reliable IC data.
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CHAPTER 1. INTRODUCTION

1.1INTRODUCTION

Intelligent Compaction (IC) is an innovative technology for compaction quality control and
acceptance of base, soil and hot nsplzalt (HMA). Two types of IC rollers are available in the

market. One igriginal equipmentmanufacturer (OEM) IC rollers and the other one is retrofitted

rollers. The Federal Highway Administration throudje TXDOT sponsored a research project
underths econd Every Day Count (EDC2) program ent
Compaction. o The main goal of this project v
candidate intelligent compaction (IC) retrofit kits for quality compactionodhtix asphalt, base,

and subgrade layers.

One key component of this project was to conduct two equipment rodeos. The main objectives of
the equipment rodeos were to:

- Demonstrate IC retrofit kit installation and operation to targede@artments of
transpotation (DOTS)

- Recommend the proper installation of the retrofit kits

- Determine the measurement variability of each specific IC roller as well as retrofitted
rollers with respect to inherent field and material variations, and

- Investigate the correlation treeen selected nondestructive test (NDT) results and IC data
collected from retrofitted an@EM IC rollers

A number of roller manufacturers have implemented IC technology in their compaction equipment
for both HMA and soils. Each of these OEM systems eyngifferent instrumentation to collect
vibration data and use different methods to estimate the stiffness of the compacted layer. As an
alternative option to an OEM system, a retrofit system (afigket kit) can be installed on a
regular roller to cotéd IC data.The performance of retrofit systems as compared with various
OEM systems has not been documentedate The main purpose of this research project was to
evaluate the IC retrofit kits through equipment rodeos during actuabfelidtions

1.2WORK PLAN OVERVIEW

Two separate rodeos were planned. The first rodeo was deldiodtdA and the second to soll
(subgrade) layers. The following activities were conducted during each equipment rodeo:

- ldentifying and preparing test strips

- Setting up the GPS

- Retrofitting rollers

- Evaluating kit installation

- Mapping existing layers

- Performing spot tests

- Facilitatinganopen house

- Conductingafollow-up/feedback meeting

Three roller manufacturers participated ie field rodeos and th&rimble retrofit systemsvas
employed to perform the data collection process.
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As a part of this project, a data acquisition system (DAQ) was developed to evaluate and monitor
the vibration of drums (using two accelerometers mounted on the rollers) as well as the response
of the gound (using two dlimensional geophones buried at two different depths) during the
compaction process.

1.30ORGANIZATION OF REPO RT

Besides the existing chapter which includes the introduction and structure of the research findings,
this report containsour additional chaptersChapter 1 (this chapter) includes the introduction and
structure of the research findings, this report contains five additional chapters.

Chapter 2 includes a brief review of intelligent compaction systems and the retrofit kits as well
the definition of different IC measurement values.

Chapter 3 contains the description of field activities during the two equipment rodétidAon
and soils. This chapter also includes the detaileaDAQ system that was developed as a part of
this research. The data reduction algorithms are further discussed in Appendix C.

Chapter 4 discusses the results of field tests for different IC rollers as well as the data collected by
the DAQ system. The results of spot tests are also includedtichidpter The summary of field

tests and data collection process duringtiteequipment rodeos are included in App&ediA

and B.

Chapter 5 summarizes the major findings of this research, recommendations for the application of
retrofit kits during IC data cadiction, and recommendations for future studies.

Appendix A contains the activities and results during the first rodeo dedicated to HMA materials
in California.

Appendix B includes the data collection process and analyses of results regarding the second
egupment rodeo on soils in Texas.

Appendix Cis dedicated to the detailed process of reducing and analyzing vibration data from
DAQ validation system.

Appendix Dcontains a multimedia presentation showing the-btegtep installation process for
the retroft kit.

AppendixE contains a list of FAQs for the installation and operation of an IC retrofit kit.
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CHAPTER 2. LITERATURE REVIEW

2.1INTRODUCTION

Intelligentcompaction (IC) is an emerging technology for monitoring the compaction process for
HMA, base and soil layersnd for managing the compaction data to improve the quality of
compacted layers and to avaiderunder compaction The advantages dC arereported as
(Anderegg and Koufman, 200#tossian et al., 200@etersen et al., 2008Yhite et al., 2006
Mooney etal., 2010; Chang et al., 2014ndGallivan et al., 201t

- Improved quality and uniformity of compaction
- Reduced over/under compaction
- ldentification ofless stiffspots, and

The following section contains a literatusarveyof the IC retrofit kit, IC measurement values
(ICMVs) and their definitions.

2.2INTELLIGENT COMPACTI ON RETROFIT KIT

Intelligent compaction is a specific terminology for a wider concept of continuous compaction
control (CCC) that was initiatetly the Swedish Highway Administration in 1974n 1975,
Geodynamik continukthe development aroller-mounted compaction meter. Geodynamik and
Dynapaclater introduced the Compaction Meter Value (CMV) to monitor the rotezgrated
compaction procesé& number of roller manufacturers began afigrCMV-enabled systems. In

1982, Bomag introduced the Omega value (which was a measure of compaction energy and time)
andthe Terrameter. With the introduction of mechanistic and performagieéed soil properties,
Bomag launched the Vibration Modulusathwas a measure of dynamic soil stiffness. In 1999,
Ammann introduced the Soil Stiffness Parameter followed by initiatitme@ompaction Control

Value (CCV) by SAKAI in 2004(Mooney et al, 2010)The IC systems have been under
continuous developmentgie then. Even though the IC systems were considerigdal
equipmentmanufacturer (OEM) systemis, 2008Trimble introduced the IC retrofit (aftenarket)

kit that can bénstalled ormostregular vibratory rollesto collect IC data. With the advancemhe

and improvement of the IC retrofit kit, its application has been growing during thiepastars.

Due to the increasing application of the IC retrofit kit, there was a need to evaluate the performance
of the kit duringheactual compaction processhi$ study wasocused oraddresmg the needor

such evaluationTOPCON recentlyaunched their IC retrofit kitThe TOPCON retrofit kit was

not evaluated in this study because they become available after the two field stackes
completed

2.3INTELLIGENT COMPACTION MEASUREME NT VALUES

Intelligent compaction is a form of rolleintegrated continuous compaction control (CCC) that

was initiated in late 1970s and has been under constant development. The concept of correlating
stiffness of the compacted layerthee excitation frequency (Geodynamik, 1974) initiated the use

of accelerometers to monitor the compaction process. This idea was further improved and became
the basis of measurement for some of the roller vendds. Ses this concept as Compaction
Meter Value (CMV) while HAMM utilizes that as HAMM Measurement Value (HMV). These
measurement values are defined as (Mooney et al, 2010):
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Fd ¢ md g (2.1.1)
whereA: is the acceleration of tHercingcomponent of the vibration aid is the acceleration of

the first harmonic of the vibration. As indicated in Figdré.1, the CMV only takes tHercing
frequency and first harmonic into account. However, if the compacted layer becomes stiffer, the
other harmonicsA: throughAs in Figure 2.1.2) could also be identified during the compaction
process.
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Figure 2.11. Forcing frequency and Figure 2.12. Forcing frequency and
vibration harmonics for a less stiff vibration harmonics for a stiff layer

TheSAKAI Compaction Control Value (CCV) utilizes the following equation to estimate the layer
stiffness:

oOowpmm (2.1.2)

Assuming that the rotational frequency of fbecingmode of t he vi br Ati on i
throughAe in Equation 2.1.2 represenith e accel erati on of vibration
and 3Y, respectively.

Adam and Kopf (2000) introduced another index as the Resonant Meter Value (RMV) for dynamic
rollers (using a vibration or oscillating mechanism) which is defined as:

Yin — (2.1.3)
The soitdrum interaction force of a dynamic roller cansimaulatedfrom the following equation:
O 4a® aimAi® a a Q (2.1.4)

wheremy = mass of the drumag = acceleration of the drum that is the second derivative of the
vertical displacement of the drumry = mass of the frame, y»= unbalaned massr, = radial
distance at which the unbalanced mass is attadhedyibration frequencyt =elapsed time and

g = acceleration of gravity. Thereafté, the secant stiffness, could be estimated from the ratio
of Fp and maximum vertical drum diggdement.

Ammann (2003) introducedKs as an estimate of the soil stiffness using drum and vibration
parameters as:

o ma — (2.1.5)
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wheremp e = eccentric mass momemty = drum massY = excitation frequencyzs = vertical
drum displacement and= phase lag between the eccentric force and drum displacement.

Bomayg initiated the Omega value (a measure of compactiogyeard time) in the early 1980s
and later introduced the vibration modullsi{) as a measure of dynamic soil stiffness. This
concept resembles the roller vibration as a cyclic plate load test and estimatas ukeng the
following equation (Briaud2004):

o  p® — (2.1.6)

wherer = radius of loading plate (which is the contact widtlacdller with the underlying layer),
thimax= mMaximum average normal stresfsthe first loading cyclea: anda; are calculated from
plate load test results (using ,, @, ®, inwhichsis the settlement of the center of
the plate andh is the average nominal stress under the plate).
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CHAPTER 3. FIELD EVALUATI ONS

3.1EQUIPMENT RODEOS

Two equipment rodeos wecenductedor sideby-side comparisons of Hetrofitted rollers with
OEM rollers the firstrodeo was dedicated to HMA, whillee second rode€ocused orsoils. The
project for the HMA rodeo was located ih Borado County, California near El Dorado Hills
(Figure 3.1.1). A 500 ft long by 25 ft wide test section was used for this.rédelC rollerswere
used to compact the entire project area during the r@adlgore 3.1.2). The project contained a 6.5
in.-thick HMA layer (which was placed in two 2.5 in thick lifts and one 1.5 in thickace course
lift) on top of an 18n.-thick base layer. The base layer was compautied to the rodeo andag
premapped with 1Gollersprior to the HMA pavingThe aspalt rodeo was performed during the
third week of September 2014. d detailedield activity isincludedin Appendix A.
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Figure 3.1;1. Location of HMA rodeo in El Dorado Hillé; California
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Figure 3.1.2. Testing sectlo and test grid for HMA rodeo
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Theproject location selected for the soils rodeo was at the junction of {Baigiiess and County

Road 801B near Cleburne, Texas (Figure 3.1.3). This test section was alpaltt®67 widening

which includedsoils The focus of this study was @ne-mappirg the existing embankment and

the compaction ca12 in. clayey subgrade layer. Similar to tHigIA rodeo, a 500 ft long and 25

ft wide test section was selected on the east bound frontage road to perform the IC data collection
(Figure 3.1.4). This rodeo && place during the third week of November 2014. A detailed field
activity is included in Appendix B.

, & Al b @sﬂh;hmggﬁiﬁ

NS AN PRt A U e
Figure 3.1.3. Location of soils rodeo in Cleburne, Texas

Figure 3.1.4. Testing section and test grid for soils rodeo
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3.2INTELLIGENT COMPACTI ON DATA COLL ECTION

Three IC roller manufacturenisicluding Caterpilla{CAT), Wirtgen GroupHamm HAMM ), and
Sakai America $AKAI), participated in this study. Two types of IC rollers are available in the
market. The original equipment manufacturer (OEM) IC rolleth factory-installedIC system,

and retrofitted IC rollers that use aftmarket (retrofit) IC kitsmounted on conventional rollers

At the time of performing this research, the only commercially availedti®fit kits were
distributed by Trimbl®. The evaluation ofthe TOPCON IC retrofit kits, introduced in March
2015, were not included in this stud@ne of the main objectives of this study was to evaluate the
performance of IC retrofit kits relative to the performance of the OEM systems. To thateend, t
HAMM and SAKAI IC OEM systems were also retrofitted with Trimble retrofit kits. Since the
CAT OEM systems arsimilar to that offTrimbled ,g2he Trimble retrofit kits were not installed on
thoseCAT rollers.

To further evaluate the vibration charactécs of the OEM and retrofit IC systems, a data
acquisition systerfDAQ) was developed at UTEP. A schematic of the system is depicted in Figure
3.2.1. Tke system consistof two accelerometers thatemounted on the two sides of the rollers
(drums), a dat acquisition box, a GPS antenna and receiver, a power supply and a laptop computer
to monitor the data collection process (see Figure 3.2.2).

A similar data acquisition system was also developed to monitor the propagation of roller vibration
within the ggomaterials by embedding thrdenensional (3D) geophones at two different depths

in the subsurface layers. A second GPS system was used to synchronize the collected data with
this stationary system with the accelerometers mounted on the rollers. TH2 ggofthones were
embedded in the existing ground layer (before placement of the new test layer) at two different
depths to monitor the soil layer responses during the IC operation. The 3D geophones recorded the
vertical, transversal and longitudinal amgdies of vibration, with the longitudinal respoiseng

in the same direction as the roller movement and the transversal rebporgggerpendcular to

the moving direction.

Figure 3.2.1. Schematic of théC Validation System
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Accelerometer

Figure 3.2.2. Componets of the data acquisition system developed for this research

TheDAQ was installed on each roller to collect data using the following two setups:

9 Stationary vibration (with two accelerometers mounted on the roller, one on the drum
surface and one insided drum) with the following settings (see Figure 3.2.3):

0 Low-frequency and lovamplitude

o High-frequency and lovamplitude
0 Low-frequency and higlamplitude
o High-frequency and higlamplitude

1 Moving vibration (see Figure 3.2.4) from 50 ft before to 50 ferathe location of
embedded geophones while the two accelerometers were mounted on each side of the front
drum.

Figures 3.2.5 and 3.2.6 illustrate typical vibration data from mounted accelerometers and
embedded geophones, respectively. In both figurestalv data are shown in the time domain.

The frequencydomain data are also demonstrated to show the peak amplifod®sg and
associated harmonic frequencies. The data reduction process will be explained in more details in
Chapter 4.

Figure 3.2.7 illugrates the typical position of the mounted accelerometers on the front drums to
monitor their performance. As noted earlier, three different data collection systems (retrofit kit,
OEM and UTEPDAQ) were utilized to collect vibration data simultaneously idgr the
compaction process. Figure 3.2.8 exhibits a typical result ofatstd-ourier transform KFT)
analysis that shows the forcing and first harmonic vibrating frequency of the mounted
accelerometer as well as their corresponding amplitudes (A2 and A4)

18
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Figure 3.2.3. Data collection during moving vibration
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Figure 3.2.4. Data collection during stationary vibration
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Figure 3.2.5. Typical vibration data collected with the mounted accelerometers

Figure 3.2.6. Typical vibration data collected with he embedded geophones
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