Intelligent Compaction




What is Intelligent Compaction?

“Intelligent Compaction (IC) refers to the compaction of road
materials, such as soils, aggregate bases, or asphalt pavement
materials, using modern vibratory rollers equipped with an
integrated measurement system, an onboard computer
reporting system, Global Positioning System (GPS) based
mapping, and optional feedback control. IC rollers facilitate
real-time compaction monitoring and timely adjustments to the
compaction process by integrating measurement,
documentation, and control systems. IC rollers also maintain a
continuous record of color-coded plots, allowing the user to
view plots of the precise location of the roller, the number of
roller passes, temperature, and material stiffness

measurements.”
. Source: FHWA 2012 DAT



With the conventlonal compactlon measurement

what percentage of the surface |s actually tested? '"-=

| T

Less than 1%




Basic Components of IC:

1.Positioning (GNSS) — Pass Counting & Location
» GNSS - Global Navigation Satellite System (GPS), SBAS, UTS, VRS

2.Intelligent Compaction Measurement Value (ICMV)
= CMV, HCQ, Evib, CCV, others...

3. Temperature measurement
4. Color-coded video display of “real-time” information

5. Data management — office and mobile software
» Storing & analyzing data

CAT



Components on an Asphalt IC roller

GPS Receiver/Antenna

-and - GPS Radio ‘ I

Modem
) Display box

Temperature Sensor Temperature Sensor

Accelerometer

Caterpillar: Confidential Green B T




What does IC measure?

Location
*Pass count (coverage)
*Surface temperature

«“Stiffness” as measured by an accelerometer
* Does not measure density!

AT
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Color-coded Video Display - all data!




Positioning Accuracy

RTK: 30mm
GPS Base Station
SBAS: 1-3m
No base station

CAT
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Real-Time Kinematic (RTK)
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Virtual Reference Station (VRS)
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Accelerometer — front drum only

 All OEMs use accelerometers

* Vibration is required to
obtain a reading

CAT



Accelerometer measures more than lift being paved...

 Accelerometer measures deeper than
the lift of asphalt being paved

* [CMV value is a composite measure of
the stiffness of the current lift and the
layers below it

Mat being compacted

Existing HMA lift

Sub-base

Subgrade material

CAT
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Are all accelerometers the same?

* Yes & No
f%“ Tg‘ T§ - Hardware could be the
fo fo 2fo 12fo fo 3120 2f0 520 3fo same
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Soft -~—=eniijij— G ound Condition m———Hard
* Output data is the same

signal

 Mathematical modeling
(processing) of data is
what differentiates
manufacturers’ products

CAT
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Density Direct — Volvo Neural Network

Caterpillar: Confidential Green

S

 Uses
accelerometer

* “Intelligent
Process” that
learns

 Neural
networks

* Produces EDV
— direct reading
of “Estimated
Density Value”

CAT



Accelerometer measures more than lift being paved

 Measurement depth
varies based on
amplitude setting

e Useful indicator of
base and sub-base
layer stiffness

pavement thickness

Compaction measurement reading

AT
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OEM Solutions

 Purchase various
accuracies of
GPS/positioning systems

« Temp & Pass Count only

« Accelerometer is optional

* Product support through
dealer

» Availability can still be an
issue

* Rental option?

CAT
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Retrofit options...

GPS Receiver/Antenna uTs

sgssnng

=

Modem -and- Radio
\ J Display box

Temperature Sensor

Printer

Temperature Sensor

Intelligent Compaction
CMV System

CAT
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Retrofit Options for any Roller

Moba, Trimble, TopCon, others???

Advantages

Disadvantages

Fits any roller

Not integrated (speed, f, A,
other data not available)

May be less expensive

May be more expensive

“Portable” from machine to
machine

Limited Product Support
through equipment dealer??

Caterpillar: Confidential Green

CAT



Examples of “ICMV” values from different OEMs

ICMV Units Trade name
Bomag E.i MN/m? E.i,
Case/Amman ACE ?7? ACE
Caterpillar CMV Unitless Compaction Meter Value
Dynapac CMV ?7? Compaction Meter Value
Hamm HMV Unitless Hamm Measuring Value
Sakai CCV Unitless Compaction Control Value
TopCon CCV Unitless Compaction Control Value
Trimble CMV Unitless Compaction Meter Value
Volvo EDV Density % | Estimated Density Value

Caterpillar: Confidential Green
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Things to understand about ICMVs...

« |CMV is an indicator of material stiffness, not a measure of density.
« [CMV values are influenced by sub-surface conditions up to 6 feet below the
surface

« ICMV values are influenced by many factors: speed, direction of machine, amplitude setting,
frequency setting, material properties, and more

* Good correlations between ICMVs and conventional measurement methods are difficult to
achieve, but possible in some cases

 Repeatable correlations between ICMVs and Density have not been shown to
exist

« |CMV values are not comparable between machines. It is unique to each roller.

ICMV # Density
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Asphalt IC Specifications

AASHTO PP81-14 IC specification (for both soils and asphalt)
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New Jersey Asphalt IC Specification

www.intelligentconstruction.com

#@ intelligentconstruction.com/resources/ic-specifications/
t @work 9 Google Maps @, CAT - Workday Concur @, 3D Productivity Ma... {80 TCC Signin @ Americas North We... Application Guides... Bookmarks @ 2+2 Meeting prep  IED
Inte"Ige[‘t LEARN ICT VETA RESQURCES
Construction
MNevada DOT Asphalt
New Jersey DOT Asphalt 1 (draft), Asphalt 2 (draft)
New Mexico DOT Asphalt (draft)
MNorth Carolina DOT Asphalt (draft) Soils (draft)

AT
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Pass counts

B T .
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Pass Counts vs Target Pass Count

+ @ www.myvisionlink.com . o
sionLink CAT CAT Global Paving Dealercatcom CATTV CAT Paving:..rse catalog CAT IC Customer Co... Catalogue MapQuest Confxpo | CAT  Educatio T - e O s pecs

Logout | Help

4| Projects > Califomia80 > 3 Results

& All Assets (3) Fleet | Alerts | Health |~ Maintenance | Utilization |~ DI Administration |~
om Groups 3D Project Monitoring 04-13 12:00 AM - 02-07-14 11:59 PM ~ s 4 Settings
Pass Count Summary ]
- o - Test Section
Target Pass Coun
California80 arget Pass Count — . X )
Over Pass Taget 12.6% ro I I I n atte rn
Equals Pass Target 387
Under Pass Target 487
Total Area Covered 1.142

swsi |« PWL Specs

v/, Set On Machine design filters.
Select Desigris) Loaded on Machne

180 EBL N2 -

* Night paving
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Pass Count: Not Using Mapping

— 4o Visionunk mun
= '30 Productivity Manager A e

Custom (09/03/18 - 09/07/18)

o0

€ Hide Quality Metrics

Pass Count -

i of % of total
passes
@_Jlg-_' 6-6
.-"ri=r <5
- -

o:
* All rollers 83% > target pass (6)
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Pass Count: Using Mapping

— - ViSO INK amm
= ‘SD Productivity Manager A = e

Custom (09/09/18 - 09/14/18)

Success! Custom Area added to filters

€ Hide Qualty Metncs

Pass Count -

* All rollers 90% > target pass (6)
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Pass Count: Not Using Mapping

— ] VisiOrLINK EEE
= 3D Productivity Manager A - e

Custom (02/03/18 - 09/07/18)

€ Hide Quality Motncs

Pass Count

- Breakdown rollers only: 96% > target pass for breakdown
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Pass Count: Using Mapping

— Ao Visionunk el .
= '39 Productivity Manager A i 6

Custom (09/10/18 - 09/14/18) R : I

h
g
e
5
,

Success! Custom Area added to filters

- Breakdown rollers only: 99% > target pass for breakdown
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Pass Count summary

* Pass count coverage improved using mapping

« Breakdown rolling (target = 2 passes)
— Before training: 93% had 2 passes
— After training: 99% had 2 passes

 All rollers (target = 6 passes)
— Before training: 83% had 6 passes
— After training: 90% had 6 passes
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Hwy 68 Breakdown rolling

Shoulder (Supported)

Paving Direction
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Longitudinal Joint

Number of roller passes

1 2 3 4 5 6 7 8




Hwy 68 - finish rolling

Longitudinal Joint

Paving Direction

Shoulder (Median) side
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Before & After IC - Consistency!!

Before

After
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V diE & e
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Determining % Coverage in VETA

* % Coverage can be
determined by:

1. Creating Filters in VETA

2. Manually trimming data
in VL before exporting

3. Having roller operator
manually turn mapping
“on” or “off” when
he/she leaves the ‘IC
Area’

CAT



Uniform Pass Count

* Meet required number of passes per test strip or method spec
« Uniformity of Compaction - PWL specifications

* Roller Speed
— Is the roller able to keep up with paver and get 10 - 14 ipf ?
— Do | need another roller? Change frequency? Amplitude?
— Does paver need to slow down?

* Training tool for operators to see their pattern

CAT
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Machine to machine mapping




-Machine (M2M)

Machine-to




Rolling Pattern Training Tool

* Turning out at end of pass

* Direct correlation to
smoothness (IRl)

ONE UNCONFINED EDGE
centerline joint

1 cold mat

#2 hot mat
#1

slope \// #6
l #5

AT
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Transition zones, longitudinal joints
2 & EE EE - I - EE
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pipip

Transverse cov erage —
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Longitudinal overlap
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Transition Zones
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1-80 (Calif)
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Night vision - “the back pass”
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Temperature measurement

* Dual temp sensors allow measuring mat
temperature ahead of water spray from
the drum

« Keep operator informed of when to begin
rolling and when to stop

* Help avoid tender-zones

 Eliminates hand-held devices



Temperature Zones

O S S R
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72 xS
%TMD
Temp 300-260°F 260-200°F 200-160°F
Coverage 3 2 2 (1 vibe, 1 static)
Settings High A, Low F 90 psi Low A, static
< > | < >
126 feet 200 feet 200 feet

 Stay in established
temp zones

 Avoid Tender Zone

* [dentify &
troubleshoot
“cold” mix



I-80 Temperature

oo o

& Al Assets (3)
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e
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4
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3D Project Monitoring

bal Paving

-

+ @ www.myvisionlink.com

g Dealer.cat.com

Maintenance Utilization |«

-04-13 1200 AM - 02-07-14 11:50 PM ~

CAT TV CAT Pav

Project
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-

Catalogue
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MapQuest
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Custom
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-80 Temperature range

) e | =

Bie

Cat @work TCC Visionlink

+ B www.myvisionlink.com

VisionLink CAT

VISIONLINK. (S5

8

CAT Global Paving

omssieneeneneceni | Projacts > California80 > 3 Results

& All Assets (3)
i@ Groups

California80

aining Test
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Fleet | Alerts

Mamnum Temperaturs

Mirimum Temperatues
Over Max Level
Within Levels

Under kiin Level

Total Area Covered

Health
3D Project Monitoring

350.0°F
205.0°F

0.0%
88.5%
61.5%

-

09-04-13 12:00 AM - 02-07-14 11:50 PM ~

Dealercatcom CATTV CAT Paving: . .rsecataleg CATIC Customer Co... Catalogue MapQuest ConExpo

Hello Cat Global Paving Training! - Pr

Utilization |~ EEZGIEIN |v Administration |«
~ Section View

356183 sqit

1.3077 Acres

2125 Acres

| Ternperatirs | »| 4~ Settings

CAT Education | CONEXPD

Project Data Filters

Novw Filttar - EI )(

e [
Gustom;
09-04-13 12,00 AM - 02-07-14 11:59 PM

| On Machine Design
1¥/] Set On Machine design fifters

Solect Dosignls) Loaded on Machine

| 180 EBL N22 -

L
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I-80 Temperature Challenges

Fleet = Alerts Health |+ Maintenance | Utilization |~ EGGJESERd Administration |«
CRIERUETON  BEY 09-04-13 12:00 AM - 02-07-14 11:59 PM ~ ~~ Section View Process

it control
opportunity —

=
=

“You don’t
know what you
don’t know!!”

o

CAT
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Temp: 1st pass breakdown

T > VisionLine 11
= '35 Productivity Manager A HH e

Custom (09/10/18 - 09/14/18)
< Hide Quality Melrics

Temperature -

* Dataindicates long breakdown passes
 Difficult to know without being on site and without plan file
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Temperature: last pass finish

@

— I VisionuNK A
- 3D Productivity Manager

Custom (09/10/18 - 09/14/18) J= £ =0t

£ Hide Quality Metrics

Temperalure -

AT
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Speed: Smoothness & Density

— VisiorLINK mnm
= 'JSD Productivity Manager A g e

il

.
it
®

.
.
.
5

Custom (08/22/18 - 08/23/18)

£ Hide Quality Melrics

Speed -
[All Passos) kmph

>10.0

5.0-

10.0

<5.0 6
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Roller Speed should be 10 - 14 ipf

path of vibrating drum center

low frequency high frequency

time and distance (speed is constant)
impact spacing is closer together in high frequency

CAT
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ICMV (accelerometer value

— il vk T
= elﬂﬂruductivity HManager A HH e

Custom (D506 - 19114116} E 7 ® 0;:

£ Hida Ly Maines
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__ Remember...ICMV measures deep...

« CMV value is a composite
measurement

direction, etc.

Mat being compacted

Existing HMA lift

....

Sub-base

Subgrade material

l‘,, i *

BB R By
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- Affected by amplitude, speed,

CAT



Correlation of ICMV with existing test methods
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Correlating ICMV with existing test methods

Density by nuclear gauge

O =~ N WO & O O N 0© ©

o e
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50 100

CMV Value

R2 = 1.00 = perfect correlation

150

* Plot a linear regression

analysis of the conventional
test data and the CMV data
to establish an R? value

R? is an indication of how
well CMV represents the
density or stiffness data
measured using
conventional methods

Repeatable correlations
between ICMV and density
have not been proven

CAT



Compaction Curve in VETA

V H @E & e-
g 9. [wY

Lo *
- L+ —

Project  Add File - Report

Ll - -

Analysis Setup

Coverage

Overall Results
Pass Count
Frequency
Temperature
[CMY

Operation Filter: EB LM
Location Filter

@ %%r: FJ -Tz g ﬁ :Xf {Mane

Viewer | Editor Alignment Filters | Sublots Spet Tests  Amalysis | Paved Area

Coverage Al Passes -

Digtrbution

Compachon Curve

R LE

ICMy

Imported file name = IN_TBM _2.pin

Design name = Aresll

Sublots: 500-f sublots
Transverse Width (ft): 12

Longitudinal Length (ft): 500
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Pre-mapping to find soft areas

 Can be done in one pass

« ICMVs obtained to identify
relative weak areas prior
to paving

* Depth and extent of “soft
spot” is difficult to
identify

AT
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Kandiyohi County, MN Pre-mapping




Pre-Mapping in MN

HMA

INTELLIGENT COMPACTION
FOR PRE-MAPPING

TECHNICAL BRIEF

Reflectionof E
hadipotson |
the HMA Layer !

DEFINITION OF PRE-MAPPING

| HMA ror-wearing Clzss 5 aggregate
cowrse kyerman subbase layer mag,
| @ =06 mm, : p=08 mm,
| f=3000vpm 1 F=2500vpm
S SN k
BACKGROUND
h
Acflomionad - e e e ey
hardspots on —— - - e €
the HMA Layer | s smnr Al
i reiinaniy m———
1 ~ ™, Toa proet
. sl s s Skt K
gy pror -
ety o et o g dem e b Bn ey B
Acfloczionpd 1 i -

mitspotion | 2
the HMA layer { §
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=

-80 GPS Coordinates - Forensic Analysis?

CMV Summary: % 840 | N 13,065,374.337 ft E 1,060,680.012 ft
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Operator’s view — soil project
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IC High Speed Data Sync

Much faster wireless sync to/from office and
machines using high speed data link

Display

Modem

erpillar: Confidential Green



Wireless data near ‘real-time’

1:27 PM

VISIONLINK..

Service Due

Owerdue ang Upooming Sarace

Fault Codes

Wi Faul Codes lor Ascsals

Unilization Hours
View Hourm of Lisa

Alerts

View Opar AlaTos ter an &
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Courtesy: Dr. White, lowa State University




Summary: What IC can and cannot do...

« Can record coverage (passes)

« Can record surface temperature

 Can identify relative “soft spots” at depth unknown
« Can record accurate locations

« Cannot measure density

ICMV # Density

AT
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’

Daily set-up for IC Mapping

Start the machine

Press the Power button on the IC display
Verify connectivity (base station or VRS - cellular base)
Select the Design file (if available) or create a New Map file
Enter the target number of passes & temperature limits
Start rolling

2 059
o

4
v tl)a

o gk obd-=

Total time, approximately 5 minutes to start rolling!
Remove antenna and display box daily — depends...about 5 min

CAT
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Summarizing the benefits of IC

* Information that is “actionable” in real-time on the job

« Operator — self-training and self-monitoring tool

« Uniform coverage = better density & smoothness = bonus pay
 Transition zones

 Statistical pay factor specs PWL - consistency!

Night work

Temperature monitoring

Longitudinal joint overlap/joint density
Identifying relative soft spots in base
Reduced field testing — safety/cost
 Documentation of 100% of compaction

Caterpillar: Confidential Green



Real-time information | can work with!!

How much time do | have to compact
this asphalt before it is too cold?

Sally’s finished her 4 passes,
it’s time for me to move up!

What pass am | on? | lost
count after 10 hrs today...

TOO COLD

Caterpillar: Confidential Green



IC Checklist — Ask Questions!!

Intelligent Compaction FIELD checklist

Complete

Intelligent Compaction equipment to be used. Model(s)

Who owns the machine(s)?

Owner information (name, phone number, e-mail)

CAT Dealer address

CAT Dealer contact person (name, phone number, e-mail)

Will the CAT Dealer rep be there? Name. Contact info.

Will the CAT Territory Manager be there? Name. Contact info.

Job Site Location & Contacts

Directions to the job site or physical address:

Type of job (highway, airport, commercial site, etc.)

Name and number of the Job Supervisor or Foreman:

Name and number of the Quality Control Representative:

Job specs & compaction information

Current compaction measuring methods (nuke gauge, etc.):

Copy of the asphalt mix designs (asphalt only)

Copy of the Proctor(s) (soils only):

Copy ofall

Equipment & GPS information

Does the roller have an SNM940 wireless modem installed?

Full serial number of the SNM940(s) wireless data modem

Full serial number of the IC roller(s):

Full serial number of the IC Display(s) CB450 or CB460:

Expiry date of Product Key for CD450/460 display?

SITECH GPS contact person (name, phone number, e-mail):

Does the Owner/Dealer have a TCC account?

Does the Owner/Dealer have a VisionLink™ (VL) account?

Does the VL account have the 3D Project itoring option?

Need job site GPS coordinate calibration file (*.dc or *.cal file)

Need UTM Zone of job site.

Have you used GPS for surveying?

Have you used GPS positioning on a machine?

'What machine/brand of GPS have you used?

What accuracy of GPS do you require? (RTK, SBAS, other...)

To view lines such as edges of pavement, etc., need a *.dxf file

To monitor elevation changes, need *.ttm file (RTK-GPS only)

Radio channel that GPS Base Station is itting on (RTK)

Caterpillar: Confidential Green

Do | need to meet a specification?
What is the equipment spec?

How many, and which roller do |
need the IC equipment on?

Do | need wireless data transfer?
Is it worth the additional cost?

Canlrent or do | need to
purchase?

What GPS accuracy do | need?
Can | upgrade later to higher
accuracy?

AT



Training: Contact Equipment Dealer

Caterpillar: Confidential Green

ASPHALT COMPACTION OPERATIONS TRAINING WITH INTELLIGENT COMPACTION
Course Description

This class is focused on highway paving operations. The dally curniculum for this Introductony
evel ciass inciuces approximasely 3 hours of classroom training and & hours of hands-on feid
Taining at e demonsization site. Operation of Cat B-Series asphak compactors equipped wih
Caf Compacteon Co i (Cat temperature and pass count mapping system) using global
3itoning systems (GPS) will be used to compact sand, RAP or othar materials used 0 simulate
hak mic Fiekd exercizes wil reinforce what is taught in the classroom

Classroom Sessions:

s Asphat compaction thacey

*  Machire contros, cperation and start-up choddist for Cat B-Series asphait compactors
¢ Invocuction 1 Cat's Paving Production Cakcuiafor and Ampitude Selection mobile apps
*  Ampituce, frequency and rolior speed sott
¢ Roling patters - includrg DAZRUZING! and Fansverse [oint COMBacion
. 1.;:.1 23phat compaction specACations anc 3oCeptanc t mehads
" %0 C Compacton Conral [intellgen mpaclon)

+ Brief Parocuction 1o Visionlrkw ofce S0fWare 1o viewng IC 3t

Hands-on Training:

*  B-Series asphat compacior controis, operation and stant-up checkiist

*  Roling pattern fie'd exercises using cry matenal such as sand to simulate asphak

* Ca® Compacton Co system setup and opel g

¢ Uznrg Ca® Compaction Control to mprove qualty and efidency on ™e job in realtime

The course conclxdes with a wrtten and a hands-on final examination

Objectives:

Upon compietion of this course, stucents will know and understand:

e Cat B-Senes asphait compactor controis and cperaion

*  How 1 select ampitude, frequency and roller speed based on b requirements

*  How % estabish an efficent roiling pattemn and know when and how to make changes

= Typical asphat compaction specications and accepiance lest mehods

*  Understand the methodology for using Ca® Compaction Control 1o improve qualty anc
eficiency on the jod

Who Should Attend: Roller coeratons, paving foremen/superntenderts, gualty contral
personne hak densky feld technicians.

Prerequisites: None
Addinonal Information:

* Course Fees: Due no iater than 30 cays ator the class concludes.
*  Course Length: 2.5 ¢ays, concluding at 12 noon on Day 3
* Language: Course taught in Engilsh

Compaction Operations Training Agenda

DAY 1: Classroom

«  Introductions

* Compaction and Intelligent Compaction overview

*  Machine controls & operation
o SCOM KEBU7578
o ACOM SEBUSS19

*  Soil Compaction Theory Basics

» Introduction to Machine Drive Power (MDP) and Compaction Meter Value (CMV)
o Caterpillar - hardware options
o MDP by the Numbers

DAY 1: Field Exercises

« Drive and observe MDP values — forward/reverse/different speeds

DAY 2: Classroom
*  Asphak

opbions
* Setting a target MDP (or CMV) value

DAY 2: Field Exercises
*  Setting a target MDP (or CMV) value
*  Generate an In-Field report
* Do aProofing Run

+  Exportdata
DAY 3: Classroom
« Introduction to VisionLink software

o VisionLink 3-D Project Monitoring (compaction) module
* Introduction to Business Center HCE
* Create a new project in VisionLink
+  Export data to USB and upload to VL
s  Analyze datain VL
o Create a job report from VL for export, printing
«  Introduction to VEDA software

DAY 3: Field Exercise
*  Final written test

. Fruprachcdhstmﬂ\emadme

° Ewutdibfru'nnud’md
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Where to go for IC, Thermal & Veta software
www.intelligentconstruction.com

\Y + ]
€ * €= 20
Q on tyMe. (S Peopre Mann &P Icnats @ Amencas Nowe Lppixs wdes. @ AsphutPwmrg Co @ mphatvbeonse. @) Adamage Cat e @ Eusang tre bt

Intelligent

LEARNICT  VETA  RESOURCES  PROJECTS

Construction

Intelligent weaen ey
Construction

vita  mmoumces  eeogecrs surrosT

intalligent Canstructian Technology » Whatis intalligent Compactien?

What is Intelligent Compaction?

What is Intelligent Compaction?
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Intelligent
Construction

it v wsounces reoeers

Intalligent Construction Technology » What is Paver-Mounted Thermal Brofling?

What is Paver-Mounted Thermal Profiling?




Thank-you for your attention

LET'S DO THE WORK:

© 2022 Caterpillar All Rights Reserved
Materials and specifications are subject to change without notice.

Featured machines in photography may include additional equipment for special applications. NJ A P A
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