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I-25 North Express Lanes Project

~15-mile long roadway rehabilitation / reconstruction
project (Johnstown to Fort Collins, CO).

Pavement design optimization using ME design method.

QA requirements include cyclic plate load testing to
verify design Resilient Modulus, M,

Calibrated Validated Intelligent Compaction (VIC) utilized
as demonstration for full area M, verification.
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Mechanistic Construction Testing & Design
Verification

“Pavement ME Design represents a quantum leap forward from previous processes,”
(http://www.aashtoware.org)

1es.a5px

About AASHTO ~ Bookstore  Software  Meetings Committees  Programs  Newsroom  Resources

* Mechanistic Design used to aastTowall
Optimize Pavement System

= Strength, Modulus, and =T L aRlleet= Q "
Deformation Testing ' '

_ _ ) @| Pl gy [ sy ) RN )
» Uniformity and Modulus . —— 2L il =

AASHTOWare

Mapping (Intelligent iy Standards & Guidelines

Standards and Guidelines

‘ O m p aCtI O n) Downloads The AASHTOWare software development and maintenance processes are guided by a set of standards and guidelines derived from industry best
Contact Us

practices and process improvements from the Capability Maturity Model Integration for Development (CMMI-DEV) which was developed by the
News Software Engineering Institute (SEI) of Carnegie Mellon University. Along with the various technical standards (security measures, database

About AASHTOWare usage, etc.), these practices and processes have been refined to fit our organizational and management structure and to take advantage of the

» Supports Performance-Based e

The current set of standards and guidelines can be found at: AASHTOWare Standards & Guidelines
FAQ

Templates associated with this set of standards can be found at the following links

Materials Selection R ———

Register

AASHTOWare MSE Work Plan Template

AASHTOWare

AASHTOWare Confractor Backup Check List
Program Up Close

AASHTOWare Compliancy Backup Check List
AASHTOWare Review Gate Approval Request Form
AASHTOWare Status Report Template

AASHTOWare Installation Package Contents List

AASHTOWare Installation Package Check List
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Resilient Modulus, Mr (psi)

Mechanistic parameters are: Stress-Dependent
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stress-softening behavior
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Resilient Modulus, Mr (psi)
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In situ Cyclic APLTs performed to determine
Universal model parameters and verify design at
spot locations
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Model: AASHTO (2015)
k5 K
g\ "*2 T 3
M’F—L‘ﬂmp = kipu ("Ta) (1 +;7:)

Parameter Value P-Value
k*4 1,612.4 6.67E-07
k*s 0.337 3.44E-02

Universal Model

K, Ky k's -2.371 3.63E-02
M = k; P (ij {TOCt + IJ AASHTO (2015) g‘tjtji-.lérror[psi] 0;?

Mr-comp (prea)-BP [PSi] 22311
|56yclr—BP [psi] 15.5
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Full Area Quality Assurance and Design Verification

This is the current world we live In...
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What value would you pick for design??
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Full Area Quality Assurance and Design Verification

Better question: How do we build things to meet the
design?

A
“Precision
Roadbuilding”
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Decreasing Risk With Full Coverage Testing

BT =l

Point measurements }
reprsenting 1 f/test |t

| === MiMs measurements
reprsenting 7 ft/test -+ 80

20 +

40

Risk (%)

60 1 [ r=Zea-n @

ERIN )
Adjin = @)

Confidence Level (%)

80 1

N ents calculated based on p = 0.5, \\ i
] i >StArea Size =43,560sq. ft. (1acre) | & 1t S MG 0

100 H

1 10 100 1000 10000

Number of samples to determine what proportion of an area is
above/below a minimum specified value
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VIC & COMP-Score Connect

Outputs:

) * Real-Time Monitoring
Options for GNSS: . - Engineering Reports
SBAS (WAAS), OmniSTAR, D-GPS, RTK- Y — «  Email Alert Messages
GPS, dual antenna, IMUs Computer screen Cloud » Control charts

Position showing spatial color- = »  Calibration Verification
Sensors I coded dafta overlgin ST *  WebCam and Pictures
on georeterence A e ke .
aorial Image " j_",..i.i'lléia"l'li: 1 QC/QA Recprds
/ «  Asset Mapping
Sensor * QC/QA Test Locations

+  Compaction Cost Analyzer
Sensor

Customizable solutions for each machine,
each site, and each customer.

Vibrating Drum

MAPID: LT SG TSt Property: Mr.Comp at 20 pei Machine: css6
Surface Material: Subgrade WMean: 24210 Drum C Smooth

— Mapping Time: Qhs  Standard Devistion: 19096 Vibration Setings: 1=30Hz lowamp
No. 5621 Coeff, Of Variation: 8% Speed: 3mgh {nominal

Layer 1

< Vibrations transmitted
Layer 2 into ground
Layer 3

Options for Engineering Outputs:
M, E,, k-value, CBR, y4*, w%*, Material type

DATE: 06/21/2017 VICM Record — XMV 20 Stress . .
PROJECTNAME:  Validation of Intelligent Compaction to Characterize Pavement Foundation Mechanical Properties |ng|(')s

OPERATOR:  DW(ngios) | PROUECTID: ILT_IC Project =
LOCATION. Elgin O'Hare Expressway, Eigin. IL
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How VIC Works

Integrate sensor package into machine (options for stress-
dependent modulus, 40+ different material outputs, and
material/moisture vision system)

Display real-time results to operator and via real-time CID
dashboard system

VIC is field calibrated using APLT for site conditions

Auto-generate compaction reports and alert messages to
team, including function for P.E. review

Use advanced desktop software to analysis multi-layer
properties and identify areas for QA/QC testing

|dentify areas for improvement (not compaction)

Improve compaction efficiency and reduce risk of poor-
quality
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Operator Display
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COMP-Score Connect: Cloud-based data Microsolt
management tool - i

| 5|
EJ Windows Server o X il

. Active Directory

Ingios x = x
&« C | & Secure https://ingios-dashboard-demo.azurewebsites.net ¥r 0

4+ uvpoap  # exporT [l REPORTS 35

SITE VISION CALIBRATION VERIFICATION ASSET MAP

QUALITY ANALYSIS VIC MAP MATERIAL VISION

]
.......

+
--------

CONTROL CHARTS CONTROL CHARTS CONTROL CHARTS
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Mobile Device Accessible + Real-time monitoring Is
available

N .l 98% W 10:33 AM

SITE VISION CALIBRATION
VERIFICATION
1
@ i —
© =/
ASSET MAP QUALITY ANALYSIS
Q, '
.
VIC MAP MATERIAL VISION
.9 ‘\-/::’

CONTROL CHARTS

| |

QUALITY ANALYSIS

cQl >= [95]

[80%] of [XMV] MVs >= [XMV_TV]

043 COV of MVs <= [20%]

i-Score Blob <= [200 ft?]

[80%)] of [w%] >= w%_TV

N 9F.97% B 10:35 AM

4
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In situ Cyclic APLTs used to calibrate VIC machine

— 4
- -

”VIC Roller becomes an extension of the APLT

INgIoSs
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APLT connects design with QC/QA and providing
stress-dependent M. measured for VIC calibration.

80,000 -
70,000 1
7 f
— 60,000 1 .
8 : ,-EI"""I:I“ Test Point A: Base
< 50,000 J r Chines !
: ; /
= 40,000: /
2 30,000 7
— 4 Tes Point B: [Subbase
§ 20,000 3 Qg
s .
10,000 3 Test Point C: Subgrad
1 @ o e oint C: Subgrade
0 : T T T T T T T T ! T T T T T T 11* T T T T
0 10 20 30 40 50

chclic [pSl]

* Intent is to simulate actual stress conditions from pavement
loading
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How many tests should be performed for calibration

testing?
40
35 Confidence
Level = 99%
30
Actual N used in VIC
=z 25 Calibration
S
g 20 Min. number of test x
= measurements (N) needed 4
= for percent SE = 23.2%,
15 for different degrees of
confidence level
10
5
0
0% 10% 20% 30% 40% 50%

Percent Standard Error in Estimate
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Actual M;_comp [psi]

VIC Calibration yielded high Rz > 0.9

Linear Fit

= == = 90% Prediction Limits
===uunne 90% Confidence Intervals

70000 1
60000
50000
40000
30000
20000

10000 -

25000 50000 75000
VIC-M r-comp [pSi]
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Regression Statistics

N 19
| R? 0.925 |
R3(adj.) 0.904
RMSE 5,822 psi
F-value 105.87
p-value <0.0001

Measurement Statistics

Min.
Max.
Mean
Median
%SE**

2,108 psi
64,665 psi
25,096 psi
19,644 psi
23.20%

**Percent errorin prediction relative to mean

Ingi®s




AASHTOWare ME Design based Target Values
representing as-Constructed conditions were
provided.

MSB

Mr = 25,000 psi i
Geogrid ;

eogri MSB i

/Mr = 25,000 psi !

Geogrid
I W .
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
.h—'_—-—_"_—"_—r—.-—'_ﬂ-—l T T T T .

A-6

................ K 2| Mr _ 95500 pSi 2l
, A-2-6 |

i Mr = 9,500 psi A-6 A-6

: Mr = 5,355 psi Mr = 5,355 psi
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In Situ Composite and Layered Mr Reference Values
were determined Linking to the Design Targets

Target In Situ Composite and Two-Layered

MSB M., values (12-inch Dia. Plate)

- "
6in ; M, = 25,000 psi

Combined [MSB + Subbase + Subgrade]
M:_comp = 11,560 psi (30 in. + Semi-infinite)

A-2-6 Subbase

24in OR Two Layered Analysis Options

':n's:%“gggii? M _sg = 25,000 psi (6 in.)
T M sgisg = 8,310 psi (24 in. + Semi-infinite)
e ao Mrepse = 8,190 psi (16 in. + Semi-infinite)
M. = 5 355 psi Mreg.sg = 7,200 psi (8 in. + Semi-infinite)

« Composite Target Values Programmed into VIC Machine

INgIoSs
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VIC Materlal ID & Pass Count Map

= -o"..'

TR
Passes

|- |
1

material pass count
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VIC M. and AM, Map (= In Situ M_ - M, Target Value)

¢ Ve » R = : 2
: : Resilie\ﬁ,’gMoidulus (psi) = I_ﬂodulus (psi)

..
o 2= SN
'

‘ N

S -

- .
KRS %)
3

N
\‘
5000 35000 -2000 -1000
resilient modulus resilient modulus - delta

ing Ic 'S
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VIC CompScore i-score Map “Blob” Areas

~ T Validated Intelligent Compaction,
I I I 8 I c-l-) S Automated Inspection, Improved Control,

Advanced Reporting, Flexible Dashboard

M ' Plot 3D - Blob Finder: IHC_I25NIGI1_CS560210_2018_12_13_210315_new andi i
resilientModulus - delt: ¥ [ Hide Air Photo | Lower Bound Upper Bound |-5 Find Blobs I To PNG: C 0 MP‘ SCO R E
Min. Area ey
200 o PRO 3D

Updatel
# area (ft*2) blob index v
1 |7892 0 e
2 |895 3 .
3 |626 8 .
4 |414 9 28]  Desktop Version: RunMaster 2018_10_24 Starting.
5 1318 12 o
6 |270 2 I SN )
7 |258 1 X <o

Reset/

Z Scale

(S Rotate camera

Q@
Move camera
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Production Use of VIC on I-25 Project

» Onsite VIC Training provided to roller operators

» Contractor enabled to verify constructed M. real-time
and meet project design requirements

.. Interstate
b Highway
Construction
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Auto-Generated VIC Compaction Reports from

CompScore Connect

‘!:{h SEMA CONSTRUCTION

C"’) VIC COMPACTION REPORT

ect 125NIGI1 Dat;
11D 591dc7791c643b411683d222
tion Larimer County, CO
Operator SEMA CONSTRUCTION

Pr
Project

Data Parameter Resilient Modulus
File_Map ID IHC I25NIGI1_CS560210 2018 12 19 210339

No. Ot Me:

Mapping duration (hours) 0.369

on 12/19/2018 2:03 PM Average 20267 Compa
4988.9 ft Standard D on 5695
ements 18273 Coef. Of Variation 0.28
% Passing Targe! 92.5

e ID Ingios_FCS00210
PE Review --

Status Final

CQl >= [95]

[80%] of [Mr] MVs >= [Mr_TV]

COV of MVs <= [20%]

® —3 ‘,:, |
—_— L E 00+OZ9E
'z 2R QUALITY ANALYSIS
=l
108.4
LA
e ¢
=2 A
00+G19C “
w‘!u 1
= _i‘“
-
Q 5 3
- =
4 >
N
L = 00+0IeT
m«:m. =
M 8000 12000 15429 18857 22286 25714 29143 32571 36000 ; ;Héﬁ
Comments
Review pending
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|2 (weak areas) In Situ Resilient Modulus (psi):

B Test Point Locator - iScore: IHC_I25MIGIT_CS560210_2019_01_21_091111_imrd.csv

Total Area (ft*2) 14662 Min G*I -1138 Max G*l 356

points sought: 2 points found: 2

i-Score Delta

W ParmValue

0 |12 @) Target Level O Area(ft*2) O CFD(%) Find from Selected

3 |0

6 (12 Test Area(ft~2) |[1000 | 1 test per |500 ft"2 edge offset(ft) 4 point separation(ft) |50 || Find Test Points

pricrity Mr G

1

|2000] 11.38]12

passes latitude

longitude
|4047852 | -1040013830

2

[2000[-1138[13

|40.4786682] -104.9913864

e : ey
2 e ]
: ¢ ! L
= 1% i
LA .
——— e ——————— : -
== !
N ‘
|
= ] =
3 1
i
o | 4 :
5 i 8
*. 1
* . .
E g - Systematic analysis to L
h i 2 Y recommend independent test ; )l
N ; g { «—=—— locations for Quality - -
; L M + Verification Testing (weak A e &
. 5 - g, o
p o oA e area and strong area) ! -
Mo 4| =4 ' . . o
1 o S , £ s
5 i e f 7/ / % g
§4 2 5 iy . “ s
! - ! .- \ﬂ _;i ™ ']
& f : N Fay ey il
- : o
-12 -10 -8 6 & 10 12

resilientMedulus-iscore
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Scale Factor
3
X-Offset
-85.9666666666(
Y-Offset
-0.26666666666(

X Hit

Y Hit



B 7 Test Point Locator - iScore - Maximum: IHC_I25NIGI1_C5360210_2019_01_21_091111_imrd.csv

xmv

W ParmValue
0 |-26

3]0

6 |27

|2 (stiff areas) In Situ Resilient Modulus (psi):
i-Score Delta ——

v |ToPNG| |ToCSV

Total Area (ft*2) 14662 Min G™I -25.82 Max Gl 2657
@ Target Level O Area(ft*2) from max
Test Area(ft*2) [1000 | 1 testper (500 | ft%2 edge offset(ft) [4

points sought: 2 points found: 2

) 100 - CFD{%)

Find from Selected

point separation(ft) [50 || Find Test Points

R "
\\q‘ z
SN
- PN

Y

1 |16492| 26578 |404793545|-104.9914028
2 [25031[2575[12_ |404796483|-1040014042]  SeBle Factar
3
X-Offset
-B7.999999999%¢
V-Offset
' — ﬁ?a@“—“ £.000000000000¢

35T St
. ]

e — 3 R X Hit
. : % ¥ Hit
1095, 87.2
Systematic analysis to
; TR =
~ recommend independent test T ———
<—— locations for Quality B

Verification Testing (weak
area and strong area)

-26 -20 -10

xmy-iscore-max

© 2019 INGIOS GEOTECHNICS, INC.



I> (rework areas) Blob Identifier

Plot 3D - Blob Finder: [HC_I23NIGIT_C5560210_2019_01_21_091111 B Plot 3D - Blob Finder: [HC_I25MIGI1_CS360210_2019_01_21_091111

O X
resilientModulus - iscor ~ | | Hide Air Photo | Lower Bound resilientModulus - iscor ~ “ShuwA\_rPhD Lower Bound Upper Bound -8 Find Blobs
# area(ft"2) # area (ft*2) ‘
13 1 (3037
2 18120 2 [1
32 3|45
4 16 4 (42
5|2
5 14 - 1) -
7 |38 -- : — -
812 " Blob Area = 3031 ft2 | R et S
; &
=
- (rework required)
-

7 Scale

@ Rotate ca mera
I {9 Move cain'sra

© 2019 INGIOS GEOTECHNICS, INC.



Wrap-up!

» Robust / Accurate Mr

measurement from VIC machine ";/ ,\ =
(R2>0.9). - i}&&
» Full Coverage QA testing for -- E TR\
design verification (> 250,000 N
test points). }‘ ),
» Real-time Mr mapping and \}

cloud-based data management
to increase contractor efficiency.

> Intelligent Inspection (I2) for
targeted testing/rework areas
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Thank You!
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