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Trial Summary

A Wavelogix conducted testing in
17 states throughout July 2023
to October 2024.

A Over 200 REBEL Sensors were
deployed across more than 60
projects.

A Applications included pavement,
bridge deck, and road repair.

A This report highlights several
projects from around the country.
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A A wide variety of mix designs were covered in the trials:
A Water-to-cement ratio range of 0.32 to 0.55.
A Cement amount ranges from 360 Ibs/CY to 800 Ibs/CY .

A Cement replacement up to 35% with Supplementary Cementicious
Materials (SCM), such as slag, fly ash, silica fume, and natural pozzolan.

A Fine-to-Coarse aggregate ratio ranges from 0.60 to 0.79.

A Type IL cement used for all DOT projects.
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Testing Procedure

A Each project used 2 or more sensors for corresponding group of cylinders.
A No calibration curve for specific mix designs was developed prior to the project.
A Three 4x8 cylinders were made for each testing age (1, 3, 7,14, 28-day).

A Some projects had core samples taken at 28 days to validate REBEL sensors
performance as a QA tool.

A The variabilities of the cylinders and sensors were calculated respectively at

each testing age, as well as the difference of the results between the two
testing methods.
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Key Takeaways

A The REBEL Sensor provided comparable compressive strength to cylinders,
with an average ~16% difference at the 28-day.
o For mixes with a w/c ratio of 0.35-0.55, REBEL sensor had an 8% difference
from the cylinder results.

A Compared to cylinder data, REBEL sensor readings were significantly closer to
the cored samples at the 28-day.
0 Sensors averaged 428 psi difference in compressive strength compared to
cores, while cylinders averaged 774 psi difference compared to cores

A Cylinder testing results had higher variability than that of REBEL sensor reading
at each testing age.
0 The average variability of REBEL sensors at the same testing age is ~63

psi; while the average variability of cylinder is ~130 psi.
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Data Overview

7 @ wavelogix




Data Summary 1 All Testing Ages

A The following tables summarize the difference between the REBEL Sensor and
cylinder testing at various testing ages.

A Across all ages, sensors were within ~570 psi of cylinder measurements, and
within ~491 psi for mixes with w/c ratio between 0.35-0.55.

REBEL Sensor vs. Cylinders All Ages Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 569.0 17.3 363
INDOT Projects 483.8 12.3 119
W/C 0.35-0.55 Projects 491.0 15.6 92

8 * the number of comparisons is the number of ﬁse‘ewuvelo’gb(a



Data Summary at 1-day

A For 1-Day compressive strength, sensor measurements were within ~507 psi of
cylinder breaks, and within ~421 psi for mixes with w/c ratio between 0.35-0.55

REBEL Sensor vs. Cylinders 1-Day Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 506.5 23.5 79
INDOT Projects 589.9 21.3 18
WI/C 0.35-0.55 Projects 421.4 21.2 10

9 * the number of comparisons is the number of ﬁse‘ewuvelo’gb(a



Data Summary at 3-day

A For 3-Day compressive strength, sensor measurements were within ~662 psi of
cylinder breaks, and within ~455 psi for mixes with w/c ratio between 0.35-0.55

REBEL Sensor vs. Cylinders 3-Day Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 661.8 18.5 102
INDOT Projects 453.0 11.3 24
WI/C 0.35-0.55 Projects 455.3 18.1 14

10 * the number of comparisons is the number of ﬁse‘ewuvelo'gb(a



Data Summary at 7-day

A For 7-Day compressive strength, sensor measurements were within ~536 psi of
cylinder breaks, and within ~501 psi for mixes with w/c ratio between 0.35-0.55

REBEL Sensor vs. Cylinders 7-Day Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 536.0 14.0 94
INDOT Projects 452.4 10.3 39
WI/C 0.35-0.55 Projects 501.4 13.4 32

11 * the number of comparisons is the number of ﬁse‘ewuvelo'gb(a



Data Summary at 14-day

A For 14-Day compressive strength, sensor measurements were within ~391 psi
of cylinder breaks, and within ~257 psi for mixes with w/c ratio between 0.35-

0.55.
REBEL Sensor vs. Cylinders 14-Day Compressive Strength
Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 391.4 9.0 25
INDOT Projects 177.7 3.6 14
WI/C 0.35-0.55 Projects 257.3 5.1 6

12 * the number of comparisons is the number of ﬁse‘ewuvelo'gb(a



Data Summary at 28-day

A For 28-Day compressive strength, sensor measurements were within ~798
psi of cylinder breaks, and within ~427 psi for mixes with w/c ratio between

0.35-0.55.
REBEL Sensor vs. Cylinders 28-Day Compressive Strength
Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 797.7 16.3 75
INDOT Projects 449.3 8.0 22
W/C 0.35-0.55 Projects 426.5 7.9 20

13 * the number of comparisons is the number of ﬁse‘ewuvelo'gb(a



Data Summary 1 Comparison with Core Drill

A For 28-Day compressive strength, sensor measurements were within ~429 psi
of cores drills, while sensors were within ~774 psi of core drills.

REBEL Sensor vs. Core Drill Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons*
All DOT Projects 428.7 8.7 15
* the number of comparisons iIis the number of Asensor mea

Cylinder Sample vs. Core Drill Compressive Strength

Difference (psi) Percent Difference (%) # Comparisons**
All DOT Projects 774.0 15.6 15

14 ** the number of comparisons is the number of ﬁc‘wc:veclcfgix”



REBEL vs Cylinder Results

REBEL Sensors vs Cylinders Average Difference
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REBEL vs Cylinder Results

REBEL Sensors vs Cylinders Average Difference
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REBEL vs Core and Cylinder vs Core
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REBEL vs Core and Cylinder vs Core
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Consistency of REBEL vs Cylinder

I Sensors
H Cylinders

Average Variability (psi)

1 day 3 days 7 days 14 days 28 days

A The average variability was calculated for projects with multiple

19 groups of sensors and cylinders using the same mix design @l wavelogix




Consistency of REBEL vs Cylinder

71 mmm Sensors
E Cylinders

Average Variability (%)

1 day 3 days 7 days 14 days 28 days

A The average variability was calculated for projects with multiple

- groups of sensors and cylinders using the same mix design @l wavelogix




Road & Bridge Projects
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INDOT 1-69 Paving

. . Date 7-25-2023
“"Ve'i’#f{‘}‘i‘.“} Ehchai :.’  Gk P A Location Indianapolis, IN
| i it/ ) N & ) Pavement 1166
A Ky e ; b Rebar #6 (0. 75060)

Ingredients Amount (/yd?3)
Fine Agg. 1268 Ibs.
Coarse Agg. 1830 Ibs.
Cement 425 Ibs.
el , Slag 145 Ibs.
R i e Water 233.7 Ibs.
=) | " W/C Ratio 0.410
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INDOT 1-69 Paving
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INDOT 1-69 Paving

T
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INDOT [-69 Paving

A 2 sensors placed in the
pavement and 1 in a companion "]
beam taken to the lab 6000 -

5000 1
A Cylinders were measured at 1, 3
3, 7, and 28 days g 400
o
£ 3000 -
W
A Core was taken at 7-days .
A CORE Breaks
. . 1 | + 15% bounds
A Pavement sensors were within 000 @ CULINDER Breaks
. - —— BEAM Sensor
ACI allowable variability of 15% 0] — PAVEMENT Sensor
6 5 1IO 115 2|0 2|5 3|0 35
Time (days)

* Red BEAM Sensor Line Overlapped with Top PAVEMENT Sensor Line
@ wavelogix

across all ages beyond 7 days

25



INDOT I-69 Paving

A REBEL Sensor measurements
were within 15% of cylinders
at 7-day and 28-day

A Sensor measurements were
within ~16% of cores at 7-days

A Sensor variability was
excellent, with <2.5% variation
IN measurements across
sensors at all ages

26

7-Day Strength Avg. Strength Difference from Core (%)

Core 5355

Cylinders 5044
REBEL Sensor 4481

Age Avg. Difference Cylinders

5.8
16.3

Avg. Difference

vs Sensors (psi)

1-Day 730
3-Day 778
7-Day 721
28-Day 233

Cylinders vs Sensors (%)
24.3

18.5

13.8

3.6

Age Sensor Variability (%)

1-Day 1.2
3-Day 1.8
7-Day 2.1
28-Day 2.3
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INDOT I-465 Paving

L] W ”‘
- !/ 8§ WHITE HORSE
4 J n RAPIDS

Date 9-16-2024
Location Indianapolis, IN

Project Pavement
Type

. m P .
SN\ | Ingredients Amount (/yd?3)

o o Fine Agg. 1301 Ibs.

p . " [EAST AVALON
| aae I U HILLS

e | : 2 Coarse Agg. 1780 Ibs.

PRLE' !:"

; ; ' Pl ' ort Harrison ‘
1"@ et R T “, Shtepa ' Cement 520 Ibs.
N ; Fort HarriTso%r:altre\Q “ y

Lo PR, Water 230 Ibs.
i ia ol b 8 WI/C Ratio 0.442

|

|
!
!
|
]
I

Mn I BRENDONWOOD - =L L —
i 3
7

A Y i®
Indianapolis

"3

27 @ wavelogix




INDOT 1-465 Paving

A 3 REBEL sensors were placed
at different locations in the 6000 |
pavement

5000 A ®

A 3 cylinders were measured for
each critical age (3, 7, 14, and

o
o
(@)
o

Strength (psi)
W
]
o
o

28-days)
A CORE Breaks
2000 + 15% bounds
@ LOCATION-1-C reaks
A Core was measured at day 36 ; LOCNION T OoLINDE e
1000 { | LOCATION-3-CYLINDER Breaks
. . —— LOCATION-1 Sensor
A Sensors were within the 15% — LOCATION-2 Sensor
. 0 - \ LOCATION-3 Sensor
of cyllnders.ac.ross all ages, N AR
and were within 15% of the Time (days)
core at 36_days * Cylinder strength extrapolated from curve fit
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INDOT 1-465 Paving

A REBEL Sensors were within
15% of cylinders at all ages

A REBEL Sensors were also
within 3% of the 36-day core

A Sensor variability was
excellent, with <6% variation In
measurements across sensors
at all ages

29

36-Day Strength Avg. Strength Difference from Core (%)

Core 9557
Cylinders* 5087 8.5
REBEL Sensor 5720 2.9
vs Sensors (psi) vs Sensors (%)
3-Day 513 13.6
7-Day 180 4.2
14-Day 98 2.1
28-Day 552 11.3
Age
3-Day 1.2 6.0
7-Day 1.1 2.4
14-Day 1.1 1.6
28-Day 1.1 2.2

@ wavelogix
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INDOT [-465 Bridge Deck

WHITE HORSE

v ) n RAPIDS

Date 7-2-2024
Location Indianapolis, IN

Project Bridge Deck
Type

Ingredients Amount (/yd?3)
SR e Fine Agg. 1115 Ibs.

TOWNi’SHIP L: ALL'S:‘N«:"L%EZ";‘ / ‘E:S;‘EYQLON Coarse Agg. 1700 |bS-
| #/ ~ e {0l
ey , it S Cement 460 lbs.

w7
" 4 Ak Wil :
"GLENDALE L - =* DEVONSHIRE . Fort Harrison

|
|
]
PRLE! 11

W Ll
g £ ) R T Slag 198 Ibs.

{y. Fort Harrison Inn @
. ! ‘ Top rated ‘
V14 / ! { (o
! 295 ) - . .
]

| A Y J L
- b

T L Water 288 Ibs.
Indianapolis - N ..| gl m W/C Ratio 0.438

%
1 T

BRENDONWOOD
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INDOT 1-465 Bridge Deck

A REBEL Sensors were placed at
the East and West sides of the 6000 -
structure
5000 +
A Cylinders were measured at 4, 3 00
7, 14, and 28-Days for both the =
East and West sides S
? 2000 1 @® EAST-CYLINDER Breaks ‘
A Cores were taken for the East @ WESTCYLINDER Breaks
and West sides at 32 days 1000 1 WEST.CORE Hroak
— WEST Sensor
0 1 — EAST Sensor
(') .'IS llO 1I5 ZIO 2I5 3IO 3I5 40

Time (days)
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INDOT [-465 Bridge Deck

- £ 32-Day Avg. Strength Difference from Core (%)
A Cores were significantly lower | I R

than both sensor and cylinder Core 4543
measurements Cylinders* 5225 15.0
REBEL Sensor 5529 21.7
A Average sensor measurements ¥R
were Very Consistent Wlth vs Sensors (psi) vs Sensors (%)
. -y - 4-Day 370 12.2
cylinder measurements (within~ 151 aE
5% across ages greater than 7 14-Day 57 £ q
days) 28-Day 115 2.2
Age
A Sensor measurements were 4-Day 0.4 12.2
significantly more consistent than 7-bay 0.5 12.4
cylinders, with less than 1% 14-Day 0.6 12.2
28-Day 0.6 10.6

variability across measurements
32 * Cylinder strength extrapolated from curve fit ‘deelogix"




INDOT Fort Wayne Bridge Deck

Date 9-10-2024

Location Fort Wayne, IN
“ ! : W.FergusonRd W FergisonRd " EFergusonRd PrOJeCt B”dge DECk
Fort Wayne - Type
Alrport |
e
Ingredients Amount (/yd?3)
Fine Agg. 1283 Ibs.
‘ Coarse Agg. 1720 Ibs.
j “'rownshinger?Jss?gé ‘ Cement 580 IbS.
ReEe Water 261 Ibs.
WI/C Ratio 0.450
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INDOT Fort Wayne Bridge Deck

A Sensor was placed in the bridge cono | A COREDECK Breas

deck, with one core taken at 16- 1
days - DECK-SE Sensor

4000 A

A Sensor was very accurate
(within 4.7% of core
measurement)

Avg. Strength Difference 1000 1
from Core (%)

Strength (psi)
S
(=]
o

bo
o
o
o

Core 4545

REBEL Sensor 4760 4.7 0 1

_ : ' 10 15 20
Age Avg. Difference Avg. Difference 0 ° Time (days)
(psi) (%)

16-Day 214 4.7
34 @ wavelogix




INDOT 1-69 Bridge Deck

Chesterﬂeld/‘?(/ej ;e
Date 6-6-2024
Location Anderson, IN
Project Bridge Deck
Type
. Ingredients Amount (/yd?3)

& Fine Agg. 1188 Ibs.
Coarse Agg. 1634 Ibs.
Cement 650 Ibs.
Water 287 Ibs.
WI/C Ratio 0.441
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INDOT [-69 Bridge Deck

A 1 sensor was placed in the
bridge deck with another in the
approach

7000 H

6000 -

A Cylinders made for 1, 4, 7, 14,

(&)
o
o
o

and 28-days 2
*45;4000
5
A Both sets of cylinders broke 8o
below expectations at 14 and @ W-DECK-CYLINDER Broaks
2000 1 + 15% bounds
28 days @ E-RCBA-CYLINDER Breaks
W-DECK-CORE Breaks
1000 A —— E-RCBA Sensor
—— W-DECK Sensor

A Core break at 32 days confirms |l venscKSemor
that the sensor results fall in os ey B e

line with the in-place strength
36 @ wavelogix




INDOT 1-69 Bridge Deck

A Both sets of cylinders broke
below expectations at 14 and e 1o 61

28 days REBEL Sensor 7216 10.7

Core

32-day Avg. Strength Difference from Core (%)
6517

A The core break at 32 days
confirms that the sensor results
fall in line with the in-place
strength

37 * Cylinder strength extrapolated from curve fit ‘wavelogix"




Caltrans [-10 Paving

T
—

s ( T\\
¢~ "<Big Bear-Lake \

¢ lLWentynine

geles i@ AT ¥ Date 7-16-2024

o] -~ " an, h' %t ," ' "- :
ERI fin G e, T Location Palm Desert, CA

\W,\giéa.WNational Forest! .+

, .
Project Pavement

Type

Ingredients Amount (/yd?3)
Fine Agg. 1184 Ibs.
Coarse Agg. 1952 Ibs.
Cement 423 Ibs.

Fly Ash 141 Ibs.

| PN St A Water 243 Ibs.

e ® TN g N S WIC Ratio 0.43

38 @ wavelogix




Caltrans [-10 Paving

~——=ER

{ «BgBear fake '\\; KA O i * \ ‘
A i 3 ')
221 & ) ¢ xm . i~ ‘n
v ® [
M L ).- d \ .

)

= S A This paving project consisted of 4
Loé An.geles Q; e groups of sensors: 2 groups in the
A *"Na?fﬁ:f%z;z‘; r P de, gt Pt and 2 In companior

B R samples

Spnngs 9

MONt*=Banning=aN Ly ta G
oy

A One pavement group was placed on
the base and the other was raised to
the middle of the pavement

i \ / '
P’er:g 3 ’. "‘\\lh‘

A The sensors in companion samples
were placed I n 60
molds with one group left on site and
the other in the lab
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Caltrans I-10 Paving

Four groups of sensors were deployed \CID/
N\ | / /7 | \

N - Sensors in a beam cured in the field

Sensors at the middle of pavement

I Sensors in a beam cured in the lab o?
Sensors at the bottom of pavement e
N =

I
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Caltrans 1-10 Paving T Lab-Cured Beam Sensors

Lab-Cured Beam Sensors

A The sensors in the lab-cured 7000
beam sample reported strength
close to the in-field cylinders

6000 H

and sensors 5000 -
_ 34000

A 4 sets of cylinders were 5
measured at 1, 3, 7, 28, and § 3000
42-days —

A Cores were taken at 28 and 42 1000 1

days o |

® LAB-CURED-CYLINDER Breaks
+ 15% bounds

@ FIELD-CURED-CYLINDER Breaks
CORE Breaks

— BEAM(LAB) Sensor

41

10

15

20 25 30 35 40 45 50
Time (days)
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Caltrans 1-10 Paving i Lab-Cured Beam Sensors

_ Avg. Difference (psi) Avg. Difference (%)

A Sensors were within 10% of

: 1-Day 24.1
cylinder measurements taken 3.Day P -
past day 3 7-Day 23 0.6
28-Day 462 9.5
A Variability was low across all 42-Day 173 il
0
sensors at all ages (<1%) R T
1-Day
A Lab-cured sensors were within ~ 3.pay 0.6 4.4
5% of 28-day cores and within 7-Day 0.6 6.0
2% of 42-day cores 28-Day 06 52
42-Day
28-day Comparison | Avg. Strength | Difference from 42-day Avg. Strength Difference from Core (%)
Core (%) Comparison
Core 5027 -- Core 5819
Cylinders 4925 2.0 Cylinders 5237 10.0

42 REBEL Sensor 5304 5.5 REBEL Sensor 5710 1.9 gix



Caltrans 1-10 Paving T Field-Cured Beam Sensors

. . Field-Cured Beam Sensors
A The sensors cured in the in-

field beam tracked very closely
to the field-cured cylinders and 6000 1

7000

core drills 5000 -
A 4 sets of cylinders were g a0
measured at 1, 3, 7, 28, and 2 3000
42-days @
2000
® LAB-CURED-CYLINDER Breaks
A Cores were taken at 28 and 42 1000 - = 15% bounds
@ FIELD-CURED-CYLINDER Breaks
dayS CORE Breaks
0 - — BEAM(FIELD) Sensor
(I) 5 1I0 1I5 ZIO 2I5 3I0 3l5 4I0 4’5 50

Time (days)
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Caltrans I-10 Paving 17 Field-Cured Beam Sensors

A Sensors were within 6% of

1-Day 627 24.3
cylinder measurements taken 3-Day P -
past day 3 7-Day 13 0.3

28-Day 448 9.3

42-Day 158 2.9

A Variability was low across all

sensors at all ages (<1%)

1-Day 0.4 1.9
A Lab-cured sensors were within 3-Day 0.5 4.4
5% of 28-day cores and within -Day 0.5 6.0
28-D 0.5 5.2
2% of 42-day cores >
42-Day
28-day Comparison | Avg. Strength | Difference from 42-day Avg. Strength Difference from Core
Core (%) Comparison (%)
Core 5027 -- Core 5819
Cylinders 4925 2.0 Cylinders 5237 10.0

44 REBEL Sensor 5289 5.2 REBEL Sensor 5696 2.1 gix



Caltrans I-10 Paving T Pavement Bottom Sensors

Pavement Bottom Sensors

A The sensors on this plot were 7000
placed in the bottom of the o
pavement
5000 +
A 4 sets of cylinders were 2 1000
measured at 1, 3, 7, 28, and =
42-days 5 00
2000
A Cores were taken at 28 and 42 @® LAB-CURED-CYLINDER Breaks
da 1000 1 + 15% bounds
yS @ FIELD-CURED-CYLINDER Breaks
CORE Breaks
0 - —— PAVEMENT(BOTTOM) Sensor
(I) 5 1I0 1I5 2I0 2I5 3I0 3'5 4I0 4r5 50

Time (days)
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Caltrans I-10 Paving T Pavement Bottom Sensors

A Sensors were within 8% of

_ 1-Day 656 25.4
cylinder measurements taken 3-Day 250 7.6
past day 3 7-Day 36 0.9

28-Day 380 7.8
42-Day 85 1.5

A Variability was low across all

sensors at all ages (<1%) Age

1-Day 0.7 1.9
A Lab-cured sensors were within 3-Day 0.6 4.4
5% of 28-day cores and within ;D;y 0:5 6.0
-Day 0.5 5.2
0 -
2% of 42-day cores 12-Day
Core (%) Comparison
Core 5027 -- Core 5819
Cylinders 4925 2.0 Cylinders 5237 10.0

46 REBEL Sensor 5221 3.9 REBEL Sensor 5622 3.4 ogix



Caltrans [-10 Paving 1

Pavement Middle Sensors

A The sensors on this plot were
placed in the middle of the
pavement

A 4 sets of cylinders were
measured at 1, 3, 7, 28, and
42-days

A Cores were taken at 28 and 42
days

47

7000

6000 H

5000 A

W
o
<
o

Strength (psi)
w
o
o
o

Pavement Middle Sensors

® LAB-CURED-CYLINDER Breaks
+ 15% bounds

@ FIELD-CURED-CYLINDER Breaks
CORE Breaks

— PAVEMENT(MIDDLE) Sensor

5 10 15 20 25 30 35 40 45 50
Time (days)
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Caltrans I-10 Paving i Pavement Middle Sensors
Age

A Sensors were within 8.5% of

_ 1-Day 679 26.3

cylinder measurements taken 3-Day 280 8.5

past day 3 7-Day 72 1.8
28-Day 334 6.9
42-Day 45 0.8

A Variability was low across all

sensors at all ages (<1.1%) Age

1-Day 1.1 1.9
A Lab-cured sensors were within j'gay (1)‘; :;‘
e -Day : :
0 -
3% of 28-day cores and within Sy 0 -
4% of 42-day cores 42-Day
28-day Comparison | Avg. Strength | Difference from 42-day Avg. Strength Difference from Core
Core (%) Comparison )]
Core 5027 -- Core 5819
Cylinders 4925 2.0 Cylinders 5237 10.0

REBEL Sensor 5175 3.0 REBEL Sensor 5574 4.2 o
48 W waveliogix




Caltrans US 50 Paving

Park District

S Date 9-15-2023

LARIE L -
% KLY I OAKS'VISTA

nto i S R :
- : (AN e \ Location Sacramento, CA

e v \ - ; River Of
; AMPUS a cAnelH
&' 'SACRAMENTO ‘ COMMONS' 4 SIERRA-OAKS/ ARG

AO"’//CE“Pi\erD( iy h"> e 1 Pavement 1 4 6 6

& LARCHMONT

we‘\mw \i\( .L‘ a.é\wé,? ? ‘RVIVIERA 3 T h I C k n e S S
Rebar 6

(@)
(@)

nt erval,

NESt e . Ingredients Amount (/yd?3)
MR '””p'qu Fine Agg. 1426 Ibs.
e T e MmO 1 Coarse Agg. 1796 Ibs.
‘ e " ol Cement 510 Ibs.

271stAve) E 21317\ve
S q ]

N
o
=
o
Drd
o

S Martin' utherKin

1 e Ly LIPS
' Fruitridge. ¥+ "B
Pocket "

o\ o hdl : N

o 5K | A : .
LAWRENCE'E:\RK _H\TA‘LLAC‘V'LLAGE - y ™ I I Iy ASh 90 I bS-

. » . - . 3 . N e

rally ‘Fiumlége‘;zd" ¢ B 8200 Y our M. Sacrame |
R R | Water 189 Ibs.

v ed it
% ERUITRIDGE
S . MANOR

' _'Ai.';pajl'(v!le,‘st'Casino;Lotps i . I-'. . s ‘ / : W -.; W/C RatIO 032

aath st fo

49 @ wavelogix




Caltrans US 50 Paving

A Cylinders were measured at 1,

3, 7,14, 28, 42, and 59 days 70001
6000 -
A Cores were measured at 28- ®
dayS 5000 - ®
34000
A Sensors were placed in a £
. . o
beam in the lab, a beam in the §3°°°
ﬁe|d’ and in the pavement 2000 | ' @ LAB-CURED-CYLINDER Breaks |
' + 15% bounds
h @ FIELD-CURED-CYLINDER Breaks
A Of the 6 cores taken, 5 broke tooo || BEAM(L AR ¢
. | —— BEAM(LAB) Sensor
. . pn i = BEAM(FIELD) Sensor
significantly lower than 0 —— PAVEMENT Sensor
eXDECted at 28-days 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (days)
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Caltrans US 50 Paving

A Given the low core measurements, _

both sensors and cylinders were 1-Day 22.2
much higher than measured by the 3-bay >0 L7
cores 7-Day 395 10.5
A o 0 f | d 14-Day 243 5.2
Sensors were within 15% of cylinders .0, 182 24
across ages, except for 1-day, where 2.y 720 13.2
they were still <400psi different from  59-day 620 10.5
cylinders Age
A Sensors had significantly lower 1-Day 15 5.8
variability than cylinders at most ages 3-Day 2.4 5.2
7-Day 3.0 7.3
14-Day 3.4 15
Core 4215 -- 28-Day 3.7 14.9
Cylinders 5254 24.6 42-day 3.3 6.0
REBEL Sensor 5877 394 59-day 3.3 1.3
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CDOT I-25 Paving

. Colorado &

WL 1 e B Date 8-8-2023
;OADW ! ’ | \. i o RE Location Spring, CO

Jr?)era?ergadmoor".__ﬂ?ﬁggws e s B! : .' B Pavement 9. 50
| ' R ol jRikeslRes Thickness

Ingredients Amount (/yd?3)
Agg. 3119 Ibs.
Cement 440 lbs.

C R Mineral
(natural pozzolan)

Water 160 Ibs.
W/C Ratio 0.40

109 Ibs.

Creek Park
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CDOT I-25 Paving

A Sensors in the pavement o
reported similar strength as the >
cylinder breaks (within 15%).

4000 A

A The sensors in a separate beam 2.,
sample reported lower strengths, 5
which reflects the effect of = oo
different curing conditions for in-
place structure vs separate 1000 - — BEAM Sensor
sample. % s bomds
0 - —— PAVEMENT Sensor
6 é 1b 15 26 25 36 35
Time (days)
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CDOT I-25 Paving

Age Avg. Difference Avg. Difference
" Cylinders vs Sensors Cylinders vs
A Sensors were within 15% of (psi) Sensors (%)
cylinders at all ages except for 1-Day 125 7.6
28-days, where it was within 3-bay 201 75
7-Day 340 10.0
0
16% 28-Day 740 15.7

A Sensors were very consistent,
3.4

with 3.4% variability in 1-Day

measurements across all ages 3-Day 3.4
7-Day 3.4
28-Day 3.4
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Denver Airport Paving

Date 8-8-2023

Location Denver, CO
Project Pavement

| Denver 1ype

Alrport

i | Ingredients Amount (/yd?3)

Fine Agg. 1247 Ibs.
Coarse Agg. 1871 Ibs.
Cement 440 lbs.
C R Mineral 109 lbs.
Water 160 Ibs.
WI/C Ratio 0.40
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Denver Airport Paving

A Cylinder measurements were ouo |
taken at 1-day, 3-day, 7-day, and O My hresks
6000 1
28-days 1

5000 A

—— REBEL Sensor |

A Expected strength at 28-days

was 4500 psi, so the sensor %:4000
indicates the strength reached & 30001
4500 psi at about 5-day, which ~ *
would have allowed earlier traffic
opening. 1000 {

o0

6 5 1b 15 Zb 25 3b 35
Time (days)
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Denver Airport Paving

Age Avg. Difference Cylinders | Avg. Difference
vs Sensors (psi) Cylinders vs Sensors (%)

A Cylinder measurements were

1-Day 188 6.0
taken at 1-day, 3-day, 7-day, and 3pay 112 2.7
28-days 7-Day 173 3.6
28-Day 1016 18.3

A Expected strength at 28-days
was 4500 psi, so the sensor
1.9

indicates the strength reached 1-Day

4500 psi at about 5-day, which j'gay 23

would have allowed earlier traffic '
. -Day 4.3

opening.
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City of Manchester Paving

Gl 6™ cms ane ey
Eyebrow Threadin
{IRoya's Brow'Sp

Date 10-24-2024
Location Manchester, MO
Project Pavement Repair
Type

s ; ¢
elPere/Americanifig

‘ i I..Legmn Posl.#ZD'B v/ .
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City of Manchester Paving

- ] —— PAVEMENT Sensor |
A Only one cylinder break was 5000 1|~ PAVEMENT Son °
taken at 7-days

4000 H

A One sensor was placed in the

pavement for comparison Z 3000
E
A Sensors were within 6% of £ 2000 -
cylinder break at 7-days
1000 f
Age
7-Day 294 5.8 0 1

0 5 10
Time (days)
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Patching Projects
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Overview

A Wavelogix partnered with TXDOT on an 8-week program to test the REBEL
Sensor on road patching projects to accelerate traffic opening.

AEach patching job d
n

pl oyed
120 companion cyli e t ak

4 REBEL Se
I n

e
d e to t he |

A Cylinders were broken at around 2, 4, 6, and 48 hours.
A The target for traffic opening was 1,800 psi at 6 hours.

A Across the 8-week period using the same mix design, there was a 27.9%
variability for all cylinders and a 12.2% variability for all sensors.

A On average, the REBEL sensor reported target strength 1 hour before cylinder

breaks and, in one case, 44 hours earlier
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62

TXDOT SH-130 Repair

Date 7-13-2024 to 9-21-2024
Location Austin, TX

Project Pavement Repair

Type

Ingredients Amount (/yd?3)

Fine Agg. 1205 Ibs.

Coarse Agg. 1920 Ibs.

Cement 800 Ibs.

Water 258 Ibs.

WI/C Ratio 0.32
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