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NCAT Experience with
Perpetual Pavements and High
Polymer Mixtures

Training, so necessary. 4a
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exas Perpetual Pavements

Waco

1.5” PFC

Cotulla

2.0” SMA

3.0” SMA

McAllen

1.5” PFC

3.07 19 mm SP

3.0719 mm SP

2.0” SMA

10.0” 25 mm SP

38.0” 25 mm SP

10.0”, 19 mm
or
25 mm SP

4.0719 mm
2% air voids

6.0”
crushed stone

2.0° 125 mm
2% air voids

3.0712.5 mm

2% air voids

8.0”
lime-treated




Waco Cotulla McAIIlen
e 15" PFC | e 15" PFC

3.0” SMA
2.0” SMA 2.0” SMA
- 3.0”19 mm SP
3.07 19 mm SP 10.0”, 19 mm
or
8.0” 25 mm SP 25 mm SP
10.0” 25 mm SP
2.0712.5 mm 3.0712.5 mm
4.0” 19 mm 2% air voids 2% air voids

2% air voids

6.0”
crushed stone

8.0”
lime-treated
salvaged aggregate




How thick is too thick?

asphalt institute

Cost of 5 Miles of Pavement

Assume 80’ width, $50 per ton *

Save 1” In over-@
Save 2" In over-@

Save 4” In over-@

* Original estimate used in 2005

esign: $650,000
esign: $1,300,000
esign: $2,600,000

Training, so necessary. 4a



How thin is too thin?

shalt institute

If the perpetual pavement
structure is designed too thin, the
risk of bottom-up cracking
increases dramatically, defeating
the purpose of the design and
resulting in an expensive rebuild.

Training, so necessary. 4a



To design against potential bottom-up cracking,
certain strain thresholds cannot be excee

nstitute

1.5-3 in. PFC, SMA, etc.

High Modulus
Rut Resistant Material
(Varies As Needed)

‘ Max Flexural Strain

Yol ..Vgrtlc}gl Compressive Strain
PavementFoundation .
lbtes B ol 30 oy Palll AR T el T A o

WL et 2
']

,‘.-‘ .

L i F o

: 3 i

Training, so necessary. 4



Limiting Strain / Endurance Limit
Theor ashaltinstitute

 Based on laboratory beam fatigue data
o “Small” strains will never induce cracking

e Limiting strain (lab) at 75 to 125 microstrain
(later found out that higher limiting strains
have been encountered in the field with no
problems)

* No bottom-up cracking below this level

Training, so necessary. 4a



asyp halt!institute

These strains can be estimated based on

total pavement thickness and material
properties.

However, the estimations would be based

on assumptions made from previously
collected data.

Training, so necessary. 4a



There are large deviations in the types of
environment around the country, the types of
materials used and the types of pavement specified.
These deviations decrease the reliability of the
assumptions made to calculate strains.

If the strains could be measured directly, using
Oklahoma materials and mix designs, the data
would be much more reliable.




National Center for Asphalt Technology
(NCAT) Test Track — 1.7 Miles

asphalt institute

NcaT Pavement OMSITE LAE
Test Track AND TRUCK
ML INTERY HCE
H13|H12 |H11 |'-|1 HY |[HGE | H5 | H4 | H3 | H2 | H1 ,’ Eg
ES
E10
E¥
EG
ODOT SECTIONS E5
E4d /
W10 E3 !
E2
51|52 |53 |54 | 55|56 |57 |58 59510 511|512(513 |E1

-N1 through N10 and $11 Are Structural Sections
-All Other Sections Have Deep Perpetual Foundations

-Research Cycle of Construction Shown by Color
-Black=2000 Cvcle. Blue=2003 Cvcle. Red=20086 Cvcle

\- SITE

HMB PLANT



http://www.pavetrack.com/_vti_bin/shtml.exe/construction.htm/map
http://www.yahoo.com/

Axls 1 Axle?  Axto 3 Axte 5 SLUN U te

3.8m 1.3ml 5 2m 52m | 5 2m 52m 52m
{12 47 {2 257 {17y (17} [ (17 (7 (17
Truck Configuration
{nat to scala)

‘_.m!!i Dase 1747 |

53 4N BOkMN BOKMN BO9kM B Bk BN B9
112K} {20k} (@0} (20K} [20%) (20K} (20%) {20k}
Axie loadng

Specially-configured
trucks drive around the
track to apply a specific
number of Equivalent
Single Axle Loads (ESALS)

10 Million/2-year cycle

Training, so necessary. 4a


Presenter
Presentation Notes
5 Truck fleet – each truck makes about 400 laps per day at about 44 mph


ODOT’'S PERPETUAL PAVEMENT STRUCTURAL

SECTIONS AT NCAT TEST TRACK
PLAN VIEW

}—@ SECTION N8 - 150"k | SECTION N9 - 150" b—»{

25’ TRANSITION 50° TRANSITION 25’ TRANSITION




ODOT'S PERPETUAL PAVEMENT STRUCTURAL
SECTIONS AT NCAT TEST TRACK

PLAN VIEW

}—@ SECTION N8 - 150" | ‘ | SECTION N9 - 150" b—»{

25’ TRANSITION 50° TRANSITION 25’ TRANSITION

PROFILE VIEW

2” RBL w/PG 64-22

3” RBL w/PG 64-22

*RBL = RICH BOTTOM LAYER



Simulating lime-treated subgrade

8" of 30,000 psi subgrade

AN

AN A\

5,000 psi subgrade

Training, so necessary. 4a



The maximum flexural strain was directly measured

using a series of strain gauges installed at the
bottom of the asphalt section.

High Modulus
Rut Resistant Material
(Varies As Neded)
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Presenter
Presentation Notes
Graph shows transverse strain in section N9 for one truck pass.  The steer, tandem and 5 single axles are clear to see.


If we have determined the strain for a 10” and
14” thick pavement, the thickness at the critical
strain level an be interpolated / extrapolated

MICROSTRAIN




The vertical compressive strain was
directly measured using pressure plates
Installed at the top of the subgrade.

D Ny e = T T T o T oo T oo o oo o oo o To T Ts TS TS TS Ts TS TS TS TS Ts S Ts s Ts s Ts o So o To oo oo

High Modulus
Rut Resistant Material
(Varies As Needed)
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Longitudinal Offset from Center of Array, ft .

Instrumentation

1
=

19
| ___Edge Stripe
10 ¢ Outside Wheelpath
Inside Wheelpath
8 - Centerline
4
6 _
Temperature probe
10 411 12 |®
I X I
7 28 9
- = -
I I I I 4 0 5 6 I I I I
-10 -8 -6 -4 k2 2I-(B-I =5 4 6 8 10
1 22 3
r I L
=4— ] Laser |15
(13
-0
Direction of
Travel -8 - O Earth Pressure Cell
ﬁ 0 “I_ Asphalt Strain Gauge
= -12 |

Tranverse Offset from Center of Outside Wheelpath, ft



Presenter
Presentation Notes
12 Asphalt Strain gauges (6 longitudinal, 6 transverse)
2 pressure plates (1 at top of base, 1 at top of subgrade)
Laser to measure wheel wander
Temperature array to measure temps at top, middle and bottom of HMA


Temperature probes are placed in the pavement to

continuously monitor temperature at various depths
asphalt institute

h




Moisture sensors were also placed in the
subgrade to continuously monitor soil canditions.

Training, so necessary. 4a



A datalogger was used to collect information from the

different pavement sensors. shalt |institute

In addition to the
normal “slow
speed” mode that
continuously
gathers data, a
“high speed” mode
can be used to
collect 40,000 data
points per second.

Training, so necessary. 4a



Additional Testing —

Surface Map Crackin ettt hessan

N2 Longitudinal Distance from Far End of Section (ft) 3/21/2005

25 30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 175
12 12

T 1N

11 ! s N~ 11

/
T —
<

Transverse Distance from Centerline (ft)
D
[=2]
Thickness of Experimental Pavement Lifts (in)

1 N/ A 1

== Cracking ® Coring =====Random Testing= = 'Avg Wheelpaths Gauge Array === =Avg Thickness

Training, so necessary. 4a



D™ Dynatest

Falling Weight Deflectometer | el

?”Ara mav
§7

FWD Testing i -

Rut Testing

Skid Testing

Inertial Profiler —

Rutting
Smoothness
Surface Texture

Training, so necessary. 4a
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Training, so necessary. 4
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Presenter
Presentation Notes
This plot shows the 95th percentile measured longitudinal strain from single axles in sections N8 and N9.  In a given day’s worth of data collection, we have 15 truck passes * 5 single axles per truck = 75 measurements.  The data on this plot represent the 95th percentile of the 75 measurements.  As expected, N9 is significantly lower than N8.  Ratios were computed by dividing N8 strain by N9 strain.  The ratio varies somewhat, but on average, the strain in section N8 is about 2.6 times greater than N9.

The seasonal trend is also evident in both sections where the strains rise significantly in the warmer summer months.


Longitudinal Microstrain

Effect of Depth (N9)

350 +
300
250 A x
200 '
150 a —e—Bottom of HMA | |
—l— Bottom of Lift 2
A Bottom of Lift 3
A
100 A
A "8
A
50 7AY
A
A
A
A A
0 T T T T T T T T T 1
10/10/2006 11/29/2006 1/18/2007 3/9/2007 4/28/2007 6/17/2007 8/6/2007 9/25/2007 11/14/2007 1/3/2008 2/22/2008

Date



Presenter
Presentation Notes
This plot shows the effect of depth on strain within section N9.  These are measured longitudinal strains under single axles.

As expected, the bottom of the HMA sees the greatest strain since it’s at the extreme point going through the most bending.  As you move up in the structure, the strains are reduced since they are approaching the neutral axis where the strain is zero.

An important consideration here is that each strain plot represents different mixtures.  Theoretically, they may have different strain thresholds.  So, even though the strains are reduced, they may not be as fatigue resistant compared to the rich bottom.

Note:  There are gauges in Lift 4, however after reviewing the data, they were not included.  They were very erratic which was not unexpected since they are so shallow.




Temperature Normalized Response

asphalt institute

400

350 - [

300 \

250 -

1
T
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Microstrains
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100 -
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of N1 ofN2 ofN4 ofN6 of N7 ofN8 ofN9 ofN10 of S1l

Training, so necessary. 4a


Presenter
Presentation Notes
Section N9 is the only section in the structural experiment that could be classified as perpetual based on these average temperature normalized responses; however, the analysis is ongoing.


=
Strain Threshold

asphalt institute

Microstrain

700

600

500

—— 15 mph

—=&— 25 mph

400

300

—a&— 35 mph
45 mph

200

65 mph
— — Strain Threshold

80

Temperature

100

120

140

Training, so necessary. 4


Presenter
Presentation Notes
These design curves show the effect of temperature on strain at a variety of reference speeds.  For example, if the design speed were 45 mph, the critical temperature would be approximately 72F.  Above this temperature, strains would exceed the commonly held fatigue threshold of 100 microstrain.  At 65 mph, the critical temperature would be approximately 80F.  Curves such as these can help to extrapolate the findings from the test track to those encountered on open access facilities (i.e., in Oklahoma).


14" Section as of October 20%3

asphalt institute

Rut depth holding steady at about 5 mm

Avg Rut Depth (mm)

10/1/12

25
20
15
10

0

12/31/12 a/1/13 7/1/13 9/30/13  12/30/13  3/31/14 6/30/14 9/30/14

5 r.-‘.. © 0%0%cseee 00 ¢% _ mete 00 o

0

2,000,000

4,000,000 6,000,000 8,000,000 10,000,000
Equivalent Single Axle Loadings in 2012 Research Cycle

Training, so necessary. 4a




14” Section as of October ZOI}IHW

aspha

Roughness holding steady

250 2.5

200 1 2.0
a‘* —
E 150 e % ere  oab .t 1.5 E
It“ 00 & 200000000y 4,060,000 % -
E 100 SaE g 88 8 LEE mgan = ..-.il-..ill.l": " augn 1.0 E
£ 50 05 S

0 . 0.0

0 2,000,000 4,000,000 6,000,000 8,000,000 10,000,000
Equivalent Single Axle Loadings in 2012 Research Cycle
¢RI = MTD

Training, so necessary. 4a



Transverse Offset (feet)

14" Section as of October 2013

= =
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asphalt | institute

Crack Map (Trucking Percent Complete via Height of Gray Map Date Box)

v/ T AN ‘\ -— A
0 25 50 75 100 125 150 175 200
Longitudinal Distance from Far Transverse Joint (feet)
Cracked Areas: Lane: 3% LWP: 2% RWP: 0%

Top lift beginning to
crack next to joint
after 20 M ESALs

Training, so necessary. 4a



10” Failed after 10 Million ESALs

asyp halt‘institute

 Top lift began to crack after 8 M ESALs

_12
[k}
@10 w—‘
“am
¥ = L S
g [T——*
o 6
@ -
2
2] L e—
E 0+ — — — . ] . . _
= 25 50 75 100 125 150 175
Longitudinal Distance from Far Transverse Joint (feet)

Training, so necessary. 4a



Section N8 — June 29, 2010 -4.0 M ESALs

asphalt | institute

i

Vi Y
L A ‘.| A’ | -: 1 )
i sl ¥ . 710

& | 1% rutting, alligator cracking
i B, _# 10" pavement
o ST R paved Aug. 2006

, e : ,5. . 5"rehabilitation
Pl iR~ R Aug. 2009 .
Y ' 10 months old ".'

i .

10” Section was milled and inlaid with two different
fabric interlayers in August 2009
Failure bad enough to reroute trucks after 10 months



Tested new rehabilitation strategy after ¥ Kraton
seeing High Polymer Section in NCAT
Group Experiment

Control (77 HMA)
Experimental (5 %" HMA)

1 vy (PG 76-22; 9.5mm NMAS; 80 Gyrations)

2 ¥ (PG 76-22; 19mm NMAS; 80 Gyrations)

1 v4” (Kraton Modified, 9.5 mm NMAS)

2 Yi" (7%2% polymer;19mm NMAS; 80 Gyrations)

3" (PG 67-22; 19mm NMAS; 80 Gyrations) :
2 V4" (7%% polymer;19mm NMAS; 80 Gyrations)

Dense Graded Crushed Aggregate Base Lift thicknesses limited by 3:1
: thickness:NMAS requirement e
M, = 12,500 psi 7 6

n=0.40

Test Track Soil
M, = 28,900 psi
n=0.45

Courtesy Prof. David Timm, Auburn U.




Simplified Viscoelastic Continuum Damage

asphalt | institute

Predicted fatigue life
estimated 17x greater
than control mixtures

with PG 76-22

 Finding in agreement
with previous beam
fatigue testing

Training, so necessary. 4a



APA Rutting

AASHTO TP 63-09
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Control-Surface Control-Base Kraton-Surface
Intermediate/Base




Transverse Offset (feet)

Crack Mapping Control vs. Hi Poly

12
10

ON =B O

asphalt institute

Crack Map (Trucking Percent Complete via Height of Gray Map Date Box) CO nt rOI
. | ’ R
e TS E—
10/7/13
|
25 50 75 100 125 150 175 200
Longitudinal Distance from Far Transverse Joint (feet)
Cracked Areas: Lane: 2% LWP: 0% RWP: 6%

Transverse Offset (feet)

= =
oON

SN B O

Crack Map (Trucking Percent Complete via Height of Gray Map Date Box) H | PO |y
10/7/13
25 50 75 100 125 150 175 200

Longitudinal Distance from Far Transverse Joint (feet)
Cracked Areas: Lane: 0% LWP: 0% RWP: 0%




2009 NCAT Construction Cycle - August 2010

Oklahoma proposed design modification

N7 - 5 %" HIMA N8 — 10” Standard N9 — 14" Standard
over sound base over weak base over weak base

1 Y4 (7%2% polymer; 9.5 mm NMAS) 1 ¥4 (7%% polymer; 9.5 mm NMAS)

2 V4" (7%% polymer; U (710 _
19mm NMAS; 80 Gyrations) 3 Ya" (1'/2% polymer;
19mm NMAS; 80 Gyrations)

2 V4" (7%2% polymer;
19 mm NMAS; 80 Gyrations) 14" (7%% polymer; 9.5mm NMAS)
Oklahoma Pavement — Still Sound

Oklahoma Pavement — Failed
due to severe subgrade rutting

Standard subgrade = good
soil for construction

Weak subgrade = poor soil
for construction




Change in performance

asphalt institute

|
|
8/28109 12/1/09 3/6/10 6/10/10 = 9/13/10 12/17/10 3/23M11 6/26/11 9/29M11
25 : : : - : : :
E [ |
-g_ 15 n
|
a 10 .
5 _ Mot
x ° _ . =
aset*tosst 0N * ey * .
3 ﬂ _l-I T T T T i T T T . T T T
0 1,000,000 2,000,000 3,000,000 4,000,000 : 5,000,000 5.000.000 7,000,000 8000000 0,000,000 10,000,000
Equivalent Single®xle Loadings in 2009 Research Cycle
|
| wARAN ll:ip\:til:.k ALDOT Cauge Ehehrire] ire 3-F |
|
|
250 = 2.5
200 * = 2.0
v M m B
£ 150 Brsrrretereen ¢ oot u 1.5 =
£100 L - 1.0 o
= EENg Ny ggEn BN n misgigm = g " = m heby oy o P90 MM & L0l B
e 50 i-n‘:‘: * - _.—-_,—.-—-—.l-q—-j—- 0.5 =
| = =
0 . - . 0.0
0 1,000,000 2,000,000 3,000,000 4,000,000 :.mr:r.our:r 6.000,000 T,000,000 8,000,000 9,000,000 10,000,000
Equivalent Single Axle Loadingsin 2009 Research Cycle




Section N8 - Sept. 12, 2011 - 5.27 MM ESALs X Kraton
as of 5/31/13 - 9.1 MM ESALs

< %" rutting, no cracking

@ °N

Similar crack appeared in first overlay at 2.7 MM ESALs
Oklahoma is sponsoring this section through the 2012 cycle to
monitor further deterioration and evaluate preservation strategies.
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