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Texas Perpetual Pavements 
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How thick is too thick? 

Cost of 5 Miles of Pavement 

Assume 80’ width, $50 per ton * 

Save 1” in over-design:  $650,000 
Save 2” in over-design:  $1,300,000 
Save 4” in over-design:  $2,600,000 

* Original estimate used in 2005 



How thin is too thin? 

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. 



Max Flexural Strain 

Pavement Foundation 

High Modulus 
Rut Resistant Material 
(Varies As Needed) 

                                    

} 3” 
to 
6” 

High Shear 
Zone 

Vertical Compressive Strain 

1.5-3 in. PFC, SMA, etc. 

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



Limiting Strain / Endurance Limit 
Theory 

• Based on laboratory beam fatigue data 

• “Small” strains will never induce cracking 

• 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 

 



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. 



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

ODOT SECTIONS 

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


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

10 Million/2-year cycle 

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’ SECTION N9 – 150’ 

25’ TRANSITION 50’ TRANSITION 25’ TRANSITION 



PLAN VIEW 

SECTION N8 – 150’ SECTION N9 – 150’ 

25’ TRANSITION 50’ TRANSITION 25’ TRANSITION 

PROFILE VIEW 

 2” SMA w/PG 76-28 
  3” SuperPave 19.0mm w/PG 76-28 

  3” SuperPave 19.0mm w/PG 64-22 

 3” SuperPave 19.0mm w/PG 64-22  2” RBL w/PG 64-22 

  3” RBL w/PG 64-22 
*RBL = RICH BOTTOM LAYER 

ODOT’S PERPETUAL PAVEMENT STRUCTURAL 
SECTIONS AT NCAT TEST TRACK 



8” of 30,000 psi subgrade 

5,000 psi subgrade 

Simulating lime-treated subgrade 



Max Flexural Strain 

Pavement Foundation 

High Modulus 
Rut Resistant Material 
(Varies As Needed) 

                                    1.5-3 in. PFC, SMA, etc. 

The maximum flexural strain was directly measured 
using a series of strain gauges installed at the 
bottom of the asphalt section. 



Transverse Strain
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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.
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10” 14” 16” 

? 

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



Max Flexural Strain 

High Modulus 
Rut Resistant Material 
(Varies As Needed) 

                                    

Vertical Compressive Strain 

1.5-3 in. PFC, SMA, etc. 

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



Instrumentation 
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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 



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



A datalogger was used to collect information from the 
different pavement sensors. 

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. 



Additional Testing –  
Surface Map Cracking 

3/21/2005N2
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FWD Testing 
 
Rut Testing 
 
Skid Testing 
 
Inertial Profiler – 
 Rutting 
 Smoothness 
 Surface Texture 







N8 and N9 – Strain vs. Date 
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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.



Effect of Depth (N9) 
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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 
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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 

• Tensile strain threshold: 100με 
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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 2013 

Rut depth holding steady at about 5 mm 



14” Section as of October 2013 

Roughness holding steady 



14” Section as of October 2013 

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



10” Failed after 10 Million ESALs 

• Top lift began to crack after 8 M ESALs 



10” pavement 
paved Aug. 2006 
5” rehabilitation 
Aug. 2009 
10 months old 

Section N8 – June 29, 2010 – 4.0 M ESALs 

1½” rutting, alligator cracking 

• 10” Section was milled and inlaid with two different 
fabric interlayers in August 2009 

• Failure bad enough to reroute trucks  after 10 months 
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Tested new rehabilitation strategy after 
seeing High Polymer Section in NCAT 
Group Experiment 

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

Dense Graded Crushed Aggregate Base 
Mr = 12,500 psi 
n = 0.40 

6” 

3” (PG 67-22; 19mm NMAS; 80 Gyrations) 

2 ¾” (PG 76-22; 19mm NMAS; 80 Gyrations) 

1 ¼” (PG 76-22; 9.5mm NMAS; 80 Gyrations) 

Control (7” HMA) 

2 ¼” (7½% polymer;19mm NMAS; 80 Gyrations) 

2 ¼” (7½% polymer;19mm NMAS; 80 Gyrations) 

1 ¼” (Kraton Modified, 9.5 mm NMAS) 

Experimental (5 ¾”  HMA) 
Case 3 (7” HMA) 

Courtesy Prof. David Timm, Auburn U. 

Lift thicknesses limited by 3:1 
thickness:NMAS requirement 



Simplified Viscoelastic Continuum Damage 
(S-VECD) Fatigue Testing 

• Predicted fatigue life 
estimated 17x greater 
than control mixtures 
with PG 76-22 

• Finding in agreement 
with previous beam 
fatigue testing 





Crack Mapping Control vs. Hi Poly 

Control 

Hi Poly 
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2009 NCAT Construction Cycle – August 2010 

Weak subgrade = poor soil 
 for construction 

Oklahoma Pavement – Failed  
due to severe subgrade rutting 

N8 – 10” Standard 
over weak base 

N9 – 14” Standard 
over weak base 

Oklahoma  Pavement – Still Sound 

Standard subgrade = good 
 soil for construction 

N7 -  5 ¾” HIMA 
over sound base 

2 ¼” (7½% polymer; 
19 mm NMAS; 80 Gyrations) 

2 ¼” (7½% polymer; 
19mm NMAS; 80 Gyrations) 

1 ¼” (7½% polymer; 9.5 mm NMAS) 

1 ¼” (7½% polymer; 9.5mm NMAS) 

3 ¼” (7½% polymer; 
19mm NMAS; 80 Gyrations) 

1 ¼” (7½% polymer; 9.5 mm NMAS) 

Oklahoma proposed design modification 



Change in performance 



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

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. 

< ¼” rutting, no cracking 



QUESTIONS? 
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