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 Pavement design background
— Layered elastic theory

* Perpetual pavement design philosophy
— Sensitivity Study

 Program basics

 Example problems — Design simulations
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WHY ARE PERPETUAL PAVEMENTS
IMPORTANT?
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Perpetual Pavement Award

e Started by the Asphalt Pavement Alliance in 2001.
e Road must be >35 years old.
 No thickness increase >4 inches.

* No overlay interval less than 13 years.
* Nominated by DOT.
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Quality
Very Good >4.0 <1.0 m/km
(<60 in/mi)
Acceptable
Good 3.5-3.9 1.0-1.5 m/km (0-2.7 m/km)
(60-94 in/mi)
Fair 3.1-34 1.5-1.9 m/km
(95-119 in/mi)
Mediocre 2.6-3.0 1.9-2.7 m/km
(120-170 in/mi)
Poor <25 >2.7 m/km Less than
(>170 in/mi) Acceptable
(>2.7 m/km)
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Perpetual Pavement versus
Conventional Design
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Lol LA City in Texas

e Asphalt Performance Problems
e Ban Asphalt?

6” Asphalt 6” JPCP

Clayey Subgrade Clayey Subgrade
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Goal of Perpetual Pavement Design

* Design the structure such that there are no deep
structural distresses
— Bottom up fatigue cracking
— Structural rutting

o All distresses can be quickly remedied from surface

e Result in a structure with ‘Perpetual’ or ‘Long Life’
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Avoid These!

Bottom-Up Fatigue

April 21, 2014
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Surface Distresses Only

Top Down Cracking
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Pavement Design:
Where were we?

e Using 1960s performance equations

e 1950s type of load

e Thin pavement structures (Max. 6” HMA)
e Meaning of structural coefficients

e Limited reliability analysis

e Some movement to M-E
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Road Test
Trucks

FIGURE 3 AASHO Road Test truck traffic.




M-E Design Framework

Structural Parameters

Final Design
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How an Elastic Material Behaves.
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HMA Modulus Versus
Temperature
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M-E Design Framework

Final Design
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Three Layer Systems

Pavement
Reactions 1

Deflection (6)/
Tensile Strain ()

assume

rar | EVES
20 AV s B

e A et extend
N2 - “ 0 oo

infinitely.

hﬁ

ﬁ

No bottom boundary, assume soil goes on infinitely.




M-E Design Framework

Transfer Function(s)

Final Design
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Fatigue Transfer Function
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Horizontal Tensile Strain ( in./in.10       )
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Rutting Transfer Function
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Vertical Compressive Strain ( in./in. 10  )
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M-E Design Framework

Final Design
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Structural/Performance Analysis

e |nitial trial design
— Initial estimate of layer thickness
— Required repairs to the existing pavement
— Pavement materials characterization

 Analyzed by cumulative damage incrementally over
time using
— Structural response
— Performance models
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Perpetual Pavement Design
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e Sponsored by APA
e Developed at Auburn University / NCAT
 M-E Perpetual Pavement Design and Analysis Tool

* perRoad 3.3 =BX)
Fie Input Output Info

PerRoad




Structural and Seasonal Information (F1 for Help)

# of Layers | - =easaonal Infarmation

Seasan M Summer v Fall v Minter v Spring [ Springd Current Seasan

Duratian (weeks) zh 12 b Summer j

hdean Air Temperature
Temperature, F 7 % s 4 Correction

Lawer 1 Lawer 2 Layer 3 Lawer b
baterial Tywpe |AC j |Gran Base j |S|:|il J

PG Grade 70 ~| |22 ~

tdin Modulus  (psi) 50000 000 300

Modulus (psi) |431IZIEI1 |2nunn |12IZIIZIIII

tax Modulus  (psi) 4000000 50000 40000

Foisson's Ratio 0.35 . 0.45

helin = bl e 0.35- 0.45 : . : . 02 - 05
Thickness  (in) 1 Infinite

Wariahility Yariahility Wariahility

Ferfarmance Ferarmance Ferfarmance
Criteria Criteria Criteria

Cancel Changes Accept Changes
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Layer: |1

Faositian Criteria Threshald Transter Function k1 k2

I Top

| Middle

. - 2.83e-00k 3.1448
v Bottom Harizantal Strain j |‘7"':' microstrain ¥

Mate: The following sign convetion is used.. Mate: The transfer functions are far strain anly.
Megative = Tensian
Fositive = Comprassian

Deflection is Positive Downward

Cancel Changes | : Accept Changes |
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Vehicle Type Distribution (Press F1 for Help) |Z||§|E|
Foadway Functional Classification  |Rural Interstate j
vehicla Awverage Number of Axles PerYehicle
Classification % A&DTT Single Tanderm Triderm
Eﬁl 4 1.2 | 1.62 ‘ 0.34 | 0
ﬁ_ﬁ g 9.4 | 2 ‘ 0 | 0
B ’733 | 1.02 ‘ 0.99 | 0
7 ’705 | 1 ‘ 0.26 | 0.53
q ’7?4 | 2.38 ‘ 0.67 | 0
g 589 | 1.13 ‘ 1.93 | 0
10 1.2 | 1.19 ‘ 1.09 | 0.89
11 B.1 | 4.28 ‘ 0.26 | 0.0
19 0.8 | 352 ‘ 1.14 | 0.0
13 1.2 | 215 ‘ 213 | 0.35
Total 100
Cancel Changes ‘ Accept Changes
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Output & Design Module (F1 for Help)

Feliability Analysis

Ferform Anahysis |

Ferpetual Pavement Design Results

EEX

Disclairner

Cost Analysis | Export Data ‘

Layer | Location | Criteria | Threshold | Units | Fercent ... | Damage/Mdillion... | “r'ears to D=0.1
1 Bottomn Harizontal Str.. =70, micr.. B4R 8.1606e-002 17512
3 Top YWertical Strain - 200, micr... 872 P, Pl
< | >
Thickness Design Studio
Mumber of Paverment Layers: ’3_

Layer 1 Layer 2 Layer 3 Layer 4 Lawer 5
WMaterial ‘AC |Gran Base |S|:ui| |S|:ui| |S|:ui|
Thickness, in. |10 o | | Infinite

Leawe Module
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Coming Refinement

e Currently a single fatigue endurance limit is used.
* Results in one-size fits all — overly conservative

e Use FEL Ratio. Use distribution of strains.
Ratio = FEL_/FEL,,,

100% ‘/;—/'44 100%
90% - 95%
80% 90%
=== N10-09 (Cracked)
70% 85%
=—#——N11-09 (Cracked) — -
2 60% o 80% N10-09 (Cracked)
£ —@—58-09 (Cracked) £ 4= N11-09 (Cracked)
g 50% 3 75%
5 $9-09 (Cracked) 5 === 58-09 (Cracked)
& 40% 70% ——c0.
$10-09 (Cracked) 59-09 (Cracked)
30% 65% = 510-09 {Cracked)
==$—=511-09 (Cracked)
20% - Ciod Fateue Lim 60% ==@==511-09 (Cracked)
10% - leld Fatigue Limit 55% = = Fjeld Fatigue Ratio
0
Updated Fatigue Limit (PerRoad) = Updated Fatigue Ratio (PerRoad)
0% - T T T T T 50%
0 200 400 600 800 1000 1200 0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0

Predicted Tensile Strain (microstrain) Fatigue Ratio (Cumulative Strain/FEL)
April 21, 2014 Panel Briefing 39
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Presz F1 to access full help file. Prezs Shift+F1 to access contert-zenstive pop-up help.
Functional Clazsification:
Twotway Aa0T: [1000 (500 ta BOOD]
HTmcks: |1 [1ta 20]
Growth: |1 [Ota 3]
Design Trucks: |B3482 [Tatal Trucks in 30 Years)
Dezign ESALs: (18917 [Tatal ESALz in 30 Years]
ABSHTO Sol Classification: (412w
Soil Modulug;  [23500 (10,000 ta 30,000 pai)
Aggregate Basze Thickness: ’4— (Ot 10i0A.]
Hrda Modulus: | S00000 (400,000 to 1,000,000 psi)
Calculated HiA, i,
Design HhA R
Est | Hep |




Download
PerRoad 3.3
And
PerRoadXpresss«:
Free!




Want to know more about
ASPHALT?

Join AAPT!
B80T

Association of Asphalt Paving Technologists

www.asphalttechnology.org/membership



At the 2016 AAPT Meeting:

» L eading Edge Workshop: Cracking Tests
» 5 Presentations on Cracking Tests

= Symposium: Balanced Mix Design

* ;5 Presentations on High RAP/RAS

* Implementation of Specifications

= Aging Behavior

= Forum Topic: World Asphalt Market
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