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Presenter
Presentation Notes
Hello Everyone. Good Afternoon to you all. I am Narain Hariharan and Today I will be presenting to you a ‘Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas’
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STUDY OBJECTIVES

Quantify Vertical Movement (VM) of 
Expansive Subgrade Soils in Texas 

Evaluate impact of VM on Pavement 
Roughness

Establish Methodology to Quantify 
Roughness Characteristics of 

Pavement Systems

Develop Computer Program ‘Mr.TxES’ 

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Let us start by reviewing the objectives of this study. Explain history of expansive soil formation in Central USA. Explain VM impact on Bump height. Explain integrating VM and Pavement properties to Quantify Roughness. Establish a database of soils in Texas in Mr. TxES. 
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MOTIVATION

-Why Quantify Roughness?
• Impacts ride quality, vehicle costs etc.
• Helps monitor pavement networks.
• Prioritize future projects.

- How to Quantify Roughness?
• PSI (Pavement Serviceability Index)

- 0 to 5 user subjective rating of the Pavement

• IRI (International Roughness Index)
- Terminal IRI (Inches/Mile) = 533.45 x exp[-0.4664 PSIf] 

(Reference: Lytton et. al. 2004)

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
So what is the need to assess pavement roughness and how do we quantify roughness? Roughness is an important pavement characteristic and has a direct influence on quality of ride, vehicle maintenance and delay costs, fuel consumption and so on. Quantifying roughness can also be of great use to prioritize future projects, monitor existing pavement networks, checking for a pavement design for failed IRI prior to anticipated pavement life and so on.  Explain Indexes to quantify roughness.
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REVIEW OF AASHTO APPROACH

Loss of Serviceability due to Expansive Subgrade Soils 
(∆PSIswell) is:

∆PSIswell= 0.00335. Vr .Ps .(1- e-ɵt)

‘Vr’ is Potential Vertical Rise, ‘Ps’ is Swell Probability, ‘ɵt’ is 
Rate of Swell

Limitations: 
• ‘Active Zone’ not considered
• Effect of ‘Shrinking’ soils not considered
• Predictions are conservative

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
A quick review of the AASHTO method to quantify serviceability loss due to expansive soils. AASHTO method uses a direct empirical relationship to predict contribution of swelling towards drop in serviceability separately. This has to be combined with visual serviceability ratings of the pavement for the effects of loading to arrive at the combined serviceability drop. Vr related to PI, Ps and rate of swell are all related to PI..Explain limitations.
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SIGNIFICANCE OF SUCTION
Suction < Equilibrium Suction             Drying Cycle (Soil Shrinks)
Suction > Equilibrium Suction             Wetting Cycle (Soil Swells)

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
So how can the limitations in the AASHTO approach be overcome? Essentially the limitation of the AASHTO approach lies in the fact that it fails to consider the effect of suction (moisture energy). The figure that is being shown up on screen shows soils form 2 regions and also 2 soils from the same region (forthworth). One can clearly see the variation of suction with depth and the depth at which suction values even out (Depth of active zone). The figure hence is very important in understanding the importance of suction in the soil response.  The dotted lines represent Equilibrium suction values for the locations in question and during periods of draught/flooding, the suction ranges at the surface fluctuate leading the soil to shrink and swell. 
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PROPOSED APPROACH

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Pavement Roughness
(∆PSI, IRI)

Pavement 
Properties

Subgrade 
Properties

Site Specific 
Properties

-Structural Number 
(SN)

- Design Traffic 
(ESALs)

- Design Reliability

-Resilient 
Modulus (Mr)

-Vertical Movement 
(∆H)

- Thornthwaite
Moisture Index 

(TMI)
- Depth of Active 

Zone (z)

Presenter
Presentation Notes
The proposed approach to predicting pavement roughness characteristics takes into account pavement, subgrade and site specific properties to quantify roughness in terms of serviceability loss and IRI.  The approach combines the contribution of expansive subgrades, traffic loading due to stresses surrounding the soil (Mr).
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STEPS INVOLVED

- Pressure Plate Test
- RATT Test

• Equilibrium Suction 
(Ue)

• Depth of Active Zone 
(z)

• Wetting/Drying 
Cycle(n)

-TMI Distribution Map 
of USA

2. LAB TESTS

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

• Soil Water 
Characteristics

• Suction Compression 
Index (𝛾𝛾ℎ)𝛾𝛾ℎ

• Diffusivity (α)
• Resilient Modulus

1. FIELD WORK 3. SITE INFO 
COLLECTION

-Coring/Boring of 
Pavement Section

- Subgrade Material 
Collection

• Pavement Layer 
Thickness Analysis

• Soil Condition 
Assessment

• Sampling for Lab Tests

‘Mr.TxES’

Presenter
Presentation Notes
The steps involved in successfully accomplishing the objectives of this study can be split into 3 categories. The first step is of course to collect the necessary material from the field for laboratory testing and analysis. For this study, subgrade soil samples from the SH130 corridor were collected. Apart from subgrade material, coring and boring also needs to be done to get the layer thicknesses of the pavement system in study. Once the samples are collected from the field, there are two major tests that need to be performed. One is the Pressure Plate test to obtain the SWCC of the soil. The other major lab test is the RATT test to obtain the resilient modulus of the subgrade samples. The third category is collection of location specific information which is centered around the TMI and we shall discuss shortly.
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TMI DISTRIBUTION IN USA

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
The map on screen shows the Thornthwaite moisture index distribution in the US. This index is indicative of the climate of the region taking into account factors like precipitation levels, climate change and variability, degree of saturation etc. TMI can be used to calculate Ue, z, n through empirical relationships.
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LABORATORY TESTS
Pressure Plate Test  (ASTM D2325)

Suction Compression Index, 𝛾𝛾ℎ =
∆𝑉𝑉
𝑉𝑉

∆𝑝𝑝𝑝𝑝

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
The pressure plate test uses the axial translation technique (controlling matric suction by increasing air pressure and keeping pore water pressure equal to atmospheric pressure. For this test, the samples obtained from the field are re-molded and compacted and saturated in a moisture conditioned environment for 72 hours prior to testing. The Ue and Uo obtained through TMI are then used to apply pressure ranges to the soil samples. The moisture content and volume of the samples is monitored at every pressure interval and the SWCC is obtained. 
The SWCC is nothing but a relationship of the response of the soil to various pressure ranges. We get the slope of the SWCC to get gamma h and alpha from gamma h.  
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LABORATORY TESTS
Rapid Accelerated Tri-Axial Test (AASHTO T 307)

Resilient Modulus, 𝑀𝑀𝑟𝑟 = 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (𝜎𝜎𝑑𝑑)
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 (𝜀𝜀𝑟𝑟)

6” by 6” Soil Samples from SH130

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Resilient modulus of the subgrade soil is an important property that characterizes the performance of flexible pavements. Resilient modulus (Mr) is defined as the ratio of the deviatoric stress  (𝜎 𝑑 ) to the recovered elastic strain under cyclic loading. The rapid accelerated triaxial test was used to obtain Mr of the soil samples. Confining pressure= 4-6 psi and deviatoric stress = 6psi to simulate field conditions.
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BASIS FOR ESTIMATION VM
Step 1: Establish Suction vs. Depth profile as per Mitchell (1979)

‘Ue’, ‘Uo’, ‘n’, ‘α’ and ‘z’ are obtained through empirical relationships based on TMI and Climate data.

Step 2: Compute Volumetric Swelling and Shrinkage Strains within Depth 
increments

Step 3: Compute Vertical Swell and Shrinkage Strains and hence total VM

∆𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = �
𝑖𝑖=1

𝑛𝑛

𝑓𝑓𝑖𝑖
∆𝑉𝑉
𝑉𝑉

∆𝑧𝑧𝑖𝑖𝐻𝐻

‘f’ is the crack fabric factor and assumes values of 0.5 for Shrinkage cycle and 0.8 for Swelling 
cycle.

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Explain the steps involved briefly. Step 2: Swelling and Shrinking strains are estimated separately and the combined for the total vertical movement.
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BASIS FOR ESTIMATING ROUGNESS
• Establish following Pavement Properties:

• Initial Serviceability Rating (4.2 for Flexible Pavmements)
• Design life (t) in years
• Design Traffic (W18) ESALs
• Design Reliability (Zr)
• Subgrade Resilient Modulus (Mr)
• Total Vertical Movement (∆Htotal)

∆𝑃𝑃𝑃𝑃𝑃𝑃𝑡𝑡 = 𝑃𝑃𝑃𝑃𝑃𝑃0 − 1.5 𝑒𝑒𝑒𝑒𝑒𝑒 −
𝜌𝜌𝑠𝑠
𝑡𝑡

0.66

𝜌𝜌𝑠𝑠 = 𝐴𝐴𝑠𝑠 − 𝐵𝐵𝑠𝑠∆𝐻𝐻𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
𝐵𝐵𝑠𝑠 = 17.96 + 4.195𝑍𝑍𝑅𝑅

𝐴𝐴𝑠𝑠 = 𝑡𝑡 ln 10−𝜆𝜆 1.52

( )
( )[ ]01010181019.5 log32.227.81log36.9log

1
094,14.0 sZMSNWx

SN Rr +−++−




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

+
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RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Explain steps involved briefly. 
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‘Mr. TxES’ COMPUTER PROGRAM

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Mr. TxES – Explain the reasoning behind the name. Vertical Movement and Pavement Roughness on Texas Expansive Soils.
Mr. TxES was developed to incorporate all of the steps discussed so far to serve as a user-friendly tool to calculate vertical change in height of subgrade soils across texas and analyse the impact on pavement roughness. Mr. TxES also has the capacity to calculate the change in serviceability of pavement systems with time and can do the analysis with or without the effects of expansive soils.
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‘Mr.TxES’ USER GUIDE SNAPSHOT

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
The program has a detailed user guide that provides explanations and guidelines to selecting various parameters involved in the approach. It has 2 sections. One for the vertical movement calculation and another for the pavement roughness estimation. 
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‘Mr.TxES’ 
PROJECT 
IINPUTS

Presenter
Presentation Notes
This is the front screen of Mr.TxES. Under the File tab, there is the option to save the analysis and open previous analysis etc. Help takes you to the user guide and the About gives you an encapsulation of the program capabilities along with contact info and all the other good stuff. So the project inputs screen lets the user enter basic info about the project. There is the option, as you can see to perform the VM calculation and Roughness calculations separately and the option to combine the two.
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VERTICAL 
MOVEMENT 
ESTIMATION

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
VM Calculations- The County tab has all the counties in texas loaded into it. When the user chooses the county, all the fields in the Location based inputs section get automatically populated. However, there is the option to manually input some of these fields to do sensitivity checks etc. The second section has the Suction measurement inputs and has 3 options. The Manual input options provide the user the opportunity to use gamma h data from an existing database while the SWCC method goes through the steps involved in laboratory testing to generate gamma h through SWCC curve.
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VERTICAL 
MOVEMENT 
ESTIMATION

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
The screenshot shows an example of SWCC obtained through laboratory data. As discussed previously, the moisture content and weights of the soil samples are monitored at various pressure ranges in the pressure plate test to obtain the SWCC after which gamma h, the suction compression index is computed for each of the pressure intervals. This method is obviously more complete and accurate for the specific soil collected compared to the estimate using database values or using some other empirical method.



www.fugro.com18

PAVEMENT 
ROUGHNESS
ESTIMATION

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Next we move to the roughness estimation. Again, the program is structured in a similar manner to the VM calculations tab. There are 2 options to enter information pertaining to the pavement under examination. The first option provides guidance to calculating the information using the various factors involved. The methodology and relationships used in this process have been explained in the user guide. The Mr obtained through lab testing is also inputted along with the vertical movement obtained in the previous analysis tab, if required. 
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PAVEMENT 
ROUGHNESS
ESTIMATION

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
This screen shot shows the results of the analysis. The graph shown shows the delta PSI (drop in PSI rating) at any point along the design life of the pavement. 
The terminal serviceability is a measure of the PSI at the end of the design life. Typically a minimum PSI of 2.8 is advisable before any M&R be considered. Terminal IRI is also computed based on the Terminal PSI values. In this example, as you can see there was about 46mm of vertical movement due to the soil. Considering traffic only, the terminal PSI of the pavement system us close to 3 whereas considering expansive soils, the rating drops to 2.2 over 30 years.
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SUMMARY

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

‘Mr.TxES’

Pavement 
Properties

Subgrade 
Properties

Site Specific 
Properties

Need for 
Stabilization?? Need for M&R??

Future Pavement 
Design 

Considerations !!

- Swell/Shrink Potential
- Serviceability Loss
- IRI

Presenter
Presentation Notes
In summary, in this study the roughness characteristics of flexible pavements in Texas was quantified in terms of serviceability loss by taking into effect several pavement properties together with the effect of expansive soils. The results of the analysis can be used for emphasizing the need for stabilizing the subgrade. Mr.TxES can also serve as a tool to monitor existing pavement networks and prioritizing future projects. The analysis can be of use in providing future pavement design consideration pertaining to a specific location.
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FUTURE WORK/ IDEAS

• ‘Mr.TxES’         ‘Mr.USES’

• Sensitivity Analysis 

• Cost Analysis

• Automate SWCC generation

• Incorporate use of LTPP traffic data

RPUG 2015- Methodology to Predict Roughness Characteristics of Flexible Pavement Systems in Texas

Presenter
Presentation Notes
Future work- Phase 2:
Expand analysis to throughout US. Add features like sensitivity analysis and cost analysis to compare pavement systems. Research a way to automate SWCC generation through upcoming methods like Methylene blue testing. Incorporate traffic data from LTPP sections and database to establish a trustworthy database.
Concrete pavements?? MERRA index instead of TMI?? Etc etc.



QUESTIONS??                     

THANK YOU

NARAIN HARIHARAN
Fugro Roadware

8613 Cross Park Drive, Austin, TX-78748  
Cell: 979-739-5725

Email: nhariharan@fugro.com 
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