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Condition Evaluation and Preparatory Work for Pavement Rehabilitation

Introduction

Pavement rehabilitation design is a complex engineering task.  It often requires more preliminary engineering than does new design.  Large projects on major highways and with heavy loadings require more comprehensive and thorough pavement evaluations than low volume highways.  The aim of this document is to provide guidance for the preliminary engineering process to insure that all relevant information is gathered and properly considered in the pavement rehabilitation design.  All items described herein, as a minimum, should be considered in preparing the design.  The design should acknowledge all pertinent problem areas impacting pavement performance and provide an engineered solution for each one.

The rehabilitation design shall provide for the appropriate service life for the type facility.  Of particular interest for each particular design will be a focused attention on strategies that provide the most technically sound and economical solution, in terms of life-cycle cost, for each project's specific problems.  Innovative techniques and use of non-conventional materials and/or strategies should be openly explored.

General

The basic measure of pavement condition is existing distress.  Knowing the types of distress and the factors that cause them provides great insight into the reasons for pavement deterioration.  Based on distress identification and measurement, feasible 3R and 4R alternatives can be chosen.  The distress survey should be performed first.

Distress identification and measurement must include at least the three factors listed below to provide adequate information for design of a rehabilitation project.  The three factors are:

1. Distress Type - named or categorized by similarity of cause and visual appearance.

2. Severity Level - verbal picture of how significantly or intensively the distress is occurring.

3. Measurement or Amount - quantity of each distress type at each severity level expressed in conventional units.

Distress in existing pavements can be identified accurately as to type, severity and amount.  Certain distress types are directly related to the presence of moisture in the pavement system.  Examination of the distress will indicate the extent of moisture related problems in the pavement.  Which material in which layer is producing the damage cannot be determined from distress observations or simple visual evaluation.

The Mississippi Department of Transportation's Pavement Management System (PMS) includes a distress survey for each homogenous section.  The distress survey covers magnitude and severity for all observable distresses.  This PMS distress survey is based on two 500-foot segments per mile and uses the SHRP Distress Identification Manual.  The use of the PMS distress survey is strongly encouraged.

The type of pavement rehabilitation that is most appropriate continues to change as the pavement continues to deteriorate during its useful life.  A tradeoff always exists between rehabilitation now or in the future, at which time the pavement's condition will be worse and require more substantial work.  Determining the rate of change of various types of distress will assist the engineer in determining the type as well as the timing of pavement rehabilitation.  This data is available from the Pavement Management portion of the TMIS System in the PCR Report (Summary of the Distresses) and/or the Distress Features Report (Distress Details).

Structural Components
All pavement structural components, including original construction and all rehabilitations shall be noted.  The information is to include widths, thicknesses, material types and dates of construction and maintenance.

Deflection Testing
The deflection of a pavement represents the overall system response of the paving layers and subgrade to an applied load.  When a load is applied at the surface, all layers deflect.

Nondestructive testing (NDT) has been applied successfully to flexible, rigid and composite pavements.  Interpreting NDT measurements makes use of empirical, mechanistic, and empirical-mechanistic methods.  The mechanistic methods compute stress, strain and modulus values from the known force, deflections and boundary conditions.  Empirical methods correlate deflection characteristics (by experiment) to pavement features such as weak subgrade, voids and other anomalies in the pavement structure.  The deflection characteristics are also correlated to pavement loadings to determine allowable deflections for a given design loading.  MDOT uses both methods for pavement analysis and overlay thickness design, but relies mainly on the empirical method. 

Several types of NDT equipment have been developed.  The two types in greatest use in the United States are the steady-state device (Dynaflect) and the impact device (Falling Weight Deflectometer or FWD).  MDOT currently uses the FWD testing device.  The use of deflection testing (NDT) to determine the quality of the subgrade and its variability along the length of the project is a standard practice for 3R and 4R projects.

Products of a deflection survey consist of tabulations of deflections, various statistics denoting trends in the data, and recommended overlay thickness designs for different confidence levels.  A narrative description accompanies the deflection survey results.  This narrative will identify any unusual aspects of the data and, when applicable, make pertinent recommendations concerning rehabilitation alternatives.  The results of the deflection survey are to be used in conjunction with all other preliminary engineering data in designing the rehabilitation alternative.

FWD Request Requirements

1. Current and accurate Project Number so that time and equipment can be properly charged.

2. Locate and verify the beginning and ending PMS markings, relative to the project, are in place.

3. Log mile and station number of beginning and ending of project.  Include any landmarks or termini information available.

4. An urban limits map with project clearly highlighted and/or marked from BOP to EOP.

5. PMS data sheets for each homogeneous analysis section with schematic or typical section sketch of the pavement system down to the subgrade.  Combine like layers into one dimension.  *Note – The deflections are collected in the outside wheel path of the truck lane and the schematic or typical section should reflect this portion of the roadway.

6. Core information and the location in which it was collected, to include thickness of structure and structural characteristics observed in the core pertinent to the evaluation.

7. Design traffic relative to each homogeneous analysis section.  Usually the design traffic will span multiple homogeneous analysis sections.

8. A traffic control plan for the FWD collection and a contact person for organizing the traffic control.

Special Request Requirements

1. Only one project per request package.  Multiple requests can be made but each project must be submitted in a separate request package. 

2. Request the design traffic from the Planning Division well in advance to submitting the FWD request to the Research Division so that it will be available to be included in the package.

3. Request the FWD collection at least one month, prior to the committee meeting on the project.

4. All of the above requirements are imperative for the Research Division to formulate a plan to collect and process the FWD data.

Design Soil
The evaluation phase is the time to decide if the existing subgrade soil distribution or condition is different from the soil information used in the original pavement design.  If it is known or suspected that the existing CBR is materially different from previously reported, then a survey and testing of the subgrade should be made for use in determining final pavement thickness.

Pavement Material Sample Analysis

At least one pavement material sample should be taken from each PMS homogeneous analysis section.
Visual examination of material samples of the pavement structure provides valuable information about environmentally induced deterioration in pavement layers.  These material samples may include cores, sawn samples, chunk samples obtained through various methods, etc. This includes concrete, asphalt and other stabilized layers.  These material samples shall be representative of the different conditions found on the project.  No evaluation will be considered complete, unless an experienced engineer has completed visual observation of materials from the project.

The material samples should be visually examined for general condition, and distresses and defects such as cracks, voids, layer separation, aggregate distribution, segregation, bleeding, general type and shape of aggregate (such as rounded gravel or angular crushed stone), and any indication of stripping.  Stripping in asphalt concrete is the physical separation of the asphalt cement film from the aggregate in the asphalt concrete.  The strength and stability of an asphalt concrete material is the direct result of the bonding and waterproofing provided by the asphalt cement.  When the cement is no longer bonded to the aggregate, there is little or no resistance to deformation under load.  The integrity of the material is lost.  The potential for this to develop should be examined in the mix design phase, and for rehabilitation, should be investigated by visual observation of cores taken from the pavement.  An engineering study shall be conducted to determine the appropriateness of allowing material exhibiting stripping to remain in place.  The field logs describing the material samples and where they were taken should also be reviewed prior to the visual examination in order to be aware of and confirm or reject any notations made in the field.

Results of the material sample visual examinations should be recorded.  Descriptions shall be in keeping with sound engineering practice.  An explanatory note may also be recorded if needed.  The material sample report should also identify the layer number and approximate thickness of individual layers within the samples as well as the total pavement structure thickness. 

Pavement cores, or pictures of the cores, should be retained by the District Materials Engineer.  They will be reviewed during the pavement rehabilitation committee meetings.

Drainage Considerations
Adequate drainage is a major factor in the successful performance of every pavement.  Accordingly, the on-site evaluation of the existing pavement should include visual observation, not only of the moisture related problems in the pavement, but also the condition of roadside drainage features that affect future pavement performance.  The proposed pavement rehabilitation design must provide sufficient drainage to reduce, if not eliminate, entrapped water from the pavement system.  The design must also correct any existing roadside drainage problems, including existing drains and ditches, to keep water out of the pavement.

 Rehabilitation Committee Meetings:

A pavement rehabilitation committee meeting must be held on all projects containing 3R/4R rehabilitation.  This committee should consist of the following representatives as a minimum:  District Office (Construction & Materials), Construction Division, Roadway Design Division, Research Division, and FHWA (where applicable).  

Documentation of Meetings:

Documentation of the pavement condition (including FWD, cores) should be compiled in draft form, and distributed prior to the meeting.  After the meeting is held, the Draft Report, with the preferred rehabilitation method shall be prepared by the District and distributed.  After receiving comments from committee members after the meeting, the District will submit the Final Pavement Rehabilitation Committee Report to Roadway Design Division.  From this report, a recommendation will be forwarded to the Assistant Chief Engineer-Preconstruction).  
As a minimum, the following types of information should be submitted for each homogeneous section in the pavement rehabilitation project:

· Construction, rehabilitation and maintenance history from the RDD-680 Report in the TMIS Application

· Condition Survey Information, to include roughness and distresses from the PCR Report in the TMIS application.  Document probable cause of distress, if known.

· Pavement safety issues, such as skid (friction) resistance, where appropriate

· Structural evaluation with deflection (FWD) measurements

· Analysis of pavement cores

· Alternative rehabilitation strategies considered

· Special considerations

· Recommendations

The level of data collection, analysis and documentation should be directly related to the level of importance of the facility.  On Interstates, other freeways and major highways, field reviews and evaluations must be thorough, testing should be comprehensive and documentation will be substantial.  On less critical projects, and lower classification type roads, the entire evaluation and documentation process is correspondingly less intense.

On an Interstate project, for example, a structural evaluation and the preparatory work prior to performing a pavement rehabilitation design will ordinarily consist of a review of available distress and deflection data and information, and a determination about additional data needed; a visual evaluation of the roadway; a determination of the number, size and location of material samples needed (in some cases it may be necessary to trench a pavement transversely to further evaluate the overall pavement structure and performance of individual layers); and measurement of rut depths.  If milling is being considered and asphalt pavement recycling is a possibility, then sufficient material samples must be taken not only to recommend milling depth, but also to use for preliminary mix design parameters.

Structural evaluation and preparatory work for asphalt concrete overlays is an evolutionary process.  User input about better or easier ways to gather and interpret pavement performance information is essential and welcome.

Design and construction information for a wide array of pavement rehabilitation alternatives can be obtained from FHWA's PAVEMENT REHABILITATION MANUAL, Publication No. FHWA-ED-88-025.

This PAVEMENT REHABILITATION POLICY adopted by the Mississippi Transportation Commission on July 28, 1992. 

ATTACHMENT A

CODES FOR VISUAL EXAMINATION

OF

HOT MIX ASPHALT CORES


Code
Description

01
Intact core; excellent condition; suitable for testing.


02
Hairline cracks on the surface of the core; suitable for testing.


03
Cracks and/or voids visible along the side of the core; core is suitable for testing.


04
Badly cracked or damaged core; unsuitable for testing except for maximum specific gravity or asphalt content.


07
Core extremely damaged from sampling, shipping, or laboratory handling; unsuitable for testing.


09
Core consisted of two or more AC layers.  Appropriate layer numbers to be assigned to each layer.


10
One or more asphaltic concrete layers have become separated due to sampling, shipping or laboratory handling; appropriate layer numbers to be assigned to each layer.


11
Segregation of coarse and fine aggregate is observed over 25% or more of the surface area of the core.


12
Voids in the matrix of the AC mixture are observed along the sides of the core.


13
Voids due to loss of coarse and fine aggregate are observed along the sides of the core.


14
Core is missing significant portions and cannot be considered a coherent cylindrical core; unsuitable for testing.


15
Coarse aggregate along the face of the core contains 50% or more of crushed materials with fractured faces.


16
Coarse aggregate along the face of the core is a mixture of uncrushed gravel and crushed gravel or stone.


17
More than 10% of the surface area of the core contains soft and deleterious aggregate particles or clay balls.  Soft is defined as those aggregates that can be easily scratched with a knife.


18
Slight stripping.  Stripping is defined as the displacement of asphalt cement film from the surface of the aggregate.  Slight stripping is identified when the asphalt cement film has been displaced from and/or discoloration is observed on less than 25% of the surface area of the aggregate(s) showing signs of stripping.


19
Severe stripping.  A loss of coarse or fine aggregate has been noted over 25% or more of the core face and the asphalt film has been displaced from 25% or more of the surface area of the aggregate(s).


20
Slight bleeding.  5% or less of the asphalt matrix portion of the core is in a non-hardened condition and exhibits shiny and sticky surface.


21
Severe bleeding.  More than 5% of the asphalt matrix portion of the core is in a non-hardened condition and exhibits shiny and sticky surface.


99
Other comment (describe in a brief note).

Note:  References to Codes 19 through 21 should also identify the specific layer(s) in which the problem is occurring.
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