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FOREWORD

The Long Term Pavement Performance (LTPP) program Specific Pavement Studies 7 (SPS-7)
experiment was undertaken to explore the use of bonded concrete overlays as a means for
rehabilitating concrete pavements. However, only four of the planned 12 SPS-7 projects were
built. This report documents an assessment of the SPS-7 experiment as it exists today. It was
prepared to provide a factual basis for discussions, with the participating State highway agencies
and other agencies involved in research concerned with bonded concrete overlays, as to how we

might best use them to maximize our learning on this important topic.

Due to the nature of this report, broad dissemination is not planned. Copies will be provided to
the States participating in the SPS-7 and other bonded concrete overlay experiments. Others may
obtain the report through the National Technical Information Service.

Director, Office of Engineering
Research and Development

NOTICE

This document is disseminated under the sponsorship of the Department of Transportation in the
interest of information exchange. The United States Government assumes no liability for its
contents or use thereof. This report does not constitute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trade and
manufacturers’ names appear in this report only because they are considered essential to the

object of the document.
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SPS-7 BONDED CONCRETE OVERLAYS

INTRODUCTION

Bonded concrete overlays are used to provide structural strengthening to existing
concrete pavements to extend the service life of the pavement. Over the years, many studies
have been conducted to improve the design and construction techniques for bonded concrete
overlays that would result in improved pavement performance over the design service life of the
pavement. A primary requirement for bonded concrete overlays is that the overlay and the
existing pavement behave as a monolithic structure. Failure to do so will result in premature
failures of the overlay because of high stresses that would develop in the overlay acting
independently. Thus, it is very important that adequate bond exists at the interface between the
overlay and the existing pavement. One of the major drawbacks of a bonded concrete overlay
system is the potential for delamination at the interface between the overlay and the existing
pavement. The development of delamination is dependent on many factors, the most important
being surface preparation, bonding grout used, curing procedures used, and timely sawing of

joints as needed in the overlay.

The SPS-7 experiment is aimed at the study of techniques to achieve adequate bonding at
the interface between the overlay and the existing concrete, the effects of various factors on the
degree of bonding achieved, and the affect of the degree of bonding on the long-term
performance of the overlaid pavement. In addition, the experiment also incorporates two levels
of overlay thickness to study the effect of overlay thickness on long-term performance of the

overlaid pavement.

To date, only four SPS-7 projects have been constructed. Since the SPS-7 experiment
has not been populated as planned, a study was undertaken to review the status of the experiment
with primary emphasis on future usefulness of the SPS-7 experiment within the context of the
national Long-Term Pavement Performance (LTPP) program.

BACKGROUND

The SPS-7 study was developed specifically to study the effects of method of surface
preparation prior to resurfacing, use of cement grout, and overlay thickness on the long-term
performance of rehabilitated portland cement concrete (PCC) pavements. The experimental
design called for a total of 96 bonded overlay test sections and 12 control test sections to be
constructed at 12 project sites. Three project sites were t0 be located in each of the four
environmental regions. The three SPS-7 project sites in each environmental region were to
incorporate two existing jointed plain concrete pavement (JPCP) projects and one continuously

reinforced concrete pavement (CRCP) project. As such, the SPS-7 experiment was also designed
to examine the effect of climate, type of existing pavement, condition of existing pavement, and
traffic as covariants. The experiment design stipulated a traffic loading level in the study lane in
_excess of 200,000 equivalent single axle loads (ESAL’s) per year. The experimental design for
SPS-7 is presented in table 1. Specific details of test sections at each project are given in table 2.



The recruitment of SPS-7 project sites began during 1989. However, to date only four
projects have been constructed, and no additional SPS-7 projects are expected to be constructed.
The basic details of the four projects are given in table 3.

As with most other LTPP test sections/projects, five categories of data are being collected
from the SPS-7 projects. These are:

Inventory data.

1.

2. Materials data.
3. Climatic data.

4. Monitoring data.
5. Traffic data.

The monitoring data include surface distress survey data obtained manually and by
interpreting photographic images. Although the distress surveys account for typical concrete
pavement distresses, these surveys and other routine field monitoring activities do not evaluate or
identify the extent of delamination or degree of bonding between the overlay and the existing
pavement.

In the following sections, the four SPS-7 projects are described in detail and an
assessment is provided on the availability and quality of data for these four projects. The scope
of work for this study did not include data analysis.

SPS-7 PROJECT DETAILS

Some of the relevant data for the four SPS-7 projects are provided in this section. More
detailed information on these projects is given in references 1, 2, 3, and 4.

Missouri SPS-7 Project

Original Pavement:
JPCP constructed in 1955.
Thickness - 254 mm.
Joint spacing - 6.1 m.
Joint type - non-doweled. -
Base - 102-mm crushed limestone.
Subgrade - clay.
Shoulder type - asphalt concrete (AC).
Traffic pattern - part of a 2-lane, 2-way roadway; since 1971, part of northbound

lanes.
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Table 2. Teét section layout at each SPS-7 site.

Section Number Surface Preparation Grout Use Overlay Thickness, mm

701 Control --- ——-

702 Milling Yes 76.2
703 Milling No 76.2
704 Shot Blasting No 76.2
705 Shot Blasting Yes 76.2
706 Shot Blasting Yes 127.0
707 Shot Blasting No 127.0
708 Milling No 127.0
709 Milling Yes 127.0

Secondary cleaning, such as sand blasting, was required for the milling technique.

Note:
Final cleaning using air blasting or mechanical sweepers was required of all
prepared surfaces.
Table 3. SPS-7 project sites.
Date Original Weigh-in-
Original Date Existing | Pavement Motion
State Pavement Overlay |Pavement | Thickness, | Environmental | (WIM)
Constructed | Constructed | Type mm Region Installed
Missouri 1955 July 1990 JPCP 203 Wet-Freeze Yes
Minnesota 1970 October 1990 CRCP 203 Wet-Freeze Yes
Louisiana 1979 April 1992 CRCP 203 Wet-No Freeze -
lowa 1967 August 1992 | CRCP 203 Wet-Freeze Yes




Overlay Sections:

Constructed - July 1990.

No. of sections - 9 SPS-7 required; 9 agency-designed.

Traffic - 6300 to 6500 Average Annual Daily Traffic (AADT) (1988); 11 percent trucks;

213,000 to 253,000 ESAL’s.

Pre-overlay repairs

Pre-overlay condition survey -
Non-routine testing performed

by agency

Overlay curing details -

Specific construct time and
early age observations

Minnesota SPS-7 Project

Original Pavement.

CRCP constructed in 1970.
Thickness - 203 mm.
Base/Subbase - 76-mm soil aggregate base;

Full-depth patching.
Stitching across cracks.

Yes.

Maturity meter testing.

Towa shear test and tension pull-off tests.
Delamination surveys.

Curing compound used.

Curing blankets used after 4 days and not after 4
hours, as stipulated in contract.

Section 290708 was not sandblasted after milling.
Dust deposits present prior to grouting and
overlaying. Section 290708 exhibited some
debonding at 2 days and 24 percent debonding at 60
days.

At 60 days, sections 290706 and 290707 had

exhibited complete debonding.
sections 290704 and 290705 exhibited 28 percent

and 16 percent debonding, respectively, at 60 days.

305-mm sand subbase.

Steel Reinforcement — data missing.

Subgrade - clay.

Shoulder type - AC.

Overlay Sections:

Constructed - October 1990.
No. of sections - 9 SPS-7 required; 1 agency-designed.

Traffic - 2-wa

Pre-overlay repairs

Pre-overlay condition survey -

y AADT of 16,000 vehicles (2011 est.); 21 percent trucks; study lane
ESAL data not available.

No details available.
Photographic distress survey performed.



Non-routine testing performed

by agency - No details available.
Overlay curing details - No details available.
Specific construct time and

early age observations - No details available.

Louisiana SPS-7 Project

Original Pavement:
CRCP constructed in 1979.
Thickness - 203 mm.
Base/Subbase - 102-mm hot mix AC (HMAC); 152-mm lime-treated subbase.
Steel Reinforcement — data missing.
Subgrade - 2.1 m fill silty clay.
Shoulder type - tied PCC shoulder.

Overlay Sections:
Constructed - April 1992.

No. of sections - 8 SPS-7 required (no control section).

Traffic - 2-way AADT of 24,000 vehicles (1989); 15 percent trucks; 550 ESAL’s/year in

study lane.

Pre-overlay repairs - Full-depth patching.
Pre-overlay condition survey - Yes.
Non-routine testing performed

by agency - No details available.
Overlay curing details - No details available.
Specific construct time and

early age observations - Water blasting used for secondary cleaning for

milled sections. Construction joints in section
220709. Overlay thicknesses larger than specified.

Iowa SPS-7 Project

Original Pavement:
CRCP constructed in 1967.
Thickness - 203 mm.
Base/Subbase - 102-mm crushed stone base; 610-mm sandy clay subbase.
Steel Reinforcement - data missing.
Subgrade - sandy clay.
Shoulder type - AC.

Overlay Sections:
Constructed - August 1992.
No. of sections - 9 SPS-7 required; 1 agency-designed.



Traffic - 2-way AADT of 1 1,400 vehicles (early 1990's); 29 percent trucks; 668,000

ESAL’s in study lane.

Pre-overlay repairs - Full-depth patching.
Pre-overlay condition survey - Yes.
Non-routine testing performed

by agency - No details available.
Overlay curing details - No details available.
Specific construct time and

early age observations - Overlays were thicker than specified at several

locations.

ASSESSMENT OF SPS-7 DATABASE

All available SPS-7 data and appropriate tables were obtained from the National
[nformation Management System (NIMS) during August 1997. Not all of the data received from
the NIMS were at Level E record status, meaning that some of the data used to assemble the
SPS-7 database have not passed all the established quality assurance checks. Data that are ata
record level other than E are not made available to the public. Construction reports from each of
the SPS-7 project sites were also obtained, along with any other documents relevant to the SPS-7
experiment. All the available data and documentation were reviewed to identify missing and
erroneous data that would affect any future analyses. Data categories that were considered in this
assessment include the following:

Pre-Overlay Condition Data.
Post-Overlay Monitored Data.
PCC Overlay Construction Data.
PCC Overlay Thickness.
Material Test Data.

PCC Bond Strength Data.
Traffic Data.

Deflection Data.

Delamination Survey Data.

The SPS-7 specific data tables available in NIMS are listed in table 4. A summary of key
data availability for each of the four SPS-7 projects is given in tables 5, 6, 7, and 8.

Pre-Overlay Condition Data

Construction reports and data from the NIMS were reviewed to evaluate the completeness
of the pre-overlay condition data for the existing PCC pavements at the SPS-7 project sites.
Manual or automated distress surveys were required before overlay placement for reference. To
date, there is only one project site, Louisiana, with a complete pre-overiay manual distress survey
available in the NIMS. The SPS-7 project site at lowa had approximately 50 percent of the
© sections manually surveyed prior to overlay construction. The construction report for the



Table 4.

SPS-7 specific data tables.

Table Name

Table Description

Comment

SPS7 DELAMINATION

Surface removal/cieaning for PCC surfaces.

SPS7_INTERSECTIONS

SPS test section information.

No records.

SPS7_LAYER

Layer descriptions.

SPS7_LAYER_THICKNESS

Layer thickness measurements.

SPS7 LOAD_TRANSFER

Load transfer restoration data.

No records.

SPS7_MILLING

Milling of PCC surfaces.

SPS7 NOTES_AND_COMMENT

Section notes and comments.

No records.

SPS7_PCC_CRACK_SEAL

Crack resealing data for PCC surfaces.

No records.

SPS7_PCC_FULL_DEPTH

Full-depth repair data for PCC surfaces.

SPS7_PCC_JOINT_RESEAL

Joint resealing data for PCC surfaces.

SPS7_PCC_OVERLAY

PCC overlay placement operations.

SPS7_PCC_PART_DEPTH

Partial-depth patching data for PCC surfaces.

SPS7_PCCO_JOINT_DATA

PCC overlay placement operations.

SPS7_PROJECT_STATIONS

SPS test section information.

SPS7_QC_MEASUREMENTS

Construction quality control measurements.

SPS7_REFLECTIVE_CRACK

Reflective crack control data for PCC
surfaces.

SPS7_REMOVAL_CLEANING

Surface removal/cleaning for PCC surfaces.

SPS7_SUBDRAINAGE

Subdrainage (retrofit) data.

No records.

SPS7_TRANFER_EFFICIENCY

Load transfer restoration data, transfer
efficiency.

No records.

SPS7_UNDERSEALING

Undersealing data for PCC surfaces.

No records.

Note:

table was provided with
specific data tables provided included Level A to

exist for the "no records"” tables.

Data table availability was as of August 1997. "No records”" means that the data
out any records in the table. Since the other SPS-7
E data, this implies that no data
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Missouri project states that distress surveys were completed prior to the placement of the
~ overlay. However, no records of the results for the pre-overlay condition surveys of the SPS-7
site in Missouri are available in the NIMS. No manual survey was performed at the Minnesota

SPS-7 project site.

The only two photographic distress surveys that were performed prior to the construction
of the concrete overlay are for the Minnesota and Missouri project sites. The photographic
distress surveys cannot be relied upon to provide reliable information on transverse cracking in

CRCP.
Post-Overlay Monitored Data

Data from the NIMS were reviewed to evaluate the completeness of the data concerning
the post-overlay condition of the SPS-7 project sites. Manual distress surveys following the
placement of the overlay were available in the NIMS for all four SPS-7 project sites to varying
degrees. A total of five post-overlay manual distress surveys have been completed and uploaded
to NIMS for all the sections at the project site in Missouri. Three post-overlay manual distress
surveys have been completed and uploaded to NIMS for most of the sections at the project site in
Minnesota. Two post-overlay manual distress surveys have been completed and uploaded to
NIMS for all the sections at the project site in Louisiana. Two post-overlay manual distress
surveys have been completed and uploaded to NIMS for about 50 percent of the sections at the
project site in lowa. With respect to photographic distress surveys, as shown in tables 5 to 8, at
least two rounds of post-overlay surveys have been performed at each SPS-7 project site. Of
these survevs. only those surveys performed during 1996 have recently been interpreted. But
these data are not vet available in the NIMS. However, as noted earlier, the photographic
surveys cannot be relied upon to provide reliable information on transverse cracking in CRCP.

Tables 9 to 12 present data on the total number of transverse cracks across all severity
levels that were recorded in the post-overlay condition surveys for each of the project sites. All
the data in tables 9 to 12 were taken from the manual surveys stored in the NIMS, with the
exception of one survey at the Minnesota site and one survey at the Missouri site. These two
exceptions are data from the automated pre-overlay surveys (PADIAS) stored in the NIMS.

Upon closer inspection of the total transverse cracking data in tables 9 through 12, several
observations can be made concerning the quantity and quality of the condition data collected for
the four SPS-7 project sites. There was no control section incorporated in the Louisiana project
site. The condition data available in some cases are of questionable accuracy. It should also be
noted that the photographic survey procedure is not considered very reliable for identifying low-
severity transverse cracking in PCC pavements. Thus, any assessment of transverse cracking
data obtained using photographic surveys must be done with caution.

The condition data collected for the Iowa project site follows typical trends in crack
development following a structural overlay. The amount of data collected prior to the placement
" of the PCC overlay is lacking, as only 50 percent of the sections were surveyed. Only two post-
overlay manual condition surveys are currently stored in the NIMS, with none undertaken more
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Table 9. Number of transverse cracks at Iowa project site (manual surveys).

Section Number Prior to Overlay Immediately After 12 Months After
Overlay Overlay
701 237
702 37 71
703 6 81
704 123 6 50
705 204 1 36
706 129 39 96
707 111 52 52
708 53 97
709 59 102

Table 10. Number of transverse cracks at Louisiana project site (manual surveys).

Section Number Prior to Overlay 8 Months 26 Months After
After Overlay Overlay
702 126 78 87
703 141 60 85
704 140 67 104
705 146 59 86
706 88 84 89
707 94 78 86
708 87 91 95
709 95 126 128
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Table 11. Number of transverse cracks at Minnesota project site.

20 Months 34 Months 57 Months

Section Prior to After Overlay After Overlay After Overlay
Number Overlay (Manual Survey) (Manual Survey) (Manual Survey)

701 430 394

702 151 77 110 97

703 166 97 106 119

704 177 94 112 115

705 266 93 107 127

706 215 66 76 96

707 216 55 71 100

708 194 61 77 107

709 251 87 118

Data for number of transverse cracks were obtained from a photographic con

Table 12. Number of transverse cracks at Missouri project site.

dition survey.

13 Months | 24 Months | 35 Months 51 Months | 63 Months
Section Prior to After After After After After
Number Overlay Overlay Overlay Overlay Overlay Overlay
701 0 0 0 0 2 0
702 i 55 3 6 61 21
703 0 12 i1 13 29 il
704 9 112 15 29 129 43
705 0 282 6 8 69 15
706 6 86 98 98 102
707 3 80 95 95 105 101
708 2 74 76 81 81 94
709 4 125 117 117 148 130

Data for number of transverse cracks were
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obtained from a photographic condition survey.































































































































