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EXECUTIVE SUMMARY

Long Term Monitoring of Broken and Seated Pavements

FHWA Report Number: FHWA/OH-2002/024
Arudi Rgjagopal & Issam Minkarah
The University of Cincinnati
State Job Number: 14670(0)
May 2002

Thisreport presents details of astudy conducted by the University of Cincinnati (UC), in association with
the Ohio Department of Transportation (ODOT), to evaluate the | ong term performance of asphal t overlays
on broken andseated (B/S) concrete pavements, using field experiments. The primary purposeof this study
is to evaluate the effectiveness of breaking and seating as a rehabilitation strategy for retarding reflective
cracking in asphalt concrete (AC) overlays on jointed reinforced concrete pavements (JRCP). Several test
sections were construded by milling the original AC layer, breaking and seating the concrete slabs and
constructing new AC ovelays. Control sections were constructed adjacent to the B/S sections in the same
way, but without breaking the underlying concrete slabs.

Two types of pavement breakerswere used in this study, namely guillotine and pile hammer. The majority
of the concrete slabswere brokeninto 0.46 m (18") segments. The extent of breaking was closely monitored.
The performance of the test sections was monitored for atotal period of nineyears. The monitoring data
included deflection measurements, crack mapping, pavement condition surveys (PCR) and roughnesssurveys
on the original pavement and on the overlay. The results indicate that the B/S treatment has asignificant
effect on the structural response and behavior of the resulting pavement. Breaking the concrete slabs into
smaller piecesresulted in areduction in the flexural strength, an increase inthe surface deflection (50% to
100%), and a decrease in AREA and Spreadability (20 to 30%). The Edward Ratio has been corsistently
high on B/S pavements (up to 30%) indicating a structural behavior closer to flexible pavements.

The reflection cracks on all the control sections appeared within two years after the AC overlay and within
four years, morethan 80% of thejointsin dl the control sections showed reflection cracks. The B/S sections
wererelatively free of cracks after nineyears. In particular, the test sections where apile hammer was used
had less than 17% joint reflection cracks, while the control sectionsinthe vicinity had 80% to 100% joint
reflection cracks. Thisresult clearly indicates that breaking and seating has been extremely effective in
delaying and minimizng reflection cracking.

The primary differencein cost of control and B/S sections could bein the type, extent and timing of major
rehabilitation. The mitigation of reflection cracking will cause the pavement PCR and serviceability to
remain higher for alonger periad of time than if the reflection cracks were allowed to come through. The
lack of reflection cracking transatesinto a delay in future maintenanceand rehabilitationwhich will more
than make up or the extra cost of breaking the pavement. The difference in the cost will ofcourse depend
on the type, extent and timing of major rehabilitation.

Based on the resultsof this study it is concluded that breaking and Seatingis an effective technique for the
rehabilitation of composite pavements (AC over JRCP) and it provides a cost-effective solution for the
maintenance and rehabilitation of in-service composite pavements.

FOR COPIES OF THIS REPORT, CONTACT: Ohio Department of Transportation, Office of Research and
Development, (614) 644-8173, research@dot.state.oh.us
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LONG TERM MONITORING OF BROKEN AND SEATED PAVEMENTS

ABOUT THISREPORT

Thisreport presents detals of a study conducted by the University of Cincinnati (UC), in
association with the Ohio Depatment of Transportation (ODOT), to evaluate the long term
performance of asphalt overlays on broken and seated concrete pavements, using field experiments.
The primary purpose of this study is to evaluate the effectiveness of breaking and seating as a
rehabilitation strategy for retarding reflective cracking in asphalt concrete (AC) overlays onjointed
reinforced concrete pavements. The study was performed in two phases. Phase | was performed
between 1991 and 1994 and Phase |1 study between 1996 and 2001. Some of the tasks performed

during Phase | include the following:

. planning the field experiment

. selection of test sections

. collection of rdevant data on existing pavements

. laboratory testing of pavement materials

. congruction of overl ays

. documentation of construction procedures and construction costs, and
. performance monitoring for two years after overlay construction.

A final report of Phasel study[1] was submitted in 1995. The Phasell study wasinitiatedto collect
additional data to evaluate the long term performance of asphalt overlays. The present report
synthesizesthe efforts during the period 1996 through 2001. In orde to makeit easyfor the reader,

many important sections from the Phase | report areincluded here.



The primary issues considered in the present report include the following:

. What is the effect of breaking and seating on the gructural integrity of the pavement?

. What are the consequences of breaking and seating: delay, minimize or eliminate reflection
cracking?
. Is breaking and seating an effective techniquefor the rehabilitation of in-service composite

pavements in Ohio?
. Are there any cost advantages in applying this technique?
. Is this a recommended procedure in Ohio?
. What changes are needed to the ODOT’ s current specifications?

. In general, what can this research do to benefit ODOT?

SUMMARY OF DATA PRESENTED IN THE STUDY
Table 1 shows a summary of the test sections in the study and the data presented. More
details about the test sedtions, data collection procedures, andysis and results are presented in the

following sections.



Table1l. Summary of DataPresented in the Study

Section # of years monitored since Data presented
last major rehabilitation
[-71, Stn. 8 deflection (statistical analysis of
726 to 780 maximum deflecti on, Spreadabilily,
AREA, and Edward Ratio); discussion on
I-71, Sn. 35 8 mechanistic behavior
to 88 reflection cracking (charts showing
SR-4, Stn. 7 initiati on and progression of cracking)
217 to 270 Pavement Condition Rating (PCR)
International Roughness Index (IRI)
SR-4, Stn. 7 maintenance (crack sealing data)
105 to 160
SR-4, Stn. 7
3350436
[-70, Stn. 2 reflection cracking (charts showing
304 to 368 Initiati on and progression of cracking)
Note:

. Each section is approximately 1.6 km (1.0 mile) long

. Stn. means station paint.

. Definition of Spreadability, AREA and Edward Raio presented later in the report.

. The above mentioned monitoring data have been collected once, every year

BACKGROUND

Since 1989, ODOT has used the Break and Seat (B/S) technigue as one of the methods for

rehabilitating Jointed Reinforced Concrete Pavements (JRCP). Ten projects with atotal length of

63 miles have been rehabilitated with AC overlaysafter breaking and seating the reinforced concrete

pavements. Performance studies of these projects were not conclusive. Asaresult, thereis some

disagreement in Ohio, from district to district, on the effectiveness of thistechnique[2]. To address

the above issue, ODOT initiated the following two research projects:




Special Project - 202

The first project was developed in 1991 as part of the Federal Highway Administration
(FHWA) sponsored Special Project 202, Break and Seat of JRCP (SP-202) [3]. Theobjective of SP-
202 was to determine the effectiveness of the break and seat rehabilitation strategy for JRCP.

The Ohio SP-202 test sections were constructed during May, 1991 as part of alarger, 7.98
mile (milepost 13.20 to 21.18), break and seat rehabilitation project on Interstate 70 east near
Zanesvillein Muskingum County. The site liesin an unglaciated area of Ohio along the western
edge of the Allegheny Plateau approximately 60mileseast of Columbus (Figure 1). Thetopography
consistsof rolling hills. The siteswere selected tolie entirely in either cut or fill. Bedrock, visible
in the cuts, is sandstone, coal and limestone of Pennsylvanian age.

The existing pavement in this section isajointed, 22.5 cm (9") thick, dowelled, wire mesh
reinforced, portland cement concrete (PCC) on a 15 cm (6") dense graded aggregate subbase
constructed in 1963. Thejoint spacing is 18.3 m (60 feet) and many dabs had third point cracks.

The core SP-202 sections are approximately 305 m (1000 feet) long. The SP-202 sections
includeal7.5cm (7") Hat Mix Asphaltic Concree (HMAC) overlay of an existing PCC pavement
including; an unbroken (control) section, and sections broken into 0.15 m (6"), 0.46 m (18"), and
0.76 m (30") patterns using a 6.0 ton guillotine hammer. More details about SP-202 can be seenin
Reference 3.

Phase | University of Cincinnati Resear ch

In an effort to include more test sections and additional variables like traffic and

environmental characteristics in the evaluation of the break and seat technique, ODOT initiated

another research in 1991 with UC. The UC resaarch project induded nine, approximately 1.6 km



(1.0 mile) long, sectionsof in-service composite pavements (AC over JRCP). Four of these sections
areon|-71, Southof Columbus, and five on SR-4 near Dayton. Thelocation and layout of thesetest
sections are shown in Figure 1.

Four sections were rehabilitated by milling the original AC layer, breaking and seating the
concrete slabs and constructing new AC overlays. The remaining five sections were rehabilitated
in the same way, but without breaking the underlying concrete dabs.

Theconcreteslabson I-71 were broken witha5440 kgguillotinehammer, whilethe sections
on SR-4 were broken with apile hammer. Seating the sections was accomplished with five passes

of a40,350 kg pneumatic roller.



Figure 1. Lavout of Test Sections for Break and Seat Project
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PerformanceMonitoring

Performance monitoring included periodical evaluation of structural characteristics using
deflection measurements and a visual survey of surface characteristics. A photographic record of
the condition of the joints and cracks was also kept. As aresult, a large volume of photographs
depicting the condition of joints and cracks prior to overlay and the new cracks formed in the AC
overlay was obtained. These photographs were used to counter-check the location of joints and
cracks and to ascertain the severity of the aracks.
Summary of Results of Phase| Study

Structural Response

The structurd parameters investigated onthe AC overlays are: (i) maximum deflection W,
(ii) Spreadability and (iii) ratio of W,/ W.,. W, isthe reading of the sensor closed to the Dynaflect
load. W is the reading of the sensor farthest from the load and isindicative of subgrade strength.

The deflections on the AC overlays were also used to backcalculate the moduli and to
compare the mechanistic behavior of B/S to the control sections.

For all thetest sections, the breaking and seating procedure resulted in an increase of surface
deflection, areduction in Spreadability, and an increase in the W,/W. ratio. The W,/W ratio, aso
called Edward Ratio [4], isan empirical factor which suggeststhat if theratio of the two deflections
isgreater than three, the pavement is acting as a flexible pavement and should be analyzed as such.
The increased aurface defledion is due to aloss of flexural strength. The lower Spreadability and
higher W,/W; of the B/S pavementsindicate abehavior similar to flexible pavements. Onthe SR-4
sections where a pile hammer was used, the Spreadability values were considerably lower and

W, /W, values were higher than those on I-71 where a guillotine hamme was used. Thisis dueto



the higher degreeof breakage in the SR-4 sections. The structural response of the test sections was
fairly consistent during the study period.

Surface Characteristics

Thel-71 sectionssurvived the Winter of 1993 without developing any cracks. However, the
Winter of 1993 was mild whereas the Winter of 1994 was very severe. The data collected from
weather reports, indicated very low temperatures persisting over along time during the winter of
1994. After the Winter of 1994, cracking was noticed inall control sections. Only two crackswere
noticed in thetwo miles of B/S sectionson I-71 and nonein the SR-4 B/S sections. All these cracks
were of |ow severity.

All the sections were revisited after the Winter of 1995. There were3 to 33 new cracksin
each of the control sections. Cracks also appeared in the two B/S sections on |-71 where the
guillotine hammer wasused. Therewereno aracksin the B/Ssectionson SR-4. These sectionswere
broken with a pile hammer which proved to be more successful in delaying cracks than bresking
with the guillotine hammer. Thisis obviously due to the higher degree of breakage achieved with
the pile hammer. However, the total number of cracks in the B/S sections was still small in
comparison to the number of cracksin the control sections.

Conclusions from Phase | study

The following conclusions were drawn from the results of the Phase | study of controlled
break and seat research projed:
1 Breaking and seating ddayed reflection cracking inthe AC overlay.
2. The break and seat sections exhihbited significantly lessreflection cracking than the control

sections.



3. Asobserved from the FWD tests, breaking and seating resulted in lossof structural cgpacity
of the pavement.
4, The type of breaking equipment and the extent of breaking have asignificant effect on the

performance of the AC overlays.

SHORT TERM EFFECTIVENESSVS. LONG TERM EFFECTIVENESS

V aried opinionsexist among highway professionalswithin ODOT and acrossthe country on
the long term effectiveness of breaking and seating. Some professionals believe that, while broken
and seated sections tend to perform better early on, they will develop crackswithin afew years, and
their overall condition would deteriorae until performance is equal to the control sections. The
NAPA survey [5] reported observations on the field performance of several B/S projectsin various
States. The survey indicated a genera redudion in the number of reflective cracks through the
overlay during the first few years following construction of a B/S project. However, after 4 or 5
years, the B/S sections exhibited approximately the same number of reflective cracks asthe control
sections. California and Kentucky reported very good overall peformance using this technique.
Californi as experience is based on the cracking and seating of unreinforced JPCP with short slabs,
while Kentucky's experience is with breaking and seating JRCP with long slabs, wire mesh
reinforcing, and dowelled joints. Both states consider the use of the technigque cost effective.

During a visit to the test sites in the Fall of 1995, the researchers aso noticed additional
cracks in the asphalt overlay on the broken and seated pavements. Pursuant to discussions with
ODOT, it was decided to continue the study to collect and build data on the initiation and

progression of cracksand providemorereliableinformation to establish thelong-term effectiveness



of breaking and seating asarehabilitation technique. ODOT retained the UC researchersto continue
monitoring the performance of the test sections for a period of five yearsfrom 1996 to 2001. The
present report synthesizestheactivities performed during the last five years and provides guidelines

for the future application of the break and seat technique in the State of Ohio.

PRESENT STUDY: OBJECTIVES AND SCOPE
The objective of thisinvestigation isto "monitor the asphalt overl ays on the control and the

broken and seated sections of 1-71, SR-4 and 1-70 (SP-202 Project) for five more years, to obtain

relevant information on the long-term performance of the breaking and seating procedure”.
The research was performed from 1996 to 2001 on the following test sedions:

(i) [-71, FayetteCounty, Station726+63 to 779+43, (south bound | anes broken and seated, north
bound lanes control sites);

(i) [-71, Fayette-Madison County, Station 35+00 to 88+00, (north bound lanes broken and
seated, south bound lanes control sites);

(iii)  SR-4, Montgomery County, Station 217+00 to 270+50, (north bound lanes broken and
seated, south bound lanes control sites);

(iv)  SR-4, GreenCounty, Station 105+50to 160+50, (south bound lanesbroken and seated, north
bound lanes control sites);

(v) SR-4, Montgomery County, Station 335+00 to 436+00, (north bound lanes only, control
sites);

(vi)  1-70, Muskingum County (SP-202 Project), Station 304+72 to 368+76, (east bound lanes).

Table 2 provides details of the pavement sections chosen for the study.
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Table 2. Details of Test Sedions

Section 1D Lanes/ ADT Tru-cks Joint # of Joints Joints Slab Thick- Existing | AC Overlay | Remarks

Dire- % Spa- Patched ness ‘cm' AC'cm' | Thickness

ction cing'm' ‘cm'

NB SB NB SB

I-71 (FAY) 2, each 22,880 23 18.2 94 93 93 73 22.9 7.6 21.6(851in.) | SB BIS
Stn. 726+63 3.6m (60 ft.) (9in.) (8in.) NB Control
to 779+43
I-71 (FAY - 2, each 22,880 23 18.2 93 86 90 78 22.9 7.6 21.6(8.5in.) | NB BJ/S
MAD) Stn. 3.6m (60 ft.) (9in.) (8in.) SB Control
35+00 to
88+00
SR-4(MOT) | 2, each 31265 5 18.2 84 82 56 51 22.9 7.6 16.5(6.5in.) [ NB B/S
Stn. 217+00 3.6m (60 ft.) 9in.) (3in.) SB Control
to 270+00
SR-4 (GRE) 2, each 31265 5 18.2 93 93 69 93 22.9 7.6 16.5(6.5in.) | SB B/S
Stn. 105+50 3.6m (60 ft.) (9in.) (3in.) NB Control
to 160+50
SR-4(MOT) | 2, each 31265 5 18.2 61 25 22.9 7.6 16.5(6.5 in.) | Control only
Stn. 335+00 3.6m (60 ft.) 9in.) 3in.)
to 436+00
I-70 (MUS) 2, each 38,330 30 18.2 East bound lanes only; no 22.9 21.6 (8.5 17.5(7.0 in.) | Four sub-sections,
304+72 to 3.6m (60 ft.) joint patching (9in.) in.) each 1000 feet
368+76
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The data required has been obtained by periodically monitoring structural and functional
characteristics of the test sections. The monitoring program included the foll owing:

. crack mapping, and

. defl ection survey.

Also, the following data were collected from ODOT’ s pavement management database [6]:

. condition data (Pavement Condition Rating, PCR)

. surface profile (International Roughness Index, IRI)

CURRENT STATUSOF TEST SECTIONS
Table 3 shows the current status of the test sections, the year they were originaly
rehabilitated and when they wereincluded in the study.

Table3. Current Status of Test Sections

Section ID Y ear of Year included inthe | Current Status
Rehabilitation study

[-71 (FAY) Stn. 1992 1992 Sections rehabilitated

726+63 to 779+43 in 2000

I-71 (FAY-MAD) 1992 1992

Stn. 35+00 to 88+00

SR-4 (MQOT) Stn. 1993 1992 Sections proposed to

217+00 to 270+50 be rehabilitatedin

2003

SR-4 (GRE) Stn. 1993 1992

105+50 to 160+50

SR-4 (MOT) Stn. 1993 1992

335+00 to 436+00

[-70 (MUS) 304+72 | 1991 1996 Sections rehabilitated

to 368+76 in 1999
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The I-71 and SR-4 test sections were monitored systematically since 1992, resulting in a
wealth of information on their behavior. The I-70 test section (constructed in 1991) was included
in the present study only in 1996. This section was again rehabilitated in 1999. Hence most of the
discussion in thisreport relatesto the-71 and SR-4 sectionswhile alimited discussion isincluded
for the 1-70 section. The researchers held detailed discussions with the ODOT engineers on the
criteriaused by them for adecision to rehabilitatethe |- 71 sedionsin 2000 and thel-70 sectionsin
1999, and their proposal to rehabilitate SR-4 sectionsin 2003. A detailed report on thisdiscussion

is presented at the end of this report.

CONSTRUCTION

Construction involved the removal of the original 7.6 cm (3in.) asphalt layer, bresking and
seating the PCC slabs (only on the B/S sections), and placing an AC overlay. Thel-71 sectionswere
overladdwith a21.6 cm (8.5in.) thick AC overlay in three layes (item 301 14 cm (5.5in.) + 446
Typell (4.45cm (1.751n.) + 446 3.175 cm (1.25 in.)). The SR-4 sections received a 16.5 cm (6.5
in.) thick AC overlay, in three layers (item 301 7.62 cm (3.0 in.) + 446 Type Il (4.45 cm (1.751in.)
+ 446 3.175 cm (1.25 in)). The overlay thickness design was made by ODOT engineers using
ODOT design procedures. In all sections, a10.2 cm (4 in.) diameter longitudinal underdrain was
installed along the shoulder at a depth of 0.9 m (3 ft.) below the top of the concrete pavement.
Construction of the AC overlays on the I-71 sections was completed in September 1992 and the
overlays on the SR-4 sectionswere completed in September 1993. The SP-202 sectionswere paved

with anominal 17.8 cm (7") AC. The overlay included a base, intermediate and wearing course.
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Breaking and Seating

The ODOT specifications[7] for breaking and seating are asfollows: ‘ The deviceto be used
for breaking the exposed rigid pavement shall be approved by the Engineer and be capable of
producing thedesired pattern without significant displacement or spalling of therigid pavement. The
widest dimension of the guillotine hammer permitted is 1.8 m (6 ft.). A 40,350 kg (50 ton)
pneumatic tire rolle shall be used for seating the broken rigid pavement. The exposed rigid
pavement shall bebroken full depth to form concrete segments so that the largest dimension shall
conform to the criteria as below:

1. The majority of the concrete segments shall be less than 0.45 m (18 in.);

2. No more than 20% of the segments shall be greater than 0.61 m (24 in.);

3. No concrete segments shall be greater than 0.76 m (30 in.).

The breaks shall be accomplished without any positive vertical displacement of the concrete greaer
than 7.6 cm (3 in.) and shall be visible to the Engineer without the aid of water. The breaking
operation shall not form continuous longitudinal cracks'.

The concrete slabs on I-71 were broken with a 5440 kg, 1.8 m (6 feet) wide, guillotine
hammer, dropped at 0.46 m (18") intervals. Two passes of the 1.8 m (6 ft.) wide hammer were
required in each lane to cover the entire 3.6 m (12 ft.) width.

The sections on SR-4 were broken with a pile hammer on a 0.46 m (18") by 0.46 m (18")
grid. Figures 2 and 3 show the pavement breakers in operation.

An attempt was made to get uniform breakage in each section; however, most of the
pavementsbroken with the guillotine hammer had aproblemwhere dropsoverlapped, usually inthe

middleof thelane. Thisareawas cradked much more thanother parts(see Figure 2). Breaking with
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Figure2. PileHammer in Operation on SR-4 Sections 15



Figure 3. Breaking Pattern with Guillotine Hammer

il
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all types of hammer sresulted in thorough slab cracking and no additional effort was made to break
the reinforcement. Breaking was more extensive with the pile hammer.

About five lane miles of pavement could bebroken in each working day with the guillotine
hammer while, only about one lane mile was broken when using the pile hammer. Breaking caused
some traffic disruption. However, no data was collected on traffic behavior through the work zone
during the breaking operation. Seating the sections was accomplished with five passes of a 40,350

kg (50 ton) pneumatic roller.

MATERIAL SAMPLING AND ANALYSIS

Six core samples were taken from each mile of the original pavement on I-71 and SR-4 for
laboratory testing. Two samples were taken & joints, two at cracks and two in the center of slabs
showing no deterioration. The concretecore samplesweretested inthelab for compressive strength.
The concrete core thickness was measured and in each case, the thickness was found to be 22.5 cm
(9in.) Asphalt sasmpleswere not tested. Soil samplesfrom Shelby tubesweretested for Atterberg's
limitsand sieveanalysis, for the purpose of classification. In addition, soil sampleswere taken from
the shoulder for density, CBR and resilient modulus determination. The lab test results on the
concrete core samples and soil characteristics are shown in Table 4.

As can be seen, there is a large variation in the lab compressive strength of the concrete
samples. The strength values ranged from 20685 kPa to 52400 kPa (3000 psi and 7600 psi).
However, the compressive strength of most samples was between 34475 kPa to 48265 kPa (5000
psi and 7000 psi).

The liquid limit, plasticity index and sieve analysis test results were used to classify the

subgrade soilsusing the AASHTO Soail Classification System [8]. The subgradesoilsfromthel-71
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sitewere classified astype A-4 (silty soils). The soil samplesfrom the SR-4 sectionswere classified
astype A-6 (clayey soils), seetable 5.

Table4. Results of Laboratory Tests on Concrete Core Samples

Section ID Lab Measured Compressive Strength, psi
at mid slab location at cracks at joints
sample | sample | sample | sample | samplel | sample
1 2 1 2 2
[-71, (FAY) Stn. 726 | NB 6282 5775 6089 - 3655 -
to 779
SB 5574 4288 3786 - 2999 5973
I-71, (FAY-MAD) NB - - - - - -
Stn. 3510 88
SB 5366 5639 5135 6007 4854 6335
SR-4, (MQOT) Stn. NB 5178 6093 4666 2702 4774 7179
217 to 270
SB 4212 - 5326 - 5839 -
SR-4, (GRE) Stn. NB 6536 - 6041 6985 - -
105 to 160
SB 5793 - 7591 - 5575 -
SR-4, (MQOT) Stn. NB 5885 4689 7237 6638 5245 7594
335t0 436
Note:

() 1 psi =.6.895 kPa
(i)  Blank spaces indicate specimens could not be tested in the lab. These specimens
disintegrated when cored.

In addition, resilient modulus tests were carried out at Ohio University [9] for the samples
from 1-71 and SR-4 sctions. A total of fifteen testswere performed on the soil samplesrecovered
fromthe-71 site and 18 tests on the soil samplesfrom the SR-4 site. Effortswere made to conduct
aset of three tests for each selected soil sample at the compaction moisture contents of 2% below

optimum, optimum, and 2% above optimum. A typical test procedure employed inthe study was

the SHRP Protocol for Type 2 soil. For each resilient modulus test, a 15 cm (6 inch) diameter
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specimen was placed inside thetriaxial chamber with all the sensors positioned properly and their
initial readings reset to zero. Then, a desired level of confining pressure was applied, and the

specimen was subjected to the predetermined loading sequence as shown below:

Load Sequence # Confining Pressure Deviator Stress Number of Load
(psi) (Psi) Applications
1 6 2 100
2 6 4 100
3 6 6 100
4 6 8 100
5 6 10 100
6 4 2 100
7 4 4 100
8 4 6 100
9 4 8 100
10 4 10 100
11 2 2 100
12 2 4 100
13 2 6 100
14 2 8 100
15 2 10 100

Average recovered deformation recorded by two miniature LVDTs were used in computing the
resilient modulus. Each of the resilient modulus value was computed as the mean value from the
last five of each 1001oad cycles. Maximum, minimum, and average redlient modulus values for

each test are summarized in Tables 6 and 7.
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Table5. Soil Characteristics

Section ID Liquid Plastic | DryDen- | OMC | CBR | AASHTO
Limit Limit sity, pcf % % Classificatio
n

I-71, (FAY) Stn. 726 | 20to28 | 14to17 116.1 12to 5.6 A-4

to 779 125.3 16

I-71, (FAY-MAD) 241028 | 14t018 | 114.2to 12to 51 A-4
Stn. 35t0 88 126.3 16

SR-4, (MOT) Stn. 21to35 | 14to27 | 108.1to | 13.7to | 3.6 A-6
21710 270 117.0 195

SR-4, (GRE) Stn. 20to34 | 15t024 | 1084to | 156to | 3.1 A-6
105 to 160 111.54 19.0

SR-4, (MOT) Stn. 23t037 | 13to20 | 116.3to | 13.0to | 35 A-6
335t0 436 1185 13.8
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Table6. Basic Summary of Resilient Modulus Test Resultson |-71 Site Soils (Ref. 9)

Test Sample Location Moisture Content Reslient Modulus - M, (ksi)

No. General Hole # Max. Min. Ave. Std. Dev.
1 N.B. 6 2.5% Below Optimum 11.00 7.688 9.141 1.108
2 0.9% Above Optimum 5.683 2479 3.596 1.165
3 1.4% Above Optimum 7.150 2.215 3.438 1.633
4 N.B. 4 1.5% Below Optimum 12.59 8.060 9.384 1.591
5 0.6% Above Optimum 9.285 5.137 6.710 1.323
6 3.4% Above Optimum 8.582 2.831 4.642 1914
7 SB. 4 2.4% Below Optimum 13.70 7.024 9.213 2.097
8 0.4% Below Optimum 5.962 2.708 3.849 1.178
9 0.4% Above Optimum 5.481 2.297 3.331 1.004
10 SB. 3 2.6% Below Optimum 13.34 3.778 6.239 3.117
11 1.1% Below Optimum 5.847 2.603 3.722 1.154
12 0.6% Above Optimum 5.280 2.072 3.083 0.998
13 SB. 4 0.2% Above Optimum 4.672 1.797 2.536 0.925
14 SB. 3 0.5% Below Optimum 5.767 2.042 3.018 1.122
15 SB. 4 0.3% Below Optimum 5.697 2451 3.439 1.045
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Table7. Basic Summary of Resilient Modulus Test Results on SR-4 Site Sails (Ref. 9)

Test Sample Location Moisture Content Resilient Modulus- M, (ksi)
No. County Hole # Max. Min. Ave. Std. Dev.
16 Montgomery N2 2.6% Below Optimum 12.48 8.51 10.30 1.294
17 1.0% Below Optimum 7.53 4.02 5.47 1.190
18 At Optimum 5.83 2.89 4.05 1.022
34 0.5% Above Optimum 6.31 2.76 4.26 1.212
35 1.9% Above Optimum 6.50 2.83 4.07 1.164
19 N4 2.3% Below Optimum 24.47 11.86 15.06 4.174
20 0.5% Below Optimum 10.56 6.70 8.22 1.289
21 0.3% Below Optimum 11.95 6.24 7.80 1.801
22 1.0% Above Optimum 9.30 4.15 6.47 1.790
23 1.9% Above Optimum 7.46 2.64 4.24 1.566
28 Greene N2 2.6% Below Optimum 11.12 7.53 9.12 1134
25 1.8% Below Optimum 8.46 4.90 6.45 1.110
26 0.6% Below Optimum 6.54 3.84 4.82 0.911
29 0.4% Below Optimum 6.09 3.56 4.49 0.813
30 S5 2.9% Below Optimum 8.60 5.07 6.70 1.195
31 0.7% Below Optimum 6.42 2.43 3.97 1.391
32 0.1% Above Optimum 5.53 181 3.03 1.264
33 1.1% Above Optimum 3.93 142 2.01 0.866
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DEFLECTION

In this study, deflection data was collected using both Dynaflect and Falling Weight
Deflectometer (FWD). Thisreport presents the analysis of FWD deflections. 1n each section, 30
to 40 measurementswere made periodically. The pavement surfacetemperaturewasrecorded at the
time of deflection measurements.

Structural ParametersInvestigated

In the Phase | study, the structural investigation was performed using Dynaflect deflection
data. However, in the present study (Phase Il), FWD deflections were used for the structural
investigation of the test sections.

The gructurd parameters investigated onthe AC overlays are: (i) maximum deflection W,
(ii) Spreadability and (iii) AREA, and (iv) Edward Ratio [4].

Spreadability is calculated by the equation:

Spreadability (%) = (W, + W, + W, + W, + W,) x 100/ 5 W,

AREA iscomputed by using the procedure shown in Figure 4[10]. Theterm AREA refers
to the general shape of and proportional variation aong aline extending outwardsfrom the load cell
rather than the absol ute cross-sectional area devel oped under loadings. For rigid pavements (slabs
lessthan 11 inch thick), AREA valuesfall between 29.00 and 33.00.

Edward’ s Ratio was developed using Dynaflect data and defined as equal to W,/W., where
W, isthe reading of the sensor closest to theload of Dyndflect; W; is the 5" sensor and is farthest
from the load and is indicative of subgrade strength. However, the 6" sensor on the FWD is

approximately at the same distance from the load as the 5" sensor on Dynaflect. Hence, the
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Edward’ s Ratio was modified as equal to W,/W, while using FWD deflection data and the values

were computed accordingly.

Figure 4. Calculation of Deflection Basin “AREA” [Ref. 10]

Load Plate
| 67‘3 1233 1233 1233
e »le ol .
LITE]
Do/Do F 1 Di1/Do D2/Do D3/Do
.-//

/

AREA (inch)=6 (1 + 2 D1/Do + 2 D2/Do + D3/Do)

TheFWD deflectionson AC overlayswere al so used to investigate themechanistic behavior
of test the sections. Only alimited discussion of the mechanistic investigation is presented, since
adetailed study is outside the scope of the present research.

The data collected a the cracks and jointswere analyzed for load transfer andjoint support
ratio. However, thisinformationwas not useful to compare B/Sand control sections. Hencethisdata

is not presented inthis report.
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Comparing Structural Response of B/S and Control Sections

When comparing two measurements, it is desirable to know if the mean values for the two
groupsaredifferent. If the mean values of the measurements are significantly different, the variable
under question is said to have a pronounced effect on the measurement. In thisstudy, the means of
maximum deflections, AREA, Spreadability and W,/ W, ratiosfor each B/S sectionwerestatistically
compared with values on corresponding control sections. A two factor Analysis of Variance
(ANOVA) was performed. The first factor is labeled as ‘treatment’, at two levels, representing
control and B/S. The second factor is labeled as ‘year’, at seven or eight levels, representing the
number of years when deflection datawere colleded on each test section. The null hypothesis (H,)
tested was, differencein means= 0, at alevel of significance =0.05.

Initially an attempt was made to normalize deflediion valuesto astandard temperature using
amodel developed at the University of Toledo [11]. This model requires site-specific conditions
such as solar-radiaion, wind, air temperature, cloud cover and other values to calculate the
temperature profile a agiven time within an AC layer. Additiond ly, the model can work only for
athreelayer system. All the sectionsconsidered in the present study arefour-layered (A C+PCC+Sub
Baseover Subgrade) and alsothe additional datarequired was not available. Hencethe analysiswas
simplified by normalizing the deflections to a standard temperature of 21° C using the Asphalt
Institute method [12].

Evaluation Based on Maximum Deflection

Figures5, 6 7,8 and 9 show the variation in maximum deflection for all thetest sectionson

[-71and SR-4. Asseeninthesefigures, the average maximum deflection valuesfor B/S pavements

are aways higher than those of the control sections. Sections broken with the pile hammer have
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higher deflections as compared to those broken with the guillotine hammer. Table 8 presents a

summary of the statistical analysis. The statistical andysis indicates a significant difference in

average deflections between B/S and control sections. In this table, a value of P less than 0.05

indicates that the difference in the mean values of deflections between the control and B/S sections

issignificant. Inother words, * 1-P’ valueindicatesthe confidencein the statement that the estimated

difference is 9gnificant.

Table8. Resultsof Analysis of Variance for the Variable Maximum Deflection

Section ID I-71 Section ID SR-4
Based on 8 - Yeas Data Based on 7 - Yeas Data
Est. Diff. Significance Est. Diff. Significance
between (P vaue) between (P-value)
control and control and
B/S B/S

Stn. 726 to 1.1840 Yes Stn. 217 to 1.7521 Yes
780 (<0.0001) 270 (<0.0001)
Stn. 35to0 0.5516 Yes Stn. 105 to 3.4406 Yes
88 (<0.0001) 160 (<0.0001)

Note: Deflections arein mils (1/2000 inch)
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Maximum FWD

Figure 5. Variation in Maximum FWD Deflection on
AC Overlay (mils)
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Figure 6. Variation in Maximum FWD Deflection on
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Figure 7. Variation in Maximum FWD Deflection on
AC Overlay (mils)
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Figure 8. Variation in Maximum FWD Deflection on
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Figure 9. Variation in Maximum FWD Deflection on
AC Overlay (mils)

Ib (mils)

Deflection
normalized to 9100

4 .\./.\.
2 |

Maximum FWD

1993 1994 1995 1996 1997 1998 1999
YEAR

—l— SR-4, Station 335 to 436, Control

28



Evaluation Based on Spreadability

Figures 10, 11, 12, 13 and 14 show the variation in Spreadability for all the test sections on
[-71 and SR-4. The Spreadability values of the B/S sctions were lower than the control sections.
Concrete pavements, in general, exhibit higher Spreadability than flexible pavements. The lower
Spreadability of the B/S sections indicates a behavior similar to flexible pavements. The
Spreadability values of sections on SR-4, where a pile hammer was used, were considerably lower
than those broken with a guillotine hammer. These secti onsresulted in ahigher degree of break age
than sections broken with the guillotine hammer. Table 9 presentsresults of the statistical analysis.
As seeninthistable, the estimated difference in Spreadability issignificant for SR-4 test sections
whilethey are not significant for the I-71 test sections. Theresultsreinforce the observation that the

guillotine hammer is not an effective tool for breaking JRCP.

Table9. Resaultsof Analysisof Variancefor the Variable Spreadability

Section ID [-71 Section ID SR-4
Based on 8 - Yeas Data Based on 7 - Yeas Data
Est. Diff. Significance Est. Diff. Significance
between (P value) between (P-value)
control and control and
B/S B/S
Stn. 726 to -0.5321 No Stn. 217 to -4.8474 Yes
780 (<0.1262) 270 (<0.0001)
Stn. 35 to 88 0.5718 No Stn. 105 to -4.3803 Yes
(<0.1615) 160 (<0.0001)
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Figure 10. Variation in Spreadability on AC Overlay
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Figure 11. Variation in Spreadability on AC Overlay
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Figure 12. Variation in Spreadability on AC Overlay
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Figure 13. Variation in Spreadability on AC Overlay
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Figure 14. Variation in Spreadabilityon AC Overlay
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Evaluation Based on AREA

Figures15, 16, 17, 18 and 19show thevariationin AREA for al thetest sectionson I-71 and
SR-4. Similar to Spreadability, the AREA valuesfor the B/S sectionswere lower thanthosefor the
control sections. The AREA values for sections on SR-4, where a pile hammer was used, were
considerably lower than thosebroken with aguillotine hammer. These sectionsresulted in ahigher
degree of breakage than sections broken with the guillotine hammer. Table 10 presents results of
the statistical analysis. The results of the statistical analysis are very similar to those that obtained
for Spreadability. Asseenin thistable, the estimated differencein AREA valuesis significant for
SR-4 test sections whileit isnot significant for the I-71 test sections. The results further reinforce

the observation that the guillotine hammer is not an effective tool for breaking JRCP.

Table 10. Results of Analysis of Variancefor the Variable AREA

Section ID [-71 Section ID SR-4
Based on 8 - Yeas Data Based on 7 - Yeas Data
Est. Diff. Significance Est. Diff. Significance
between (P value) between (P- value)
control and control and
B/S B/S
Stn. 726 to -0.1410 No Stn. 217 to -2.0861 Yes
780 (<0.3858) 270 (<0.0001)
Stn. 35t0 88 0.3047 No Stn. 105 to -1.8199 Yes
(<0.1068) 160 (<0.0001)
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Figure 15. Variation in AREA on AC Overlay
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Figure 16. Variation in AREA on AC Overlay
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Figure 17. Variation in AREA on AC Overlay
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Figure 18. Variation in AREA on AC Overlay
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Figure 19. Variation in AREA on AC Overlay
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Evaluation Based on W,/W,

Figure 20 shows the stressdistribution in a typical pavement structure subjected to a load
[13]. The stress due to the load gets distributed over a wide area through the upper layers of the
pavement before reaching the subgrade level. The deflection values measured at or beyond a,, are
indicative of subgrade characteristics. The measured surface deflection at this radial offset value
must logically be influenced by the subgrade layer. It is generally believed the deflection value Wi
indicates subgrade soil properties. A ratio of W, to W, which can be a good indicator of the load
spreading characteristics of pavement layers, isafunction of pavement type. If two pavementshave
nearly equal W, measurements, the values of the maximum deflections (W,) would indicate the
relative strength of the two pavements, with the weaker pavement exhibiting a higher maximum
deflection. Theratio of W,/W for the weaker pavement would be higher. This means, the higher
the W,/W; ratio, thelower theload spreading ability of the pavement. Using thisrationale, rigd and
composite pavements would exhibit alower W,/W, value as compared to flexible pavements.

Figures 21, 22, 23, 24 and 25 show a comparison of W,/W, for the test sections. As seen
in these figures, most break and sed sections resulted in higher W,/W, values than the control
sections (except for 1-71 between stations 35 and 88). Thestatistical analysis (Table 11) shows a
significant difference between the two means. However, the results also indicae the estimated
difference in W,/Wj for 1-71 section between stations 35 and 88 is not significant. Also, SR-4
sections have very high W,/W; ratios. This is obvious because these sections, broken with apile

hammer, were almost rubblized.
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Table 11. Resultsof Analysisof Variablefor the Variable W,/W,

Section ID I-71 Section ID SR-4
based on 8 - Y ears Data Based on 7 - Yeas Data
Est. Diff. Significance Est. Diff. Significance
between (P vaue) between (P-vaue)
control and control and
B/S B/S
Stn. 726 to 0.0868 Yes Stn. 217 to 0.3002 Yes
780 (<0.0001 270 (<0.0001)
Stn. 35t0 88 0.0134 No Stn. 105 to 0.3338 Yes
(0.4610) 160 (<0.0001)
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Figure 2{. Schematic of Stress Zone Within Pavement Structure [13]
Hote:

r" is radial distance
*a%e’ 1z the radial distance at which the stress zone mitersects the interfare of the subbase and subgrade layers
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Figure 21. Variation in W1/W6 on AC Overlay
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Figure 22. Variation in W1/W6 on AC Overlay
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Figure 23. Variation in W1/W6 on AC Overlay
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Figure 24. Variation in W1/W6 on AC Overlay
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Figure 25. Variation in W1/W6 on AC Overlay

3
2.5
n
=
1.5 1 B — 4._/‘.
1 T T T T T
1993 1994 1995 1996 1997 1998 1999

YEAR

—l— SR-4, Station 335 to 436, Control

39



Statistical Significance vs. Practical Significance

In most cases, the statistical analysis indicates a difference between the two means.
However, some of the sections on I-71 exhibit no statistically significant difference. This could be
because, some of these areaswere not broken to the desired extent resulting in patches of continuous
concrete pavement. The results of ahypothesistest in terms of aP-valueisvery useful, because it
conveys more information than just the simple statement “reject H,* or “fail torgjed H,*. Thatis,
rejection of H, at the 0.05 level of significance ismuch more meaningful if the value of the test
statisticiswell into thecritical region, gredly exceeding the 5%critical value, rather thaniif it barely
exceeds that value [14]. Evenavery small P-value can be difficult to interpret from a practical
viewpoint when we aremaki ng decisions; although asmd| P-valueindicatesstatistical significance
in the sense that H, should be rejected in favor of H,, the actual departure from H,, that has been
detected may have little (if any) practical significance or engineering significance. This is
particularlytruewhenthesamplesizeislarge. Statistical significance meansthat the observed mean
differences are not likely due to sampling error. Practical significance looks at whether the
difference islarge enough to be of valuein a practical sense

From the practical or engineering standpoint, it is important to find out if the process of
breaking and seating transformed the composite pavementsinto flexible pavements. Inother words,
should the broken and seated pavements be categorized as composite pavements or flexible
pavements? The statistical analysisleads usto conclude that pavements that are broken with apile
hammer can be categorized asflexible pavements while those broken with aguill otine hammer tend
to perform more like composite pavements. More importantly, this result suggests that the most

important factor tobe consideredin applying theB/Stechniqueis’ extent of breaking . Thisfinding
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coincides with the visual observations of the test sections made by the researchers throughout the
period of the study.
M echanistic Behavior of Broken and Seated Pavements

The main causes of stressin AC overlays on concrete pavements are:
. Thermal stresses due to change in temperature, and
. Stresses due to treffic wheel loads
Changesintemperature cause expansion or contraction of PCC slabs. Thetotal amount of horizontal
movement isgiven by theexpression ( TL) where isthecoefficient of thermal expansion, T isthe
changeintemperature, and L isthelength or width of thedlab. In addition, there may beadifference
intemperature between the top and bottom surfaces, which causescurling. This, agan, isdependent
on the length of slab. Thus, the smaller the length of sleb, the smaller the movement. The asphalt
overlay is bonded to the PCC dlab. Hence, the movement of the PCC dlabs translates diredly into
stresses in the asphalt layer.

When a PCC dlab is broken, the size of slab fragments seem to have two types of effects.
First, by the their response to temperature movements, and secondly, through the achieved load
distribution. A larger slab Sze (asisthe casein anintact slab) essentially distributesthe entire load
tothe baseover alarge area. When a crack isintroduced by breaking the slab, the load distribution
changesat the crack. A good interface shear transfer capability leads only to asmall increasein the
slope of the load spread. However, alow or negligible interface shear transfer leads to a direct
transfer of load to the subgrade.

Thewidth of the crack influencestheinterface shear transfer capability. A larger widthleads

to low shear transfer whereas a smaller width yields a high shear transfer. A broken slab with a
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thi nner wi dth observed at the surface may, however, retain continuity a the bottom which defeats
thepurposeof breaking. Likewise, unbroken (and bonded) reinforcement at theinterface, essertially
transferstemperature movements acrossthecracks. Thustheinterface shea transfer capability also
varies with season and temperature.

A preliminary three dimensional finite element analysiswas performed by employing linear
elasticanalysis. The scope of thisanalysiswasto eval uate the effect of wheel loadson A C overl ays
on B/S pavements using field data. The main purpose of this investigation was to generate
information regarding the effects of vaious parameters like, extent of breaking (as in pile and
guillotine hammer), size of broken slab fragments and subgradestiffness. Thejoints between slab
fragmentswere model ed and theinterf ace between segmentswassi mul ated by the use of 3D-springs.
A Winkler foundation was employed for the subgrade. Material properties were derived using the
backcal culation procedure. The model was calibrated using field data.

After ensuring that the finite element model is capable of ssimulating B/S and control

pavements, a parametric study was undertaken. The various parameters considered were:

. effect of interface joint stiffness
. effect of segment size

. effect of subgrade stiffness, and
. effect of concrete modulus

Each of these effeds were considered for both one-way and two-way broken slabs to simulate
guillotine and pile hammer operation respectively.
In summary, the results indicated that, two-way breaking (pile hammer) causes the

deflections to be more susceptible to interface shear effects than one-way breaking (guillotine
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hammer). Thus the deflections on AC layers overlying pavements broken with pile hammer are
aways higher than those broken with a guillotine hammer. For a given interface shear transfer
capability, different fragment sizesdo not appreciably affect the deflection characteristicsin case of
one-way breaking. In case of two-way breaking, however, thereisapronounced effect of fragment
size on the defledions.

More detailed investigation isunderway. However, this preliminary analysisreinforcesthe
observation made by using other structural parameters presented earlier.
| dealized Behavior

Anintact PCC dlab normally exhibitslow surface deflections, shallow and broad deflection
bowls, high Spreadability and AREA values, high flexural stresses and low subgrade stresses.
Breaking would result in larger maximum deflections, deeper but not broader deflection basins,
reduced areas, reduced flexural stresses and increased subgrade stresses. The behavior will be more
like flexible pavements[15]. The structural behavior of all the sedions in this study conforms to

this idealized model.

CRACK MAPPING

The intensity of transverse cracks in each section was visually observed and recorded in
conformity with ODOT's Pavement Condition Rating Manual [16]. Thelocation of the cracks was
measured with reference to established bench marks. Crack mapping was done on the original AC
surface, on the exposed concrete surface after milling, and several timesafter the AC overlay. When
the concrete pavement was exposed, the location of the joints and permanent patches were also

recorded. Several bench maks were established to locate the exact position of cracks, joints and
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permanent patches. In the AC overlays, the date when acrack wasfirst naticed was noted dong with
its location. Also aphotographic record of the condition of the joints and crackswas kept. A large
volume of photographs depicting the condition of jointsand cracks prior to overlay and the new
cracksin the AC overlay was obtained. These photographs were used to counter check the location
of joints and cracks and to ascertan the severity of the cracks.

After milling the original AC layer and exposing the concrete surface, the exact location of
the cracks and jointswith respect to the bench marks wererecorded. M ore than 80% of the slabshad
1to 3 cracks. Very rarely there were slabs with 4 or more cracks. The average spacing of cracks
varied from 3 to 9 m (10 to 30 feet). This survey also assisted in establishing how many of the
cracksin the original AC layer were reflected from the joints and how many from the cracks. The
results of crack mapping are presented in Figures 26 through 34. A time history of reflection
cracking for each test section is graphically presented in Figures 35 through 42.

For about a length of 300 meters (1000 ft.), the concrete slabs on one section of 1-71 were
broken with a2.4 m (8 ft.) wide, 5440 kg (6 ton) guillotine hammer. This section was the passing
lane on the north bound lanes between Stations 35 and 88. The 2.4 m (8 ft.) wide hammer was
dropped at the center of the lane which is 3.6 m(12 ft.) wide. Since the width of the hammer was
smaller than that of the lane, the desired result was not achieved. Hence the use of the2.4 m (8 ft.)
wide hammer was discontinued and further breaking was achieved by using a 1.8 m(6 ft.) wide
hammer. Two passes of the 1.8 m (6 ft.) wide hammer wererequired in each laneto cover the entire
3.6 m (12 ft.) width. Thisresulted in the development of irregular cracks on the B/S sectionon I-71
between Stn. 35 and 88. Asaresult, the survey could not establish the number of reflection cracks

asin other test sections. Hence, the reflection cracking data fo this section is not presented. Also,
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it should be realized that for the |-70 test section, a table showing time history of reflection cracks

is not presented because the section was rehabilitated only two years back. Table 12 shows a

summary of the most recent survey of reflection cracks in the test sections.

Table12. Summary of Reflection Cracking

Hammer)

Section ID Number of Joints/Patches Reflected as of 2001 Overlay
Construc-
Break & Seat Section Control tion
Section
I1-71 (FAY) Stn. 726+00 to 780+00 | (37/89) = 42% (Guillotine Hammer, 18" (86/89) = 97% 1992
spacing)

1-71 (FAY-MAD) Stn. 35+00 to Cracks of irregular pattern (93/95) = 98% 1992

88+00

SR-4 (M OT) Stn. 217+00 to (15/86) = 17% (Pile Hammer, 18" (88/88) = 1993

270+00 spacing) 100%

SR-4 (GRE) Stn. 105+00 to (7/94) = 7% (Pile Hammer, 18" spacing) (74/94) = 79% 1993

160+00

SR-4 (M OT) Stn. 335+00 to No section (54/61) = 89% 1993

436+00

I-70 (M US), Control (17/17) = 1999

100%

I-70 (MUS), 6" break (Guillotine (12/17) = 65% 1999

Hammer)

I-70 (MUS), 18" break (Guillotine (13/17) = 76% 1999

Hammer)

1-70 (MUS), 30" break (Guillotine (11/17) = 65% 1999
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Figure 26. Reflection cracking on I-71, Station 726 to 780 (Control Section) |
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Default
Figure 26.  Reflection cracking on I-71, Station 726 to 780 (Control Section)

Default
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Figure 27. Reflection Cracking on I-71, Station 780 to 726 (Break and Seat section)
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Figure 27.  Reflection Cracking on I-71, Station 780 to 726 (Break and Seat section)
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Figure 28. Reflection Crackin on I-71, Station 35 to 88 (control section)
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Figure 28.  Reflection Crackin on I-71, Station 35 to 88 (control section)
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Figure 29. Reflection Cracking on SR-4, Station 217 to 270, (break and seat section)
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Figure 29.  Reflection Cracking on SR-4, Station 217 to 270, (break and seat section)
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Figure 30. Reflection Crackin on SR-4, Station 270 to 217, (control section)
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Figure 30.  Reflection Crackin on SR-4, Station 270 to 217, (control section)
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Figure 31. reflection Crackin on SR-4, Station 105 to 160, (control section)
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Figure 31.  reflection Crackin on SR-4, Station 105 to 160, (control section)
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Figure 32.

Reflection Crackin on SR-4, Station 160 to 105, (break and seat section)
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Figure 32.  Reflection Crackin on SR-4, Station 160 to 105, (break and seat section)
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|Figure 33. Reflection Crackin on SR-4, Station 335 to 436, (control section) |
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Figure 33.  Reflection Crackin on SR-4, Station 335 to 436, (control section)
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|Figure 34a. Reflection Cracking on I-70 after major rehabilitation in 1997 |
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Figure 34a.  Reflection Cracking on I-70 after major rehabilitation in 1997
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Figure 34b. Reflection Crackin on I-70 prior to major rehabilitation in 1997
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Figure 34b.  Reflection Crackin on I-70 prior to major rehabilitation in 1997
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Figure 35. Progression of Reflection Cracking on I-
71, Station 726 to 780 Control Section
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Figure 36. Progression of Reflection Cracking on |-
71, Station 780 to 726 B/S Section
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Figure 37. Progression of Reflection Cracking on |-

71, Station 88 to 35, Control Section
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Figure 38. Progression of Reflection Cracking on
SR-4, Station 270 to 217, Control section
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Figure 39. Progression of Reflection Cracking on
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Figure 40. Progression of Reflection Cracking on
SR-4, Station 105 to 160, Control Section
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Figure 41. Progression of Reflection Cracking on
SR-4, Station 160 to 105, B/S Section
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Figure 42. Progression of Reflection Cracking on

SR-4, Station 335 to 436, Control section
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From the results above it is evident that the number of reflection cracksreflected in broken
and seated pavements is significantly lower than in the control sections. A careful review of the
figures 26 through 42 leads to the conclusion that breaking and seating has not only succeeded in
delaying cracks but has also considerably minimized the number of cracksat any giventime. The
effect is even more pronounced in the SR-4 sections where the use of apile hammer hasresulted in
extensive breaking of theconcrete slabs, which ismore closeto the basic definition of breaking. The
primary reason for the occurrence of reflection cracking in composite pavements is due to the
excessve tensile strain at the bottom of the AC layer as a result of excessive horizontal thermal
movements of the concrete slabs. Breaking and seating has resulted in reducing the effective dab
length and thus considerably reduced or sometimes even eliminated horizontal movements of the
concrete slabs which in turn led to negligible tensile strains at the bottom of the AC layer.

Itisthus seen, breaking and seating concrete pavements can delay and/or minimizereflection

cracking. However, this statement is more true for the sections broken with the pile hammer.

COMPARISON OF PERFORMANCE BASED ON PAVEMENT CONDITION RATING
(PCR)

The ODOT’s Office of Pavement Engineering colleded PCR data every year on the test
sections. The PCR is acomposite index of various types of distresses as defined in the pavement
condition rating manual [16]. Figures 43 to 50 show the variations in the PCR with time.

Onthel-71 sections, the differences inthe PCR a any timeis minimal for both the B/S and
control sections. Thisisbecause both sections, accordingto ODOT’ sdistressrating procedure, have

extensive cracks. However, the B/S sections on SR-4 have considerably higher PCR. It should also

61



be recognized that all control sectionsreceived crack seal treatment by the countiesin 1997. Thus,
the PCR survey alsoindicatesthat the B/S sectionson SR-4 are performing better than other sections

after nine years of service.

COMPARISON OF PERFORMANCE BASED ON RIDE NUMBER

Figures 51 through 58 present acomparison of Ride Number (RN) with time. Ride number
datawerecollected by ODOT. Ridenumber representsdriving comfort experienced by thetraveling
public and captures surface irregularities. A higher value of RN represents a smooth pavement
offering ahigh quality ride. On the I-71 sections, it can be seen that the RN has been steady over
theyearsbut increased in year 2001. Thisisbecausethe|-71 sectionswere rehabilitated in 2001 and
the data presented was for the condition soon after rehabilitation. It is difficult to develop an
appropriateconclusion based on RN. However, itisinteresting to seethat the RN value on one B/S
siteon SR-4, station 217 to 270 is considerably lower in 2001 (Figure 55). Although this section
wasrelatively free of reflection cracks, during the field survey, the researchers noticed bumps at the
joints. Thissurfaceirregularity has beencaptured in the RN. Further monitoring can establish the
consequences of such bumps on the overall performance of this test section.
COMPARISON OF PERFORMANCE BASED ON IRI

Figures59 through 66 illudrate the change in IRI with timefor all thetest sections. IRI data
was collected by ODOT. Unlike RN, asmall value of IRI represents excellent ride quality. ThelRI
data is plotted in units of meter/kilo meter. The data suggests that all pavements fall under the
‘excellent’ category, meaning they offer an excellent ride qudity [17]. Thevaiationin IRIfollows

atrend similar to RN and hence the same argument can be made.
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Figure 43. Change in Pavement Condition Rating
with Time on I-71, Station 726 to 780, Control Section
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Figure 44. Change in Pavement Condition Rating
with Time on I-71, Station 780 to 726, B/S Section
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Figure 45. Change in Pavement Condition Rating
with Time on I-71, Station 88 to 35, Control Section
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Figure 46. Change in Pavement Condition Rating
with Time on SR-4, Station 270 to 217, Control

Section
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Figure 47. Change in Pavement Condition Rating
with Time on SR-4, Station 217 to 270, B/S Section
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Figure 48. Change in Pavement Condition Rating
with Time on SR-4, Station 105 to 160, Control

Section
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Figure 49. Change in Pavement Condition Rating
with Time on SR-4, Station 160 to 105, B/S Section
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PCR
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Figure 50. Change in Pavement Condition Rating
with Time on SR-4, Station 335 to 436, Control
Section
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Ride Number

Figure 51. Change in Ride Number with Time on I-
71, Station 726 to 780, Control Section
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Figure 52. Change in Ride Number with Time on I-
71, Station 780 to 726, B/S Section
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Ride Number

Figure 53. Change in Ride Number with Time on I-
71, Station 88 to 35, Control Section
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Figure 54. Change in Ride Number with Time on
SR-4, Station 260 to 217, Control Section
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Figure 55. Change in Ride Number with Time on
SR-4, Station 217 to 260, B/S Section
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Ride Number

Figure 56. Change in Ride Number with Time on
SR-4, Station 335 to 436, Control Section
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Figure 57. Change in Ride Number with Time on
SR-4, Station 105 to 160, Control Section
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Figure 58. Change in Ride Number with Time on
SR-4, Station 160 to 105, B/S Section
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Figure 59. Change in IRI with Time on
I1-71, Station 726 to 780, Control Section
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Figure 60. Change in IRI with Time on
1-71, Station 780 to 726, B/S Section
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Figure 61. Change in IRI with Time on I-71,

Station 88 to 35, Control Section
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Figure 62. Change in IRI with Time on
SR-4, Station 270 to 217, Control Section
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Figure 63. Change in IRI with Time on
SR-4, Station 217 to 270, B/S Section
2
1.63
1.5 - 1.3
£ 1.2 1.11 1.25
=
g 11
@
0.5

1994 1995 1997 1998 1999 2000
YEAR

2001

75



Figure 64. Change in IRI with Time on
Station SR-4, 105 to 160, Control Section
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Figure 65. Change in IRI with Time on
Station SR-4, 160 to 105, B/S Section
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Figure 66. Change in IRI with Time on SR-4, Station
335 to 436, Control Section
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EFFECT OF CLIMATIC FACTORS

Ohio’ s climate changes considerably throughout the state. Mean annual temperaturesrange
from 49° F in the northeast to 57° F in the extreme south [19]. Normal annual precipitation ranges
from alow of lessthan 75 an (30 inch) to ahigh of more than 110 cm (44 inch). Ohio’sclimateis
continental with awide range of temperatures, higher precipitation in the spring and summer, and
lower precipitation in the fall and winter. The average length of freeze-free periods ranges froma
high of 200 days along the LakeErie shore to alow of 140 daysin east central Ohio.

Climatic factors are afunction of the average condition of theweather at alocation, usually
over aperiod of time, asexhibited by temperature, wind vel ocity and precipitation. Climatic factors
influence the performance of a pavement and illustrate the impact of environment on initiation and
progression of reflection cracking. Previous studies [20] indicate that areas with larger annual
rainfall have alower level of low-severity cracking and a higher level of medium to high-severity
cracking. Thehigher levd of low-severity cracking in areas with low rainfall may be dueto greater
temperaturevariations. The combined effectsof the climaticfactors cannot betotally separated and
investigated independently. The annua average temperature and monthly average temperature
ranges combine with the annual precipitation to describe the genera climatein the area. Generally,
the areas with warmer annual temperatures and a smaller temperature range performed better.

The basic mechanismsleading to the development of reflection cracking are horizontal and
differential vertical movements between the original pavement and the overlay. Studiesattempting
to establish the influence of climatic data on the occurrence of reflection cracks are avalablein the
literature. However, there are no current criteria that have been validated adequately with an

extensive number of test sedions. In the present study, the 1-71, SR-4 and |-70 ted sections are all
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located in areas with little variation in climatic factors among them. Hence, the present study did
not provide adequate datato quantify the effect of climatic factorson the performance of broken and
seated pavements, and control sections in Ohio. However, the present study has indicated that
breaking concrete slabs into smaller segments using a pile hanmer has been very effective in
delaying and reducing reflection cracking. Thisisbecause, by breaking the concrete pavement, the
effective length of the slabs is considerably reduced to the extent that the horizontal and vertical
movementsat thejointsareno longer large enough to induce excessive strainsintheaspha t overl ay.
It is hence concluded that this study is applicable to the whole state irrespective of the differences

in climatic factors between the North and South ends of Ohio.

WHAT DID WE LEARN FROM THISSTUDY?
This report presents the details of a systematic investigation of the long-term effectiveness
of the breaking and seating technique on the performance of AC overlays using a controlled field

experiments. Performance has been monitored using the following performance indicaors:

. Deflection

. Visual survey of reflection cracking
. Pavement Condition Rating

. Ride Number, and

. International Roughness Index

The results, in general, strongly indicate animproved perf ormance of A C overlays on broken and
seated concrete pavements. Hence, the breaking and seating procedure does indeed result in

improved pavement performance that may justify its use. Ultimately, the economics will govern
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based on the length of time future maintenance and rehabilitation is deferred. The discussion
presented below is an effort to provide ODOT with specific information to develop an
implementation plan.

What is the effect of breaking and seating on the structurd integrity of the resulting

pavement?

The B/S treatment has a significant effect on the structural response and behavior of the
resulting pavement. Breaking the PCC dabs into smaller pieces resulted in a reduction in the
flexural strength, anincrease in the surface deflection (50% to 100%), and adecreasein AREA and
Spreadability (20 to 30%). The Edward Ratio has been consistently high on B/S pavements (up to
30%) indicating a behavior closer to flexible pavements.

The extent of breaking plays akey role in the application of the B/S technique. A majority
of the studies reported in the past in Ohio as well as other states utilized a guillotine hammer for
breaking PCC dlabs. Inthe present study, two types of breakers (guillotine and pile) were empl oyed
allowing for a comparison of their effectiveness. All the results reported in this study lead to the
conclusionthat the pile hammer isvery effectivein breaking the PCC slabsby inducing through slab
cracksin all directions. The primary result of such anoperationisareduction in the effectiveslab
size. In doing so, the horizontal and vertical movements of the slabs with changesin temperature
are considerably reduced and so is the tensile strain exerted a the bottom of the AC overlay.
However, thereisasignificant lossin shear transfer. Wheel load transfer is achieved by means of
aggregateinterlock resulting in anincrease inthe maximum surface deflection and deeper deflection

bowls.
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In summary, the use of a pile hammer for breaking PCC slabs changes the behavior of the
rigid or composite pavementsinto flexible pavements. In such acase, subgrade condtions become
increasingly important while designing AC overlays.

Most of the discussion presented aboverelatesto slabsbrokeninto 0.45mx 0.45m (18inch
x 18inch). Thefield experiment in this study could not be used to establish the optimumsize of the
broken slab fragments to retain structural integrity and at the same time minimize thermal
movements. A preliminary mechanistic analysis illustrated that different fragment sizes do not
appreciably affect the deflection characteristics when a guillotine hammer isused. However, when
apilehammer isused, thereisapronounced effect of fragment size on deflections. A detailed study
IS necessary to establish the optimum slab size of slab fragments.

What ar etheconseguencesof br eaking and seating - delay or minimizeor eliminater eflection

cracking?

Crack initiation in composite pavementsis caused by the vertical and horizontal movements
of the PCC slabs. When PCC slabs undergo horizontal movements, they exert atensile strain at the
bottom of AC layer, at the interface of AC-PCC. If the tensile strain thus exerted exceeds the
limiting value, acrack devel ops at the bottom of the AC layer. With time and passage of traffic, the
crack works upwards.

Studies show that horizontal movements of PCC slabsare directly proportional tothe length
of thedab. Thus, the shorter the slab length, the better the chance of reducing the tensile strain at
the bottom of AC overlay. The primary objective of breaking and seating is to reducethe effective
dlab size. The pile hammer has been successfully used to break the PCC dlabs into the desired

fragment size thus reducing the effective slab length. The guillotinehammer, on the other hand, has
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been partially successful. Theresultsareevident in terms of reflection cracks appearing onthe AC
overlays of the test sections.

The reflection cracks on all the control sections appeared within two years after the AC
overlay. Within four years, more than 90% of the joints showed reflection cracks. On I-71 the B/S
test section where a guillotine hammer was used, one crack was noticed two yeas after the AC
overlay. After beingin sevice for nine years, 42% of the joints have reflection cracks. The SR-4
B/S sections, where a pile hammer was used, are relatively free of cracks after eight years. Thetwo
sectionshave 7% and 17% joint reflection cracks, whilethe control sectionsinthevicinity have 80%
to 100% joint reflection cracks.

This result clearly indicates that breaking and seating has been extremely effective in
delaying and minimizing reflection cracking.

I s breaking and seating an effective techniqgue for the rehabilitation of in-ser vice composite

pavementsin Ohio?

Thisstudy hasclearly demonstrated that the B/S techniquecan be effectively applied for the
rehabilitation of composite pavements in Ohio. This conclusion has been reached based on a
systematicinvestigation of thelong-term performance of B/S and control pavementsinthe vicinity.
This conclusion is supported by alarge quantity of field data on several test sections over a 9-year
monitoring period.

Caution has to be exercised in applying this technique. It is observed that the extent of
breaking is the key factor in the application of the B/S technique. A pile hammer can be used

effectively to obtain the desired result.
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In this study, the pile hammer was found to be slow in its operation and was able to break
only onelanemile per day. Of late, amodifiedversion of the pile hammer, known asMultiple Head
Breaker, is available, which can improve the productivity by as much asfive times.

Arethere cost advantagesin using B/S technique?

The additional cost of breaking and seating is generally $0.50 to $0.70 per square yard
depending on the type of pavement bresker used. This will translate to approximately $3,500 to
$5,000 per lane mile. Compared to the cost of rehabilitation that involves thick AC overlays, the
cost of construction of B/S sectionsis only margnally higher than the control sections.

Breaking causes disruption to the traffic moving in adjacent lanes. No datawas recorded on
traffic flow during the breaking and seating operation. However, an attempt was madeto compute
the additional road user costs during breaking and seating using a model developed by the
researchers[21]. The key inputs required to run this model was either obtained from the field or
assumed gppropriatel y. The additional road user cost per lane mile was found to beapproximately
$300 on I-71 sections (guillotine hammer) and $1,400 on SR-4 sections (pile hammer).

Crack sealing was performed on all the control sectionsin 1997. None of the B/S sections
have been treated so far. Crack sealing was performed by the county forces using their own crew
and equipment. The cost of crack sealing varied from $0.50 to $0.75 per square yard, depending on
the sealant materid used, method of application, equipment used, and density of cracks. This
preventive maintenance treatment resulted in an expenditure of $3,500 to $5,300 per lane mile.

The primary benefit of using the B/S technique isto defer the need for major rehabilitation.
The data presented by the UC researchers show clearly that, for the SR 4 project reflective cracking

was drastically reduced in the B/S sections. The mitigation of reflection aacking will cause the
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pavement PCR and serviceahility to reman higher for alonger period of time than if the reflection
cracksareallowed to comethrough. Thelack of reflection crackingtranslatesinto adelay in future
maintenance and rehabilitation. The I-70 sections (control and B/S sections) wererehabilitated in
1997; the 1-71 sections (both control and B/S sections) were rehabilitated in 2001. All the sections
received similar rehabilitation at the same time. The SR-4 sections (control and B/S sections) are
proposed to be rehabilitated in 2003. A field tour of the test sections was arranged in 2001. This
tour was attended by representativesfrom ODOT Districts, centrd office, FHWA, and the Flexible
Pavement Association. During thistour, adiscussion was held to verify the criteriaused by ODOT
districts to rehabilitate pavement sections.

During the discussion, it was evident that, although other issues like longitudinal joint
cracking could havetriggered rehabilitation, had the unbroken and broken portions of the pavement
not been contiguous, the type and timing of the rehabilitations would indeed have been different.
The close proximity of the broken and unbroken sections, perhaps, led to the decision to consider
them for similar rehabilitation at the same time.

Isthisarecommended procedurein Ohio?

In order to develop and establish appropriate criteria for the use of broken and seated
pavementsin Ohio, the researchers suggest a survey of district and county engineers which can be
used in conjunction with the results of this study. The survey would indude questions relating to
experiencewith the breaking and seating technique, performance of pavementsand triggersused for
maintenance and rehabilitation. A sample questionnaire is presented below. A study[2] was
conductedin 1992 and 1993 by FHWA to assessthe pavement rehabilitation programin Ohio. This

study included a survey of district engineers on their experience with the break and seat technique.
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The questionnaire presented below may help ODOT to update the knowledge base and to develop
criteria based on the most current information.

Sample Questionnaire

Name of the person completing the form:

District/County:

Person’ s phone number and e-mail address:

1 Pavement section(s) in your district or county where breaking and seating has been used:

2. Type of pavement breaker used:

3. Number of years since last major rehabilitation using breaking and seating:
4. Did you observe a noticeabl e difference in the condition of the break and seat sections and

unbroken (control) sections inthevicinity?  Yes No

Not Sure
Comments:
5. Would you conclude tha there are fewer reflection cracks in the break and seat sections
compared to the control sections: Yes No Not Sure
Comments:
6. How do the PCR values of broken and seated pavements and unbroken pavements compare?

7. What in your opinion will trigge rehabilitation of these pavements?
PCR Reflection Cracking Longitudinal Cracks

Other factors;
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8. Would you be willing to use the break and seet technique againin your distri ct/ county?

Yes No Not Sure
Comments:
9. Additional comments:

What changes are needed to ODOT’s current specifications?

According to ODOT’ s Pavement Design and Rehabilitation Manual [18], break and seat is
not to be used in Ohio as a mgjor rehabilitation strategy per the pavement design and selection
process. Crack and seat for plain concrete and rubblization for al concrete pavements are
recommended. Thestructural coefficient for rubblized concrete pavementsis0.14. Anappropriate
structural coefficient for B/S pavementswill need to be assigned. Thiscan be done based on the past
experience of ODOT engineersor areview of published literature or another study to develop a
structural layer coefficiernt.

In general, what can thisresear ch do to benefit ODOT ?

Thisresearch has helped ODOT generate physical evidence on the long term performance
of AC overlayson B/S pavements. ODOT isresponsible for the maintenance and rehabilitation of
4682 miles of composite pavementswhich isalwaysachallenging task. Maintenanceis performed
by the counties by crack sealing the reflection cracks. Rehabilitation is performed usually ona8to
10 year cycle. Rehabilitation involves removal of existing AC, joint repairs and construction of a
new AC layer. Joint repair is often made using what is termed a'flexible patch’. This consists of
removal of a0.45 m (1.5 feet) wide PCC layer on either sideof the joint and replacing it with an
asphalt material of the same thickness. In doingso, it is often seenthat, two cracks that are 0.9 m

(3 feet) apart reflect to thetop in a2 to 3 year period. B/S hasresulted in minimizing and delaying
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reflection crackssignificantly. Theresultsof the present study have demonstrated that breaking and
seating provides an alternate solution for acost effective method for maintenance and rehabilitation

of composite pavementsin Ohio.

SUMMARY, CONCLUSIONSAND GUIDELINESFOR IMPLEMENTATION

This study provided an opportunity to objectively assess the long term performance of AC
overlays constructed with and without breaking the underlying concrete pavements. Four sections,
each about amil e long, were broken and seated prior to constructing the AC surface layer. Two of
these sections were on I-71 near Columbus, Ohio and two were on SR-4, near Dayton, Ohio. Four
control sections were constructed, adjacent to the B/S sections. One additional control section was
constructed on SR-4. Thetest sectionswere all Jointed Reinforced Concrete Pavements and carried
alarge volume of traffic. The original pavements selected in thisstudy were farly uniform with
respect to their structurd and surface conditions. The thickness of the concrete layer was the same
(22.5 cm or 9 in.) throughout and the subbase and subgrade exhibited very little variation. The AC
overlay on SR-4was 16.5cm (6.5in.) and 21.6 cm (8.5in.) on I-71.

The SP-202 sectionson I-70 areapproximately 305 m (1000 feet) long. The SP-202 sections
havea 17.5 cm (7") Hot Mix Asphaltic Concrete (HMAC) overlay on an existing PCC pavement.
They include an unbroken (control) section, and sections brokeninto 0.15m (6"), 0.46 m (18"), and
0.76 m (30") patternsusing a6.0 ton guillotine hammer. Thissectionwasfirst included in the study
in 1996. Later the entire pavement section was rehabilitated in 1999.

Twotypesof pavement breakerswereused in thisstudy, namely guillotineand pile hammer.

The goal was to break the slabs into segments of 0.45 m x 0.45 m (18 in. x 18 in). The extent of
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breaking was closely monitored. Severd visits to the site were made during construction and the
relevant data were collected.

The performance of the test sections was monitored for a total period of nine years. The
monitoring dataincluded defl ection measurements, crack mapping, apavement condition survey and
aroughness survey on the original pavements and on the overlay at severd times.

The structural behavior of the broken and seated pavementswas analyzed and compared to
the control sections. Crack surveyswere madeby visually recording thelocation of the cracksinthe
AC overlay with respect to the joints and cracks in the underlying concrete layer. Pavement
condition and roughness data in terms of IRl were collected by ODOT personnel.

Thefollowing sections present asummary of results, the conclusions derived from thestudy
and recommendations with respect to the objectives of this research.

Performance Effectiveness

The primary variables introduced in this study are (i) type of equipment for breaking, (ii)
extent of breaking, and (iii) sizeof fragments. Theother variablespresent aretraffic volumeand AC
overlay thickness.

Breaking was more extensivein sections brokenwith the pile hammer compared to sections
broken with the guillotine hammer. The pile hammer produced more uniform transverse and
longitudinal crackswhile pavements broken with the guillotine hammer exhibited severe breaking,
where drops overlapped, usualy in the middle of thelane. The 1.8 m (6 ft.) guillotineand the pile
hammer produced slab fragmentsof the desired size. Breaking with all types of hammers resulted

in through slab cracking but the reinforcement was more damaged when using the pile hammer.
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Breaking and seating concrete pavements prior to AC overlay resulted in an increase of
surface deflection, reduction in AREA and Spreadability, loss of flexura strength and increased
subgrade stresses. The difference in the mean values of thestructural parametersinvestigated for
the broken and seated sectionsand the control sectionswerefound to be statistically significant. The
maximum deflections on sections broken with the pile hammer were higher as compared to those
broken with the guillotine hammer. The AREA and Spreadability values of broken and seated
pavements were lower than the values for the control sections. Concrete pavements in general
exhibit higher AREA and Spreadability than flexible pavements. The lower AREA and
Spreadability values for the B/S sections indicate a behavior amilar to flexible pavements. The
AREA and Spreadability values of sections on SR-4, where a pile hammer was used, were
considerablylower than those on 1-71 where aguillotinehammer wasused. Thisisdueto the higher
degree of breakage in these sections. Breaking and seating resulted in higher W,/W, values as
compared to the control sections. The statistical analysis showsasignificant difference betweenthe
two means. Also, SR-4 sections had higher W,/W; ratios. This is to be expected since these
sections, broken with the pile hammer, were almost rubblized.

Becauseof limited data, the detail s of the structural characteristicsfor thepavement sections
on I-70 are not presented. This also limited the discussion of the effect of slab fragments on the
structural characteristics of these sections.

Reflection cracking was observed in all control sectionsmonitoredinthisstudy. Inthel-71
and 1-70 sections, the first set of cracks was noticed about 15 months after construction of the AC
overlay. In the SR-4 sections, cracks were observed within 7 months of construction of the AC

overlay. The cracking in both sections occurred after the severe Winter of 1993. No cracking was
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noticed on any of the broken and seated sections. The cracking of the control sections may be due
tothesize of theunderlying concrete slabs. The control sectionshaveranforced concrete slabs, 18.2
m (60 ft.) long whereas the broken and seated sections have slab fragments 0.45 m by 0.45 m (18
in. by 18in.).

The construction of 1-71 sections was completed in the Fall of 1992 while the SR-4 sections
were completed in the Fall of 1993. Reflection cracksin the SR-4 sections appeared after thefirst
winter whereas, cradks in the |-71 sections did not appear until the second winter. The winter of
1992 was normal whereas the 1993 winter was very severe. The early appearance of refledion
crackson SR-4 is, therefore, attributed to the severity of the winter of 1993 rather than to the age or
thi ckness of the overl ay.

In the I-71 control sections, reflection cracks appeared over more than 90% of the joints
within four years. However, in the [-71 B/S test section where a guillotine hammer was used, only
one crack appeared two years after the AC overlay. After being inservicefor nineyears, reflection
cracksappeared over 42% of thejoints. The SR-4 B/S sections, where apile hammer was used, have
beenrelatively freeof cracksafter eight years. Thetwo sectionshave 7% and 17% of joint reflection
cracks, while the control sectionsin the vicinity have 80% to 100% jaint reflection cracks.

In the I-70 test sections, the control section exhibits 100% joint reflection cracks. The
condition of the B/S sectionsis similar irrespective of the size of dab segments.

ThelRI valueson control and B/S sectionswere nearlyidentical. Thus, breaking and seating
did not have a pronounced effect on the ride quality of the test pavements. The PCR values, on the
other hand, are higher in the SR-4 B/S sectionsindicating that the overall condition of these sections

is much better than the control sections aswell asthe B/S sedionsin the 1-71 and I-70 pavements.
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Theseresultsclearly indicatethat whilebreaking and seating can beeffectiveindelaying and
minimizngreflection cracking, thetypeof breakingequipment and extent of breaking areextremely
important factors that govern thebehavior of the AC overlays on the B/S pavements.

Cost Effectiveness

Table 13 compares costs for the control and B/S sections during the 9-year monitoring

period.
Table 13. Comparing Cost of Control and B/S Sections

Additional cost per lane mile Control Sections B/S Sections
due to:
Breaking and Seating None $3,500 to $5,000
User delay during $100 to $400 $400 to $1,800
construction and preventive
maintenance
Preventive Maintenance $3,500 to $5,300 None
TOTAL ADDITIONAL $3,600 to $5,700 $3,900 to $6,800
COST PER LANE MILE

As has been stated earlier, the control and B/S sections were constructed Smilarly with the only
difference being breaking of concrete pavementson B/S sections prior to the AC overlay. Thusthe
above table compares additional costs between the control and B/S sections, since the remaining
costs are the same.

The cost of breaking has been calculated using information from bid documents. All the
control sectionsin thisstudy received crack seal treatment in 1997. Thiswasinaccordancewiththe
mai ntenance policy of the counties. Because the breaking and seating operation has been successful

in delaying and minimizing reflection cracking, the B/S sections have not received maintenance
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treatment so far. Based on the performance of pavements as observed in this study, it can be
concluded that, the difference in cost of constructing and maintaining control and B/S sectionsis
insignificant.
The primary differencein cost of control and B/S sections could bein the type, extent and
timing of major rehabilitation. The 1-70 and I-71 sections were rehabilitated in 1999 and 2000
respectively. Thecontrol and B/S pavementswererehabilitated at the sametimesincetheyfollowed
each other. The SR-4 sections are proposed to be rehabilitated in 2003. Although it can be argued
that the differences in the condition of control and B/S pavements of 1-70 and I-71 sedions were
practically not significant, the differencesin the SR-4 sectionsare significant. The control sections
may indicate aneed for rehabilitation. However, the present condition of the B/S pavement on SR-4
does not warrant rehabilitation inthe year 2003. ODOT may benefit by deferring the rehabilitation
of the B/S sectionsin SR-4 till such atime when the pavement condition warrants such an action.
Conclusions
The following conclusions are made based on the resul ts of this study:
1. Breaking and Seating can be successfully usedto delay and minimize the occurrence of joint
reflection cracking.
2. The extent of breakingisacritical factor in the successful application of the B/S technique.
3. The optimum size of broken slab fragments needs to be established.
4, The pile hammer ismore effectivein breaking jointed reinforced concrete pavementsthan
the guillotine hammer. The pile hammer produces uniform breaking and causes more

damage to the ranforcement.
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5. The difference in cost of construding and maintaining the control and B/S sections is
insignificant. However, thetype and extent of future maintenance and rehabilitation can help
establish the cost éfectiveness of B/S pavements.

Guidelinesfor the Implementation of Resear ch Findings

1 Use break and seat technique as a major rehabilitation strategy: All of the results
presented in this study indicate that the break and seat technique can be used effectivdy to
delay and minimize the appearance of reflection cracking in jointed reinforced concrete
pavements. The primary benefit of using the break and seat technique is to increase the
servicelife of composite pavements and defer the need for major rehabilitation. Henceitis
strongly recommended that the break and seat technique be used as a major rehabilitation
strategy in the pavement design and sel ection process.

2. Select an appropriate pavement breaker: A pile hammer should be used to break the
exposed jointed reinforced concrete pavement. It is strongly recommended to explore the
applicability of multiple head breaker for this purpose.

3. Develop an appropriate layer coefficient for usein the design: Develop an appropriate
layer coefficient value for the broken and seated layers based on a review of literature
supported by an analytical investigation of broken and seated pavements.

4, Develop quality control measures. The most significant factor that affects the outcome of
the break and seat processis' extent of breaking’. Hence, itisnecessaryto devel op necessary
quality control specification to verify the extent of breskage achieved.

5. Defer therehabilitation of SR-4 test sections: At present, neither the structural condition

nor the surface condition of the break and seat test sections on SR-4 warrant rehabilitation.
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Hence it is strongly recommended that the rehabilitation of these sections be deferred till
their condition meet the rehabilitation criteria generally used by the ODOT. Thiswill also
give an excellent opportunity to better establish the increasein service life echieved due to

breaking and seating.
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