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- CHAPTER 5
REHABILITATION METHODS WITH OVERLAYS

Overlays are used to remedy functional or struc-
tural deficiencies of existing pavements. It is im-
portant that the designer consider the type of deteri-
oration present in determining whether the pavement
has 2 functional or structural deficiency, so that an
appropriate overlay type and design can be devel-
oped.

Functional deficiency arises from any conditions
that adversely affect the highway user. These include
poor -surface friction and texture, hydroplaning and
splash from wheel path rutting, and excess surface
distortion (e.g., potholes, corrugation, faulting, blow-
ups, settlements, heaves). The overlay design proce-
dures in this chapter address structural deficiencies. 1f
a pavement has only 2 functional deficiency, proce-
dures in Part III, Chapter 4 and Section 5.3.2 should
be used.

Structural deficiency arises from any conditions
that adversely affect the load-carrying capability of
the pavement structure. These include inadequate
thickness as well as cracking, distortion, and disinte-
gration. It should be noted that several types of dis-
tress (e.g., distresses caused by poor construction
techniques, low-temperature cracking) are not ini-
tially caused by traffic loads but do become more
severe under traffic to the point that they also detract
from the load-carrying capability of the pavement.
Part ITI, Section 4.1.2 provides descriptions of various
structural conditions.

Maintenance overlays and surface treatments are
sometimes placed as preventive measures to slow the
rate of deterioration of pavements. This type of treat-
ment includes thin AC overlays and various surface
treatrnents which help keep out moisture.

The following abbreviations for pavement and
overlay types are used in this chapter:

AC: Asphalt concrete
PCC: Portland cement concrete
JPCP: Jointed plain concrete pavement

JRCP:
CRCP:

Jointed reinforced concrete pavement
Continuously reinforced concrete
pavement

AC/PCC: AC-overlaid Portland cement concrete
(JPCP, JRCP, or CRCP)

The procedures described in this chapter address
the following types of overlays and existing pave-
ments:

Section Overlay Existing Pavement
5.4 AC AC
5.5 AC Break/crack and seat
and rubblized PCC
5.6 AC JPCP, JRCP, and CRCP
5.7 AC AC/JPCP, AC/JRCP,

and AC/CRCP
5.8 Bonded PCC JPCP, JRCP, and CRCP
5.9 Unbonded PCC  JPCP, JRCP, and CRCP
5.10 PCC AC

5.1 OVERLAY TYPE FEASIBILITY

The feasibility of any type of overlay depends on
the following major considerations.

(1) Availability of adequate funds for construction
of the overlay. This is basically a constraint, as
illustrated in Part III, Figure 2.1.

(2) Construction feasibility of the overlay. This in-
cludes several aspects.

(a) Traffic control

(b) Materials and equipment availability

(¢) Climatic conditions

(d) Construction problems such as noise,
pollution, subsurface utilities, overhead
bridge clearance, shoulder thickness and
side slope extensions in the case of lim-
ited right-of-way, etc. ’

(e} Traffic disruptions and user delay costs

(3) Required future design life of the overlay.
Many factors will affect the life of an overlay,
such as the following.

(a) Existing pavement deterioraticn (spe-
cific distress types, severities, and quan-
tities)
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(b) Existing pavement design, condition of
pavement materials (especially durability
problems), and subgrade soil

(c) Future traffic loadings

(d) Local climate

(e) Existing subdrainage situation

All of these factors and others specific to the site need
to be considered to determine the suitability of an
overlay.

5.2 IMPORTANT CONSIDERATIONS IN
OVERLAY DESIGN

Overlay design requires consideration of many dif-
ferent items, including: preoverlay repair, reflection
crack control, traffic loadings, subdrainage, milling
an existing AC surface, recycling portions of an exist-
ing pavement, structural versus functional overlay
needs, overlay materials, shoulders, rutting in an ex-
isting AC pavement and overlay, durability of PCC
slabs, design of joints, reinforcement, and bonding/
separation layers for PCC overlays, overlay design re-
liability level and overall standard deviation, and
pavement widening.

These considerations must not be overlooked by the
designer. Each of these is briefly described in this
section, especially those that are common for all over-
lay types. They are described in more detail in the
sections for each overlay type. )

5.2.1 Pre-overlay Repair

Deterioration in the existing pavement includes vis-
ible distress as well as damage which is not visible at
the surface but which may be detected by other means.
How much of this distress should be repaired before
an overlay is placed? The amount of pre-overlay repair
needed is related to the type of overlay selected. If
distress in the existing pavement is likely to affect the
performance of the overlay within a few years, it
should be repaired prior to placement of the overlay.
Much of the deterioration that occurs in overlays
results from deterioration that was not repaired in the
existing pavements. The designer should also consider
the cost tradeoffs of preoverlay repair and overlay
type. If the existing pavement is severely deteriorated,
selecting an overlay type which is less sensitive to

__existing pavement condition may be more cost-effec-
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tive than doing extensive preoverlay repair. Excellent
guidelines are available on preoverlay repair tech-

_niques (1, 2; 3, 4).

5.2.2 Reflection Crack Control

Reflection cracks are a frequent cause of overlay
deterioration. The thickness design procedures in this
chapter do not consider reflection cracking. Addi-
tional steps must be taken to reduce the occurrence
and severity of reflection cracking. Some overlays are
less susceptible to reflection cracking than others be-
cause of their materials and design. Similarly, some
reflection crack control measures are more effective
with some pavement and overlay types than with
others. Reflection crack control is discussed in more
detail in the sections for each overlay type.

5.2.3 Traffic Loadings

The overlay design procedures require the 18-kip
equivalent single-axle loads (ESALs) expected over
the design life of the overlay in the design lane. The
estimated ESALs must be calculated using the appro-
priate flexible pavement or rigid pavement equiva-
lency factors from Part II of this Guide. The ap-
propriate type of equivalency factors for each overlay
type and existing pavement type are given in the fol-
lowing table.

Equivalency

Existing Overlay Factors

Pavement Type to Use
Flexible AC Flexible
Rubblized PCC AC Flexible
Break/Crack/Seat AC Flexible

JRCP, JRCP

Jointed PCC AC or PCC Rigid
CRCP AC or PCC Rigid
Flexible PCC Rigid
Composite (AC/PCC) AC or PCC Rigid

An approximate correlation exists between ESALS
computed using flexible pavement and rigid pavement
equivalency factors. Converting from rigid pavement
ESAL:s to flexible pavement ESALs requires multiply-
ing the rigid pavement ESALs by 0.67. For example,
15 million rigid pavement ESALs equal 10 million
flexible pavement ESALs. Five million flexible pave- .
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ment ESALSs equal 7.5 million rigid pavement ESALs.
Failure to utilize the correct type of ESALs will result
in significant errors in the overlay designs. Conver-
sions must be made, for example, when designing an
AC overlay of a flexible pavement (flexible ESALs
required) and when designing an alternative PCC

" overlay of the same flexible pavement (rigid ESALs
required). Throughout this chapter, ESALs are desig-
nated as rigid ESALs or flexible ESALs as appro-
priate.

The type of ESALs used in the overlay design de-
pends on the pavement performance model (flexible
or rigid) being used. In the overlay design procedures
presented in this chapter, the flexible pavement model
is used in designing AC overlays of AC pavements and
fractured slab PCC pavements. The rigid pavement
model is used in designing AC and PCC overlays of
PCC and ACC/PCC pavements and PCC overlays of
AC pavements.

5.2.4 Subdrainage

The subdrainage condition of an existing pavement
usually has a great influence on how well the overlay
performs. A subdrainage evaluation of the existing
pavement should be conducted as described in Part I1I,
Section 3.3. Further guidance is provided in Refer-
ence 5. Improving poor subdrainage conditions will
have a beneficial effect on the performance of an over-
lay. Removal of excess water from the pavement cross-
section will reduce erosion and increase the strength
of the base and subgrade, which in turn will reduce
deflections. In addition, stripping in AC pavement and
“D" cracking in PCC pavement may be slowed by
improved subdrainage.

5.2.5 Rutting in AC Pavements

The cause of rutting in an existing AC .pavémént
must be determined before an AC overlay is designed.
An overlay may not be appropriate if severe rutting is
occurring due to instability in any of the existing pave-
ment layers. Milling can be used to remove the rutted
surface and any underlying rutted asphalt layers.

5.2.6 Milling AC Surface

The removal of a portion of an existing AC surface
frequently improves the performance of an AC overlay
due to the removal of cracked and hardened AC mate-
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rial. Significant rutting or other major distortion of
any layer should be removed by milling before another
overlay is placed; otherwise, it may contribute signifi-
cantly to rutting of the overlay.

5.2.7 Recycling the Existing Pavement

Recycling a portion of an existing AC layer may be
considered as an option in the design of an overlay.
This has become a very common practice. Complete
recycling of the AC layer may also be done (some-
times in conjunction with the removal of a deteriorated
base course).

5.2.8 Structural versus Functional Overlays

The overlay design procedures in this chapter pro-
vide an overlay thickness to correct a structural defi-
ciency. If no structural deficiency exists, an overlay
thickness less than or equal to zero will be obtained.
This does not mean, however, that the pavement does
not need an overlay to correct a functional deficiency.
If the deficiency is primarily functional, then the over-
lay thickness should be only that which is needed to
remedy the functional problem (6). If the pavement
has a structural deficiency as well, a structural overlay
thickness which is adequate to carry future traffic over
the design period is needed.

5.2.9 Overlay Materials

The overlay materials must be selected and de-
signed to function within the specific loading, climatic
conditions, and underlying pavement deficiencies
present.,

5.2.10 Shoulders

Overlaying traffic lanes generally requires that the
shoulders be overlaid to match the grade line of the
traffic lanes. In selecting an overlay material and
thickness for the shoulder, the designer should con-
sider the extent to which the existing shoulder is dete-
riorated and the amount of traffic that will use the
shoulder. For example, if trucks tend to park on the
shoulder at certain locations, this should be consid-
ered in the shoulder overlay design.

If an existing shoulder is in good condition, any
deteriorated areas should be patched. An overlay may
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then be placed to match the shoulder grade to that of
the traffic lanes. If an existing shoulder is in such poor
condition that it cannot be patched economically, it
should be removed and replaced. '

5.2.11 Existing PCC Slab Durability

The durability of an existing PCC slab greatly in-
fluences the performance of AC and bonded PCC
overlays. If “D” cracking or reactive aggregate exists,
the deterioration of the existing slab can be expected
to continue after overlay. The overlay must be de-
signed with this progressive deterioration of the un-
derlying slab in mind (7).

5.2.12 PCC Overlay Joints

Bonded or unbonded jointed concrete overlays re-
quire special joint design that considers the character-
istics (e.g., stiffness) of the underlying pavement.
Factors to be considered include joint spacing, depth
of saw cut, sealant reservoir shape, and load transfer
requirements.

5.2.13 PCC Overlay Reinforcement

Jointed reinforced and continuously reinforced
concrete overlays require an adequate amount of rein-
forcement to hold cracks together. Friction between
the overlay slab and the base slab should be consid-
ered in the reinforcement design.

5.2.14 PCC Overlay Bonding/Separation Layers

The bonding or separation of concrete overlays
must be fully considered. Bonded overlays must be
constructed to insure that the overlay remains bonded
to the existing slab. Unbonded overlays must be con-
structed to insure that the separation layer prevents
any reflection cracks in the overlay.

5.2.15 Overlay Design Reliability Level and
Overall Standard Deviation

An overlay may be designed for different levels of
reliability using the procedures described in Part I,
Chapter 4 for new pavements. This is accomplished
through determination of the structural capacity (SN
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or Dy) required to carry traffic over the design period-
at the desired level of reliability.

Reliability level has a large effect on overlay thick-
ness. Varying the reliability level used to determine
SN¢ or Dy between 50 and 99 percent may produce
overlay thicknesses varying by 6 inches or more (8),
Based on field testing, it appears that a design reliabil-
ity level of approximately 95 percent gives overlay
thicknesses consistent with those recommended for
most projects by State highway agencies, when the
overall standard deviations recommended in Part I and
II are used (8). There are, of course, many situations
for which it is desirable to design at a higher or lower
level of reliability, depending on the consequences of
failure of the overlay. The level of reliability to be used
for different types of overlays may vary, and should be
evaluated by each agency for different highway func-
tional classifications (or traffic volumes).

The designer should be aware that some sources of
uncertainty are different for overlay design than for
new pavement design. Therefore, the overall standard
deviations recommended for new pavement design
may not be appropriate for overlay design. The appro-
priate value for overall standard deviation may vary by
overlay type as well. An additional source of variation
is the uncertainty associated with establishing the ef-
fective existing structural capacity (SN or D).
However, some sources of variation may be smaller
for overlay design than for new pavement design (e.g.,
estimation of future traffic). Additional research is
needed to better establish the standard deviations for
overlay design. At the present time it is recommended
to use 0.39 for any type of concrete overlay and 0.49
for any type of AC overlay, which is consistent with
Part I, Section 4.3.

5.2.16 Pavement Widening

Many AC overlays are placed over PCC pavements
in conjunction with pavement widening (either adding
lanes or adding width to a narrow lane). If multiple
lane widening is to be designed, refer to Part II for
guidance. Widening requires coordination between
the design of the widened pavement section and the
overlay, not only so that the surface will be function-
ally adequate, but also so that both the existing and
widening sections will be structurally adequate. Many
lane widening projects have developed serious deteri-
oration along the longitudinal joint due to improper
design. The key design recommendations are as fol-
lows: a
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(1) The design “lives” of both the overlay and the
new widening construction should be the same
to avoid the need for future rehabilitation at
significantly different ages.

(2) The widened cross section should generally
closely match the existing pavement or cross
section in material type, thickness, reinforce-
ment, and joint spacing. However, a shorter
joint spacing may be used.

(3) A widened PCC slab section must be tied with
deformed bars to the existing PCC slab face.
The tie bars should be securely anchored and
consistent with ties used in new pavement con-
struction (e.g., No. 5 bars, 30 inches long,
grouted and spaced no more than 30 inches
apart).

(4) A reflection crack relief fabric may be placed
along the longitudinal widening joint.

(5) The overlay should generally be the same
thickness over the widening section as over the
rest of the traffic lane.

(6) Longitudinal subdrainage should be placed if
needed.

5.2.17 Potential Errors and Possible
Adjustments to Thickness
Design Procedure

The overlay thicknesses obtained using these pro-
cedures should be reasonable when the pavement has a
structural deficiency. If the overlay thickness appears
to be unreasonable, one or more of the following
causes may be responsible.

(1) The pavement deterioration may be caused pri-
marily by nonload-associated factors. A com-
puted overlay thickness less than zero or close
to zero suggests that the pavement does not
need a structural improvement. If a functional
deficiency exists, a minimum constructible
overlay thickness that addresses the problem
could be placed.

(2) Modifications may be needed in the overlay
design inputs to customize the procedures to
the agency’s specific conditions. Each agency
should test the overlay design procedures on
actual projects to investigate the need for mod-
ifications. Reference 8 contains many example
overlay designs that illustrate typical inputs
and outputs.

(a) Overlay reliability design level, R. The
recommended design reliability levels
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should be reviewed for overlay designs
by each agency, since the recommenda-
tions given in Part I are intended for new
pavement designs. See Section 5.2.15
for discussion of overlay design relia-
bility.

(b) Overall standard deviation, S,. The val-
ues recommended for new pavement de-
sign may be either too low or too high for
overlay design. See Section 5.2.15 for
discussion of overall standard deviation.

(c) Effective slab thickness and structural
number adjustment factors. There are
many aspects to these that may need
agency adjustment. -

(d) Design subgrade resilient modulus and
effective k-value. Specifically, a resilient
modulus which is consistent with that in-
corporated into the flexible pavement de-
sign equation in Part II, Section 5.4.5
must be used.

(e) Other design inputs may be in error.
Ranges of typical values for inputs are
given in the worksheets for overlay de-
sign.

5.2.18 Example Designs and Documentation

Reference 8 provides many examples of overlay de-
signs for pavements in different regions of the United
States. These may provide the designer with valuable
insight into results obtained for actual projects. Refer-
ence 9 contains documentation for the concepts in-
volved in the overlay design procedures.

5.3 PAVEMENT EVALUATION FOR
OVERLAY DESIGN

It is important that an evaluation of the existing
pavement be conducted to identify any functional and
structural deficiencies, and to select appropriate pre-
overlay repair, reflection crack treatments and overlay
designs to correct these deficiencies. This section pro-
vides guidance in pavement evaluation for overlay de-
sign.

The following sections of Part III of this Guide
provide information on pavement evaluation for reha-
bilitation:

Section 2.3: Selection of Alternative
Rehabilitation Methods
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Chapter 3: Guides for Field Data Collection

Chapter 4: Rehabilitation Methods Other
Than Overlay (portions of this-chapter are
applicable to preoverlay pavement
evaluation and preoverlay repair)

The guidelines and procedures in these chapters are
not repeated in this section, but are referenced as
needed. This section provides guidelines for pavement
evaluation specifically for overlay design purposes.
Further details are provided in the sections for design
of each overlay type.

5.3.1 Design of Overlay Along Project

Pavement rehabilitation projects involve lengths of
pavement that range from a few hundred feet to several
miles. There are two approaches to designing an over-
lay thickness for a project, and both have advantages
and disadvantages. The design engineer should select
the approach that best fits the specific design situa-
tion. i

(1)  Uniform Section Approach. The project is di-
vided into sections of relatively uniform design
and condition. Each uniform section is consid-
ered independently and overlay design inputs
are obtained from each section that represents
its average condition (e.g., mean thicknesses,
mean number of transverse cracks per mile,
mean resilient modulus). Identification of uni-
form sections is described in Part III, Section
3.2.2. The mean inputs for the section are used
to obtain a single overlay thickness for the en-

tire length of the section. The mean inputs -

must be used in the AASHTO design proce-
dure because design reliability is applied later
to give the appropriate safety factor.
Point-By-Point Approach. Overlay thicknesses
are determined for specific points along the
uniform design section (e.g., every 300 feet).
All required inputs are determined for each
point so that the overlay thickness can be de-
signed. Factors that may change from point to
point include deflection, thickness, and condi-
tion; other inputs are usually fairly constant
along the project. This approach may appear to
require much more work; however, in reality it
does not require much additional field work,
only more runs through the design procedure.
This can be done efficiently using a computer.
The point-by-point approach produces a re-
quired overlay design thickness for each analy-
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sis point along the entire project for a given
reliability level. In selecting one thickness for
the uniform section, be aware that each overlay
thickness has already been increased to ac-
count for the design reliability level. Selection
of a thickness that is greater than the mean of
these values would be designing for a higher
level of reliability. The point by point overlay
thicknesses can be used to divide the project
into different overlay design thickness sections
if systematic variation exists along the project,
or one design thickness can be selected for the
entire project. Areas having unusually high
thickness requirements may be targeted for ad-
ditional field investigation, and may warrant
extensive repair or reconstruction.

Functional Evaluation of
Existing Pavement

5.3.2

Functional deterioration is defined as any condition
that adversely affects the highway user. Some recom-
mended overlay solutions to functional problems are
provided (also see table on next page).

Surface Friction and Hydroplaning

1

All pavement rypes. Poor wet-weather
friction due to polishing of the surface (inade-
quate macrotexture and/or microtexture). A
thin overlay that is adequate for the traffic level
may be used to remedy this problem. Guide-
lines for. use of asphalt concrete friction
courses are provided in-Reference 10.

AC-surfaced pavement. Poor friction due to
bleeding of the surface. Milling the AC surface
may be required to remove the material that is
bleeding to prevent further bleeding through
the overlay, and to prevent rutting due to insta-
bility. After milling, an open-graded friction
course or an overlay thickness adequate for the
traffic level may be used to remedy this prob-
lem.

AC-surfaced pavemen:. Hydroplaning and
splashing due to wheel path rutting. Determin-
ing which layer or layers are rutting and taking
appropriate corrective action are important.

)

Surface Roughness

All pavement rypes. Long wavelength sur-
face distortion, including heaves and swells. A
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Cause of Rutting

Layer(s) Causing Rut
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Solution

Total pavement thickness inadequate
Unstable granular layer due to saturation
Unstable layer due to low shear strength Base
Unstable AC mix (including stripping) Surface
.Compaction by traffic

Studded tire wear Surface

Subgrade
Base or subbase

Surface, base, subbase

Thick overlay

Remove unstable layer or thick overlay
Remove unstable layer or thick overlay
Remove unstable layer

Surface milling and/or leveling overlay
Surface milling and/or leveling overlay

level-up overlay with varying thickness (ade-
quate thickness on crests) usually corrects
these problems.

AC-surfaced pavemen:. Roughness from
deteriorated transverse cracks, longitudinal
cracks, and potholes. A conventional overlay
will correct the roughness only temporarily,
until the cracks reflect through the overlay.
Full-depth repair of deteriorated areas and a
thicker AC overlay incorporating a reflection
crack control treatment may remedy this prob-
lem.

AC-surfaced pavemen:. Roughness from
ravelling of surface. A thin AC overlay could
be used to remedy this problem. Milling the
existing surface may be required to remove de-
teriorated material to prevent debonding. If the
ravelling is due to stripping, the entire layer
should be removed because the stripping will
continue and may accelerate under an overlay.

PCC-surfaced pavement. Roughness from
spalling (including potholes) and faulting of
transverse and longitudinai joints and cracks.
Spalling can be repaired by full- or partial-
depth repairs consisting of rigid materials.
Faulting can be alleviated by an overlay of ade-
quate thickness; however, faulting indicates
poor load transfer and poor subdrainage. Poor
load transfer will lead to spalling of reflected
cracks in an AC overlay. Subdrainage improve-
ment may be needed.

Some agencies apply what are called “preventive
overlays” that are intended to slow the rate of deterio-
ration. This type of overlay includes thin AC and vari-
ous surface treatments. These may be applied to
pavements which do not present any immediate func-
tional or structural deficiency, but whose condition is
expected to deteriorate rapidly in the future.

Overlay designs (including thickness, preoverlay
Tepairs and reflection crack treatments) must address
the causes of functional problems and prevent their
recurrence. This can only be done through sound en-

gineering, and requires experience in solving the spe-
cific problems involved. The overlay design required
to correct functional problems should be coordinated
with that required to correct any structural deficien-
cies. : -

5.3.3 Structural Evaluation of
Existing Pavement

Structural deterioration is defined as any condition
that reduces the load-carrying capacity of the pave-
ment. The overlay design procedures presented here
are based on the concept that time and traffic loadings
reduce a pavement’s ability to carry loads and an over-
lay can be designed to increase the pavement’s ability
to carry loads over a future design period.

Figure 5.1 illustrates the general concepts of struc-
tural deficiency and effective structural capacity. The
structural capacity of a pavement when new is denoted
as SC,. For flexible pavements, structural capacity is
the structural number, SN. For rigid pavements, struc-
tural capacity is the slab thickness, D. For existing
composite pavements (AC/PCC) the structural capac-
ity is expressed as an equivalent slab thickness.

The structural capacity of the pavement declines
with time and traffic, and by the time an evaluation for
overlay design is conducted, the structural capacity
has decreased to SC.i. The effective structural capac-
ity for each pavement type is expressed as follows:

Flexible pavements: SN,¢
Rigid and composite pavements: D¢

If a structural capacity of SC; is required for the future
traffic expected during the overlay design period, an
overlay having a structural capacity of SC, (.e.,
SC; — SC.g) must be added to the existing structure.
This approach to overlay design is commonly called
the structural deficiency approach. Obviously, the re-
quired overlay structural capacity can be correct only
if the evaluation of existing structural capacity is cor-
rect. The primary objective of the structural evalua-
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tion is to determine the effective structural capacity of
the existing pavement.

If the declining relationship depicted in Figure 5.1
were well defined, the evaluation of effective struc-
tural capacity would be quite easy. This, however, is
not the case. No single, specific method exists for
evaluating structural capacity. The evaluation of effec-
tive structural capacity must consider the current con-
dition of the existing pavement materials, and also
consider how those materials will behave in the future.
Three alternative evaluation methods are recom-
mended to determine effective structural capacity.

- (1) Structural capacity based on visual survey and

materials testing. This involves the assessment
of current conditions based on distress and
drainage surveys, and usually some coring and
testing of materials.

(2) Structural capacity based on nondestructive

deflection testing (NDT). This is a direct evalu- |

ation of in situ subgrade and pavement stiff-
ness along the project.

(3)  Structural capaciry based on fatigue damage
from traffic. Knowledge of past traffic is used
to assess the existing fatigue damage in the
pavement. The pavement’s future remaining
fatigue life can then be estimated. The re-
maining life procedure is most applicable to
pavements which have very little visible deteri-
oration.

Because of the uncertainties associated with the de-
termination of effective structural'capacity, the three
methods cannot be expected to provide equivalent esti-
mates. The designer should use all three methods
whenever possible and select the ‘“‘best” estimate
based on his or her judgement. There is no substitute
for solid experience and judgment in this selection.

(1) Structural Capacity Based on Visual Survey
and Materials Testing

Visual Survey. A key component in the de-
termination of effective structural capacity is
the observation of existing pavement condi-
tions. The observation should begin with a re-
view of all information available regarding the
design, construction, and maintenance history
of the pavement. This should be followed by a
detailed survey to identify the type, amount,
severity, and location of surface distresses.

Some of the key distress types that are indi-
cators of structural deficiencies are listed be-
low. Some of these are not initially caused by
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loading, but their severity is increased by load-
ing and thus load-carrying capacity is reduced.
(a) AC-surfaced pavements

Fatigue or alligator cracking in the
wheel paths. Patching and a structural
overlay are required to prevent this dis-
tress from recurring.

Rutting in the wheel paths.

Transverse or longitudinal cracks that
develop into potholes.

Localized failing areas where the un-
derlying layers are disintegrating and
causing a collapse of the AC surface
(e.g., underlying PCC slab with severe
“D’" cracking, CRCP punchouts, major
shear failure of base course/subgrade,
stripping of AC base course). This is a
very difficult problem to repair and an
investigation should be carried out to de-
termine its extent. If it is not extensive,
full-depth PCC repair (when a PCC slab
exists), and a structural overlay should
remedy the problem. If the problem is
too extensive for full-depth repair, recon-
struction or a structural overlay designed
for the weakest area is required.

(b) PCC-surfaced pavements

Deteriorating (spalling or faulting)
transverse or longitudinal cracks. These
cracks usually must be full-depth re-
paired, or they will reflect through the
overlay. This does not apply to unbonded
JPCP or JRCP overlays. )

Corner breaks at transverse joints or
cracks. ‘Must be full-depth repaired with
a full-lane-width repair (this is not re-
quired for unbonded JPCP or JRCP over-
lays).

Localized failing areas where the
PCC slab is disintegrating and causing
spalls and potholes (e.g., caused by se-
vere “D” cracking, reactive aggregate,
or other durability problems). Overlay
thickness and preoverlay repair require-
ments may be prohibitive for some types
of overlays. :

Localized punchouts, primarily in
CRCP. Full-depth repair of existing
punchouts and placement of a structural
overlay will greatly reduce the likelihood
of future punchouts.

Subdrainage Survey. A drainage survey
should be coupled with the distress survey. The
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objective of the drainage survey is to identify
moisture-related pavement problems and loca-
tions where drainage improvements might be
effective in improve the existing structure or re-
ducing the influence of moistare on the perfor-
mance of the pavement following the overlay.

Coring and Materials Testing Program. In
addition to a survey of the surface distress, a
coring and testing program is recommended to
verify or identify the cause of the observed
surface distress. The locations for coring
should be selected following the distress sur-
vey to assure that all significant pavement con-
ditions are represented. If NDT is used, the
data from that testing should also-be used to
help select the appropriate sites for coring.

The objective of the coring is to determine
material thicknesses and conditions. A great
deal of information will be gained simply by a
visual inspection of the cored material. How-
ever, it should be kept in mind that the coring
operation causes a disturbance of the material
especially along the cut face of AC material.

For example, in some cases coring has been
known to disguise the presence of stripping.
Consequently, at least some of the asphalt
cores should be split apart to check for strip-
ping.

The testing program should be directed to-
ward determining how the existing materials
compare with similar materials that would be
used in a new pavement, how the materials
may have changed since the pavement was con-
structed, and whether or not the materials are
functioning as expected. The types of tests to
be performed will depend on the material types
and the types of distress observed. A typical

testing program might include strength tests

for AC and PCC cores, gradation tests to look
for evidence of degradation and/or contamina-
tion of granular materials, and extraction tests
to determine binder contents and gradations of
AC mixes. PCC cores exhibiting durability
problems may be examined by a petrographer
to identify the cause of the problem.

Specific recommendations on estimating
the effective structural capacity from the dis-
tress survey information are given in the sec-
tions for each overlay type.

Structural Capacity Based on
Nondestructive Deflection Testing

Nondestructive deflection testing is an ex-
tremely valuable and rapidly developing tech-

3)
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nology. When properly applied, NDT can pro-
vide a vast amount of information and analysis
at a very reasonable expenditure of time,
money, and effort. The analyses, however, can
be quite sensitive to unknown conditions and
must be performed by knowledgeable, experi-
enced personnel.

Within the scope of these overlay design
procedures, NDT structural evaluation differs
depending on the type of pavement. For rigid
pavement evaluation, NDT serves three analy-
sis functions: (1) to examnine load transfer effi-
ciency at joints and cracks, (2) to estimate the
effective modulus of subgrade reaction (effec-
tive k-value), and (3) to estimate the modulus
of elasticity of the concrete (which provides an
estimate of strength). For flexible pavement
evaluation, NDT serves two functions: (1) to
estimate the roadbed soil resilient modulus,

" and (2) to provide a direct estimate of SN, of

the pavement structure. Some agencies use
NDT to backcalculate the moduli of the indi-
vidual layers of a flexible pavement, and then
use these moduli to estimate SN. This ap-
proach is not recommended for use with these
overlay design procedures because it implies
and requires a level of sophistication that does
not exist with the structural number approach
to design.

In addition to structural evaluation, NDT
can provide other data useful to the design pro-
cess. Deflection data can be used to quantify
variability along the project and to subdivide
the project into segment$ of similar structural

strength. The NDT data may also be used in a

backcalculation scheme to estimate resilient
modulus values for the various pavement lay-
ers. Although this procedure does not include
the use of these values as a part of the struc-
tural condition determination, backcalculation
of an unusually low value for any layer should
be viewed as a strong indication that a detailed
study of the condition of that layer is needed.

The specific methods for estimating effec-
tive structural capacity by NDT analysis are
discussed within the sections pertaining to the
specific overlay types.

Structural Capacity Based on
Remaining Life

The remaining life approach to structural
evaluation relies directly on the concepts illus-
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trated in Figure 5.1. This follows a fatigue
damage concept that repeated loads gradually
damage the pavement and reduce the number
of additional loads the pavement can carry to
failure. At any given time, there may be no
directly observable indication of damage, but
there is a reduction in structural capacity in
terms of the future load-carrying capacity (the
number of future loads that the pavement can

carry).

To determine the remaining life, the designer must
determine the actual amount of traffic the pavement

- has carried to date and the total amount of traffic the

pavement could be expected to carry to “‘failure”
(when serviceability equals 1.5, to be consistent with
the AASHO Road Test equations). Both traffic
amounts must be expressed in 18-kip ESAL. The dif-
ference between these values, expressed as a percent-
age of the total traffic to ““failure,” is defined as the
remaining life:

where

RL = remaining life, percent
N, = total traffic to date, 18-kip ESAL
N, s = total traffic to pavement *failure”

(P2 = 1.5), 18-kip ESAL

With RL determined, the designer may obtain a

condition factor (CF) from Figure 5.2. CF is defined

by the equation:

sC,
SC,

CF =

where

SC, = pavement structural capacity after N,
ESAL
original pavement structural capacity

sC,

The existing structural capacity may be estimated
by multiplying the original structural capacity of the
pavement by CF. For example, the original structural
number (SN,) of a flexible pavement may be calcu-
lated from material thicknesses and the structural co-

HI-89

efficients for those materials in a new pavement. SN,
of the pavement based on a remaining life analysis
would be:

SN:ff = CF * SIQ0

The structural capacity determined by this relation-
ship does not account for any preoverlay repair. The
calculated structural capacity should be viewed as a
lower limit value and may require adjustment to reflect
the benefits of preoverlay repair.

For the remaining life determination, N, s can be
roughly estimated using the new pavement design
equations or nomographs, or other equations based on
local agency information. To be consistent with the
AASHO Road Test and the development of these equa-
tions, a failure PSI equal to 1.5 and a reliability of 50
percent is recommended.

When using this approach, the designer need not be
alarmed if the traffic to date (N;) is found to exceed
the expected traffic to failure (N, 5) resulting in a cal-
culated negative remaining life. When this happens,
the designer could use the minimum value for CF
(0.50), or not use the remaining life approach.

The remaining life approach to determine SNg or
D¢ has some serious deficiencies associated with it.
There are four major sources of error:

(1) The predictive capability of the AASHO Road
Test equations, )

(2) The large variation in performance typically
observed even among pavements of seemingly
identical designs,

(3) Estimation of past 18-kip ESALs, and

(4) Inability to account for the amount of preover-
lay repair to the pavement. For pavements with
considerable deterioration, the SN or D
value obtained from the remaining life method
may be much lower than values obtained from
other methods that adjust for preoverlay re-
pairs. Thus, the remaining life procedure is
most applicable to pavements which have very
little visible deterioration.

As a result, this method of determining the remain-
ing life of the pavement can in some cases produce
very erroneous results. The following two extreme er-
rors may occur with this approach:

(1) The remaining life estimate may be extremely
low even though very little load-associated dis-
tress is present. While some fatigue damage
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can exist in a pavement structure before a sig-
nificant amount of cracking appears, it cannot
be a large amount of damage, or it would cer-

tainly be evidenced by a significant amount of-

cracking. If load-related cracking is present in
very small amounts and at a low severity level,
the pavement has considerable remaining life,
regardless of what the traffic-based remaining
life calculation suggests.

(2) The remaining life estimate may be extremely
high even though a substantial amount of me-
dium- and high-severity load-related cracking
is present. In this case, the pavement really has
little remaining life.

At any point between these two extremes, the re-
maining life computed from past traffic may not re-
flect the amount of fatigue damage in the pavement,
but discerning this from observed distress may be
more difficult. If the computed remaining life appears
to be clearly at odds with the amount and severity of
load-associated distress present, do not use the re-
maining life method to compute the structural capacity
of the existing pavement.

The remaining life approach to determining struc-
tural capacity is not directly applicable, without modi-
fication, to pavements which have already received
one or more overlays.

5.3.4 Determination of Design My

The design subgrade My may be determined by: (1)
laboratory testing, (2) NDT backcalculation, (3) esti-
mation from resilient modulus correlation studies, or
(4) original design and construction data. Regardless
of the method used, the design My value must be
consistent with the value used in the design perform-
ance equation for the AASHO Road Test subgrade.
This is especially important when My is determined
by NDT backcalculation. The backcalculated value is
typically too high to be consistent and must be ad-
Jjusted. If Mg is not adjusted, the SN; value will be
unconservative and poor overlay performance can be
expected.

A subgrade My may be backcalculated from NDT
data using the following equation:

M _0.24P
R= 74T

where

111-91
My = backcalculated subgrade resilient
modulus, psi
P - = applied load, pounds
d, = measured deflection at radial distance r,
inches
r .= radial distance at which the deflection is

measured, inches

This equation for backcalculating My is based on
the fact that, at points sufficiently distant from the
center of loading, the measured surface deflection is
almost entirely due to deformation in the subgrade,
and is also independent of the load radius. For practi-
cal purposes, the deflection used should be as close as
possible to the loading plate, but must also be suffi-
ciently far from the loading plate to satisfy the as-
sumptions inherent in the above equation. Guidance is
provided later in this chapter for selecting the mini-
mum radial distance for determination of Mj.

The recommended method for determination of the
design My from NDT backcalculation requires an ad-
justment factor (C) to make the value calculated con-
sistent with the value used to represent the AASHO
subgrade. A value for C of no more than 0.33 is rec-
ommended for adjustment of backcalculated My val-
ues to design My values. The resulting equation is:

5

Design My = C <

0.24P>
d,r

A subgrade My value of 3,000 psi was used for the
AASHO Road Test soil in the development of the flex-
ible pavement performance model. This value is con-
sistent with some laboratory tests of soil samples from
the AASHO Road Test site, as Figure 5.3 illustrates
(11). However, these data also show that the resilient
modulus of the AASHO Road Test soil is quite stress-
dependent, increasing rapidly for deviator stresses
less than 6 psi. The subgrade deviator stress at a radial
distance appropriate for use in the equation given
above for backcalculated My will almost always be far
less than 6 psi. Thus, the subgrade modulus deter-
mined by backcalculation can be expected to be too
high to be consistent with the 3,000 psi assumed for
the AASHO subgrade. :

This was confirmed by two methods. In the first
analysis, My values backcalculated from deflection
data were compared with My values obtained from
laboratory tests, for the AASHO Road Test and other
sites (12, 13). The results, which are shown in Figure
5.4, indicate that backcalculated My values exceed
laboratory My values by a factor of three or more. In
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Figure 5.3. AASHO Road Test Subgrade Resilient Modulus Test Results (11)
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the second analysis, the ILLI-PAVE finite element
program (14, 15) was used to compute My values for a
variety of pavement structures and subgrade charac-
teristics representative of the AASHO Road Test soil.
At radial distances appropriate for backcalculation of
Mg, the computed My values also exceeded the value
of 3,000 psi assumed in development of the AASHO
flexible pavement model by a factor of at least three.
Similarly, pavement surface deflections computed by
ILLI-PAVE produced backcalculated My values three
or more times greater than 3,000 psi.

All of these analyses suggest that for the soils ex-
amined, backcalculated My values should be multi-
plied by an adjustment factor C of no more than 0.33
in order to obtain My values appropriate for use in
design with the AASHTO flexible pavement model.

The analyses described here pertain to the fine-
grained, stress-sensitive soil at the AASHO Road Test
site plus fine-grained soil from seven other projects.
No attempt has been made in this study to investigate
the relationship between backcalculated and labora-
tory My values for granular subgrades. It may be that
backcalculated My values for granular subgrades
would not require a correction factor as large as is
required for cohesive subgrades. However, this sub-
ject requires further research.

Users are cautianed that the resilient modulus
value selected has a very significant effect on the re-
sulting structural number determined. Therefore, us-
ers should be very cautious about using high resilient
modulus values, or their overlay thickness values will
be too thin. '

5.4 AC OVERLAY OF
AC PAVEMENT

This section covers the design of AC overlays of AC
pavements. The following construction tasks are in-
volved in the placement of an AC overlay on an exist-
ing AC pavement:

(1) Repairing deteriorated areas and making
subdrainage improvements (if needed).

(2) Correcting surface rutting by milling or
placing a leveling course.

(3) Constructing widening (if needed).

(4) Applying a tack coat.

(5) Placing the AC overlay (including a reflective
crack control treatment if needed).

Design of Pavement Structures
5.4.1 Feasibility

An AC overlay is a feasible rehabilitation alterna-
tive for an AC pavement except when the condition of
the existing pavement dictates substantial removal and
replacement. Conditions under which an AC overlay
would not be feasible include the following.

(1)  The amount of high-severity alligator cracking
is so great that complete removal and replace-
ment of the existing surface is dictated.

(2) Excessive surface rutting indicates that the ex-
isting materials lack sufficient stability to pre-
vent recurrence of severe rutting.

(3) Anexisting stabilized base shows signs of seri-
ous deterioration and would require an inordi-
nate amount of repair to provide uniform
support for the overlay.

(4) An existing granular base must be removed
and replaced due to infiltration of and contami-
nation by a soft subgrade.

(5) Stripping in the existing AC surface dictates
that it should be removed and replaced.

5.4.2 Pre-overlay Repair

The following types of distress should be repaired
prior to overlay of AC pavements. If they are not re-
paired, the service life of the overlay will be greatly
reduced.

Distress
Type Required Repair

Alligator All areas of high-severity alligator
Cracking cracking must be repaired. Local-

ized areas of medium-severity
alligator cracking should be repaired
unless a paving fabric or other
means of reflective crack control is
used. The repair must include
removal of any soft subsurface

material.
Linear High-severity linear cracks should be
Cracks patched. Linear cracks that are open

greater than 0.25 inch should be
filled with a sand-asphalt mixture or
other suitable crack filler. Some
method of reflective crack control is
recommended for transverse cracks
that experience significant opening
and closing.
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Rutting Remove ruts by milling or placement
of a leveling course. If rutting is
severe, an investigation into which
layer is causing the rutting should
be conducted to determine whether

or not an overlay is feasible.
Depressions, humps, and corrugations
require investigafiorand treatment
of their cause. In most cases, _
removal and replacement will be
required. i ’

Surface
Irregu-
larities

5.4.3 Reflection Crack Control

The basic mechanism of reflection cracking is
strain concentration in the overlay due to movement in
the vicinity of cracks in the existing surface. This
movement may be bending or shear induced by loads,
or may be horizontal contraction induced by tempera-
ture changes. Load-induced movements are influ-
enced by the thickness of the overlay and the thickness
and stiffness of the existing pavement. Temperature-
induced movements are influenced by daily and sea-
sonal temperature variations, the coeificient of
thermal expansion of the existing pavement, and the
spacing of cracks.

Pre-overlay repair (patching and crack filling) may
help delay the occurrence and deterioration of reflec-
tion cracks. Additional reflection crack control mea-
sures which have been beneficial in some cases
include the following: ’

(1) Synthetic fabrics and stress-absorbing interlay-
ers (SAMIs) have been effective in controlling
reflection of low- and medium-severity alliga-
tor cracking. They may also be useful for con-
trolling reflection of temperature cracks,
particularly when used in combination with
crack filling. They generally do little, however,
to retard reflection of cracks subject to signifi-
cant horizontal or vertical movements.

(2) Crack relief layers greater than 3 inches thick
have been effective in controlling reflection of
cracks subject to larger movements. These
crack relief layers are composed of open-
graded coarse aggregate and a small percent-
age of asphalt cement. :

(3) Sawing and sealing joints in the AC overlay a
locations coinciding with straight cracks in the
underlying AC may be effective in controlling
the deterioration of reflection cracks. This
technique has been very effective when appiied

1I-95

to AC overlays of jointed PCC pavements when
the sawcut matches the joint or straight crack
within an inch.

(4) Increased AC overlay thickness reduces bend-
ing and vertical shear under loads and also
reduces temperature variation in the existing
pavement. Thus, thicker AC overlays are more
effective in delaying the occurrence and deteri-
oration of reflection cracks than are thinner
overlays. However, increasing the AC overlay
thickness is a costly approach to. reflection
crack control.

Reflection cracking can have a considerable (often
controlling) influence on the life of an AC overlay.
Deteriorated reflection-cracks detract frem a pave-
ment's serviceability and also require frequent main-
tenance, such as sealing and patching. Reflection
cracks also permit water to enter the pavement struc-
ture, which may result in loss of bond between the AC
overlay and existing AC surface, stripping in either
layer, and softening of the granular layers and sub-
grade. For this reason, reflection cracks should be
sealed as soon as they appear and resealed periodi-
cally throughout the life of the overlay. Sealing low-
severity reflection cracks may also be effective in
retarding their progression to medium and high sever-
ity levels.

5.4.4 Subdrainage

See Section 5.2.4 for guidelines.

5.4.5 Thickness Design

If the overiay is being placed for the purpose of
structural improvement, the required thickness of the
overlay is a function of the structural capacity required
to meet future traffic demands and the structural ca-
pacity of the existing pavement. The required thick-
ness to increase structural capacity to carry future
traffic is determined by the following equation.

SNg = ag * Dy = SNy — SN

where
SN, = Required overlay structural number
a, = Structural coefficient for the AC overlay
D, = Required overlay thickness, inches
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SNy Structural number required to carry
future traffic .
SN, = Effective structural number of the
existing pavement

The required overlay thickness may be determined
through the following design steps. These steps pro-
vide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design
inputs. If it is not possible to conduct testing (e.g., for
a low-volume road), an approximate overlay design
may be developed based upon visible distress observa-
tion, by skipping Steps 4 and 5 and by estimating other
inputs.
Step 1: Existing pavement design and
construction.

(1)  Thickness and material type of each pavement
layer.

(2)  Available subgrade soil information (from con-
struction records, soil surveys, county agricul-
tural soils reports, etc.)

Step 2:

(1) Past cumulative 18-kip ESALs in the design
lane (N,), for use in the remaining life method
of SN determination only.

(2) Predicted future 18-kip ESALs in the design
lane over the design period (Ng).

Traffic analysis.

Step 3:  Condition survey.

Distress types and severities are defined in refer-
ence 11. The following distresses are measured during
the condition survey and are used in the determination
of the structural coefficients. Sampling along the pro-
ject in the heaviest trafficked lane can be used to esti-
mate these quantities.

(1) Percent of surface area with alligator cracking
(class 1, 2, and 3 corresponding to low, me-
dium, and high severities).

(2) Number of transverse cracks per mile (low,
medium, and high severities).

(3) Mean rat depth.

(4) Evidence of pumping at cracks and at pave-
ment edges.

Step 4:  Deflection testing
(strongly recommended).

Measure deflections in the outer wheel path at an
interval sufficient to adequately assess conditions. In-
tervals of 100 to 1,000 feet are typical. Areas that are

Design of Pavemeni Structures

deteriorated and will be repaired should not be tested,
A heavy-load deflection device (e.g., Falling Weight
Deflectometer) and a load magnitude of approxi-
mately 9,000 pounds are recommended. ASTM D
4694 and D 4695 provide additional guidance on de-
flection testing. Deflections should be measured at the
center of the load and at least one other distance from
the load, as described below.

(1) © Subgrade resilient modulus (Mg). At suffi-
ciently large distances from the load, deflec-
tions measured at the pavement surface are due
to subgrade deformation only, and are also in-
dependent of the size of the load plate. This
permits the backcalculation of the subgrade re-
silient modulus from a single deflection mea-
surement and the load magnitude, using the
following equation:

My =

where

My = backcalculated subgrade resilient
modulus, psi
P = applied load, pounds

d,” = deflection at a distance 1 from the
center of the load, inches

r = distance from center of load,
inches .

It should be noted that no temperature adjust-
ment is needed in determining My since the
deflection used is due only to subgrade defor-
mation.

The deflection used to backcalculate the
subgrade modulus must be measured far
enough away that it provides a good estimate of
the subgrade modulus, independent of the ef-
fects of any layers above, but also close enough
that it is not too small to measure accurately.
The minimum distance may be determined
from the following relationship:

r = 0.7a,

where
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2)

3)

e

a, = radius of the stress bulb at the
subgrade-pavement interface, inches

= NDT load plate radius, inches

D = total thickness of pavement layers
above the subgrade, inches

E, = effective modulus of all pavement
layers above the subgrade, psi
(described below)

+<D 3E“L>--
Mg/ |

Before the backcalculated My value is used
in design, it must be adjusted to make it con-
sistent with the value used in the AASHTO
flexible pavement design «quation”"An adjust-
ment may also be needed to account for sea-
sonal effects. These adjustments are described
in Step 6.

Temperature of AC mix. The temperature of
the AC mix during deflection testing must be
determined. The AC mix temperature may be
measured directly, or may be esiimated from
surface or air temperatures.

Effective modulus of the pavement (E,). If the
subgrade resilient modulus and total thickness
of all layers above the subgrade are known or
assumed, the effective modulus of the entire
pavement strucrure (all pavement layers above
the subgrade) may be determined from the de-
flection measured at the center of the load
plate using the following equation:

where

d, = deflection measured at the center
of the load plate (and adjusted to a
standard temperature of 68°F),
inches

G-19

Step 5:

1)

@
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p = NDT load plate pressure, psi
a = NDT load plate radius, inches
D = total thickness of pavement layers

above the subgrade, inches
Mg = subgrade resilient modulus, psi
E, = effective modulus of all pavement
layers above the subgrade, psi

For a load plate radius of 5.9 inches, Figure
5.5 may be used to determine the ratio E, /Mg,
and E, may then be determined for a known or
assumed value of My.

For purposes of comparison of E, along the
length of a project, the dy values used to deter-
mine E, should be adjusted to a single refer-
ence temperature. Furthermore, if the effective
structural number of the existing pavement is
to be determined in Step 7 using the values of
E, backcalculated from deflection data, the
reference temperature for adjustment of d,
should be 68°F, to be consistent with the pro-
cedure for new AC pavement design described
in Part II. Figure 5.6 may be used o adjust dg
for AC pavements with granular and asphalt-
stabilized bases. Figure 5.7 may be used to
adjust dy for AC pavements with cement- and
pozzolanic-stabilized bases.

Coring and materials testing
(strongly recommended).

Resilient modulus of subgrade. 1f deflection
testing is not performed, laboratory testing of
samples of the subgrade may be conducted
to determine its resilient modulus using
AASHTO T 292-91 I with a deviator stress of
6 psi to match the deviator stress used in estab-
lishing the 3,000 psi for the AASHO Road Test
soil that is incorporated into the flexible design
equation. Alternatively, other tests such as R
value, CBR or soil classification tests could be
conducted and approximate correlations used
to estimate resilient modulus. Use of the esti-
mating equation My = 1500 * CBR may pro-
duce a value that is too large for use in this
design procedure. The relationships found in
Appendix FF, Figure FF-6 may be more rea-
sonable.

Samples of AC layers and stuabilized base
should be visually examined to assess asphalt
stripping, degradation, and erosion.
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3

C))

Samples of granular base and subbase should
be visually examined and a gradation run to
assess degradation and contamination by fines.
The thickness of all layers should be mea-
sured.

Step 6: Determination of required structural

ey

number for future traffic (SNy).

Effecrive design subgrade resilient modulus.

Determine by one of the following methods:

(a) Laboratory testing described in Step S.

(b) Backcalculation from deflection data.
(NOTE: this value must be adjusted to be
consistent with the value used in the
AASHTO flexible pavement design
equation as described below.)

(c) A very approximate estimate can be
made using available soil information
and relationships developed from resil-
ient modulus studies. However, if as-
constructed soil data are used, the
resilient modulus may have changed
since construction due to changes in
moisture content or other factors.

Regardless of the method used, the effective

design subgrade resilient modulus must be (1)

representative of the effects of seasonal varia-

tion and (2) consistent with the resilient modu-
lus value used to represent the AASHO Road

Test soil. A seasonal adjustment, when

needed, may be made in accordance with the

procedures described in Part II, Section 2.3.1.

My values backcalculated from deflections

must be adjusted to be consistent with the labo-

ratory-measured value used for the AASHO

Road Test soil in the development of the flexi-

ble pavement design equation. It is recom-

mended that backcalculated Mg values be
multiplied by a correction factor C = 0.33 for
use in determination of SN; for design pur-
poses when an FWD load of approximately

9,000 pounds is used (9). This value should be

evaluated and adjusted if needed by user agen-

cies for their soil and deflection measurement
equipment. Therefore, the following design

Mg should be used to determine SN;:

0.24P>

Design Mg = C < ir

where recommended C = 0.33
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Note also that the presence of a very stiff
layer (e.g., bedrock) within about 15 feet of
the top of the subgrade may cause the back-
calculated My, to be high. When such a condi-
tion exists, a value less than 0.33 for C may be
warranted (9).

The designer is cautioned against using a
value of My that is too large. The value of My
selected for design is extremely critical to the
overlay thickness. The use of a value greater
than 3,000 psi is an indication that the soil is
stiffer than the silty-clay A-6 soil at the Road
Test site, and consequently will provide in-
creased support and extended pavement life.

(2) Design PSI loss. PSI immediately after overlay
(P1) minus PSI at time of next rehabilitation
(P2).

(3) Overlay design reliabiliry R (percent). See Part
I, Section 4.2, Part II, Table 2.2, and Part III,
Section 5.2.15.

(4)  Overall standard deviation S, for flexible pave-
ment. See Part I, Section 4.3.

Compute SN; for the above design inputs using the
flexible pavement design equation or nomograph in
Part II, Figure 3.1. When designing an overlay thick-
ness for a uniform pavement section, mean input
values must be used. When designing an overlay
thickness for specific points along the project, the data
for that point must be used. A worksheet for determin-
ing SN is provided in Table 5.1.

Step 7: Determination of effective structural
number (SN,y) of the existing pavement.

Three methods are presented for determining the
effective structural number of a conventional AC
pavement: an NDT method, a condition survey
method, and a remaining fatigue life method. It is
suggested that the designer use all three of these to
evaluate the pavement, and then select a value for
SN, based on the results, using engineering judgment
and the past experience of the agency.

SN from NDT for AC Pavements

The NDT method of SN determination follows an
assumption that the structural capacity of the pave-
ment is a function of its total thickness and overall
stiffness. The relationship between SN, thickness,
and stiffness is:
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Table 5.1. Worksheet for Determination of SN; for AC Pavements

TRAFFIC:

Future 18-kip ESALs in design lane over
design period, N =

EFFECTIVE ROAD-BED SOIL RESILIENT MODULUS:

Design resilient modulus, Mg = psi

(Adjusted for consistency with flexible pavement model and for seasonal variations.
Typical design My is 2,000 to 10,000 psi for fine-grained soils, 10,000 to 20,000
for coarse-grained soils. The AASHO Road Test soil value used in the flexible
pavement design equation was 3,000 psi.)

SERVICEABILITY LOSS:
Design PSI loss (P1 ~ P2) (1.2 10 2.5) =

DESIGN RELIABILITY:

1t

Overlay design reliability, R (80 to 99 percent) percent

Overall standard deviation, S, (typically 0.49)

FUTURE STRUCTURAL CAPACITY:

Required structural number for future traffic is determined from flexible pavement
design equation or nomograph in Part II, Figure 3.1.

SN; =

SN = 0.0045D/E,

where

o
il

total thickness of all pavement layers above
the subgrade, inches

E, = effective modulus of pavement layers above
the subgrade, psi

E, may be backcalculated from deflection data as
described in Step 4. Figure 5.8 may be used to deter-
mine SN according to the above equation.

SN.q from Condition Survey for AC Pavements

The condition survey method of SN determina-
tion involves a component analysis using the struc-
tural number equation:

SN:ff = 31D1 + 32D2m2 + a3D3m3

where

D,, D,, D; = thicknesses of existing pavement
surface, base, and subbase layers

a;, a;, a3 = corresponding structural layer

coefficients

drainage coefficients for granular

base and subbase

m;, M3

See Part II, Table 2.4, for guidance in determining
the drainage coefficients. In selecting values for m,
and m;, note that the poor drainage situation for the
base and subbase at the AASHO Road Test would be
given drainage coefficient values of 1.0.

Depending on the types and amounts of deteriora-
tion present, the layer coefficient values assigned to
materials in in-service pavement should in most cases
be less than the values that would be assigned to the
same materials for new construction. An exception to
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this general rule might be for unbound granular mate-
rials that show no sign of degradation or contamina-
tion.

For example, one State uses 0.44 for its new high-
quality AC surface, but for overlay design purposes
uses a reduced coefficient for the same material in an
existing pavement. A value of 0.34 is assigned if the
AC layer is in good condition, 0.25 if its condition is
fair, and 0.15 if its condition is poor. The condition
ratings are made on the basis of the amount of crack-
ing present.

Limited guidance is presently available for the se-
lection of layer coefficients for in-service pavement
materials. Each agency must adopt its own set of val-
ues. Some suggested layer coefficients for existing
materials are provided in Table 5.2.

The following notes apply to Table 5.2:

(1)  All of the distress is as observed at the pave-
ment surface.

(2)  Patching all high-severity alligator cracking is
recommended. The AC surface and stabilized
base layer coefficients selected should reflect
the amount of high-severity cracking remain-
ing after patching.

(3) In addition to evidence of pumping noted dur-
ing condition survey, samples of base material
should be obtained and examined for evidence
of erosion, degradation and contamination by
fines, as well as evaluated for drainability, and
layer coefficients reduced accordingly.

(4) The percentage of transverse cracking is deter-
mined as (linear feet of cracking/square feet of
pavement) * 100.

(5) Coring and testing are recommended for evalu-
ation of all materials and are strongly recom-
mended for evaluation of stabilized layers.

(6) There may be other types of distress that, in
the opinion of the engineer, would detract from
the performance of an overlay. These should be
considered through an appropriate decrease of
the structural coefficient of the layer exhibiting
the distress (e.g., surface raveling of the AC,
stripping of an AC layer, freeze-thaw damage
to a cement-treated base).

SN from Remaining Life for AC Pavements

The remaining life of the pavement is given by the
following equation:

Design of Pavement Structures

r /N 1
RL = 100{1 - K——)}

Nis/J
where
RL = remaining life, percent
N, = total traffic to date, ESALs
N, s = total traffic to pavement “‘failure,” ESALs

N, s may be estimated using the new pavement de-
sign equations or nomographs in Part II. To be con-
sistent with the AASHO Road Test and the
development of these equations, a ‘‘failure” PSI equal
to 1.5 and a reliability of 50 percent is recommended.

SN, is determined from the following equation:

SN = CF * SN,

where
CF = condition factor determined from Figure
5.2
SN, = structural number of the pavement if it

were newly constructed

The designer should recognize that SN deter-
mined by this method does not reflect any benefit for
pre-overlay repair. The estimate of SN, obtained
should thus be considered a lower limit value. The
SNy of the pavement will be higher if pre-overlay
repair of load-associated distress (alligator cracking)
is done. This method for determining SN is not ap-
plicable, without modification, to AC pavements
which have already received one or more AC overlays.

A worksheet for determination of SN is provided
in Table 5.3.

Step 8: Determination of overlay thickness.

The thickness of AC overlay is computed as fol-
lows:

b, = SNa _ (SN = SNy
° 2o Ao}
where
SN, = Required overlay structural number
a, = Structural coefficient for the AC overlay
D, = Required overlay thickness, inches
SN; = Structural number determined in Step 6
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Table 5.2. Suggested Layer Coefficients for Existing AC Pavement Layer Materials
MATERIAL SURFACE CONDITION COEFFICIENT
AC Surface Little or no alligator cracking and/or only low-severity 0.35 to 0.40
transverse cracking
< 10 percent low-severity alligator cracking and/or 0.25 t0 0.35
<5 percent medium- and high-severity transverse cracking
> 10 percent low-severity alligator cracking and/or 0.20 t0 0.30
< 10 percent medium-severity alligator cracking and/or
>5-10 percent medium- and high-severity transverse cracking
> 10 percent medium-severity alligator cracking and/or 0.14 t0 0.20
< 10 percent high-severity alligator cracking and/or
> 10 percent medium- and high-severity transverse cracking
> 10 percent high-severity alligator cracking and/or 0.08 to 0.15
> 10 percent high-severity transverse cracking
Stabilized Base Little or no alligator cracking and/or only low-severity 0.20 10 0.35
transverse cracking
<10 percent low-severity alligator cracking and/or 0.15 t0 0.25
<5 percent medium- and high-severity transverse cracking
> 10 percent low-severity alligator cracking and/or 0.15t0 0.20
< 10 percent medium-severity alligator cracking and/or
> 5-10 percent medium- and high-severity transverse cracking
> 10 percent medium-severity alligator cracking and/or 0.10 to 0.20
< 10 percent high-severity alligator cracking and/or
> 10 percent medium- and high-severity transverse cracking
> 10 percent high-severity alligator cracking and/or 0.08 t0 0.15
> 10 percent high-severity transverse cracking
Granular Base No evidence of pumping, degradation, or contamination by fines 0.10 to 0.14
or Subbase
0.00 t0 0.10

Some evidence of pumping, degradation, or contamination by fines

SN, = Effective structural number of the
existing pavement, from Step 7

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.4.6 Surface Milling

If the AC pavement is to be milled prior to overlay,
the depth of milling must be reflected in the SN
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analyses. No adjustment need be made to SN, values
determined by NDT if the depth of milling does not
exceed the minimum necessary to remove surface
ruts. If a greater depth is milled, the NDT-determined
SN.¢ may be reduced by an amount equal to the depth
milled times a structural coefficient for the AC surface
based on the condition survey.

5.4.7 Shoulders

See Section 5.2.10 for guidelines.



HI-106

Design of Pavement Structures

Table 5.3. Worksheet for Determination of SN+ for AC Pavement

D

2

NDT Method For SN For AC Pavement:
Total thickness of all pavement layers above subgrade, D
Backcalculated subgrade resilient modulus, Mg

Backcalculated effective pavement modulus, E,

SNy = 0.0045DVE, =

inches

= psi

= pSI

Condition Survey Method For SN, For AC Pavement:
Thickness of AC surface, D, :

Structural coefficient of AC surface, a,, based on condition
survey and coring data

Thickness of base, D,

Structural coefficient of base, a,, based on condition survey,
matcrial inspection, and testing

Drainage coefficient of base, m,

Thickness of subbase, D, if present

= inches

= inches

= inches

Structural coefficient of subbase, a;, based on condition survey,

material inspection, and testing

Drainage coefficient of subbase, ms

Schf = 3‘D1 + azDzmz + 33D3m3 =

5.4.8 Widening

See Section 5.2.16 for guidelines.

5.5

Crack/seat consists of cracking a JPCP into

pieces typically one to three feet in size and
seating the pieces firmly into the founda-
tion.

Seating typically consists of several passes of a

AC OVERLAY OF
FRACTURED PCC
SLAB PAVEMENT

This section covers the design of AC overlays
placed on PCC pavements after they have been frac-
‘tured by any of the following techniques: break/seat,

crack/seat or rubblize/compact.

Break/seat consists of breaking a JRCP into

35- to 50-ton rubber-tired roller over a
cracked or broken slab.

Rubblize/compact consists of completely frac-

turing any type of PCC slab (JRCP, JPCP,
or CRCP) into pieces smaller than one foot
and then compacting the layer, typically
with two or more passes of a 10-ton vibra-
tory roller.

The following construction tasks are involved in the
placement of an AC overlay on a fractured PCC slab

. . pavement:
pieces larger than about one foot, rupturing
the reinforcement or breaking its bond with (1) Removing and replacing areas that will result
the concrete, and seating the pieces firmly in uneven support after fracturing
into the foundation. (2) Making subdrainage improvements if needed
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Table 5.3. Worksheet for Determination of SN, for AC Pavement (continued)

11-107

3)

Remaining Life Method For SNy for AC Pavement:
Past 18-kip ESALSs in design lane since construction, N,
18-kip ESALs to failure of existing design, Ny s

wm oo ()] -

Condition factor, CF (Figure 5.2) -

Thickness of AC surface, D,

Structural coefficient of AC surface, a,, if newly constructed =

Thickness of base, D-

Structural coefficient of base, a,, if newly constructed =

Thickness of subbase, Dj, if present

Structural coefficient of subbase, a;, if newly constructed =

SN, = a;D, + a,D-m, + a;Dym; =

SN = CF * SN,

= inches

= inches

= - inches

(3) Breaking and seating, crack and seating or rub-
blizing the PCC slab and rolling to seat or
compact

(4) Constructing widening if needed

(5) Applying a tack or prime coat

(6) Placing the AC overlay (including a reflection
crack control treatment if needed)

5.5.1 Feasibility

Break/seat, crack/seat and rubblizing techniques
are used to reduce the size of PCC pieces to minimize
the differential movements at existing cracks and
joints, thereby minimizing the occurrence and severity
of reflection cracks. The feasibility of each technique
is described below.

Rubblizing can be used on all types of PCC pave-
ments in any condition. It is particularly recom-
mended for reinforced pavements. Fracturing the slab
into pieces less than 12 inches reduces the slab to a
high-strength granular base. Recent field testing of
several rubblized projects showed a wide range in
backcalculated modulus values among different pro-

jects, from less than 100,000 psi to several hundred
thousand psi (/6, 17, 18), and within-project coeffi-
cients of variation of as much as 40 percent (/6, 18).

Crack and seat is used only with JPCP and involves
cracking the slab into pieces typically one to three feet
in size. Recent field testing of several cracked and
seated JPCP projects showed a wide range in back-
calculated modulus values among different projects,
from a few hundred thousand psi to a few million psi
(16, 19, 20, 21, 22), and within-project coefficients
of variation of 40 percent or more (/6). Reference 16
recommends that to avoid reflection cracking no more
than 5 percent of the fractured slab have a modulus
greater than 1 million psi. Effective slab cracking

‘techniques are necessary in order to satisfy this crite-

rion for crack/seat of JPCP. _
Break/seat is used only with JRCP and includes the
requirement to rupture the reinforcement steel across

- each crack, or break its bond with the concrete. If the

reinforcement is not ruptured and its bond with the
concrete is not broken, the differential movements at
working joints and cracks will not be reduced and
reflection cracks will occur. Recent field testing of
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several break/seat projects showed a wide range in
backcalculated modulus values ranging from a few
hundred thousand psi to several million psi (16, 18,
19, 22, and within-project coefficients of variation of
40 percent or more (16, 18). The wide range in back-
calculated moduli reported for break and seat projects
suggests a lack of consistency in the technique as per-
formed with past construction equipment. Even
though cracks are observed, the JRCP frequently re-
tains a substantial degree of slab action because of
failure to either rupture the reinforcing steel or break
its bond with the concrete. This may also be responsi-
ble for the inconsistency of this technique in reducing
reflection cracking. More effective breaking equip-
ment may overcome this problem. This design proce-
dure assumes that the steel wil] be ruptured or that its
bond to the concrete will be broken through an aggres-
sive break/seat process, and that this will be verified
in the field through deflection testing before the over-
lay is placed. The use of rubblization is recommended
for JRCP due to its ability to break slab continuity.

These slab fracturing techniques are generally
more cost-effective on more deteriorated concrete
pavements than on less deteriorated concrete pave-
ments. This is due to the trade-off between the reduc-
tion in the amount of pre-overlay repair required for
working cracks and deteriorated joints, and the cost of
slab fracruring and increased overlay thickness re-
quired (7, 22).

5.5.2 Pre-overlay Repair

The amount of preoverlay repair needed for break/
seat, crack/seat and rubblized projects is not clear.
Most projects done prior to 1991 have not included a
significant amount of repair. However, the recom-
mended approach is to repair any condition that may
provide nonuniform support after the fracturing pro-
cess so that it will not rapidly reflect through the AC
overlay. Also, some AC leveling may be needed for
settled areas before the overlay is placed.

5.5.3 Reflection Crack Control

Slab fracturing techniques were developed as meth-
ods of reflection crack control. When properly con-
structed, the crack/seat and rubblizing methods are
reasonably effective and should require no additional
crack control treatment. However, care must be exer-
cised to assure uniform cracking or rubblizing across
the slab width and to firmly seat the cracked slab or

Design of Pavement Structures

compact the rubble. At least one agency that has used
crack/seat of JPCP successfully for several years
specifies that a fabric be placed in the overlay to aid in
controlling reflection cracking. For break/seat of
JRCEP, reflective cracks will develop if the stee!l rein-
forcement is not ruptured and its bond to the concrete
is not broken, and if this cannot be guaranteed, it is
recommended that JRCP be rubblized.

5.5.4 Subdrainage

See Section 5.2.4 for guidelines. Rubblizing PCC
pavement produces fines which may clog the filter
materials placed in edge drains. This should be con-
sidered in the design of the filter materials. If longitu-
dinal subdrains are to be installed, this should be done
prior to fracturing the slab.

5.5.5 Thickness Design

The required thickness of the overlay is a function
of the structural capacity required to meet future traf-
fic demands and the structural capacity of the existing

slab after fracturing. The required thickness is deter-
mined by the following equation:

SNo = 2y * Do = SNy — SNy

where

SN, = Required overlay structural number

a, = Structural coefficient for the AC overlay
D, = Required overlay thickness, inches
SN; = Structural number required to carry

future traffic
SN, = Effective structural number of the
existing pavement after fracturing

The required overlay thickness is determined
through the following design steps.

Step 1: Existing pavement design and
construction.

(1) Thickness and material type of each pavement
layer

(2)  Available subgrade soil information (from con-
struction records, soil surveys, county agricul-
tural soils reports, etc.)
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Step 2:  Traffic analysis.

(1) Predicted future 18-kip ESALs in the design
lane over the design period (N¢)
Use flexible pavement equivalency factors.
If available future traffic estimates are in terms
of rigid pavement ESALs, they must be con-
verted to flexible pavement ESALs by dividing
by 1.5 (e.g., 15 million rigid pavement ESALs
approximately equal 10 million flexible pave-
ment ESALs).

Step 3: Condition survey.

Condition survey data are not used in the determi-
nation of overlay thickness. However, condition sur-
vey data should be used to determine whether or not
fracturing is cost-effective compared to other types of
rehabilitation.

Step 4: Deflection testing (recommended).

Deflection measurements are used only for the de-
termination of the design subgrade resilient modulus.
Deflections should be measured on the bare PCC slab
surface (prior to fracturing) at midslab locations that
are not cracked. A heavy-load deflection device (e.g.,
Falling Weight Deflectometer) and a load magnitude
of approximately 9,000 pounds are recommended.
ASTM D 4694 and D 4695 provide additional guid-
ance on deflection testing. A deflection measurement
at a distance of approximately 4 feet from the center of

- load is needed.

(1) Subgrade resilient modulus (Mg). At suffi-
ciently large distances from the load, deflec-
tions measured at the pavement surface are due
to subgrade deformation only, and are also in-
dependent of the size of the load plate. This
permits the backcalculation of the subgrade re-
silient modulus from a single deflection mea-
surement and load magnitude, using the
following equation.

where

My = backcalculated subgrade resilient
modulus, psi

P = applied load, pounds

d, = deflection at a distance r from the
center of the load, inches

r = distance from center of load, inches

€3]
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The deflection used to backcalculate the
subgrade modulus must be measured far
enough away that it provides a good estimate of
the subgrade modulus, independent of the ef-
fects of any layers above, but also close enough
that it is not too small to measure accurately.
The minimum distance may be determined
from the following relationship:

r = 0.7a,

SN

a. = radius of the stress bulb at the
subgrade-pavement interface, inches

a = NDT load plate radius, inches

D = total thickness of pavement layers
above the subgrade, inches

E, = effective modulus of all pavement
layers above the subgrade, psi
(described below)

where

Before the backcalculated My value is used
in design, it must be adjusted to make it con-
sistent with the value used in the AASHTO
flexible pavement design equation. An adjust-
ment may also be needed to account for sea-
sonal effects. These adjustments are described
in Step 6.

Effective modulus of the pavement (E,). If the

- subgrade resilient modulus and total thickness

of all layers above the subgrade are known or
assumed, the effective modulus of the entire
pavement structure (all pavement layers above
the subgrade) may be determined from the de-
flection measured at the center of the load
plate using the following equation:




Design of Pavement Structures .

Laboratory testing as described in Step

5.
Backcalculation from deflection data.

1n-110
where (a)

dy = deflection measured at the center ()
of the load plate, inches

p = NDT load plate pressure, psi

a = NDT load plate radius, inches

D = total thickness of pavement
layers above the subgrade,
inches

My = subgrade resilient modulus, psi

E, = effective modulus of all

pavement layers above the
subgrade, psi

For a load plate radius of 5.9 inches, Figure
5.5 may be used to determine the ratio E,/ Mg,
and E, may then be determined for a known or
assumed value of Mg.

Deflection measurements are also useful after the
break/seat or crack/seat operations to insure that the
slab has been sufficiently fractured (16).

Step 5:  Coring and material testing.

(1) Resilient modulus of subgrade. If deflection
testing is not performed, laboratory testing of
samples of the subgrade may be conducted
to determine its resilient modulus using
AASHTO T 292-91 I with a deviator stress of
6 psi to match the deviator stress used in estab-
lishing the 3,000 psi for the AASHO Road Test
soil that is incorporated into the flexible design
equation. Alternatively, other tests such as R
value, CBR or soil classification tests could be
conducted and approximate correlations used
to estimate resilient modulus. Use of the esti-
mating equation My = 1500 * CBR may pro-
duce a value that is too large for use in this
design procedure. The relationships found in
Appendix FF, Figure FF-6 may be more rea-
sonable.

Samples of base layers should be examined to
assess degradation and contamination by fines.

Step 6: Determination of required
structural number for
future traffic (SNy).

Effective design subgrade resilient modulus.
Determine by one of the following methods:

1)
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(NOTE: this value must be adjusted to be
consistent with the value used in the
AASHTO flexible pavement design
equation as described below.)

(c) A very approximate estimate can be
made using available soil information
and relationships developed from resil-
ient modulus studies. However, if as-
built records are used, it should be noted
that the resilient modulus may have
changed since construction due to changes
in moisture content or other factors.

Regardless of the method used, the effective

design subgrade resilient modulus must be (1)
representative of the effects of seasonal varia-
tion and (2) consistent with the resilient modu-
lus value used to represent the AASHO Road
Test soil. A seasonal adjustment, when
needed, may be made in accordance with the
procedures described in Part II, Section 2.3.1.
My values backcalculated from deflections
must be adjusted to make the values consistent
with the laboratory-measured value used for
the AASHO Road Test soil in the development
of the flexible pavement design equation. For
conventional AC pavements, it was recom-
mended that backcalculated My values be mul-
tiplied by a correction factor C = 0.33 for use
in determination of SN; for design purposes
when a FWD load of approximately 9,000
pounds is used (9). However, because sub-
grade stresses are much lower under a PCC
slab than under a flexible pavement, it is rec-
ommended that a smaller correction factor,
C = 0.25, be used to provide a better estimate
of the subgrade Mg. This value should be eval-
uated and adjusted if needed by user agencies
for their soil and deflection measurement
equipment. The following design My, is recom-
mended for use in determining the SNy for
fractured slabs when deflection testing is done
on top of the PCC slab:

Design My =

where recommended C = 0.25.
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NOTE also that the presence of a very stiff
layer (e.g., bedrockj within about 15 feet of
the top of the subgrade may cause the back-
calculated Mg, to be high. When such a condi-
tion exists, a value less than 0.25 for C may be
warranted (8, 9).

The designer is cautioned against using a
value of My that is too large. The value of My
selected for design is extremely critical to the
overlay thickness. The use of a value greater
than 3,000 psi is an indication that the soil is
stiffer than the silty-clay A-6 soil at the Road
Test site, and consequently will provide in-
creased support and extended pavement life.

(2) Design PSI loss. PSI immediately after overlay
(P1) minus PSI at time of next rehabilitation
(P2).

(3) Overlay design reliability R (percent). See Part
I, Section 4.2, Part II, Table 2.2, and Part I1I,
Section 5.2.15.

(4)  Overall standard deviation S, for flexible pave-
ment. See Part I, Section 4.3.

Compute SN; for the above design inputs using the
flexible pavement design equation or nomograph in
Part I1, Figure 3.1. When designing an overlay thick-
ness for a uniform pavement section, mean input
values must be used. When designing an overlay
thickness for specific points along the project, the data
for that point must be used. A worksheet for determin-
ing SNy is provided in Table §.4.

Step 7: Determination of effective structural
number (SN.) of the existing fractured
slab pavement.

SN, is determined by component analysis using
the structural number equation:

SNeff = azDzmz + a3D3m3

where

D,, D; = thicknesses of fractured slab and base
' layers
a,, a3 = corresponding structural layer
coefficients
m,, my = drainage coefficients for fractured
PCC and granular subbase

See Part II, Table 2.4, for guidance in determining
the drainage coefficients. Due to lack of information
on drainage characteristics of fractured PCC, a default
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value of 1.0 for m, is recommended. In selecting val-
ues for mj, note that the poor drainage sitation for
the base and subbase at the AASHO Road Test would
be given drainage coefficient values of 1.0.

Suggested layer coefficients for fractured slab pave-
ments are provided in Table 5.5. Each agency should
adopt its own set of layer coefficient values for frac-
tured slabs keyed to its construction results on its
pavements.

Since the layer coefficient represents the overall
performance contribution of that layer, it is likely that
it is not related solely to the modulus of that layer, but
to other properties as well, such as the load transfer
capability of the pieces. The large variability of laver
moduli within a project is also of concern. This extra
variability should ideally be expressed in an increased
overall standard deviation in designing for a given
reliability level.

A worksheet for determination of SN is provided
in Table 5.6.

Step 8: Determination of overlay thickness.
The thickness of AC overlay is computed as fol-

lows:

SNo] (SNf — Schf)
Dy = = = L= o)
ao1 o)

where
SN, = Required overlay structural number
a, = Structural coefficient for the AC overlay
D, = Required AC overlay thickness, inches

SN; = Structural number determined in Step 6
SN, = Effective structural number of the
existing pavement, from Step 7

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.

See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.5.6 Shoulders

See Section 5.2.10 for guidelines.

5.5.7 Widening

See Section 5.2.16 for guidelines.
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Table 5.4. Worksheet for Determination of SN; for Fractured Slab Pavements

TRAFFIC:

Future 18-kip ESALs in design lane over
design period, Ny =

EFFECTIVE ROADBED SOIL RESILIENT MODULUS:

Design resilient modulus, Mg ) = psi

(Adjusted for consistency with flexible pavement model and for seasonal variations.
Typical design Mg is 2,000 to 10,000 psi for fine-grained soils, 10,000 to 20,000
for coarse-grained soils. The AASHO Road Test soil value used in the flexible
pavement design equation was 3,000 psi.)

SERVICEABILITY LOSS:
Design PSI loss (P1 — P2) (1.2 t0 2.3)

DESIGN RELIABILITY:

Overlay design reliability, R (80 to 99 percent) = percent
Overall standard deviation, S, (typically 0.49) =
FUTURE STRUCTURAL CAPACITY:
Required structural number for future traffic is determineéd from flexible pavement
design equation or nomograph in Part II, Figure 3.1.
SN =
Table 5.5. Suggested Layer Coefficients for Fractured Slab Pavements
MATERIAL SLAB CONDITION COEFFICIENT
Break/Seat JRCP Pieces greater than one foot with ruptured reinforcement 0.20 t0 0.35
or steel/concrete bond broken
Crack/Seat JPCP Pieces one to three feet 0.20 t0 0.35
Rubblized PCC Completely fractured slab with pieces less than one foot 0.14 t0 0.30
(any pavement type)
Base/subbase granular No evidence of degradation or intrusion of fines 0.10 to 0.14
and stabilized Some evidence of degradation or intrusion of firies 0.00 t0 0.10
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Table 3.6.
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Worksheet for Determination of SN for Break/Seat,

Crack/Seat and Rubblized Pavements

Thickness of break/crack or rubblized PCC, D, =

Structural coefficient of break/crack/seat
or rubblized PCC, a,

Drainage coefficient of fractured slab, m,
(1.0 recommended)

Thickness of subbase, D;, if present
Structural coefficient of subbase, a,

Drainage coefficient of subbase, m;

SN = a;Damy +

a;Dym;

inches

= i inches

I

5.6 AC OVERLAY OF JPCP,
JRCP, AND CRCP

This section covers the design of AC overlays of
existing JPCP, JRCP, or CRCP. This section may also
be used to design an AC overlay if a previous AC
overlay is completely removed.

Construction of an AC overlay over JPCP, JRCP, or
CRCP consists of the following major activities:

(1) Repairing deteriorated areas and making sub-
drainage improvements (if needed).

(2) Constructing widening (if needed).

(3) Applying a tack coat.

(4) Placing the AC overlay, including a reflection
crack control treatment (if needed).

5.6.1 Feasibility

An AC overlay is a feasible rehabilitation alterna-
tive for PCC pavements except when the condition of
the existing pavement dictates substantial removal and
replacement. Conditions under which an AC overlay
would not be feasible include:

(1) The amount of deteriorated slab cracking and
joint spalling is so great that complete removal
and replacement of the existing surface is dic-
tated.

(2) Significant deterioration of the PCC slab has
occurred due to severe durability problems
(e.g., “D” cracking or reactive aggregates).

(3)  Vertical clearance at bridges is inadequate for
required overlay thickness. This may be ad-

dressed by reducing the overlay thickness un-
der the bridges (although this may result in
early failure at these locations), by raising the
bridges, or by reconstructing the pavement un-
der the bridges. Thicker AC overlays may also
necessitate raising signs and guardrails, as
well as increasing side slopes and extending
culverts. Sufficient right-of-way must be avail-
able or obtainable to permit these activities.

5.6.2 Preoverlay Repair

The following types of distress in JPCP, JRCP, and
CRCP should be repaired prior to placement of an AC
overlay.

Distress Type Repair Type

Working cracks Full-depth repair or slab
replacement

Punchouts Full-depth PCC repair

Spalled joints Full-depth or partial-depth
repair

Deteriorated repairs  Full-depth repair

Pumping/faulting Edge drains

Settlements/heaves AC level-up, slab jacking, or

localized reconstruction

Full-depth repairs and slab replacements in JPCP
and JRCP should be PCC, dowelled or tied to provide
load transfer across repair joints. Some agencies have
placed full-depth AC repairs in JPCP and JRCP prior
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to an AC overlay. However, this has often resulted in
rough spots in the overlay, opening of nearby joints
and cracks, and rapid deterioration of reflection
cracks at AC patch boundaries. (See Part ITI, Section
4.3.1 and References 1 and 3.)

Full-depth repairs in CRCP should be PCC and
should be continuously reinforced with steel which is
tied or welded to reinforcing steel in the existing slab
to provide load transfer across joints and slab continu-
ity. Full-depth AC repairs should not be used in CRCP
prior to placement of an AC overlay, and any existing
AC patches in CRCP should be removed and repiaced
with continuously reinforced PCC. Guidelines on re-
pairs are provided in References 1 and 3.

Installation of edge drains, maintenance of existing
edge drains, or other subdrainage improvement should
be done prior to placement of the overlay if a sub-
drainage evaluation indicates a need for such an im-
provement.

Pressure relief joints should be placed only at fixed
structures, and not at regular intervals along the pave-
ment. The only exception to this is where reactive
aggregate has caused expansion of the slab. On heav-
ily trafficked routes, pressure relief joints should be of
heavy-duty design with dowels (3). If joints contain
significant incompressibies, they should be cleaned
and resealed prior to placement of the overlay.

5.6.3 Reflection Crack Control

The basic mechanism of reflection cracking is
strain concentration in the overldy due to movement in
the vicinity of joints and cracks in the existing pave-
ment. This movement may be bending or shear in-
duced by loads, or may be horizontal contraction
induced by temperature changes. Load-induced move-
ments are influenced by the thickness of the overlay
and the thickness and stiffness of the existing pave-
ment. Temperature-induced movements are influ-
enced by daily and seasonal temperature variations,
the coefficient of thermal expansion of the existing
pavement, and the spacing of joints and cracks.

In an AC overlay of JPCP or JRCP, reflection
cracks typically develop relatively soon after the over-
lay is placed (often in less than a year). The rate at
which they deteriorate depends on the factors listed
above as well as the traffic level. Thorough repair of
deteriorated joints and working cracks with full-depth
dowelled or tied PCC repairs reduces the rate of re-
flection crack occurrence and deterioration, so long as
good oad transfer is obtained at the full-depth repair
joints. Other preoverlay repair efforts which will dis-
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courage reflection crack occurrence and subsequent
deterioration include subdrainage improvement, sub-
sealing slabs which have lost support, and restoring
load transfer at joints and cracks with dowels grouted
in slots.

A variety of reflection crack control measures have
been used in attempts to control the rates of reflection
crack occurrence and deterioration. Any one of the
following treatments may be employed in an effort to
control reflection cracking in an AC overlay of JPCP
or JRCP: 4

(1)  Sawing and sealing joints in the AC overlay at
locations coinciding with joints in the under-
lying JPCP or JRCP. This technique has been
very successful when applied to AC overlays of
jointed PCC pavements when the sawcut
matches the joint or straight crack within an
inch.

(2) Increasing AC overlay thickness. Reflection
cracks will take more time to propagate
through a thicker overlay and deteriorate more
slowly.

(3)  Placing a bituminous-stabilized granular in-
terlayer (large-sized large siwone), prior to or
in combination with placement of the AC over-
lay has been effective.

(4)  Placing a synthetic fabric or a stress-absorb-
ing interlayer prior to or within the AC
overlay. The effectiveness of this technique is
questionable.

(S5) Rubblizing and compacting JPCP, JRCP, or
CRCP prior to placement of the AC overlay.
This technique reduces the size of PCC pieces
to a maximum of about 12 inches and essen-
tially reduces the slab to a high-strength granu-
lar base course. See Section 5.5 for the design
procedure for AC overlays of rubblized PCC
pavement.

(6) Cracking and seating JPCP or breaking and
seating JRCP prior to placement of the AC
overlay. This technique reduces the size of
PCC pieces and seats them in the underlying
base, which reduces horizontal (and possibly
vertical) movements at cracks. See Section 5.5
for the design procedure for AC overlays of
crack/seat JPCP and break/seat JRCP.

Reflection cracking can have a considerable (often
controlling) influence on the life of an AC overlay of
JPCP or JRCP. Deteriorated reflection cracks detract
from a pavement’s serviceability and also require
frequent maintenance, such as sealing, milling, and
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patching. Reflection cracks also permit water tc enter
the pavement structure, which may result in loss of
bond between the AC and PCC, stripping in the AC,
progression of “D” cracking or reactive aggregate
distress in PCC slabs with these durability problems,
and softening of the base and subgrade. For this rea-
son, reflection cracks should be sealed as soon as they
appear and resealed periodically throughout the life of
the overlay. Sealing low-severity reflection cracks may
also be effective in retarding their progression to me-
dium and high severity levels.

With an AC overlay of CRCP, permanent repair of
punchouts and working cracks with tied or welded
reinforced PCC full-depth repairs will delay the oc-
currence and deterioration of reflection cracks. Im-
proving subdrainage conditions and subsealing in
areas where the slab has lost support will also discour-
age reflection crack occurrence and deterioration. Re-
flection crack control treatments are not necessary for
AC overlays of CRCP, except for longitudinal joints,
as long as continuously reinforced PCC repairs are
used to repair deteriorated areas and cracks.

5.6.4 Subdrainage

See Section 5.2.4 for guidelines.

5.6.5 Thickness Design

If the overlay is being placed for some functional
purpose such as roughness or friction, a minimum
thickness overlay that solves the functional problem
should be placed. If the overlay is being placed for the
purpose of structural improvement, the required thick-
ness of the overlay is a function of the structural ca-
pacity required to meet future traffic demands and the
structural capacity of the existing pavement. The re-
quired overlay thickness to increase structural capac-
ity to carry future traffic is determined by the
following equation.

Dy = A(D; — Deg)

where
D, = Required thickness of AC overlay, inches
A = Factor to convert PCC thickness
' deficiency to AC overlay thickness
D¢ = Slab thickness to carry future traffic,

inches
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D, = Effective thickness of existing slab,
inches

The A factor, which is a function of the PCC thick-
ness deficiency, is given by the following equation,
and is illustrated in Figure 5.9.

A = 2.2233 + 0.0099(Ds — Dy)?
— 0.1534(D; — Dyy)

AC overlays of conventional JPCP, JRCP, and
CRCP have been constructed as thin as 2 inches and as
thick as 10 inches. The most typical thicknesses that
have been constructed for highways are 3 to 6 inches.

The required overlay thickness may be determined
through the following design steps. These design steps
provide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design in-
puts. If it is not possible to conduct this testing (e.g.,
for a low-volume road), an approximate overlay de-
sign may be developed based upon visible distress
observations by skipping Steps 4 and 5, and by esti-
mating other inputs.

The overlay design can be done for a uniform sec-
tion or on a point-by-point basis as described in Sec-
tion 5.3.1.

Step 1: Existing pavement design.

(1) Existing slab thickness

(2) Type of load transfer (mechanical devices, ag-
gregate interlock, CRCP)

(3) Type of shoulder (tied PCC, other)

" Step 2: Traffic analysis.

(1) Past cumulative 18-kip ESALs in the design
lane (Ny), for use in the remaining life method
of D¢ determination only

(2) Predicted future 18-kip ESALs in the design
lane over the design period (Ng)

Use ESALs computed from rigid pavement
load equivalency factors

Step 3: Condition survey.

The following distresses are measured during the
condition survey for JPCP, JRCP, and CRCP. Sam-
pling along the most heavily trafficked lane of the
project may be used to estimate these quantities. Dis-
tress types and severities are defined in Reference 23.
Deteriorated means medium or higher severity.
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JPCP/JRCP:
(1)  Number of deteriorated transverse joints per
mile
(2) Number of deteriorated transverse cracks per
mile

(3) Number of fuli-depth AC patches, exception-
ally wide joints (greater than 1 inch), and ex-
pansion joints per mile (except at bridges)
(4) Presence and overall severity of PCC durabil-
ity problems
(a) “D" cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)

(b) Reactive aggregate cracking: low, me-
dium, high severity

(5) Evidence of faulting, or pumping of fines or
water at joints, cracks, and pavement edge

CRCP:

(1) Number of punchouts per mile

(2) Number of deteriorated transverse cracks per
mile

(3) Number of full-depth AC patches, exception-
ally wide joints (greater than 1 inch) and ex-
pansion joints per mile (except at bridges)

(4) Number of existing and new repairs prior to
overlay per mile

(5) Presence and general severity of PCC durabil-
ity problems (NOTE: surface spalling of tight
cracks where the underlying CRCP is sound
should not be considered a durability prob-
lem.)

(@) “D” cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)

(b) Reactive aggregate cracking: low, me-
dium, high severity

(6) Evidence of pumping of fines or water

Step 4:  Deflection testing
(strongly recommended).

Measure slab deflection basins along the project at
an interval sufficient to adequately assess conditions.
Intervals of 100 to 1,000 feet are typical. Measure
deflections with sensors located at 0, 12, 24, and 36
inches from the center of load. Measure deflections in
the outer wheel path. A heavy-load deflection device
(e.g., Falling Weight Deflectometer) and a load mag-
nitude of 9,000 pounds are recommended. ASTM D
4694 and D 4695 provide additional guidance on de-
flection testing. For each slab tested, backcalculate
the effective k-value and the slab’s elastic modulus
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using Figures 5.10 and 5.11 or a backcalculation pro-
gram.

The AREA of each deflection basin is computed by
the following equation. AREA will typically range
from 29 to 32 for sound concrete.

oo ))&

where

dy = deflection in center of loading plate, inches
d; = deflections at 12, 24, and 36 inches from
plate center, inches

(1) Effecrive dynamic k-value. Enter Figure 5.10
with dg and AREA to determine the effective
dynamic k-value beneath each slab for a circu-
lar load radius of 5.9 inches and magnitude of
9,000 pounds. For loads within 2,000 pounds
more or less, deflections may be scaled lin-
early to 9,000-pound deflections.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean effective dynamic k-value of the slabs
tested in the uniform section.

(2)  Effective siatic k-value.

Effective static k-value

= Effective dynamic k-value/2

The effective static k-value may need to be ad-
justed for seasonal effects using the approach
presented in Part II, Section 3.2.1. However,
the k-value can change substantially and have
only a small effect on overlay thickness.

(3) Elastic modulus of PCC slab (E). Enter Figure
5.11 with AREA, proceed to the effective dy-
namic k-value curves, and determine a value
for ED?, where D is the slab thickness. Solve
for E knowing the slab thickness, D. Typical
slab E values range from 3 to 8 million psi. If a
slab E value is obtained that is out of this
range, an error may exist in the assumed slab
thickness, the deflection basin may have been
measured over a crack, or the PCC may be
significantly deteriorated.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean E value of the slabs tested in the uniform
section.
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)

Do not use any k-values or E values that

appear to be significantly out of line with the
rest of the data.
Joint load transfer. For JPCP and JRCP, mea-
sure joint load transfer in the outer wheelpath
at representative transverse joints. Do not
measure load transfer when the ambient tem-
perature is greater than 80°F. Place the load
plate on one side of the joint with the edge of
the plate touching the joint. Measure the de-
flection at the center of the load plate and at 12
inches from the center. Compute the deflection
load transfer from the following equation.

A
ALT = 100 * <——‘> * B
A

where
ALT = deflection load transfer, percent
A, = unloaded side deflection, inches
A, = loaded side deflection, inches
B = slab bending correction factor

The slab bending correction factor, B, is
necessary because the deflections dy and d,,,
measured 12 inches apart, would not be equal
even if measured in the interior of a slab. An
appropriate value for the correction factor may
be determined from the ratio of dy to d,, for
typical center slab deflection basin measure-
ments, as shown in the equation below. Typical
values for B are between 1.05 and 1.15.

B = do center

dlZ center

If a single overlay thickness is being designed
for a uniform section. compute the mean de-
flection load transfer value of the joints tested
in the uniform section.

For JPCP and JRCP, determine the ] load
transfer coefficient using the following guide-
lines:

" Percent Load Transfer J
>70 3.2
50-70 3.5
<50 4.0

Step 5:

M

Design of Pavement Structures

If the rehabilitation will include the addition of
a tied concrete shoulder, a lower J factor may
be appropriate. See Part II, Table 2.6.

For CRCP, use ] = 2.2 to 2.6 for overlay
design, assuming that working cracks are re-
paired with continuously reinforced PCC.

Coring and materials testing (strongly
recommended).

PCC modulus of rupture (S;). Cut several 6-
inch-diameter cores at midslab and test in indi-
rect tension (ASTM C 496). Compute the indi-
rect tensile strength (psi) of the cores. Estimate
the modulus of rupmre with the following
equation.

St =210 + 1.02IT

where
S: = modulus of rupture, psi
IT = indirect tensile strength of

6-inch-diameter cores. psi

Step 6: Determination of required slab thickness

for future traffic (D).

The inputs to determine Dy for AC overlays of PCC
pavements are representative of the existing slab and
foundation properties. This is emphasized because it
is the properties of the existing slab (i.e., elastic mod-
ulus, modulus of rupture, and load transfer) which
will control the performance of the AC overlay.

M
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Effective static k-value beneath existing PCC
slab. Determine from one of the following
methods.

(a) Backcalculate the effective dynamic k-
value from deflection basins. Divide the
effective dynamic k-value by 2 to obtain
the effective static k-value. The effective
static k-value may need to be adjusted for
seasonal effects using the approach pre-
sented in Part II, Section 3.2.1.

(b) Conduct plate load tests (ASTM D 1196)
after slab removal at a few sites. This
alternative is very costly and time-con-
suming and not often used. The static k-
value obtained may need to be adjusted
for seasonal effects (see Part II, Section
3.2.1).

(c) Estimate from soils data and base type
and thickness, using Figure 3.3 in Part
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II, Section 3.2. This alternative is sim-
ple, but the static k-value obtained must
be recognized as a rough estimate. The
static k-value may need to be adjusted for
seasonal effects (see Part II, Section
3.2.1.

Design PSI loss. PSI immediately after overlay

(P1) minus PSI at time of next rehabilitation

(P2).

J, load transfer factor of existing PCC slab.

See Step 4.

-PCC modulus of rupture of existing slab deter-

mined by one of the following methods:

(a) Estimated from indirect tensile strength
measured from 6-inch-diameter cores as
described in Step 3.

(b) Estimated from the backcalculated E of
slab using the following equation.

' 4 E ' g
S¢ = 43.5 <ﬁ> + 488.5
where
S¢ = modulus of rupture, psi
E = backcalculated elastic modulus

of PCC slab, psi

For CRCP, S; may be determined
from the backcalculated E values only at
points which have no cracks within the
deflection basins.

Elastic modulus of existing PCC slab, deter-
mined by one of the following methods:
(a) Backcalculated from deflection measure-
ments as described in Step 4.
(b) Estimated from indirect tensile strength.
Loss of support of existing slab. Joint corners
that have loss of support may be identified
using FWD deflection testing as described in
Reference 2. CRCP loss of support may be
determined by plotting a slab edge or
wheelpath deflection profile and identifying
locations with significantly high deflections.
Existing loss of support can be corrected with
slab stabilization. For overlay thickness design
assume a fully supported slab, LS = 0.
Overlay design reliability, R (percent). See
Part I, Section 4.2, Part II, Table 2.2, and Part
I, Section 5.2.15.
Overall standard deviation (S,) for rigid pave-
ment. See Part I, Section 4.3.
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(%) Subdrainage capability of existing slab, after
subdrainage improvements, if any. See Part II,
Table 2.5, as well as reference 5, for guidance
in determining Cy. Pumping or faulting at
joints and cracks determined in Step 3 is evi-
dence that a subdrainage problem exists. In
selecting this value, note that the poor sub-
drainage situation at the AASHO Road Test
would be given a Cy4 of 1.0.

Compute D for the above design inputs using the
rigid pavement design equation or nomograph in Part
1I, Figure 3.7. When designing an overlay thickness
for a uniform pavement section, mean input values
must be used. When designing an overlay thickness
for specific points along the project, the data for that
point must be used. A worksheet for determining Dy is
provided in Table 5.7. Typical values of inputs are
provided for guidance. Values outside these ranges
should be used with caution.

Step 7: Determination of effective slab thickness
(D) of existing pavement.

Condition survey and remaining life procedures are
presented.

D¢ From Condition Survey For PCC Pavements

The effective thickness of the existing slab (D) is
computed from the following equation:

D:f{ = F)c * qur * Ffal * D

where
D = existing PCC slab thickness, inches

(1)  Joints and cracks adjustment factor (F.). This
factor adjusts for the extra loss in PSI caused
by deteriorated reflection cracks in the overlay
that will result from any unrepaired deterio-
rated joints, cracks, and other discontinuities
in the existing slab prior to overlay. A deterio-
rated joint or crack in the existing slab will
rapidly reflect through an AC overlay and con-
tribute to loss of serviceability. Therefore, it is
recommended that all deteriorated joints and
cracks (for non-“‘D” cracked or reactive ag-
gregate related distressed pavements) and any
other major discontinuities in the existing slab
be full-depth repaired with dowelled or tied
PCC repairs prior to overlay, so that F. =
1.00.
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Table 5.7. Worksheet for Determination of D; for JPCP, JRCP, and CRCP

SLAB:
Existing PCC slab thickness inches
Type of load transfer system: mechanical device, aggregate interlock, CRCP
Type of shoulder = tied PCC, other
PCC modulus of rupture (typically 600 to 800 psi) psi
PCC E modulus (3 to 8 million psi for sound PCC,
<3 million for unsound PCC) psi
J load transfer factor (3.2 to 4.0 for JPCP,
JRCP 2.2 10 2.6 for CRCP)

TRAFFIC:
Future 18-kip ESALs in design lane over
the design period (Ny)

SUPPORT AND DRAINAGE:
Effective dynamic k-value psi/inch
Effective static k-value = Effective dynamic k-value/2
(typically 50 to 500 psi/inch) psi/inch
Subdrainage coefficient, Cy
(typically 1.0 for poor subdrainage conditions)

SERVICEABILITY LOSS:
Design PSI loss (P1 — P2)

RELIABILITY:
Design reliability, R (80 to 99 percent) percent

Overall standard deviation, S, (typically 0.39)

FUTURE STRUCTURAL CAPACITY:

Required slab thickness for future traffic is determined from rigid pavement

design equation or nomograph in Part II, Figure 3.7.

D; = inches

If it is not possible to repair all deteriorated
areas, the following information is needed to
determine F, to increase the overlay thickness
to account for the extra loss in PSI from deteri-
orated reflection cracks in the design lane:

Pavements with no “D" cracking or reac-
tive aggregate distress:

G-44

Number of unrepaired deteriorated joints/
mile :
Number of unrepaired deteriorated cracks/

mile

-Number of unrepaired punchouts/mile

Number of expansion joints, exceptionally
wide joints (greater than 1 inch), and
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full-depth, full-lane-width AC patches/

mile

Note that tight cracks held together by
reinforcement in JRCP or CRCP are not in-
cluded. However, if a crack in JRCP or
CRCP is spalled and faulted the steel has
probably ruptured, and the crack should be
considered as working. Surface spalling of
CRCP cracks is not an indication that the
crack is working.

The total number of unrepaired deterio-
rated joints, cracks, punchouts, and other
discontinuities per mile in the design lane is
used to determine the F . from Figure 5.12.

Pavements with “D’" cracking or reactive
aggregate deterioration:

These types of pavements often have de-
terioration at the joints and cracks from du-
rability problems. The Fy,, factor is used to
adjust the overlay thickness for this prob-
lem. Therefore, when this is the case, the
Fjc should be determined from Figure 5.12
only using those unrepaired deteriorated
joints and cracks that are not caused by du-
rability problems. If all of the deteriorated
joints and cracks are spalling due to “D”
cracking or reactive aggregate, then F;. =
1.0. This will avoid adjusting twice with Fj
and F,,, factors.

Durability adjustment factor (F,,,). This factor
adjusts for an extra loss in PSI of the overlay
when the existing slab has durability problems
such as “D”" cracking or reactive aggregate
distress. Using condition survey data from
Step 3, Fg,, is determined as follows.

1.00: No sign of PCC durability
problems
0.96-0.99: Durability cracking exists, but
no spalling
0.88-0.95: Substantial cracking and some
spalling exists
0.80-0.88: Extensive cracking and severe

spalling exists

Fatigue damage adjustment factor (Fy,). This
factor adjusts for past fatigue damage that may
exist in the slab. It is determined by observing
the extent of transverse cracking (JPCP, JRCP)
or punchouts (CRCP) that may be caused pri-
marily by repeated loading. Use condition sur-
vey data from Step 3 and the following
guidelines to estimate Fg, in the design lane.

-123
0.97-1.00: Few. transverse
cracks/punchouts exist (none
caused by “D”" cracking or
reactive aggregate distress)
JPCP: <5 percent slabs are cracked
JRCP: <25 working cracks per mile
CRCP: <4 punchouts per mile
0.94-0.96: A significant number of
transverse cracks/punchouts
exist (none caused by “D”
cracking or reactive aggregate
distress)
JPCP: 5-15 percent slabs are cracked
JRCP: 25-75 working cracks per mile
CRCP: 4-12 punchouts per miie
0.90-0.93: A large number of transverse
cracks/punchouts exist (none
caused by “D™ cracking or
reactive aggregate distress)
JPCP: > 15 percent slabs are cracked
JRCP: >75 working cracks per mile
CRCP: > 12 punchouts per mile

D,y From Remaining Life For PCC Pavements

The remaining life of the pavement is given by the
following equation:

where

RL
N, =
Nis =

RL = 100 [1 <N° H
Nis

remaining life, percent
total traffic to date, ESALs
total traffic to pavement *‘failure,” ESALs

N, s may be estimated using the new pavement de-
sign equations or nomographs in Part II. To be con-

sistent

with the AASHO Road Test

and the

development of these equations, a *failure” PSI equal
to 1.5 and a reliability of 50 percent are recom-

mended.

D.g is determined from the following equation:

where

Deff = CF *D
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CF = condition factor determined from Figure
5.2
D = thickness of the existing slab

The designer should recognize that D4 determined
by this method does not reflect any benefit for pre-
overlay repair. The estimate of D obtained shouid
thus be considered a lower limit value. The D4 of the
pavement will be higher if preoverlay repair of load-
associated distress is done. This method for determin-
ing D is not applicable without modification to
pavements which have already received one or more
overlays, even if the overlay has been or will be com-
pletely milled off.

A worksheet for determination of Dy for JPCP,
JRCP, and CRCP is provided in Table 5.8.

Step 8: Determination of Overlay Thickness.

The thickness of AC overlay is computed as fol-
lows:

Dy = A(D; — D)

where

D, Required thickness of AC overlay, inches

A = Factor to convert PCC thickness
deficiency to AC overlay thickness

D¢ = Slab thickness determined in Step 6,

inches

Effective thickness of existing slab

determined in Step 7, inches

Il

Ds.‘f

Il

The A factor, which is a function of the PCC thick-
ness deficiency, is given by the following equation and
1s illustrated in Figure 5.9.

A = 2.2233 + 0.0099(D; — Deg)?
~ 0.1534(D; — Dyg)

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.6.6 Shoulders

See Section 5.2.10 for guidelines.
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5.6.7 Widening

See Section 5.2.16 for guidelines.

5.7 AC OVERLAY OF AC/JPCP, AC/JRCP,
AND AC/CRCP

This section covers the design of AC overlays of
existing AC/JPCP, AC/JRCP, or AC/CRCP. Although
some pavements are newly constructed as AC/PCC,
the vast majority of existing AC/PCC pavements are
PCC pavements which have been overlaid with AC at
least once.

Construction of an AC overlay of AC/JPCP, AC/
JRCP. or AC/CRCP consists of the following major
activities:

(1) Repairing deteriorated areas and making sub-
drainage improvements (if needed)

(2) Milling a portion of the existing AC surface

(3) Constructing widening (if needed)

(4) Applying a tack coat

(5) Placing the AC overlay, including a reflection
crack control treatment (if needed)

5.7.1 Feasibility

An AC overlay is a feasible rehabilitation alterna-
tive for an AC/PCC pavement except when the condi-
tion of the existing pavement dictates substantial
removal and replacement. Conditions under which an-
other AC overlay would not be feasible include the
following.

(1) The amount of deteriorated slab cracking and
joint spalling is so great that complete removal
and replacement of the existing surface is dic-
tated.

(2) Significant deterioration of the PCC slab has
occurred due to severe durability problems
(e.g., “D” cracking or reactive aggregates).

(3) Vertical clearance at bridges is inadequate for
required overlay thickness. This may be ad-
dressed by reducing the overlay thickness un-
der the bridges (although this may -result in
early failure at these locations), by raising the
bridges, or by reconstructing the pavement un-
der the bridges. Thicker AC overlays may also
necessitate raising signs and guardrails, as
well as increasing side slopes and extending
culverts. Sufficient right-of-way must be avail-
able or obtainable to permit these activities.

G-47



i-126

Table 5.8.

Design of Pavement Striicryyeg

Calculation of D,y for AC Overlay of JPCP, JRCP, and CRCP in the Design Lane

Condition Survey Method:

F.

J

Fl‘zl

Number of unrepaired deteriorated joints/mile
Number of unrepaired deteriorated cracks/mile
Number of unrepaired punchouts/mile

Number of expansion joints, exceptionally wide joints
(>1 inch) or AC full-depth patches/mile

Total/mile

Fi = (Figure 5.12)
(Recommended value 1.0, repair all dcteri‘orated areas)

1.00: No sign of PCC durability problems

0.96-0.99: Some durability cracking exists, but no spalling exists
0.88-0.95: Substantial cracking and some spalling exists

0.80-0.88: Extensive cracking and severe spalling exists

qur =

0.97-1.00: Very few transverse cracks/punchouts exist

0.94-0.96: A significant number of transverse cracks/punchouts exist

0.90-0.93: A large number of transverse cracks/punchouts exist

Ffa! =

Def= ch*qur*Ffat*D =

Remaining Life Method:

N, = Past design lane ESALs
N, s = Design lane ESALs to P2 of 1.5
Ny
RL =100}1 — ! =
Nys
CF = (Figure 5.2)

Dy = CFxD =
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When another AC overlay of an existing AC/JPCP,
AC/IRCP, or AC/CRCP is being considered, the
causes of the deterioration in the existing pavement
should be carefully investigated. If the PCC slab is
sound and in good condition but the existing AC layer
is badly rutted or otherwise deteriorated, the AC
should be thoroughly repaired or milled off. If, how-
ever, distress visible at the AC surface is predomi-
nantly a reflection of deterioration in the underlying
PCC, the pavement must be repaired through the full
depth of the AC and PCC. Otherwise, the distress will
reflect rapidly through the new AC overlay. It is
strongly recommended that coring and deflection test-
ing be conducted to thoroughly investigate the causes
and extent of deterioration in the existing pavement.

5.7.2 Pre-overlay Repair

The following types of distress in AC/JPCP, AC/
JRCP, and AC/CRCP should be repaired prior to
placement of an AC overlay.

Distress Type Repair Type
Rutting Milling
Deteriorated reflection Full-depth repair or

cracks slab replacement
Deteriorated repairs Full-depth repair
Punchouts Full-depth repair
Localized distress in AC only ~ AC patching
Localized distress in PCC Full-depth repair
Pumping Edge drains

Settlements/heaves AC level-up, slab
jacking, or local-

ized reconstruction

In AC/JPCP and AC/JRCP, medium- and high-se-
verity reflection cracks in the AC surface are evidence
of working cracks, deteriorated joints, or failed re-
pairs in the PCC slab, all of which should be full-

depth repaired. Low-severity reflection cracks may °

exist at regular joints and full-depth repair joints. If
these cracks are sealed and do not appear to be deteri-

orating at a significant rate, they might not warrant

pre-overlay repair other than sealing.

In AC/CRCEP, reflection cracks of all severities sug-
gest the presence of working cracks, deteriorated con-
struction joints, or failed repairs in the PCC slab, all
of which should be repaired. Coring through selected

G-49

mr-127

reflection cracks should be conducted to assess the
condition of the underlying pavement.

Coring should be conducted at areas of localized
distress to determine whether they are caused by a
problem in the AC mix or deterioration in the PCC
(e.g., “D” cracking). In the latter case, the PCC may
be deteriorated to a much greater extent than is evident
at the AC surface. Additional coring or removal of
portions of the. AC may be necessary to select appro-
priate repair boundaries.

Full-depth repairs to AC/PCC pavements should
match the existing cross-section, i.e., the PCC slab
should be full-depth repaired with the same thickness
of PCC, and then capped with AC to the same thick-
ness as the existing AC. Full-depth repairs and slab
replacements in AC/JPCP or AC/JRCP should be AC/
PCC, dowelled or tied to provide load transfer across
repair joints. Some agencies have placed full-depth
AC repairs in AC/JPCP and AC/JRCP prior to an AC
overlay. However, this has often resulted in rough
spots in the new overlay, opening of nearby joints and
cracks, and rapid deterioration of reflection cracks at
AC patch boundaries.

AC/CRCP full-depth repairs should be AC/PCC
and should be continuously reinforced with steel
which is tied or welded to reinforcing steel in the
existing slab, to provide load transfer across joints and
slab continuity. Full-depth AC repairs should not be
used in AC/CRCP prior to placement of an AC over-
lay, and any existing AC patches in AC/CRCP should
be removed and replaced with AC over continuously
reinforced PCC. Guidelines on repair are provided in
References 1 and 3.

Installation of edge drains, maintenance of existing
edge drains, or other subdrainage improvement should
be done prior to placement of the overlay if a sub-
drainage evaluation indicates a need for such an im-
provement.

Pressure relief joints should be placed only at fixed
structures, and not at regular intervals along the pave-
ment. The only exception to this is where reactive
aggregate has caused expansion of the slab. On heav-
ily trafficked routes, pressure relief joints should be of
heavy-duty design with dowels (3).

5.7.3 Reflection Crack Control

Reflection cracking in an AC overlay of AC/JPCP,
AC/IRCP, or AC/CRCP occurs over reflection cracks
in the first AC overlay, and may also occur over new
repairs. The basic mechanism of reflection cracking is
strain concentration in the overlay due to movement in
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the vicinity of joints and cracks in the existing pave-
ment. This movement may be bending or shear in-
duced by loads, or may be horizontal contraction
induced by temperature changes. Load-induced move-
-ments are influenced by the thickness and stiffness of
the AC layers, the thickness of the PCC, the degree of
load transfer at the joints and cracks, and the extent of
loss of support under the PCC slab. Temperature-in-
duced movements are influenced by daily and seasonal
temperature variations, the coefficients of thermal ex-
pansion of the existing pavement layers, and the spac-
ing of joints and cracks.

Pre-overlay repair, including full-depth repair, sub-
drainage improvement, and subsealing, is the most
effective means of controlling reflection crack occur-
rence and deterioration in a second AC overlay of an
AC/JPCP or AC/JRCP pavement. Additional reflec-
tion crack control treatments may be used as well,
including:

(1) Placing a synthetic fabric, stress-absorbing in-

terlayer, or bituminous-stabilized granular

layer prior to or in combination with the AC
overlay.

Sawing and sealing joints in the AC overlay at

locations coinciding with reflection cracks and

repair boundaries in the AC/JPCP or AC/

JRCP. This technique has been very successful

when applied to AC overlays of jointed PCC

pavements when the sawcut matches the joint
or straight crack within an inch.

(3) Increasing the AC overlay thickness. Reflec-
tion cracks will take more time to. propagate
through a thicker overlay and may deteriorate
more slowly.

o~
5]
~

Reflection cracking can have a considerable (often
controlling) influence on the life of an AC overlay of
AC/JPCP or AC/IRCP. Deteriorated reflection cracks
detract from a pavement’s serviceability and also re-
quire frequent maintenance, such as sealing, milling,
and patching. Reflection cracks also permit water to
enter the pavement structure, which may result in loss
of bond berween the AC and PCC, stripping in the AC
layers, progression of “D’’ cracking or reactive aggre-
gate distress in PCC slabs with these durability prob-
lems, and softening of the base and subgrade. For this
reason, reflection cracks should be sealed as soon as
they appear and resealed periodically throughout the
life of the overlay. Sealing low-severity reflection
cracks may also be effective in retarding their progres-
sion to medium and high severity levels.

Repairing reflection cracks in existing AC/CRCP
prior to placement of an AC overlay will delay the

Design of Pavement Strucryr, o5

occurrence and deterioration of new reflection cracs,

Improving subdrainage conditions and subsealing iy

areas where the slab has lost support will also discour.

age reflection crack occurrence and deterioration, Re.

flection crack control treatments are not recessary for

AC overlays of AC/CRCP, except for longituding]

joints, as long as continuously reinforced AC/PCC
repairs are used to repair deteriorated areas apg

cracks.

5.7.4 Subdrainage

See Section 5.2.4 for guidelines.

5.7.5 Thickness Design

If the overlay is being placed for some functional
purpose such as roughness or friction, a minimum
thickness overlay that solves the functional problem
should be placed. If the overlay is being placed for the
purpose of structural improvement, the required thick-
ness of the overlay is a function of the structural ca-
pacity required to meet future traffic demands and the
structural capacity of the existing pavement. The re-
quired overlay thickness to increase structural capac-
ity to carry future traffic is determined by the
following equation.

Do = A(Dy — D)

D, = Required thickness of AC overlay, inches

A = Factor to convert PCC thickness
deficiency to AC overlay thickness

D; = Slab thickness to carry future traffic,
inches

D = Effective equivalent PCC slab thickness

of existing AC/PCC, inches

The A factor, which is a function of the PCC thick-
ness deficiency, is given by the following equation and
is illustrated in Figure 5.9.

A = 2.2233 + 0.0099(D; — D)
— 0.1534(D; — Deg)

The required overlay thickness may be determined
through the following design steps. These design steps
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provide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design in-
puts. If it is not possible to conduct this testing (e.g.,
for a low-volume road), an approximate overlay de-
sign may be developed based upon visible distress
observations by skipping Steps 4 and 5, and by esti-
mating other inputs.

The overlay design can be done for a uniform sec-
tion or on a point-by-point basis as described in Sec-
tion 5.3.1.

Step 1: Existing pavement design.

(1) Existing AC surface thickness

(2) Existing PCC slab thickness

(3) Type of load transfer (mechanical devices, ag-
gregate interlock, CRCP) )

(4) Type of shoulder (tied PCC, other)

Step 2: Traffic analysis.

(1) Predicted future 18-kip ESALs in the design
lane over the design period (Ny)
Use ESALs computed from rigid pavement
load equivalency factors

Step 3:  Condition survey.

The following distresses are measured during the
condition survey. Sampling along the most heavily
trafficked lane of the project may be used to estimate
these quantities. Distress types and severities are de-
fined in Reference 23. Deteriorated means medium or
higher severity.

AC/JPCP OR AC/JRCP:

(1) Number of deteriorated reflection cracks per
mile :

(2) Number of full-depth AC patches and expan-'

sion joints per mile (except at bridges)

(3) Evidence of pumping of fines or water at
cracks and pavement edge

(4) Mean rut depth

(5) Number of localized failures

The following distresses are measured during the
condition survey for AC/CRCP. Sampling may be
used to estimate these quantities.

AC/CRCP:

(1) Number of unrepaired punchouts per mile

(2) Number of unrepaired reflection cracks per
mile

(3) Number of unrepaired existing deteriorated re-
pairs and full-depth AC repairs per mile
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(4) Evidence of pumping of fines or water
(5) Mean rut depth

Step 4: Deflection testing
(strongly recommended).

Measure slab deflection basins along the project at
an interval sufficient to adequately assess conditions.
Intervals of 100 to 1,000 feet are typical. Measure
deflections with sensors located at 0, 12, 24, and 36
inches from the center of the load. Measure deflec-
tions in the outer wheel path, unless rutting of the AC
surface interferes with proper seating of the load
plate, in which case deflections should be measured
between the wheelpaths. A heavy-load deflection de-
vice (e.g., Falling Weight Deflectometer) and a load
magnitude of 9,000 pounds are recommended. ASTM
D 4694 and D 4695 provide additional guidance on
deflection testing.

(1)  Temperature of AC mix. The temperature of the
AC mix during deflection testing must be de-
termined. This may be measured directly by
drilling a hole into the AC surface, inserting a
liquid and a temperature probe, and reading
the AC mix temperature when it has stabilized.
This should be done at least three times during
each day’s testing, so that a curve of AC mix
temperature versus time may be developed and
used to assign a mix temperature to each basin.

If measured AC mix temperatures are not
available, they may be approximated from cor-
relations with pavement surface and air tem-
peratures (24, 25, 26, 27). Pavement surface
temperature may be monitored during deflec-
tion testing using a hand-held infrared sensing
device which is aimed at the pavement. The
mean air temperature for the five days prior to
deflection testing, which is an input to some of

the referenced methods for estimating mix

temperature, may be obtained from a local

weather station or other local sources.

(2)  Elastic modulus of AC. The modulus of the AC
layer should be determined for each deflection
basin. Two methods are available for determin-
ing the AC modulus, E,.. :

(a) Estimate E,. from AC mix temperature.
The elastic modulus of the AC layer may
be estimated from AC mix properties and
the AC mix temperature assigned to a
deflection basin using the following
equation (26):
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log E,.
. Pano
= 5.553833 + 0.028829 Fo.105

— 0.03476V, + 0.070377M0er 108
+ O'OoooostgLJ-kO.A%ZSlogF)PSC.S

0.00189 £(1.3+0.4982510g F)p0.5
FIA! P ac
1
+ 0.931757 <~—-F°'°2774>
where

E, = elastic modulus of AC,
psi

Paoo = percent aggregate passing
the No. 200 sieve

F = loading frequency, Hz

v, = air voids, percent

Thoer106 = absolute viscosity at
70°F, 10° poise (e.g., 1
for AC-10, 2 for AC-20)

P.. = asphalt content, percent
by weight of mix
tp = AC mix temperature, °F

This may be reduced to a relationship
between AC modulus and AC mix tem-
perature for a particular loading fre-
quency (i.e., approximately 18 Hz for
the FWD load duration of 25 to 30 milli-
seconds) by assuming typical values for
the AC mix parameters P,., V., Py, and
1. For example, the AC mix design used
by one State has the following typical
values:

Py = 4 percent
v, = 5 percent
N = 2 for AC-20
P, = 5 percent

For these values and an FWD loading
frequency of 18 Hz, the following equa-
tion for AC elastic modulus versus AC
mix temperature is obtained:

log E,. = 6.451235
—0.000164671¢} 54+

3)

G-52

Design of Pavement Structures

Each agency should establish its own
relationship for AC modulus versus tem-
perature which is representative of the
properties of its AC mixes.

It should be noted that the equation
for AC modulus as a function of mix pa-
rameters and temperature applies to new-
mixes. AC which has been in service for
some years may have either a higher
modulus (due to hardening of the as-
phalt) or lower modulus (due to deterio-
ration of the AC, from stripping or other
causes) at any given temperature.

(b) Diametral resilient modulus testing of
AC cores taken from the in-service AC/
PCC pavement, as described in Step 5,
may be used to establish a relationship
between AC modulus and temperature.
This relationship may be used to deter-
mine the AC modulus of each deflection
basin at the time and temperature at
which it was measured.

Effecrive dynamic k-value benearh PCC slab.

Compute the compression which occurs in the

AC overlay beneath the load plate using the

following equations.

AC, PCC LAYERS BONDED:

docompress = —0.0000328 + 121.5006
D 1.0798
I et
2
AC, PCC LAYERS UNBONDED:

“docompress = —0.00002133 + 38.6872

D 0.94551 .
(&)
Eac

where
dgcompress = AC compression at center of
load, inches
D,. = AC thickness, inches
E. = AC elastic modulus, psi

The interface condition is a significant un-
known in backcalculation. The AC/PCC inter-
face is fully bonded when the AC layer is first
placed, but how well that bond is retained is
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)

not known. Examination of cores taken at a
later time may show that bond has been re-
duced or completely lost. This is particularly
likely if stripping occurs at the AC/PCC inter-
race. If the current interface bonding condition
is not determined by coring, the bonding con-
dition which is considered more representative
of the project may be assumed.

Using the above equations, the d;j of the
PCC slab in the AC/PCC pavement may be
determined by subtracting the compression
which occurs in the AC surface from the d,
measured at the AC surface.

Compute the AREA of the PCC slab for
each deflection basin from the following equa-

tion.
dp d‘74
AREA . = 6 = 1+2<——’>+2< = >
pee ( dOpcc dOpcc
d
. < 36 ﬂ
dOpcc
where
dopec = PCC deflection in center of
loading plate, inches (surface
deflection dy minus AC
compression docompms)
d; = deflections at 12, 24, and 36

inches from plate center, inches

Enter Figure 5.10 with the do,. and
AREA . of the PCC slab to determine the ef-
fective dynamic k-value beneath the slab for a
circular Joad radius of 5.9 inches and magni-
tude of 9,000 pounds. Note that for loads
within 2,000 pounds more or less, deflections
may be scaled linearly to 9,000-pound deflec-
tions.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean effective dynamic k-value of the slabs
tested in the uniform section.

Effecrive static k-value.

Effective static k-value

= Effective dynamic k-value/2

The effective static k-value may need to be ad-
justed for seasonal effects using the approach

G}

Q)
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presented in Part II, Section 3.2.1. However,
the k-value can change substantially and have
only a small effect on overlay thickness.
Elastic modulus of PCC slab (E). Enter Figure
5.11 with the AREA . of the top of the PCC
slab, proceed to the effective dynamic k-value
curves, and determine a value for ED?, where
D is the PCC slab thickness. Solve for E know-
ing the slab thickness, D. Typical slab E values
range from 3 to 8 million psi. If a slab E value
is obtained out of this range, an error may exist
in the assumed slab thickness, the deflection
basin may have been measured over a crack, or
the PCC may be significantly deteriorated.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean E value of the slabs tested in the uniform
section.

Do not use any k-values or E values that

appear 1o be significantly out of line with the
rest of the data.
Joint load transfer. For AC/JPCP and AC/
JRCP, measure joint load transfer in the outer
wheelpath (or between the wheelpaths if the
AC is badly rutted) at representative reflection
cracks above transverse joints in the PCC slab.
Do not measure load transfer when the ambi-
ent temperature is greater than 80°F. Place the
load plate on one side of the reflection crack
with the edge of the plate touching the joint.
Measure the deflection at the center of the load
plate and at 12 inches from the center. Com-
pute the deflection load transfer from the fol-
lowing equation.

ALT = 100 * <ﬂ> * B
A,

where
ALT = deflection load transfer, percent
A, = unloaded side deflection, inches
A, = loaded side deflection, inches
B = slab bending and AC compression

correction factor

The slab bending and AC compression cor-
rection factor, B, is necessary because the de-
flections dy and d;,, measured 12 inches apart,
would not be equal even if measured in the
interior of a slab. An appropriate value for the
correction factor may be determined from the
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Step 5:

1)

ratio of dq to d;, for typical center slab deflec- -

tion basin measurements, as shown in the
equation below.

B = dOcemcr

d 12 center

If a single overlay thickness is being designed
for a uniform section, compute the mean de-
flection load transfer value of the joints tested
in the uniform section.

For AC/JPCP and AC/JRCP, determine the
J load transfer coefficient using the following
guidelines:

Percent Load Transfer J
>70 3.2

50-70 3.5

<50 4.0

If the rehabilitation will include the addi-
tion of a tied concrete shoulder, a lower J fac-
tor may be appropriate. See Part II, Table 2.6.

For AC/CRCP, use J = 2.2 t0 2.6 for over-
lay design, assuming that working cracks are
repaired with continuously reinforced PCC
overlaid with AC.

Coring and materials testing
(strongly recommended).

Modulus of AC .vurface.' Laboratory testing of
cores taken from the AC surface in uncracked
areas may be used to determine the elastic
modulus of the AC surface. This may be done
using a repeated-load indirect tension test
(ASTM D 4123). The tests should be run at
two or more temperatures (e.g., 40, 70, and
90°F) to establish points for a curve of log E,.
versus temperature. AC modulus values at any
temperature may be interpolated from the labo-
ratory values obtained at any two tempera-
tures. For example, E,_ values at 70° and 90°F
may be used in the following equation to inter-
polate E,. at any temperature t°F:

log Eac?O'F — log Eac90‘F>
70 — 90

* (t°F — 70°F) + log E.coeF

log E,cror = (

Design of Pavement Strucryyeg

For purposes of interpreting NDT data, Ac
modulus values obtained from laboratory test-
ing of cores must be adjusted to account for the
difference between the loading frequency of
the test apparatus (typically 1 10 2 Hz) and the
loading frequency of the deflection testing de.
vice (18 Hz for the FWD). This adjustment j5-
made by multiplying the laboratory-deter.
mined E,; by a constant value which may be
determined for each laboratory testing temper-
ature using the equation given in Step 4 for AC
modulus as a function of mix parameters and
temperature. Field-frequency E,. values wi]]
typically be 2 to 2.5 times higher than lab-
frequency values.

Agencies may also wish to establish corre-

lations between resilient modulius and indirect
tensile strength for specific AC mixes.
PCC modulus of rupture (S;). Cut several 6-
inch-diameter cores at midslab and test in indi-
rect tension (ASTM C 496). Compute the indi-
rect tensile strength (psi) of the cores. Estimate
the modulus of rupture with the following
equation.

S = 210 + 1.02IT

where
S¢ = modulus of rupture, psi
IT = indirect tensile strength of

6-inch-diameter cores, psi

Step 6: Determination of required slab thickness

for future traffic (D).

The inputs to determine Dy for-AC overlays of AC/
PCC pavements are representative of the existing slab
and foundation properties. This is emphasized be-
cause it is the properties of the existing slab (i.e.,
elastic modulus, modulus of rupture, and load trans-
fer) which will control the performance of the AC
overlay.

M

Effective static k-value beneath existing PCC

slab. Determine from one of the following

methods.

(@) Backcalculate effective dynamic k-value
from deflection basins as described in
Step 4. Divide the effective dynamic k-
value by 2 to obtain the effective static k-
value. The effective static k-value may
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need to be adjusted for seasonal effects
using the approach presented in Part I,
Section 3.2.1.

(b) Conduct plate load tests (ASTM D 1196)
after slab removal at a few sites. This
alternative is very costly and time-con-
suming and not often used. The static k-
value obtained may needto be adjusted
for seasonal effects (see Part II, Section
3.2.1).

(c) Estimate from soils data and base type
and thickness, using Figure 3.3 in Part
II, Section 3.2. This alternative is sim-
ple, but the static k-value obtained must
be recognized as a rough estimate. The
static k-value obtained may need to be
adjusted for seasonal effects (see Part II,
Section 3.2.1).

Design PSI loss. PSI immediately after overlay

(P1) minus PSI at time of next rehabilitation

(P2).

J, load transfer of existing PCC slab. See

Step 4.

PCC modulus of ruprure, determined by one of

the following methods:

(a) Estimate from indirect tensile strength
measured from 6-inch-diameter cores, as
described in Step 5.

(b) For AC/JPCP and AC/JRCP, estimate
from the E of the slab, backcalculated as
described in Step 4. Use the following
equation:

S. = 43.5 < > + 488.5

108

wn
A
I

= modulus of rupture, psi
= backcalculated elastic modulus
of PCC slab, psi

tm
i

For AC/CRCP, estimating S! from
backcalculated E values is not recom-
mended since cracks which are not re-
flected in the existing AC overlay may
exist in the CRCP within the deflection
basins.

Elastic modulus of existing PCC slab, deter-

mined by one of the following methods:

(a) Backcalculated from deflection measure-
ments, as described in Step 4.

I-13z

(b) Estimated from indirect tensile strength

(6) Loss of support of existing slab that might exis:
after rehabilitation. Procedures for use of de-
flection testing to investigate loss of suppor
beneath AC/PCC pavements have not yet bee-.
established. For overlay thickness design as-
sume the slab is fully supported, LS = 0.

(7) Overlay design reliability, R (percent). Se:
Part I, Section 4.2, Part II, Table 2.2, and Par.
OI, Section 5.2.15.

(8) Overall standard deviation, S,, for PCC pave-
ment. See Part I, Section 4.3.

(9) Subdrainage capability of existing slab, afte
subdrainage improvements, if any. See Part I
Table 2.5, as well as reference 3, for guidanc
in determining C,. Pumping or faulting at re
flection cracks is evidence that a subdrainag
problem exists. In selecting this value, nor
that the poor drainage situation at the AASH(
Road Test would be given a C4 of 1.0.

Compute Dy for the above design inputs using th
rigid pavement design equation or nomograph in Pa:
II, Figure 3.7. When designing an overlay thickne:
for a uniform pavement section, mean input valuc
must be used. When designing an overlay thicknes
for specific points along the project, the data for th:
point must be used. A worksheet for determining Dy
provided in Table 5.9. Typical values of inputs a:
provided for guidance. Values outside these range
should be used with caution.

Step 7: Determination of effective slab thickness
(D.g) of existing pavement.

A condition survey method for determination -
D, is presented for AC/PCC pavements. The effe:
tive thickness of the existing slab (D) is compute
from the following equation:

Dac
Deff=(Dpcc*ch*qur)+ 2.0 *Fac

where
Dy = thickness of existing PCC slab, inches
D,. = thickness of existing AC surface, inches

(1) Joints and cracks adjustment factor (Fi.). Tt
factor adjusts for the extra loss in PSI caus:
by deteriorated reflection cracks that will ¢
cur in a second overlay due to unrepair
deteriorated reflection cracks and other d
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Table 5.9. Worksheet for Determination of D, for AC/JPCP, AC/JRCP, and AC/CRCP
SLAB:
Existing AC surface thickness = inches
Existing PCC slab thickness = inches
Type of load transfer system: mechanical device, aggregate interlock, CRCP
Type of shoulder = tied PCC, other
PCC modulus of rupture (typically 600 to 800 psi) . psi
PCC E modulus (3 to 8 million psi for sound PCC,
<3 million for unsound PCC) = psi
J load transfer factor (3.2 to 4.0 for AC/JPCP, -
AC/JRCP 2.2 10 2.6 for AC/CRCP) =
TRAFFIC:
Future 18-kip ESALs in design lane over
the design period (Ny) =
SUPPORT AND DRAINAGE:
Effective dynamic k-value = psi/inch
Effective static k-value = Effective dynamic k-value/2
(typically 50 to 500 psi/inch) = psi/inch
Subdrainage coefficient, Cy4
(typically 1.0 for poor subdrainage conditions) =
SERVICEABILITY LOSS:
Design PSI loss (P1 — P2) =
RELIABILITY:
Design reliability, R (80 to 99 percent) - = . percent

Overall standard deviation, S, (typically 0.39)

FUTURE STRUCTURAL CAPACITY:

Required slab thickness for future traffic is determined from rigid pavement

design equation or nomograph in Part II, Figure 3.7.

Dy

inches

continuities in the existing AC/PCC pavement
prior to overlay. A deteriorated reflection crack
in the existing AC/PCC pavement will rapidly
reflect through a second overlay and contribute
to loss of serviceability. Therefore, it is recom-
mended that all deteriorated reflection cracks

and any other major discontinuities in the ex-
isting pavement be full-depth repaired with
dowelled or tied PCC repairs prior to overlay,
so that F,. = 1.00.

If it is not possible to repair all deteriorated
areas, the following information is needed to



Rehabilitation with Overlays

determine F, to increase the overlay thickness
to account for the extra loss in PSI from deteri-
orated reflection cracks:

Number of unrepaired deteriorated reflec-
tion cracks/mile

Number of unrepaired punchouts/mile

Number of expansion joints, exceptionally
wide joints (greater than 1 inch), and
full-depth, full-lane-width AC patches/
mile

The total number of unrepaired deteriorated
reflection cracks, punchouts, and other discon-
tinuities per mile is used to determine the Fy
from Figure 5.12.

(2) Durabiliry adjusiment factor (F,,). This factor
adjusts for an extra loss in PSI of the overlay
when the existing slab has durability problems
such as “D" cracking or reactive aggregate
distress. Using historical records and condi-
tion survey data from Step 3, Fg,, is deter-
mined as follows.

1.00: No evidence or history of PCC
durability problems

Pavement is known to have PCC
durability problems, but no
localized failures or related
distresses are visible

Some durability distress
(localized failures, etc.) is
visible at pavement surface
Extensive durability distress
(localized failures, etc.) is
visible at pavement surface

0.96-0.99:

0.88-0.95:

0.80-0.88:

(3) AC quality adjustment factor (F,.). This factor
adjusts the existing AC layer’s contribution to
D, based on the quality of the AC material.
The value selected should depend only on dis-
tresses related to the AC layer (i.e., not reflec-
tion cracking) which are not eliminated by
surface milling: rutting, stripping, shoving,
and also weathering and ravelling if the surface
is not milled. Consideration should be given to
complete removal of a poor-quality AC layer.

1.00: No AC material distress
0.96-0.99: Minor AC material distress
(weathering, ravelling) not
corrected by surface milling
0.88-0.95: Significant AC material distress
(rutting, stripping, shoving)
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0.80-0.88: Severe AC material distress
(rutting, stripping, shoving)

A worksheet for calculation of D¢ is provided
in Table 5.10.

Step 8: Determination of Overlay Thickness.

The thickness of AC overlay is computed as fol-
lows:

Dy = A(Df — Do)

where

D, = Required thickness of AC overlay, inches

A = Factor to convert PCC thickness
deficiency to AC overlay thickness

D; = Slab thickness determined in Step 6,
inches

D.s = Effective thickness of existing slab
determined in Step 7, inches

The A factor, which is a function of the PCC thick-
ness deficiency, is given by the following equation and
is illustrated in Figure 5.9.

A = 2.2233 + 0.0099(D¢ — Dg)’
— 0.1534(D¢ — D.g)

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2 for discussion of factors which may
result in unreasonable overlay thicknesses.

5.7.6 Surface Milling

If the AC surface is to be milled prior to overlay,
the depth of milling should be considered in the deter-
mination of D.g. No adjustment need be made to D¢
values if the depth of milling does not exceed the
minimum necessary to remove surface ruts. If a
greater depth is milled, the AC thickness remaining
after milling should be used in determining D.g-

5.7.7 Shoulders

See Section 5.2.10 for guidelines.
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Table 5.10. Calculation of D,y for AC Overlay of AC/JPCP, AC/JRCP, and AC/CRCP

Condition Survey Method:

F

je

Number of punchouts/mile =

Number of unrepaired deteriorated reflection cracks/mile

Il

Number of expansion joints, exceptionally wide joints

(>1 inch) or full-depth patches/mile =

Total/mile
F

(Figure 5.12)

Jc

(Recommended value 1.0, repair all deteriorated areas)

qur 1.00:
0.96-0.99:

0.88-0.95:

0.80-0.88:

qur =

No sign or knowledge of PCC durability problems

Pavement is known to have PCC durability problems, but no
localized failures or related distresses

Some durability distress (localized failures, etc.) is visible at
pavement surface

Extensive durability distress (localizéd failures, etc.)

F.. 1.00:
0.96-0.99:

0.88-0.95:
0.80-0.88:

F. =

No AC material distress

Minor AC material distress (weathering, ravelling) not corrected
by surface milling

Significant AC material distress (rutting, stripping, shoving)
Severe AC material distress (rutting, stripping, shoving)

Dcff = (Dpcc * ch * qur) + l:(z_a(;> * Fac} =

D

5.7.8 Widening

(1) Repairing deteriorated areas and making
subdrainage improvements (if needed)

See Section 5.2.16 for guidelines. (2) Constructing widening (if needed)

(3) Preparing the existing surface to ensure a
reliable bond
(4) Placing the concrete overlay

5.8 BONDED CONCRETE OVERLAY OF (5) Sawing and sealing the joints
JPCP, JRCP, AND CRCP
Bonded concrete overlays have been placed on 5.8.1 Feasibility
jointed plain, jointed reinforced and continuously re-
inforced concrete pavements to improve both struc- A bonded overlay of JPCP, JRCP, or CRCP is 2
tural capacity and functional conditon. A bonded feasible rehabilitation alternative for PCC pavements
concrete overlay consists of the following construction except when the conditions of the existing pavement

tasks:

dictate substantial removal and replacement or when
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durability problems exist (28). Conditions under
which a PCC bonded overlay would not be feasible
include:

(1) The amount of deteriorated slab cracking and
joint spalling is so great that a substantial
amount of removal and replacement of the ex-
isting surface is dictated.

(2) Significant deterioration of the PCC slab has
occurred due to durability problems (e.g.,
“D” cracking or reactive aggregates). This
will affect performance of the overlay.

(3) Vertical clearance at bridges is inadequate for
required overlay thickness. This is not usually
a problem because bonded overlays are usually
fairly thin.

If construction duration is critical, PCC overlays
may utilize high-early-strength PCC mixes. PCC
overlays have been opened within 6 10 24 hours after
placement using these mixtures.

5.8.2 Pre-overlay Repair

The following types of distress should be repaired
prior to placement of the bonded PCC overlay.

Distress Type Repair Type

Working cracks Full-depth repair or slab
replacement
Full-depth repair
Full- or partial-depth repair
Full-depth repair
Edge drains
Slab jack or reconstruct area

Punchouts

Spalled joints
Deteriorated patches
Pumping/faulting
Settlements/heaves

Full-depth repairs and slab replacements in JPCP
and JRCP should be PCC, dowelled or tied to provide
load transfer across repair joints. Full-depth repairs in
CRCP should be PCC and should be continuously
reinforced with steel which is tied or welded to rein-
forcing steel in the existing slab, to provide load trans-
fer across joints and slab continuity. Full-depth AC
repairs should not be used prior to placement of a
bonded PCC overlay, and any existing AC patches
should be removed and replaced with PCC. Guide-
lines on repairs are provided in References 1 and 3.

Installation of edge drains, maintenance of existing
edge drains, or other subdrainage improvement should
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be done prior to placement of the overlay if a sub-
drainage evaluation indicates a need for such an im-
provement.

Pressure relief joints should be done only at fixed
structures, and not at regular intervals along the pave-
ment. The only exception to this is where a reactive
aggregate has caused expansion of the slab. On heav-
ily trafficked routes, expansion joints should be of the
heavy-duty type with dowels (3). If joints contain sig-
nificant incompressibles, they should be cleaned and
resealed prior to overlay placement.

5.8.3 Reflection Crack Control

Any working (spalled) cracks in the existing JPCP.
JRCP, or CRCP slab may reflect through the bonded
concrete overlay within one year. Reflection cracks
can be controlled in bonded overlays by full-depth
repair of working cracks in the existing pavement, and
for JPCP or JRCP, sawing and sealing joints through
the overlay directly over the repair joints. Tight non-
working cracks do not need to be repaired because not
all will reflect through the overlay and those that do
will usually remain tight. Tight cracks in CRCP will
take several years to reflect through, and even then
will remain tight.

5.8.4 Subdrainage

See Section 5.2.4 for guidelines.

5.8.5 Thickness Design

If the overlay is being placed for some functional
purpose such as roughness or friction, a minimum
thickness overlay that solves the functional problem
should be placed.

If the overlay is being placed for the purpose of
structural improvement, the required thickness of the
overlay is a function of the structural capacity required
to meet future traffic demands and the structural ca-
pacity of the existing pavement. The required overlay
thickness to increase structural capacity to carry fu-
ture traffic is determined by the following equation.

Dy = D¢ — Dyt

where
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D, = Required thickness of bonded PCC
overlay, inches
D¢ = Slab thickness to carry future traffic,
inches
D.s = Effective thickness of existing slab,
inches

Bonded concrete overlays have been successfully
constructed as thin as 2 inches and as thick as 6 inches

or more. Three to 4 inches has been typical for most

highway pavement overlays (28). If the bonded over-
lay is being placed only for a functional purpose such
as roughness or friction, a thickness of 3 inches
should be adequate.

The required overlay thickness may be determined
through the following design steps. These design steps
provide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design in-
puts. If it is not possible to conduct this testing, an
approximate overlay design may be developed based
upon visible distress observations by skipping Steps 4
and 5, and by estimating other inputs.

The overlay design can be done for a uniform sec-
tion or on a point-by-point basis as described in
Section 5.3.1.

Step 1: Existing pavement design.

(1) Existing siab thickness

(2) Type of load transfer (mechanical devices, ag-
gregate interlock, CRCP)

(3) Type of shoulder (tied, PCC, other)

Step 2: Traffic analysis.

(1) Past cumulative 18-kip ESALs in the design
lane (N,), for use in the remaining life method
of D¢ determination only

(2) Predicted future 18-kip ESALs in ‘the design
lane over the design period (Ny)

Step 3:  Condition survey.

The following distresses are measured during the
condition survey for JPCP, JRCP, and CRCP. Sam-
pling along the project may be used to estimate these
quantities in the most heavily trafficked lane. Distress
types and severities are defined in Reference 23. Dete-
riorated means medium or higher severity.

JPCP/JRCP:
(1) Number of deteriorated transverse joints per
mile
(2) Number of deteriorated transverse cracks per
mile

Design of Pavement Structures

(3) Number of existing expansion joints, excep-
tionally wide joints (>1 inch) or AC fy]i-
depth patches
(4) Presence and general severity of PCC durabij-
ity problems
(a) “D” cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)

(b) Reactive aggregate cracking: low, me-
dium, high severity

(5) Evidence of faulting, pumping of fines or
water at joints, cracks and pavement edge

CRCP:

(1) Number of punchouts per mile
(2) Number of deteriorated transverse cracks per
mile :
(3)- Number of existing expansion joints, excep-
tionally wide joints (>1 inch) or AC full-
depth patches
(4) Number of existing and new repairs prior to
overlay per mile
(5) Presence and general severity of PCC durabil-
ity problems (NOTE: surface spalling of tight
cracks where the underlying CRCP is sound -
should not be considered a durability problem)
(a) *“D™ cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)

(b) Reactive aggregate cracking: low, me-
dium, high severity

(6) Evidence of pumping of fines or water

Step 4: Deflection testing
(strongly recommended).

Measure slab deflection basins in the outer wheel
path along the project at an interval sufficient to ade-
quately assess conditions. Intervals of 100 to 1,000
feet are typical. Measure deflections with sensors lo-
cated at 0, 12, 24, and 36 inches from the center of
load. A heavy-load deflection device (e.g., Falling
Weight Deflectometer) and a load magnitude of 9,000
pounds are recommended. ASTM D 4694 and D 4695
provide additional guidance on deflection testing.

For each slab tested, backcalculate the effective k-
value and the slab’s elastic modulus using Figures
5.10 and 5.11 or a backcalculation procedure. The
AREA of each deflection basin is computed as fol-
lows:

G-60



Rehabilitation with Overlays

_ dl:) <d:4> ’dzé‘)
=6+ 2 (%2) 4 2 =
AREA [1 + < 2)r2(E) (do ]

- where
do = deflection in center of loading plate, inches
d, = deflections at 12, 24, and 36 inches from

plate center, inches

AREA will typically range from 29 to 32 for sound
" concrete. -

¢y

Effective dynamic k-value. Enter Figure 5.10
with dg and AREA to determine the effective
dynamic k-value beneath each slzb for a circu-
lar load radius of 5.9 inches and magnitude of
9,000 pounds. Note that for loads within 2,000
pounds more or less, deflections may be scaled
linearly to 9,000-pound deflections.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean effective dynamic k-value of the slabs
tested in the uniform section.

Effective static k-value.

(2)

Effective static k-value

= Effective dynamic k-value/2

The effective k-value may need to be adjusted
for seasonal effects using the approach pre-
sented in Part II, Section 3.2.1. However, the
k-value can change substantially and have only
a small effect on overlay thickness.

3
5.11 with AREA, proceed to the effective dy-
namic k-value curves, and determine a value
for ED?, where D is the slab thickness. Solve
for E knowing the slab thickness, D. Typical
slab E values range from 3 to 8 million psi. If a
slab E value is obtained that is out of this
range, an error may exist in the assumed slab
thickness, the deflection basin may have been
measured over a crack, or the PCC may be
significantly deteriorated.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean E value of the slabs tested in the uniform
section.

Do not use any k-values or E values that
appear to be significantly out of line with the
rest of the data.

Elastic modulus of PCC slab (E). Enter Figure _
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Joint load transfer. For JPCP and JRCP, mea-
sure joint load transfer in the outer wheelpath
at representative transverse joints. Do not
measure load transfer when the ambient tem-
perature is greater than 80°F. Place the load
plate on one side of the joint with the edge of
the plate touching the joint. Measure the de-
flection at the center of the load plate and at 12
inches from the center. Compute the deflection
load transfer from the following equation.

A
ALT = 100 * (=2 ) « B
<A,>*

where
ALT = deflection load transfer, percent
A, = unloaded side deflection, inches
A, = loaded side deflection, inches
B = slab bending correction factor

The slab bending correction factor, B, is
necessary because the deflections dy and d,,,
measured 12 inches apart, would not be equal
even if measured in the interior of a slab. An
appropriate value for the correction factor may
be determined from the ratio of d, to d,; for
typical center slab deflection basin measure-
ments, as shown in the equation below. Typical
values for B are between 1.05 and 1.15.

_ docenter

B

d 12 center

If a single overlay thickness is being designed
for a uniform section, compute the mean de-
flection load transfer value of the joints tested
in the uniform section.

For JPCP and JRCP, determine the J load
transfer coefficient using the following guide-
lines:

Percent Load Transfer J
>70 3.2
50-70 3.5
<50 4.0

If the rehabilitation will include the addition of
a tied concrete shoulder, a lower J factor may
be appropriate. See Part II, Table 2.6.
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Step 5:

M

Step 6:

The

For CRCP, use J = 2.2 to 2.6 for overlay
design, assuming that working cracks and
punchouts are repaired with continuously rein-
forced PCC.

Coring and materials testing
(strongly recommended).

PCC modulus of rupture (S;). Cut several 6-
inch-diameter cores at mid-slab and test in in-
direct tension (ASTM C 496). Compute the
indirect tensile strength (psi) of the cores. Esti-
mate the modulus of rupture with the following
equation:

S; = 210 + 1.02IT
where
S; = modulus of rupture, psi
IT = indirect tensile strength of 6-inch

diameter cores, psi

Determination of required slab thickness
Sor future traffic (Dy).

inputs to determine D; for bonded PCC over-

lays of PCC pavements are representative of the
existing slab and foundation properties. This is em-
phasized because it is the properties of the existing

slab (i.

e., elastic modulus, modulus of rupture, and

load transfer) which will control the performance of
the bonded overlay.

)]

Effecrive static k-value. Determine from one of
the following methods.

(a) Backcalculate the effective dynamic k-
value from deflection basins as described
in Step 4. Divide the effective dynamic
k-value by 2 to obtain the effective static
k-value.

Conduct plate load tests (ASTM D 1196)
after slab removal at a few sites. This
alternative is very costly and time-con-
suming and not often used. The static k-
value obtained may need to be adjusted
for seasonal effects using the approach
presented in Part II, Section 3.2.1.
Estimate from soils data and base type
and thickness, using Figure 3.3 in Part
I, Section 3.2. This alternative is sim-
ple, but the static k-value obtained must

®)

©
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be recognized as a rough estimate. The
static k-value obtained may need to be
adjusted for seasonal effects using the
approach presented in Part II, Section
3.2.1.
Design PSI loss. PSI immediately after overlay
(P1) minus PSI at time of next rehabilitation
(P2).
J, load transfer factor. See Step 4.
PCC modulus of rupture determined by one of
the following methods:

(a) Estimated from indirect tensile strength
measured from 6-inch diameter cores as
described in Step 5.

(b) Estimated from the backcalculated E of

" slab using the following equation:

E
' =435 (— ) + 488.
s, 3><106>+ 88.5

where
S. = modulus of rupture, psi
E = backcalculated elastic modulus

of PCC slab, psi

For CRCP, S. may be determined
from the backcalculated E values only at
points which have no cracks within the
deflection basins.

Elastic modulus of existing PCC slab, deter-
mined by one of the following methods:

(a) Backcalculate from deflection measure-
ments as described in Step 4.
(b) Estimate from indirect tensile strength.

Loss of support of existing slab. Joint corners
that have loss of support may be identified us-
ing FWD deflection testing as described in
Reference 2. CRCP loss of support can be de-
termined by plotting a slab edge or wheel path
deflection profile and identifying locations
with significantly high deflections. Existing
loss of support can be improved with slab sta-
bilization. For thickness design, assume a
fully supported slab, LS = 0.

Overlay design reliability, R (percent). See
Part I, Section 4.2, Part II, Table 2.2, and Part
I, Section 5.2.15.

Overall standard deviation (S,) for rigid pave-
ment. See Part I, Section 4.3.

Subdrainage capability of existing slab, after
subdrainage improvements, if any. See Part II,
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Table 2.5, as well as Reference S, for guidance
in determining Cy. Pumping or faulting at
joints and cracks determined in Step 3 is evi-
dence that a subdrainage problem exists. In
selecting this value, note that the poor sub-
drainage situation at the AASHO Road Test
would be given a C4 of 1.0.

Compute Dy for the above design inputs using the
rigid pavement design equation or nomograph in Part
10, Figure 3.7. When designing an overlay thickness
for a uniform pavement section, mean input values
must be used. When designing an overlay thickness
for specific points along the project, the data for that
point must be used. A worksheet for determining Dy is
provided in Table 5.11. Typical values of inputs are
provided for guidance. Values outside these ranges
should be used with caution.

Determination of effective slab thickness
(Dyy) of existing pavement.

Step 7:

The condition survey and remaining life proce-
dures are presented.

D.x From Condition Survey For PCC Pavements

The effective thickness of the existing slab (D) is
computed from the following equation:

Dcr‘f = ch * qur * Ffa( =D
where
D = existing PCC slab thickness, inches

(1)  Joints and cracks adjustment factor (F;.). This
factor adjusts for the extra loss in PSI caused
by deteriorated reflection cracks in the overlay
that will result from any unrepaired deterio-
rated joints, cracks, and other discontinuities
in the existing slab prior to overlay. A deterio-
rated joint or crack in the existing slab will
rapidly reflect through an AC overlay and con-
tribute to loss of serviceability. Therefore, it is
recommended that all deteriorated joints and
cracks (for non-*“D” cracked or reactive ag-
gregate related distressed pavements) and any
other major discontinuities in the existing slab
be full-depth repaired with dowelled or tied
PCC repairs prior to overlay, so that F;. =
1.00.

If it is not possible to repair all deteriorated
areas, the following information is needed to
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determine Fy, to increase the overlay thickness
to account for the extra loss in PSI from deteri-
orated reflection cracks (per design lane):

Pavements with no “D” cracking or reactive
aggregate distress:
Number of unrepaired deteriorated joints/
mile
Number of unrepaired deteriorated cracks/
mile
Number of unrepaired punchouts/mile
Number of expansion joints, exceptionally
wide joints (greater than 1 inch), and
full-depth, full-lane-width AC patches/
mile

NOTE that tight cracks held together by
reinforcement in JRCP or CRCP are not in-
cluded. However, if a crack in JRCP or
CRCP is spalled and faulted the steel has.
probably ruptured, and the crack should be
considered as working. Surface spalling of
CRCP cracks is not an indication that the
crack is working.

The total number of unrepaired deterio-
rated joints, cracks, punchouts, and other
discontinuities per mile is used to determine
the F;, from Figure 5.12.

Pavements with “D”’ cracking or reactive ag-
gregate deterioration:

These types of pavements often have de-
terioration at the joints and cracks from du-
rability problems. The Fy,, factor is used to
adjust the overlay thickness for this prob-
lem. Therefore, when this is the case, the
F,. should be determined from Figure 5.12
only using those unrepaired deteriorated
joints and cracks that are not caused by du-
rability problems. If all of the deteriorated
joints and cracks are spalling due to “D"
cracking or reactive aggregate, then F, =
1.0. This will avoid adjusting twice with the
Fjc and F,, factors.

Durability adjustment factor (Fg,). This factor
adjusts for an extra loss in PSI of the overlay
when the existing slab has durability problems
such as “D" cracking or reactive aggregate
distress. Using condition survey data from
Step 3, Fyy is determined as follows.

1.00: No sign of PCC durability
problems
0.96-0.99: Durability cracking exists, but
no spalling
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Table 5.11. Worksheet for Determination of D; for JPCP, JRCP, and CRCP

SLAB:
Existing PCC slab thickness = inches
Type of load transfer system: mechanical device, aggregate interlock, CRCP
Type of shoulder = tied PCC, other
PCC modulus of rupture (typically 600 to 800 psi) = psi
PCC E modulus (3 to 8 million psi for sound PCC,
< 3 million for unsound PCC) = psi
J load transfer factor (3.2 to 4.0 for JPCP,
JRCP 2.2 10 2.6 for CRCP) =

TRAFFIC:
Future 18-kip ESALSs in design lane over
the design period (Ny) =

SUPPORT AND DRAINAGE:
Effective dynamic k-value = psi/inch
Effective static k-value = effective dynamic k-value/2
(typically 50 to 500 psi/inch) = psi/inch
Subdrainage coefficient, Cy4
(typically 1.0 for poor subdrainage conditions) =

SERVICEABILITY LOSS:
Design PSI loss (P1 — P2) =

RELIABILITY:
Design reliability, R (80 to 99 percent) = percent

3

Overall standard deviation, S, (typically 0.39)

FUTURE STRUCTURAL CAPACITY:

Required slab thickness for future traffic is determined from rigid pavement
design equation or nomograph in Part II, Figure 3.7.

D; = . inches

0.80-0.95: Cracking and spalling exist
(normally a bonded PCC
overlay is not recommended
under these conditions)

Fatigue damage adjustment factor (Fy,). This
factor adjusts for past fatigue damage that may
exist in the slab. It is determined by observing
the extent of transverse cracking (JPCP, JRCP)
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or punchouts (CRCP) that may be caused pri-
marily by repeated loading. Use condition sur-
vey data from Step 3 and the following
guidelines to estimate Fy, for the design lane.

0.97-1.00: Few transverse
cracks/punchouts exist (none
caused by “D” cracking or
reactive aggregate distress)
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JPCP: <5 percent slabs are cracked

JRCP: <25 working crack per mile
CRCP: <4 punchouts per mile
0.94-0.96: A significant number of

transverse cracks/punchouts
exist (none caused by “D”
* cracking or reactive aggregate
distress)
JPCP: 5-15 percent slabs are cracked

JRCP: 25-75 working cracks per mile
CRCP: 4-12 punchouts per mile
0.90-0.93: A large number of transverse

cracks/punchouts exist (none

caused by “‘D" cracking or

reactive aggregate distress)
JPCP: > 15 percent slabs are cracked
JRCP: >75 working cracks per mile
CRCP:  >2 punchouts per mile

Dy From Remaining Life For PCC Pavements

The remaining life of the pavement is given by the
following equation:

RL = 100 |1 — <§P—>
Nl.s

where

RL = remaining life, percent
N, = total traffic to date, ESALs
N, s = toul traffic to pavement “failure,” ESALs

Nys may be estimated using the new pavement
design equations or nomographs in Part II. To be
consistent with the AASHO Road Test and the devel-
opment of these equations, a “failure™ PSI equal to
1.5 and a reliability of 50 percent is recommended.

D is determined from the following equation:

Dy = CF=D
where
CF = condition factor determined from Figure
52
D = thickness of the existing slab, inches
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The designer should recognize that D, determined
by this method does not reflect any benefit for pre-
overlay repair. The estimate of D, ; obtained should
thus be considered a lower limit value. The D, of the
pavement will be higher if pre-overlay repair of load-
associated distress is done.

A worksheet for determination of D for JPCP,
JRCP, and CRCP is provided in Table 5.12.

Step 8: Determination of Overlay Thickness.
The thickness of bonded PCC overlay is computed

as follows:

Dol = Df - D:ff

where

Dol

Required thickness of bonded PCC
overlay, inches

D, = Slab thickness determined in Step 6,
inches

Effective thickness of existing slab
determined in Step 7, inches

D eff

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.8.6 Shoulders

See Section 5.2.10 for guidelines.

,

5.8.7 Joints '

Existing JPCP and JRCP. Transverse and longitu-
dinal joints should be saw cut completely through the
overlay thickness (plus 0.5-inch depth) as soon as cur-
ing allows after overlay placement. Failure to saw
joints soon after placement may result in debonding
and cracking at the joints. No dowels or reinforcing
steel should be placed in these joints. An appropriate
sealant reservoir should be sawed and sealant should
be placed as soon as possible.

Existing CRCP. Transverse joints must not be cut in
the bonded overlay, as they are not needed. Transverse
joints are also not needed for the end joints for full-
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Table 5.12. Calculation of Dy for Bonded PCC Overlay of JPCP, JRCP, and CRCP

Condition Survey Method:
F

o Number of unrepaired deteriorated joints/mile =

Number of unrepaired deteriorated cracks/mile =

Number of unrepaired punchouts/mile =

Number of expansion joints, exceptionally wide joints
(>1 inch) or AC full-depth patches/mile =

Total/mile . =

Fi. = (Figure 5.12)

(Recommended value 1.0, repair all deteriorated areas)

Faur 1.00: No sign of PCC durability problems
0.96-0.99: Some durability cracking exists, but no spalling exists
0.88-0.95: Cracking and spalling exist

qur =

Fre 0.97-1.00: Very few transverse cracks/punchouts exist
0.94-0.96: A significant number of transverse cracking/punchouts exist
0.90-0.93: A large amount of transverse cracking/punchouts exist

Fe =

Dcff = ch * qur * Ffa! *D =

Remaining Life Method:
N, = Past design lane ESALs =
N, s = Design lane ESALs to P2 of 1.5 =

RL = 100 1 <—N—ﬂ =
=0t (R

CF = (Figure 5.2)

Dy =CF+D =
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depth reinforced tied concrete patches. Longitudinal
ioints should be sawed in the same manner as for
JPCP and JRCP.

5.8.8 Bonding Procedures and Material

The successful performance of the bonded overlay
depends on a reliable bond with the existing surface
(28). The following guidelines are provided:

(1) The existing surface must be cleaned and
roughened, through a mechanical process that
removes a thin layer of concrete, but does not
damage (crack) the surface. Shot blasting is the
most used system. Cold milling has been used,
but may cause damage to the surface and thus
requires sand blasting afterward to remove any
loose particles.

(2) A bonding agent is recommended to help
achieve a more reliable bond. Water, cement,
and sand mortar; water and cement slurry; and
low-viscosity epoxy have been used for this
purpose. Bonded overlays constructed without
a bonding agent have performed well in some
instances.

5.8.9 Widening

See Section 5.2.16 for guidelines.

5.9 UNBONDED JPCP, JRCP, AND CRCP
OVERLAY OF JPCP, JRCP,CRCP,
AND AC/PCC

An unbonded JPCP, JRCP, or CRCP overlay of an
existing JPCP, JRCP, CRCP, or composite (AC/PCC)
pavement can be placed to improve both structural
capacity and functional condition. An unbonded con-
crete overlay consists of the following construction
tasks:

(1) Repairing only badly deteriorated areas and
making subdrainage improvements (if needed)

(2) Constructing widening (if needed)

(3) Placing a separation layer (this layer may also
serve as a leveling course)

(4) Placing the concrete overlay

(5) Sawing and sealing the joints
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5.9.1 Feasibility

An unbonded overlay is a feasible rehabilitation
alternative for PCC pavements for practically all con-
ditions. They are most cost-effective when the exist-
ing pavement is badly deteriorated because of reduced
need for pre-overlay repair. Conditions under which a
PCC unbonded overlay would not be feasible include:

(1) The amount of deteriorated slab cracking and
joint spalling is not large and other alternatives
would be much more economical.

(2) Vertical clearance at bridges is inadequate for
required overlay thickness. This may be ad-
dressed by reconstructing the pavement under
the overhead bridges or by raising the bridges.
Thicker unbonded overlays may also necessi-
tate raising signs and guardrails, as well as
increasing side slopes and extending culverts.
Sufficient right-of-way must be available or
obtainable to permit these activities.

(3) The existing pavement is susceptible to large
heaves or settlements.

If construction duration is critical, PCC overlays
may utilize high-early-strength PCC mixes. PCC
overlays have been opened within 6 to 24 hours after
placement using these mixtures.

.9.2 Pre-overlay Repair

w

One major advantage of an unbonded overlay is that
the amount of repairs to the existing pavement are
greatly reduced. However, unbonded overlays are not
intended to bridge localized areas of nonuniform sup-
port. The following types of distress (on the next
page) should be repaired prior to placement of the
overlay to prevent reflection cracks that may reduce its
service life.

Guidelines on repairs are provided in References 1
and 3. Other forms of pre-overlay treatment for badly
deteriorated pavements include slab fracturing (break/
seat, crack/seat, or rubblizing) the existing PCC slab
prior to placement of the separation layer. Fracturing
and seating the existing slab may provide more uni-
form support for the overlay. :

5.9.3 Reflection Crack Control
When an AC separation layer of 1 to 2 inches is

used, there should be no problem with reflection of
cracks through unbonded overlays. However, this sep-
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Distress Type Overlay Type

Design of Pavement Structures

Repair

Working crack JPCP or JRCP

CRCP
Punchout JPCP, JRCP, CRCP
Spalled joint JPCP or JRCP
CRCP
Pumping JPCP, JRCP, CRCP
Settlement JPCP, JRCP, CRCP

Poor joint/crack JPCP, JRCP, CRCP

load transfer

No repair needed

Full-depth dowelled repair if differential
deflection is significant

Full-depth repair

No repair needed

Full-depth repair of severely deteriorated joints

‘Edge drains (if needed)

Level-up with AC

No repair needed; if pavement has many joints
or cracks with poor load transfer, consider
a thicker AC separation layer

aration layer thickness may not be adequate for an
unbonded overlay when the existing pavement has
poor load transfer and high differential deflections
across transverse cracks or joints.

5.9.4 Subdrainage

See Section 5.2.4 for guidelines.

5.9.5 Thickness Design

The required thickness of the unbonded overlay is a
function of the structural capacity required to meet
future traffic demands and the structural capacity of
the existing pavement. The required overlay thickness
to increase structural capacity to carry future traffic is
determined by the following equation.

Dy = VD% - szf

where
D, = Required thickness of unbonded PCC
overlay, inches
D¢ = Slab thickness to carry future traffic,
inches
D = Effective thickness of existing slab,
inches

Unbonded concrete overlays have been success-
fully constructed as thin as 5 inches and as thick as 12
inches or more. Thicknesses of seven to 10 inches
have been typical for most highway pavement un-
bonded overlays.

The required overlay thickness may be determined
through the following design steps. These design steps
provide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design in-
puts. If it is not possible to conduct this testing, an
approximate overlay design may be developed based
upon visible distress observations by skipping Steps 4
and 3, and by estimating other inputs.

The overlay design can be done for 2 uniform sec-
tion or on a point-by-point basis as described in
Section 5.3.1.

Step 1: Existing pavement design.

(1) Existing slab thickness

(2) Type of load transfer (mechanical devices, ag-
gregate interlock, CRCP)

(3) Type of shoulder (tied, PCC, other)

Step 2: Traffic analysis.

(1) Past cumulative 18-kip ESALs in the design
lane (N,), for use in the remaining life method
of D determination only

(2) Predicted future 18-kip ESALs in the design
lane over the design period (Ny)

Step 3: Condition survey.

The following distresses are measured during the
condition survey for JPCP, JRCP, and CRCP. Sam-
pling along the project may be used to estimate these
quantities in the most heavily trafficked lane. Distress
types and severities are defined in Reference 23. Dete-
riorated means medium or higher severity.

JPCP/JRCP:

(1) Number of deteriorated transverse joints per
mile
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(2) Number of deteriorated transverse cracks per
mile
(3) Number of existing expansion joints, excep-
tionally wide joints (more than 1 inch) or full-
depth, full-lane-width AC patches
(4) Presence and general severity of PCC durabil-
ity problems
(a) “D” cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)
(b) Reactive aggregate cracking: low, me-
dium, high severity
(5) Evidence of faulting, pumping of fines or
water at joints, cracks and pavement edge

CRCP:

(1) Number of punchouts per mile
(2) Number of deteriorated transverse cracks per
mile
(3) Number of existing expansion joints, excep-
tionally wide joints (>1 inch) or full-depth,
full-lane-width AC patches
(4) Number of existing and new repairs prior to
overlay per mile
(5) Presence and general severity of PCC durabil-
ity problems (NOTE: surface spalling of tight
cracks where the underlying CRCP is sound
should not be considered a durability problem)
(a) “D” cracking: low severity (cracks
only), medium severity (some spalling),
high severity (severe spalling)
(b) Reactive aggregate cracking: low, me-
dium, high severity
(6) Evidence of pumping of fines or water

Step 4: Deflection testing
(strongly recommended).

When designing an unbonded overlay for existing
JPCP, JRCP, or CRCP, follow the guidelines given
below for deflection testing and determination of the
effective static k-value. When designing an unbonded
overlay for existing AC/PCC, follow the guidelines
given in Section 5.7, Step 4, for deflection testing and
determination of the effective static k-value.

Measure slab deflection basins in the outer wheel
path along the project at an interval sufficient to ade-
quately assess conditions. Intervals of 100 to 1,000
feet are typical. Measure deflections with sensors lo-
cated at 0, 12, 24, and 36 inches from the center of
load. A heavy-load deflection device (e.g., Falling
Weight Deflectometer) and a load magnitude of 9,000
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pounds are recommended. ASTM D 4694 and D 4695
provide additional guidance on deflection testing.

For each slab tested, backcalculate the effective k-
value using Figure 5.10 or a backcalculation proce-
dure. The AREA of each deflection basin is computed
from the following equation.

ey 2(2) o2 5]+ (3]

where
dy = deflection in center of loading plate, inches
d; = deflections at 12, 24, and 36 inches from

plate center, inches

AREA will typically range from 29 to 32 for sound
concrete.

(1) Effective dynamic k-value. Enter Figure 5.10
with dy and AREA to determine the effective
dynamic k-value beneath each slab for a circu-
lar load radius of 5.9 inches and magnitude of
9,000 pounds. NOTE that for loads within
2,000 pounds more or less, deflections may be
scaled linearly to 9,000-pound deflections.

If a single overlay thickness is being de-
signed for a uniform section, compute the
mean effective dynamic k-value of the slabs
tested in the uniform section.

(2)  Effective static k-value.

Effective static k-value

= Effective dynamic k-value/2

The effective static k-value may need to be ad-
justed for seasonal effects using the approach
presented in Part II, Section 3.2.1. However,
the k-value can change substantially and have
only a small effect on overlay thickness.

Step 5: Coring and materials testing.

When designing an unbonded overlay for existing
JPCP, JRCP, or CRCP, coring and materials testing of
the existing PCC slab are not needed for overlay thick-
ness design. When designing an unbonded overlay for
existing AC/PCC, follow the guidelines given in Sec-
tion 5.7, Step 5, for determination of the AC modulus
by coring and materials testing.
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Step 6: Determination of required slab thickness
Sor future traffic (D).

The elastic modulus, modulus of rupture, and load

transfer inputs to determine Dy for unbonded PCC
overlays of PCC and AC/PCC pavements are repre-
sentative of the new PCC overlay to be placed rather
than of the existing slab. This is emphasized because
it is the properties of the overlay slab (i.e., elastic
modulus, modulus of rupture, and load transfer),
which will control the performance of the unbonded
overlay.

(1)  Effective static k-value beneath the existing
pavement. Determine from one of the follow-
ing methods.

(a) Backcalculate the effective dynamic k-
value from deflection basins as described
in Step 4. Divide the*effective dynamic
k-value by 2 to obtain the effective static
k-value. The static k-value obtained may
need to be adjusted for seasonal effects
(see Part I, Section 3.2.1).

(b) Conduct plate load tests (ASTM D 1196)
after slab removal at a few sites. This
alternative is very costly and time-con-
suming and not often used. The static k-
value obtained may need to be adjusted
for seasonal effects (see Part II, Section
3.2.1).

(c) Estimate from soils data and base type
and thickness, using Figure 3.3 in Part
I, Section 3.2. This alternative is sim-
ple, but the static k-value obtained must
be recognized as a rough estimate. The
static k-value obtained may need to be
adjusted for seasonal effects (see Part I,
Section 3.2.1).

(2) Design PSI loss. PSI immediately after overlay
(P1) minus PSI at time of next rehabilitation
(P2).

(3) J, load transfer factor for joint design of the
unbonded PCC overlay. See Part II, Section
2.4.2, Table 2.6.

(4) PCC modulus of rupture of unbonded PCC
overlay.

(5) Elastic modulus of unbonded PCC overlay.

(6) Loss of support. Use LS = 0 for unbonded
PCC overlay.

(7)  Overlay design reliabiliry, R (percent). See
Part I, Section 4.2, Part II, Table 2.2, and Part
I, Section 5.2.15.

(8)  Overall standard deviation (S,) for rigid pave-
ment. See Part I, Section 4.3.
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(9) Subdrainage capability of existing slab, after
subdrainage improvements, if any. See Part [T
Table 2.5, as well as Reference 3, for guidancé
in determining C4. Pumping or faulting at
joints and cracks determined in Step 3 is evi-
dence that a subdrainage problem exists. In
selecting this value, note that the poor drainage
situation at the AASHO Road Test would be
given a C, of 1.0.

Compute Dy for the above design inputs using the
rigid pavement design equation or nomograph in Part
II, Figure 3.7. A worksheet for determining D is pro-
vided in Table 5.13.

Step 7: Determination of effective slab thickness
(D) of existing pavement.

The condition survey and remaining life proce-
dures are presented.

D¢ From Condition Survey

The effective thickness (D) of an existing PCC or
AC/PCC pavement is computed from the following
equation:

Der = Fjou * D

where

D = existing PCC slab thickness, inches
(NOTE: maximum D for use in unbonded
concrete overlay design is 10 inches even
if the existing D is greater than 10 inches)

Fj, = joints and cracks adjustment factor for
unbonded concrete overlays

NOTE that the existing AC surface is neglected in
determining the effective slab thickness of an existing
AC/PCC pavement.

Field surveys of unbonded jointed concrete over-
lays have shown very little evidence of reflection
cracking or other problems caused by the existing
slab. Therefore, the Fy,, and F, are not used for un-
bonded concrete overlays. The Fy, factor is modified
to show a reduced effect of deteriorated cracks and
joints in the existing slab, and is given in Figure 5.13.

(1) Joints and cracks adjustment factor (Fj,). This
factor adjusts for the extra loss in PSI caused
by deteriorated reflection cracks or punchouts
in the overlay that result from any unrepaired
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Table 5.13. Worksheet for Determination of D, for Unbonded PCC Overlay

SLAB:
Type of load transfer system: mechanical device, aggregate interlock, CRCP
Type of shoulder = tied PCC, other
PCC modulus of rupture of unbonded overlay
(typically 600 to 800 psi) = psi
PCC E modulus of unbonded overlay (3 to 5 million psi) = psi
J load transfer factor of unbonded overlay
(2.5 to 4.4 for jointed PCC, 2.3 to 3.2 for CRCP) =

TRAFFIC:
Furure 18-kip ESALs in design lane over
the design period (Ny¢) =

SUPPORT AND DRAINAGE:
Effective dynamic k-value = psi/inch
Effective static k-value = Effective dynamic k-value/2
(typically 50 to 500 psi/inch) = psi/inch
Subdrainage coefficient, C4
(typically 1.0 for poor subdrainage conditions) =

SERVICEABILITY LOSS:
Design PSI loss (P1 — P2) =

RELIABILITY:
Design reliability, R (80 to 99 percent) = percent

Overall standard deviation, S, (typically 0.39)

FUTURE STRUCTURAL CAPACITY:

Required slab thickness for future traffic is determined from rigid pavement

design equation or nomograph in Part II, Figure 3.7.

D; = inches

deteriorated joints, cracks and other dis-
continuities in the existing slab prior to
overlay. Very lintle such loss in PSI has
been observed for JPCP or JRCP unbonded
overlays.

The following information is needed to de-
termine F, to adjust overlay thickness for the
extra loss in PSI from deteriorated reflection
cracks that are not repaired:
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Number of unrepaired deteriorated joints/
mile

Number of unrepaired deteriorated cracks/
mile

Number of expansion joints, exceptionally
wide joints (greater than 1 inch) or full-
depth, full-lane-width AC patches/mile

The total number of unrepaired deteriorated
joints/cracks and other discontinuities per mile
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prior to overlay is used to determine the Fi,
from Figure 5.13 for the appropriate type of
PCC overlay. As an alternative to extensive
full-depth repair for an unbonded overlay to be
placed on a badly deteriorated pavement, a
thicker AC interlayer should eliminate any re-
flection cracking problem, so that F;, = 1.0.

D,y From Remaining Life For PCC Pavements

The remaining life of the pavement is given by the
following equation:

where
RL = remaining life, percent
N, = total traffic 1o date, ESALs

»
N,.s = total traffic to pavement ““failure,” ESALs

Ny s may be estimated using the new pavement de-
sign equations or nomographs in Part II. To be con-
sistent with the AASHO Road Test and the
development of these equations, a “failure” PSI equal
to 1.5 and a reliability of 50 percent are recom-
mended.

D, 1s determined from the following equation:

D:ff = CF * D
where
CF = condition factor determined from Figure
5.2
D = thickness of the existing slab, inches

(NOTE: maximum D for use in unbonded
concrete overlay design is 10 inches even
if the existing D is greater than 10 inches)

The designer should recognize that D 4 determined
by this method does not reflect any benefit for pre-
overlay repair. The estimate of Dy obtained should
thus be considered a lower limit value. The D of the
pavement will be higher if preoverlay repair of load-
associated distress is done. It is also emphasized that
this method of determining D.« is not applicable to
AC/PCC pavements.
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A worksheet for determination of D 4 is provided
in Table 5.14.

Step 8: Determination of Overlay Thickness.

The thickness of unbonded PCC overlay is com-
puted as follows:

D, = Required thickness of unbonded PCC

overlay, inches i

Slab thickness determined in Step 6,

inches

D,y = Effective thickness of existing slab
determined in Step 7, inches

o)
il

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.9.6 Shoulders

See Section 5.2.10 for guidelines.

5.9.7 Joints

Transverse and longitudinal joints must be pro-
vided in the same manner as for new pavement con-
struction, except for the following joint spacing
guidelines for JPCP overlays. Due to the unusually
stiff support beneath the slab, it is advisable to limit
joint spacing to the following to control thermal gradi-
ent curling stress:

Maximum joint spacing (feet)

= 1.75 = Slab thickness (inches)

Example: slab thickness = 8 inches

joint spacing = 8 * 1.75 = 14 feet
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Table 5.14. Calculation of Dy for Unbonded PCC Overlay of JPCP, JRCP, CRCP, and AC/PCC

Condition Survey Method:
JPCP, JRCP, or CRCP Overlay:

Fj, Number of unrepaired deteriorated joints/mile =

Number of unrepaired deteriorated cracks/mile =

Number of unrepaired deteriorated punchouts/mile =

Number of expansion joints, exceptionally wide joints
(>1 inch) or full-depth, full-lane-width AC patches/mile . =

Total/mile =

F. = (Figure 5.13)

jeu

Effective Slab Thickness:

D:ff = chu *D =

NotEs: Maximum D allowed is 10 inches for use in calculating D for unbonded overlays.
Existing AC surface is neglected in calculating Dy for existing AC/PCC pavement
when designing an unbonded PCC overlay.

Remaining Life Method:
N, = Past design lane ESALs =

N;.s = Design lane ESALs to P2 of 1.5 =

N
RL = 100 [1 - (‘—1” =
Nis

CF

Dy = CF*D =

NOTE: Maximum D allowed is 10 inches for use in calculating D for unbonded
overlays.




Rehabilitation with Overlays
5.9.8 Reinforcement

Unbonded JRCP and CRCP overlays must contain
reinforcement to hold cracks tightly together. The de-
sign of the reinforcement would follow the guidelines
gi;en for new pavement construction, except that the
friction factor would be high (e.g., 2 to 4) due to
bonding between the AC separation layer and the new
PCC overlay (see Part II, Section 3.4).

5.9.9 Separation Interlayer

A separation interlayer is needed between the un-

bonded PCC overlay and the existing slab to isolate
the overiay from the cracks and other deterioration in
the existing slab. The most common and successfully
used separation interlayer material is an AC mixture
placed one inch thick. If a level-up is needed the AC
interiayer may also be used for that purpose (29, 30).
Some thin materials that have been used as
- bondbreakers have not performed well. Other thin lay-
ers have been used successfully, including surface
treatments, slurry seals, and asphalt with sand cover
for existing pavements without a large amount of fault-
ing or slab breakup. For heavily trafficked highways,
the potential problem of erosion of the interlayer must
be considered. A thin surface treatment may erode
faster than an AC material. There is no reason that a
permeable open-graded interlayer cannot be used,
provided a drainage system is designed to collect the
‘water from this layer. This type of interlayer would
provide excellent reflective crack control as well as
preventing pumping and erosion of the interlayer.

5.9.10 Widening

See Section 5.2.16 for guidelines.

5.10 JPCP, JRCP, AND CRCP OVERLAY
OF AC PAVEMENT

JPCP, JRCP, and CRCP overlays of AC pavement
can be placed to improve both structural capacity and
functional conditions. This type of overlay consists of
the following major construction tasks:

(1) Repairing deteriorated areas and making sub-
drainage improvements (if needed)

(2) Constructing widening (if needed)

(3) Milling the existing surface if major distortion
or inadequate cross-slope exists
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(4) Placing an AC leveling course (if needed)
(5) Placing the concrete overlay
(6) Sawing and sealing the joints

5.10.1 Feasibility

A PCC overlay. is a feasible rehabilitation alterna-
tive for AC pavements for practically all conditions.
They are most cost-effective when the existing pave-
ment is badly deteriorated. Conditions under which a
PCC overlay would not be feasible include:

(1) The amount of deterioration is not large and
other alternatives would be much more eco-
nomical.

(2)  Verticai clearance at bridges is inadequate for
required overlay thickness. This may be ad-
dressed by reconstructing the pavement under
the overhead bridges or by raising the bridges.
Thicker PCC overlays may also necessitate
raising signs and guardrails, as well as in-
creasing side slopes and extending culverts.
Sufficient right-of-way must be available or
obtainable to permit these activities.

(3) The existing pavement is susceptible to large
heaves or settlements.

If construction duration is critical, PCC overlays
may utilize high-early-strength PCC mixes. PCC
overlays have been opened within 6 to 24 hours after
placement using these mixtures.

5.10.2 Pre-overlay Repair

One major advantage of a JPCP, JRCP, or CRCP
overlay over AC pavement is that the amount of repair
required for the existing pavement is greatly reduced.
However, the following types of distress (on the next
page) should be repaired prior to placement of the
overlay to prevent reflection cracks that may reduce its
service life. Guidelines on repairs are provided in Ref-
erences 1 and 3.

5.10.3 Reflection Crack Control

Reflection cracking is generally not a problem for
JPCP, JRCP, or CRCP overlays of AC pavément.
However, if the existing AC pavement has severe
transverse thermal cracks, it may be desirable to place
some type of separation layer over the transverse
cracks to reduce the potential for reflection cracking.
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Distress Type Overlay Type Repair Type
Alligator cracking JPCP or JRCP No repair needed
CRCP Patch areas with high deflections
Transverse cracks JPCP, JRCP, CRCP No repair needed
Pumping, stripping JPCP, JRCP, CRCP Edge drains (if needed)
Remove stripping layer if severe
Settlement/heave JPCP, JRCP, CRCP Level-up with AC

5.10.4 Subdrainage

See Section 5.2.4 for guidelines.

th

10.5 Thickness Design

The required thickness of the PCC overlay is a
function of the structural capacity required to meet
future traffic demands and the support provided by the
underlying AC pavement. The required overlay thick-
ness to increase structural capacity to carry future
traffic is determined by the following equation.

Doi = Df
where
D, = Required thickness of PCC overlay, inches
D; = Slab thickness to carry future traffic,

inches

PCC overlays of AC pavement have been success-
fully constructed as thin as 5 inches and as thick as 12
inches or more. Seven to 10 inches has been typical
for most highway pavement overlays.

The required overlay thickness may be determined
through the following design steps. These design steps
provide a comprehensive design approach that recom-
mends testing the pavement to obtain valid design in-
puts. If it is not possible to conduct this testing, an
approximate overlay design may be developed based
upon visible distress observations by skipping Steps 4
and 5, and by estimating other inputs.

The overlay design can be done for a uniform sec-
tion or on a point-by-point basis as described in Sec-
tion 5.3.1.

Step 1: Existing pavement design.

(1) Existing material types and layer thicknesses.

Step 2:  Traffic analysis.

(1)  Predicted future 18-kip ESALs in the design
lane over the design period (N¢).

Step 3: Condition survey.

A detailed survey of distress conditions is not re-
quired. Only a general survey that identifies any of the
following distresses that may affect the performance
of a PCC overlay is needed:

(1) Heaves and swells.

(2) Signs of stripping of the AC. This could be-
come even more serious under a PCC overlay.

(3) Large transverse cracks that, without a new
separation layer, may reflect through the PCC
overlay.

Step 4: Deflection testing
(strongly recommended).

Measure deflection basins in the outer wheel path
along the project at an interval sufficient to adequately
assess conditions. Intervals of 100 to 1,000 feet are
typical. A heavy-load deflection device (e.g., Falling
Weight Deflectometer) and a load magnitude of 9,000
pounds are recommended. ASTM D 4694 and D 4695
provide additional guidance on deflection testing. De-
flections should be measured at the center of the load
and at least one other distance from the load, as de-
scribed in Section 5.4.5, Step 4.

For each point tested, backcalculate the subgrade
modulus (Mg) and the effective pavement modulus
(E;) according to the procedures described in Section
5.4 for AC pavements.

(1)  Effective dynamic k-value. Estimate the effec-
tive dynamic k-value from Figure 3.3 in Part
II, Section 3.2, using the backcalculated sub-
grade resilient modulus (Mg), the effective
modulus of the pavement layers above the sub-
grade (E,), and the total thickness of the pave-
ment layers above the subgrade (D). It is
emphasized that the backcalculated subgrade
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resilient modulus value used to estimate the
effective dynamic k-value should no: be ad-
justed by the C factor (e.g., 0.33) which per-
tains to establishing the design My for AC
overlays of AC pavements.

If a singie overlay thickness is being de-
signed for a uniform section, compute the
mean effective dynamic k-value of the uniform
section.

Step 5: Coring and materials testing.

Unless some unusual distress condition exists, cor-
ing and materials testing are not required.

Step 6: Determination of required slab thickness
Sor future traffic (D).

(1)  Effective stwatic k-value (ar bortom of PCC
overlay over an existing AC pavement). Deter-
mine from one of the following methods.

(a) Determine the effective dynamic k-value
from the backcalculated subgrade modu-
lus Mg, pavement modulus E,, and pave-
ment thickness D as described in Step 4.
Divide the effective dynamic k-value by
2 to obtain the static k-value. The static
k-value may need to be adjusted for sea-
sonal effects (see Part II, Section 3.2.1).

(b) Estimate from soils data and pavement
layer types and thicknesses, using Figure
3.3 in Part [, Section 3.2. The static k-
value obtained may need to be adjusted
for seasonal effects (see Part II, Section
3.2.1).

(2) Design PSI loss. PSI immediately after overlay
(P1) minus PSI at time of next rehabilitation
(P2).

(3) J, load transfer factor for joint design of the
PCC overlay. See Part II, Section 2.4.2, Table
2.6.

(4)  Modulus of rupture of PCC overlay. Use mean
28-day, third-point-loading modulus of rupture
of the overlav PCC.

(5) Elastic modulus of PCC overlay. Use mean 28-
day modulus of elasticity of overlay PCC.

(6) Loss of support. See Part II.

(7) Overlay design reliability, R (percent). See
Part I, Section 4.2, Part I, Table 2.2, and Part
I, Section 5.2.15.

(8)  Overall standard deviation (S,) for rigid pave-
ment. See Part I, Section 4.3.

(9) Subdrainage capability of existing AC pave-
ment, after subdrainage improvements, if any.
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See Part II, Table 2.5, as well as Reference 5,
for guidance in determining Cq4. In selecting
this value, note that the poor drainage situation
at the AASHO Road Test would be given a C,
of 1.0.

Compute Dy for the above design inputs using the
rigid pavement design equation or nomograph in Part
I, Figure 3.7. When designing an overlay thickness
for a uniform pavement section, mean input values
must be used. When designing an overlay thickness
for specific points along the project, the data for that

‘point must be used. A worksheet for determining Dy is

provided in Table 5.15.

Step 7: Determination of Overlay Thickness.

The PCC overlay thickness is computed as follows:

Dol = Df

The thickness of overlay determined from the
above relationship should be reasonable when the
overlay is required to correct a structural deficiency.
See Section 5.2.17 for discussion of factors which
may result in unreasonable overlay thicknesses.

5.10.6 Shoulders

See Section 5.2.10 for guidelines.

5.10.7 Joints

See Section 5.8.7 for guidelines.

5.10.8 Reinforcement

See Section 5.8.8 for guidelines.

5.10.10 Widening

See Section 5.2.16 for guidelines.
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Table 5.15. Worksheet for Determination of D for PCC Overlay of AC Pavement

SLAB:
Type of load transfer system: mechanical device, aggregate interlock, CRCP
Type of shoulder = tied PCC, other

PCC modulus of rupture of unbonded overlay
(typically 600 to 800 psi) = psi

PCC E modulus of unbonded overlay (3 to 5 million psi} = psi

J load transfer factor of unbonded overlay
(2.5 10 4.4 for jointed PCC, 2.3 to 3.2 for CRCP) =

TRAFFIC:

Fuwure 18-kip ESALs in design lane over
the design period (Ny) =

SUPPORT AND DRAINAGE:

Effective dynamic k-value = psi/inch

Effective static k-value = Effective dynamic k-value/2
(typically 50 to 500 psi/inch) = psi/inch

Subdrainage coefficient, Cq4
(typically 1.0 for poor subdrainage conditions) =

SERVICEABILITY LOSS:
Design PSI loss (P1 — P2) =

RELIABILITY:

Design reliability, R (80 to 99 percent) = percent

Overall standard deviation, S, (typically 0.39) =

FUTURE STRUCTURAL CAPACITY:

Required slab thickness for future traffic is determined from rigid pavement
design equation or nomograph in Part II, Figure 3.7.

D, = inches
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