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Appr oved: Pavenent Managenment Section
Topi ¢ Nunber: 625-010-006-¢€
Ef fective: January 1, 2009

Bruce Dietrich, P.E
St ate Pavenent Desi gn Engi neer

RI G D PAVEMENT DESI GN MANUAL
CHAPTER 1
| NTRODUCTI ON
1.1 PURPOSE

The objective of this manual is to provide a Pavenent
Desi gn Engineer with sufficient information so that the
necessary input data can be devel oped and proper

engi neering principles applied to design a newrigid
pavenent, or devel op a properly engi neered
rehabilitation project.

Thi s desi gn manual addresses nethods to properly
develop a rehabilitation project and the conputations
necessary for the pavenent design process. It is the
responsibility of the Pavement Design Engineer to
insure that the designs produced conformto Departnent
policies, procedures, standards, guidelines, and good
engi neering practices.

1.2 AUTHORI TY

Sections 20.23(3) (a) and 334.048(3) Florida Statues
1.3 SCOPE

The principal users of this manual are the District
Pavenment Design Engineers and their agents (i.e.
consultants). Additional users include other

departnental offices such as Construction, Mintenance,
Traffic Operations, etc. and city and county offices.
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1.4 GENERAL

Chapter 334 of the Florida Statues, known as the

Fl ori da Transportati on Code, establishes the
responsibilities of the state, counties, and

muni ci palities for the planning and devel opnent of the
transportation systens serving the people of the State
of Florida, with the objective of assuring devel opnent
of an integrated, bal anced statew de system

The Code's purpose is to protect the safety and general
wel fare of the people of the State and to preserve and
inprove all transportation facilities in Florida.

Under Section 334.048(3), the Code sets forth the
powers and duties of the Departnent of Transportation
to devel op and adopt wuniform m ni nrum st andards and
criteria for the design, construction, maintenance, and
operation of public roads.

The standards in this manual represent m ni num

requi rements which should be nmet for rigid pavenent
design for new construction and pavenent rehabilitation
of FDOT projects.

Pavenent design is primarily a matter of sound
application of acceptable engineering criteria and
standards. Wiile the standards contained in this
manual provide a basis for uniformdesign practice for
typi cal pavenent design situations, precise rules which
woul d apply to all possible situations are inpossible
to give.

1.5 RI G D PAVEMENT DESI GN MANUAL ORGANI ZATI ON AND
REVI SI ONS
1.5.1 BACKGROUND

This manual is published as a revision to the previous
manual dated January 1, 2005.
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1.5.2 REFERENCES

The design procedures incorporated in this docunent are
based on the 1993 AASHTO Cui de for Design of Pavenent
Structures, the 2008 Interim Mechanistic-Enpirica
Pavenent Design Guide (MEPDG), plus nunmerous Nati onal
Cooperative on H ghway Research Projects (NCHRP)
Transportati on Research Board (TRB), and Federal

H ghway Adm ni stration (FHWA) publications.

The specifics addressed in this nmanual have been
tailored to Florida conditions, materials and policy.

1.5.3 FLORI DA CONDI TI ONS

A nunber of coefficients and variables are specified in
this manual. They should be considered as standard

val ues for typical Florida projects. There may be

i nstances where a variance fromthe val ues woul d be
appropriate. In these instances, the Pavenent Design
Engi neer will stay within the bounds established by the
basi ¢ AASHTO Desi gn Guide, justify the variance, and
docunent the actions in the Pavenent Design File. Sone
vari ables are still under study and revised val ues wll
be published fromtine to tine.
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1.5.4 APPENDI CES

| ncluded with this nanual

Appendi x
A

B

are 5 appendi ces:
Contents
1993 AASHTO Desi gn Tabl es.

Ri gid Pavenent Design Quality
Control Pl an.

Estimating Design 18-Kkip
Equi val ent Single Axle Loads
( ESAL,) .

1993 AASHTO Ri gi d Pavenent
Desi gn DARW n Anal ysis 1998
and AASHTO Spr eadsheet

VEPDG Desi gn Suppl ement to the
Ri gi d Design Manua
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1.6 DI STRI BUTI ON

Thi s docunent is available on line at

htt p: // wwv. dot . st ate. fl.us/pavenent managenent and al so

di stributed through the Maps and Publications Section.
Manual s may be purchased from

Fl ori da Departnent of Transportation
Map & Publication Sal es

Mail Station 12

605 Suwannee Street

Tal | ahassee, FL 32399- 0450

Sun Com 994- 4050
Tel ephone (850) 414-4050
FAX Number (850) 414-4915
http://ww. dot.state.fl.us/ mapsandpubli cations

Contact the above office for latest price information.
Aut hori zed FDOT personnel nay obtain the manual from

t he above office at no charge with the appropriate cost
center information.

Page 1.5.0



1.7 PROCEDURE FOR REVI SI ONS AND UPDATES

Comments and suggestions to the Rigid Pavenent Design
Manual are solicited for changes to the manual by enai
at http://ww. dot.state.fl.us/pavement managenent Oor by writing
to the address bel ow

Fl ori da Departnent of Transportation
Paverment Managenment Section

605 Suwannee Street, MS. 32

Tal | ahassee, Florida

32399- 0450

Each idea or suggestion received will be reviewed by
appropriate Pavenent Design staff in a tinely manner.
Itens warranting i medi ate change will be made with the
approval of the State Pavenent Design Engineer in the
formof a Pavenent Design Bulletin.

St atew de neetings of District Design Engineers are
hel d to review proposed changes. A mgjor agenda item at
these neetings will be the review of design guidance,
pl anned revisions, and suggestions and coments that
may warrant revisions. Based on input fromthese
nmeetings, official revisions are devel oped and
distributed to the District Design Engineers, District
Pavenment Design Engineers, State Materials Ofice,
Federal H ghway Adm nistration, industry and other
appropriate offices as necessary.

Al'l revisions and updates will be coordinated with the
Organi zati on and Procedures O fice prior to

i npl ementation to ensure conformance w th and
incorporation into the Departnents standard operating
system
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1.8 TRAI NI NG

No mandatory training is required by this procedure.
Cl asses on the manual are avail abl e on request by the
District Pavenent Design Engi neer.

1.9 FORMS

No fornms are required by this procedure.
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CHAPTER 2
DEFI NI TI ONS

2.1 PAVEMENT SYSTEM

The foll ow ng define the general pavenent |ayers as
shown in Figure 2.1 and 2.2. The definitions are
presented "top-down" through the pavenent structure
with the stronger |layers on top of the weaker |ayers.
The pavenent structure or systemas it is sonetines
referred to is designed to support traffic |oads and
distribute themto the roadbed soil or select
enbanknment material .

Concrete Pavenent Sl ab

This is the main structural elenent in the rigid
pavenent system It is normally made up of plain
cenent concrete pavenent. Discussion on the design of
this layer depth will be found | ater on.

The m ni num desi gned t hi ckness shoul d be ei ght inches

(8")
Asphalt Concrete Base

Asphalt Concrete Base provides a uniform non-erodible
and stable construction platform Draincrete Edgedrains
are used to provide subdrai nage. Use Optional Base
Goup 1 Type B-12.5 only. See figure 2.1. This materi al
is shown in Standard | ndex 505 Enmbanknment Utilization
for the Asphalt Concrete Base option and will be

di scussed further in Chapter 4.
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Tr eat ed Perneabl e Base

The Treated Perneable Base is a non-structural |ayer
underneath the pavenent slab that provides |ateral
drainage for infiltrated water from pavenent joints.
Two types of material are avail able which include
Asphalt Treated Perneabl e Base (ATPB) and Cenent
Treated Pernmeabl e Base (CTPB). This material is shown
in Standard | ndex 505 Enbankment Utilization for the
Treat ed Perneabl e Base option and will be discussed
further in Chapter 4. The standard depth is 4".

Speci al Select Soil and Special Stabilized Subbase

The Special Select Soil is a perneable sandy soil that
provi des vertical and lateral drainage of infiltrated
wat er through the enbanknent to the shoul der ditches.

The required depth is 60". This material will be used
only in Enmbanknment Utilization for Special Select Soi

Option and w il be discussed further in Chapter 4. It
is normally bid as enmbanknent nmaterial.

The Special Stabilized Subbase is a vertically

drai nabl e, but stable layer that is 6" thick. This
material is used in Enbanknment Utilization of special
Sel ect Soil typical section as shown in Standard | ndex
505 and will be discussed further in Chapter 4.

This | ayer serves as a working platformfor the paving
machine to permt the efficient construction of the
concrete slab while maintaining sufficient vertical
pernmeability of the special select enbanknment soil. It
is constructed by mixing in 37 of #57 or #89 coarse
aggregate into the top 6" of subgrade and conpact ed.

It is bid as Special Stabilized Subbase and Conmmerci al
Stabilizing Material (Special). If the special select
soils have sufficient stability for construction, these
pay itens can be deleted. This should only be done with
cl ose coordi nation and agreenent of the District

Mat eri al s Engi neer and District Construction Engi neer.
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Asphalt Structural Course

The asphalt structural course is designed as a
separation layer to prevent fines fromentering the
Asphalt Treated Perneabl e Base (ATPB) or Cenment Treated
Per neabl e Base (CTPB). The structural course used by
the Departnent is Type SP. This material wll only be
used in Enbankment Utilization for treated perneable
base option and will be discussed further in Chapter 4.
The recomended depth is 2"

Type B Stabilized Subgrade

The Type B Stabilized Subgrade is a supporting |ayer
that is 12"thick. This material only is used in
Enmbankment Utilization for treated perneabl e base
option as shown in Standard |Index 505 and will be

di scussed further in Chapter 4. This |ayer serves as a
working platformto permt the efficient construction
of the asphalt structural course and treated perneable
base material. It is bid as Type B Stabilization (LBR-
40) with the contractor selecting the approved
mat eri al s necessary to achi eve the LBR 40 val ue.

Natural Gound O Fill

The Natural Gound or Fill is the natural material or
enbanknment material upon which the Pavenent Structure
is constructed.
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FIGURE 2.1

ROADWAY TYPI CAL SECTI ON
ASPHALT BASE

Sealed L ong/tud/'nla/ Tied Longitudinal Joint
Joint f/
|

FullDepth Concrete Shoulder

Optional Base Group 1

Type B-12.5 Only

p— Minimum 2" Type SP Asphalt Cap

|,—Filter Fabric Type D-3 (See Index No. 199)

[— 4" Dia. Special Perforated Pipe
(Noncorrugated Or Smooth Lined
Corrugated Only) (See Sheet 1)

12"

CONCRETE SHOULDERS

ASPHALT

BASE SUBDRAI NAGE
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2.2 AASHTO MODEL

The followng definitions relate to the 1993 AASHTO
nodel used for cal cul ati ng pavenent thickness.

2.2.1 VARI ABLES

Accunul ated 18-Kip Equivalent Single Axle Loads 18-Kip
or ESAL,

The Accunul ated 18-Ki p Equi val ent Single Axle Loads 18-
Kipis the traffic |load information used for pavenent
depth determ nation. The accunul ati on of the damage
caused by m xed truck traffic during the design period
is referred to as the ESAL,.

Mbdul us O Subgrade Reaction (Ko

The Mbdul us OF Subgrade Reaction (K; represents the
hypot heti cal elastic spring support provided by the
subgrade to the slab. The recommended value to use in
design for departnment projects is 200 | bs/inch?in for
Special Select Soil material (sand).

Reliability (YR

The use of Reliability (%) permts the Pavenent Design
Engineer to tailor the design to nore closely match the
needs of the project. It is the probability of
achieving the design life that the Departnent desires
for that facility. The Pavenent Design Engi neer is
cautioned, however, that a high reliability val ue may

i ncrease the concrete depth substantially.

The nodel s are based on serviceability and not a
specific failure nmechanism such as cracking, punping,
etc. Recommended val ues range from 75%to 95% and can
be found in Table 3.2. It is inportant to note that
this is not an input value into the AASHTO Design
Equation. The use of a converted val ue known as the
Standard Normal Deviate (Zg is input into the

equati on.
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Standard Normal Deviate (Zg)

The Standard Normal Deviate (Z;) is the correspondi ng
Reliability (%) value, which has been converted into
| ogarithm c formfor cal cul ati on purposes.

2.2.2 CONSTANTS

St andard Devi ation (S)

A Standard Deviation (S;) of 0.35 is used in the design
calculations to represent the variability in
construction and | oading prediction for rigid
pavenents.

Modulus O Elasticity (E)

The Modulus OF Elasticity (E) is the Young s nodul us
or stress to strain ratio or stiffness of the concrete
sl ab. The standard value to use in design for
departnent projects is 4,000,000 psi

Concrete Mdulus O Rupture (S c)

The Concrete Mbdulus O Rupture (S c) is the 28-Day

Fl exural Strength based on third point |oading. This
is the extreme fiber stress under the breaking load in
a beam breaking test. The standard value to use in
design for departnment projects is 635 psi

Dr ai nage Factor (&)

The Drai nage Factor (C) is the ability of the pavenent
subsurface to drain over a period ranging from21 hour
to 72 hours. The standard value to use in design for
departnment projects is 1.0. If standard drai nage
standards cannot be net, the District Mterials

Engi neer should be consulted for assistance to
determ ne the reduced val ue.
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Joint Transfer Factor (J)

The Joint Transfer Factor (J) is the ability of the
concrete joint to transfer the |load across the joint.
The standard value to use in design for departnent
projects is 3.2.

Present Serviceability | ndex (PSl)

The Present Serviceability Index (PSI) is the ability
of a roadway to serve the traffic, which uses the
facility. Arating of O to 5 is used with 5 being the
best and O being the worst. As road snoot hness
decreases due to deterioration, the PSI decreases.

Initial Serviceability (P)

The Initial Serviceability (P) is the condition of a
newl y constructed roadway. A value of 4.2 is generally
assuned.

Term nal Serviceability (P;)

The Term nal Serviceability (P;) is the condition of a
road that reaches a point where sone type of
rehabilitation or reconstruction is warranted. A value
of 2.5 is generally assuned.

Change I n Serviceability (APSI)

The Change In Serviceability APSI is the difference
between an Initial Serviceability (P) of 4.2 and a
Term nal Serviceability (P;) of 2.5. The Departnent
uses a value of 1.7.
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2.2.3 UNKNOWNS
Requi red Depth (D)

The Required Depth (Dy) is the slab depth determ ned
fromtraffic load i nformati on and roadbed soi
strength, representing the required strength of the
pavement structure.

2.3 TERMS

The followng terns will be used to describe the
Departnment's design options.

New Construction

New construction is the conpl ete devel opnent of a new
pavenent system on a new alignnent.

Reconstructi on

Reconstruction is the conplete renoval of the existing
pavenent structure along the existing alignnment.

Rehabilitation

Rehabilitation is a process to restore the existing
pavenent to its full serviceability. This could

i ncl ude Concrete Pavenent Rehabilitation (CPR) or
Crack, Reseat, and Overlay (CRO of the existing
pavenent .
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CHAPTER 3
PAVEMENT THI CKNESS DESI GN PROCESS FOR NEW CONSTRUCTI ON

3.1 AASHTO 1993 DESI GN SOURCE

The American Association of State Hi ghway Oficials
(AASHO) Road Test at Otawa, Illinois provided the
basis for calculating the required concrete pavenent
depth. Mdels were devel oped that rel ated pavenent
per formance, vehicle |oadings, strength of enbanknent,
and the pavenent structure.

The purpose of the 1993 AASHTO nodel in the pavenent

t hi ckness design process is to calculate the Required
Depth (D) of the concrete pavenent. This is the depth
of the concrete pavenent that nust be constructed to
carry the m xed vehicle |oads to the roadbed soil while
providing satisfactory serviceability during the design
peri od.

Figure 3.1 illustrates the 1993 AASHTO Equati on used to
determ ne the depth of pavenent.

e The 18-kip Equivalent Single Axle Loads (18-kip
ESAL's) are obtained fromthe District Planning
Ofice. This process can be found in the Project
Traffic Forecasting Procedure Topic No. 525-030-
120. Appendi x C provides a sinple procedure for
cal cul ating the accunul ated 18-kip ESAL's or ESAL,
for the appropriate design period.

Note that the truck Equival ency Factors (Eg) are
approximately fifty percent (50% higher for rigid
pavenents than for flexible pavenents. The

pl anni ng report should be checked to nake sure the
correct E;, was used.
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3.2 MECHANI STI G- EMPERI CAL PAVEMENT DESI GN GUI DE
( MEPDG)

The MEPDG was devel oped as part of National Cooperative
H ghway Research Program (NCHRP) Projects. It includes
nmechani stic-enpirical nodels to predict pavenent
performance for a given climatic |ocation.

The MEPDG has received interimAASHTO approval and the
software is being rewitten by AASHTOMre into a
production version. Wrk is also underway on several
nodel enhancenents.

A Florida Rigid Design procedure based on the 1.0
versi on of the MEPDG has been devel oped and can be used
as an alternate to the AASHTO 1993 and 1998.

The Florida Rigid Design procedure based on the 1.0
version of the MEPDG is shown in Appendix E of this
manual .

3.3 DESI GN PERI ODS

The design periods that will be used for rigid pavenent
design vary from5 to 20 years, depending on the type
of construction. The Pavenent Design Engi neer does
have sone margin to tailor the pavenent design to

proj ect constraints or other factors. These Design
Periods are summarized in Table 3. 1.
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FIGURE 3.1
1993 AASHTO DESI GN EQUATI ON FOR RI G D PAVEMENT
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FIGURE 3.1
(Conti nued)

1993 AASHTO DESI GN EQUATI ON FOR RI 3 D PAVENMENT
The unknown to be determ ned is:

D.= Required Depth O Concrete Pavenent in inches
The input includes the variables:

ESAL, = Accunul ated 18-ki p Equi val ent Single Axle
Loads over the life of the project.

Z: = Standard Normal Devi ate from nor nal
distribution table for design reliability R

Note that the Reliability (%) is not

included in this equation. This is repl aced
by the correspondi ng Standard Normal Deviate

(Zy) .

Ke = Mbdul us OF Subgrade Reaction (Ilbs/inch?in)
The input includes the constants:

So= Standard Devi ati on.

Po=1Initially Serviceability.

P = Termnal Serviceability.

APSI = Change in Serviceability.

S' . = Concrete Modulus O Rupture (psi)

E. = Concrete Modulus OF Elasticity (psi)

C, = Drai nage Coefficient.

J = Joint Transfer Factor.
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3.4 DESI GN PROCEDURE

In order to design a new rigid pavenent, several tasks
need to be perforned.
The first task is to collect all relevant project data,
whi ch woul d i ncl ude:

. A history of successful construction and
performance with concrete pavenents.

. The base types which are either Asphalt Base,
Treat ed Perneabl e Base or Special sel ect
enbanknment soils as shown in Index 505.

. Traffic | oading forecasts (ESALy).

The next task would be to evaluate concrete materi al
properties, which are generally constant for design
pur poses and i ncl ude:

. Concrete Modulus O Elasticity (E).

. Concrete Modulus O Rupture (S o).

The Pavenent Design Engi neer al so needs to work with

t he roadway design engineer, District Materials

Engi neer, and District Drainage Engi neer to devel op
prelimnary cut and fill typical sections and eval uate
the type of subgrade drainage systemto be provided.

If there is not a strong history of successful
construction and performance in the area using speci al
sel ect soils under concrete pavenents, use the other
base types.

Cal cul ation of the pavenent thickness utilizing the
desi gn aids provided can be acconplished next.
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The Pavenent Design Engi neer needs to devel op pavenent
details such as:

. Enbanknment and drai nage details.

. Joint details.

. Shoul ders detail s.

. The availability of suitable drainable special

sel ect enbanknment soils
The design of the pavenent details is just as inportant
as the design of the pavenent depth. Cl ose attention
shoul d be paid to their devel opnent.
TABLE 3.1

DESI GN PERI ODS
The follow ng design periods will be used for rigid
pavenent design
New Construction or Reconstruction 20 years
Concrete Pavenent Rehabilitation (CPR) 5 to 10 years*
* CPR design life is not cal cul ated, but should be

subj ectively estimted based on a projects
hi storical deterioration rate and | oadi ngs.
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3.5 DI STRI CT COORDI NATI ON

Early in the design process, the Pavenent Design

Engi neer should closely coordinate with the foll ow ng
of fices:

District Design

District Design Engineer’s office should be invol ved
for providing the proposed roadway typical section
sheets for such information as, pavenent w dening, side
street work and other related information required for
the Typical Section Package according to the
Departnment’ s Pl ans Preparation Manual

District Drai nage

The District Drainage Ofice should be involved to
determ ne what special drainage considerations need to
be addressed. Several areas, which should be addressed
i ncl ude:

. A high water table that may require the Drai nage
Engi neer to specify the |ocation of outlet pipes.

. Location of edgedrain outlet pipes in an urban
area to take advantage of |ocal storm sewers.

When designing the pavenent system the designer needs
to refer to the Plans Preparation Manual Section 2.6
Grades, to determ ne where the bottom of the pavenent
slab needs to be in relation to the Base C earance

Wat er El evation. The bottom of *“roadway base’’, as
referred to in the Plans Preparation Manual, for rigid
pavenent design purposes, is the bottomof the concrete
sl ab.
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District Construction

The District Construction Ofice should be involved to
determne if there are any special construction details
that need to be included in the plans or issues that
need to be addressed. Sone of these itens may include
Mai nt enance of Traffic (MOI), Constructions Tine, Etc.

District Materials

The Treated Perneabl e Base Option on Index 505 is
recommended. The District Materials Ofice should be
involved to determne the availability and history of
successful use of suitable perneabl e special select
soils in the construction area and any ot her speci al
conditions that may exist. One exanple would include
an eval uation of existing soils to determne their
AASHTO cl assifications and perneability.

The District Materials Ofice can al so provide
recommendations with respect to rehabilitation
strategies. Additional coordination of project field
reviews and data collection m ght be needed.
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3.6 QUALI TY

The Quality Control of a pavenent's design is a
District responsibility. Upon conpletion of the design
process, an iIndependent design review needs to be
performed. A suggested Pavenent Design Quality Contro
Plan is provided in Appendix B.

3.7 DESI GN THI CKNESS USI NG THE 1993 AASHTO GUI DE

This process is applicable to all new construction and
reconstruction projects in Florida where the Pavenent
Desi gn Engi neer nust cal cul ate the concrete pavenent
depth using the 1993 AASHTO Procedure.

The followng is a sunmary of the steps to be taken to
solve for the Required Depth (D) of the concrete
pavenent :

. The Accunul ated 18-ki p Equi val ent Single Axle
Loads (ESAL,) are obtained fromthe D strict
Planning O fice. The process for this procedure
can be found in the Project Traffic Forecasting
Procedure Topic No. 525-030-120. Appendix C
provi des a sinple procedure for calculating the
Accunul at ed 18- ki p Equi val ent Single Axle Loads
(ESAL,) for the appropriate design period.

. The Mbdul us O Subgrade Reaction (K; is obtained
fromthe District Materials O fice. The
recommended val ue to use in design for departnent
projects is 200 pci for Florida select soils. The
range in the design tables is provided for non-
state system roads where non-sel ect materials may
be used.
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. Reliability (%) value is selected from Table 3. 2.
Reconmmended val ues range from 75% to 95% for new
or total reconstruction. For asphalt overlays of
concrete pavenent, see the Flexible Pavenent
Desi gn Manual for recommended reliability”s and
ot her gui dance.

Usi ng these val ues, the Pavenent Design Engi neer will
cal cul ate the Required Depth (D)) of concrete pavenent
using the Design Tables in Appendix A, or the Darwin

conput er program

Each table uses a different Reliability (%) val ue and
rel ates the Accunul ated 18-Kkip) Equivalent Single Axle
Loads (ESAL;) to the Required Depth (D)) for nultiple
Modul us O Subgrade Reaction (K; values. An exanple
is in Table 3.3.
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3.7.1 DESI GN EXAMPLE

The followng is an exanple illustrating the nmechanics
of this procedure.

Using the follow ng input:
ESAL, = 6 000 000 (fromthe Planning O fice)

Ke = 200 pci (Standard val ue for Special Select
Soi |)

%R = 95 (from Table 3.2)
The solution is:

D: = 10" (from Table 3.3)
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TABLE 3. 2
RELI ABI LI TY (%) FOR DI FFERENT ROADWAY FACI LI Tl ES

Facility New or Rehabi litation
Reconstructi on

Li mted Access 80 - 95 95 - 99

U ban Arterials 80 - 90 90 - 97

Rural Arterials 75 - 90 90 - 95

Col | ectors 75 - 85 90 - 95

Not es

The type of roadway is determ ned by the Ofice O
Pl anni ng and can be obtai ned fromthe Roadway
Characteristics Inventory (RCl).

The designer has sone flexibility in selecting

val ues that best fits the project when choosing
the Reliability (%)
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TABLE 3.3
(FROM TABLE A. 7 I N APPENDI X A)

REQUIRED DEPTH (Dr) IN inch FOR 95% RELIABILITY (%R)
Modulus Of Subgrade Reaction (Kg), psi/Zin
ESAL, 40 80 110 150 185 200 260 300 330 370

100 000 to 600 000 ESAL Use 8” for all K Values

700 000 8 8 8 8 8 8 8 8 8 8
800 000 8 8 8 8 8 8 8 8 8 8
900 000 8 8 8 8 8 8 8 8 8 8
1 000 000 8% 8 8 8 8 8 8 8 8 8
1 500 000 9 8% 8% 8 8 8 8 8 8 8
2 000 000 9 9 9 8% 8% 8% 8% 8 8 8
2 500 000 9% 9% 9 9 9 9 8% 8% 8% 8%
3 000 000 9% 9% 9% 9 9 9 9 9 9 8%
3 500 000 10 10 9% 9% 9% 9% 9 9 9 9
4 000 000 10 10 10 9% 9% 9% 9% 9% 9 9
4 500 000 10% 10 10 10 9% 9% 9% 9% 9% 9%
5 000 000 10% 10% 10 10 10 10 9% 9% 9% 9%
6 000 000 11 10% 10% 10% 10 10 10 10 10 10
7 000 000 11 11 10% 10% 10% 10% 10 10 10 10
8 000 000 11% 11 11 11 10% 10% 10% 10% 10% 10
9 000 000 11% 11 11 11 11 10% 10% 10% 10% 10%
10 000 000 11% 11% 11 11 11 11 11 11 10% 10%
15 000 000 12% 12 12 12 11% 11% 11% 11% 11% 11%
20 000 000 13 12% 12% 12% 12 12 12 12 12 12
25 000 000 13% 13 13 13 12% 12% 12% 12% 12% 12%
30 000 000 13% 13% 13 13 13 13 13 13 12% 12%
35 000 000 14 13% 13% 13% 13% 13 13 13 13 13
40 000 000 14 14 14 13% 13% 13% 13% 13% 13% 13
45 000 000 14% 14 14 14 14 13% 13% 13% 13% 13%
50 000 000 14% 14% 14% 14 14 14 14 14 13% 13%
60 000 000 15 15 14% 14% 14% 14% 14 14 14 14
70 000 000 15% 15 15 15 14% 14% 14% 14% 14% 14%
80 000 000 15% 15% 15% 15 15 15 15 15 14Y% 14%
90 000 000 16 15% 15% 15% 15% 15 15 15 15 15
100 000 000 16 16 16 15% 15% 15% 15% 15% 15 15
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3.8 NEW CONSTRUCTI ON DESI GN SAMPLE PROBLEM

This process is applicable for new construction. The
following steps wll take place in approximtely the
order shown with the understanding that sonme activities
can take place concurrently.

G VEN.
New Construction four lane, Iimted access facility,
Design Speed is 70 nph

ESAL, = 6 775 000. This value is generally obtained
fromthe District Planning Ofice.

Ke = 200pci This value is for Special Select Soils.

DATA:
R = 95. This value is fromTable 3.2 for alimted
access facility.

D:. can be obtained from Table A 7 in Appendix A
Generally round up to the next higher ESAL, value in
the table. For this problemuse ESAL, = 7 000 000.

SOLUTI ON:
Ther ef or e:

D. = 10 ¥’ for Ks; = 200 pci
Use D = 10 %’ (round to nearest %’).
CONCLUSI ON:

The pl ans shoul d read:

NEW CONSTRUCT1 ON

10 ¥’ PLAI N CEMENT CONCRETE PAVEMENT
Addi tional details are not included in the plans

description but are instead provided as Construction
Not es.
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CHAPTER 4
EMBANKMENT AND DRAI NAGE DETAI LS
4.1 GENERAL

The purposes of the enbanknment and subdrai nage system
are to support the pavenent, provide a construction
wor ki ng platform and provi de subdrai nage of
infiltrated water with a treated drai nage | ayer.

The subbase and enbanknment shoul d be designed to
prevent punping. Punping is the ejection of erodible
subbase material due to the presence of free water at
the bottom of the slab and the | oading of the concrete
sl abs by heavy trucks. The prevention of punping is
essential to the long-termsurvivability and good

per formance of concrete pavenent.

Al'l drainage features are designed in the
subbase/ enmbanknment system

In the past, the departnment has used an unbonded rigid
subbase such as cenment stabilized subbase or
econocrete. These designs have caused significant
problens due to their rigidity, lack of perneability,
and difficulty in achieving non-erodi ble properties.
These are not recommended for use on departnent

proj ects.

The Asphalt Base and Treated Perneabl e Base Options use

standard materials and constructi on nethods and provide
rapid |l ateral drainage through draincrete edgedrains.
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The Special Select Soil Option should only be used when
there is a history in the area of successful
construction and performance with concrete pavenents,
and the special select material, with sufficient
pernmeability, is readily available at a reasonable
cost. Although, this typical has been used successfully
in the past, construction can be difficult due to the

| ess stable material and probl ens have been encountered
inthe field with achieving the proper depth and
perneability of the soil.

Bef ore including the Special Select Soil typical
section in the bid docunents, the District Materials
Engi neer nust have conpl eted an evaluation of the soils
in the project area and reconmmend that materials
neeting the requirements are reasonably avail abl e.

4.2 ASPHALT BASE TYPI CAL SECTI ON

This typical section uses Asphalt Base (Type B-12.5
only) Optional Base G oup 1 over 12" of Type B
Stabilization (LBR 40), which acts as a construction-
wor ki ng platform Draincrete egedrains are al so

provi ded as detailed in Standard | ndexes 505 and 287.

Il'lustration of this typical section is shown in

Standard I ndex 505 with nore detail provided in
St andard | ndex 287.
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4.3 TREATED PERMEABLE BASE TYPI CAL SECTI ON

The Treated Perneabl e Base Typical Section utilizes an
Asphalt Treated Perneabl e Base (ATPB) or Cenment Treated
Per meabl e Base (CTPB). This highly perneable materi al
provides for the |lateral conveyance of the water to
drain out of the pavenent system The depth of this

| ayer is 4"deep. This sits on top of a 2" Type SP
Structural Course that acts as a separation |ayer and
wat er proofing blanket. This in turn is on top of 12" of
Type B Stabilization (LBR 40), which acts as a
construction-working platform

Il'lustration of this typical section can be seen in
Standard I ndex 505 with nore detail provided in
St andard | ndex 287.

Wen the water reaches the edge of the pavenent system
the runoff is routed to the nearest outfall |ocated on
t he shoul der slope. In an urban area, this may be a
storm sewer system
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4.4 SPECI AL SELECT SO L TYPI CAL SECTI ON

The special select soil typical section should only be
sel ected when approved in witing by the District

Mat eri al s Engi neer and shown in the plans.

The special select soil typical section is conposed of
a deep and noderately perneabl e special select soi

that provides for renoval of infiltrated water
vertically and laterally through the enmbanknment to the
shoul der ditches. This is placed in the top 60" of
enbanknment. The special select soil nust have a m ni mum
average lab perneability of 5 x 10° */,. wth no

i ndividual test less than 1 x 10° V.. It also nust
be non-plastic with no nore than 12% passi ng the #200
sieve. Due to this noderate perneability requirenent,
it is necessary to have a mninumof 60" depth to
provi de vertical flow conditions and ensure
drainability.

This perneability rate and depth of special select
material are based on cal cul ations using Figure 45 of
Report No. FHWA-TS-80-224 Hi ghway Subdrai nage Design
Manual , August 1980. An infiltration rate of 0.7

ft® day/ft (28 cc/hr/cm of joint is assumed, with an
average stormduration of 10 hours and an average

i nterval between stornms of 100 hours for drainage of
the infiltrated water. If any of these assunptions or
design details are changed, a new drai nage anal ysi s
nmust be done. A conputer program devel oped by the
University of Florida under research project
‘““Evaluation of Joint Infiltration and Drai nage of

Ri gid Pavenents’’ is available to perform analysis for
di fferent conditions.

To provide a perneable working platform 3" (of #57 or
#89 stone is placed on top of the special select soi
and m xed into the top 6" Illustration of this drai nage
alternate can be seen in Standard Index 505 with nore
detail for the edgedrain provided in Standard | ndex
287.
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To provide extra insurance that water is quickly
removed fromthe critical |ower pavenent edge,

drai ncrete edgedrains are provided with outfalls

| ocated on the shoul der slope. |In an urban area this
may be a storm sewer.

Drai ncrete edgedrains are recomended in areas where

fl exi bl e pavenent shoul ders are going to be
constructed. This design provides protection to the
pi pe during and after construction from heavy
construction equi pnment, off-tracking trucks, and ot her
forces. Oher edgedrain alternatives may be considered
on the recommendati on of the District Drainage

Engi neer, when rigid shoul ders are construct ed.

The “daylighting’’ of the base (extending the linmts of
the special select soil out to the shoul der slope) to
provi de additional drainage is also recommended.

It is recoomended that the Cross Section Sheets show
the limts of the concrete slab, the special select
soil, and other soils.

The decision to use the Special Select Soil Typical
Section is determ ned on the history of successful use
in the area, the availability of sufficient special
select soil material, the perneability of the material,
and the consistency of the material throughout the
length of the project. |If the material on the project
has to be blended to bring it up to the perneability
requi renent, an analysis needs to be done to estimte

this cost. |If this cost substantially exceeds the cost
of other base options, or, if adequate special select
soil is not available, then, Asphalt or Treated

Per meabl e Base shoul d be used.
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The district design section is responsible for making a
Pavenent Type Sel ection Analysis of all major new

al i gnnent or base reconstruction projects. The

di strict design section should refer to the Pavenent
Type Sel ection Manual (Document No. 625-010-005) for

gui dance on this analysis. The District Mterials

Engi neer should work closely with the design section to
eval uate the perneability of the existing roadbed soils
on the project under consideration, since this can have
a maj or inmpact on the cost of a rigid pavenent system

Based on the soils classification data fromthe roadway
soils survey and the District Materials Engineers
experience, a reconmendation should be nmade to the

D strict Pavenent Design Engi neer as to whether the
soils on the project are likely to provide adequate
perneability for a rigid pavenent subgrade.

When the prelimnary type selection analysis by the
design section indicates that a rigid pavenent nmay be
sel ected, the District Materials O fice should perform
| aboratory perneability tests in accordance with FM 1-T
215 of the top 60" of roadway soils bel ow the proposed
roadway grade. This testing is essential to determ ne
if the roadway soils can provide adequate verti cal
drainage of infiltrated water fromthe rigid pavenent

j oi nts.

On a project by project basis, the District Materials
Engi neer can nmake a professional recomendation to
slightly nodify the percent passing the #200 sieve for
t he special select soils definition based on his
knowl edge of simlar good performng rigid pavenents
with such soils in the area. This reconmendati on nust
be concurred with in witing by the District Pavenent
Desi gn Engineer, District Drai nage Engi neer, and the
State Soils And Materials Engineer. This
recommendation will become a part of the Pavenent
Desi gn Package.
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CHAPTER 5
JO NT DETAI LS

5.1 GENERAL

The purpose of joints is to control cracking caused by
shrinkage due to | oss of npisture, contraction, and
curl due to tenperature changes and differentials

t hrough the sl ab.

There are several types of joints. There are
transverse joints (sonetinmes referred to as contraction
joints), longitudinal joints, expansion joints and
construction joints.

5.1.1 JO NT SEALI NG

Al joints are to be sealed to keep inconpressibles out
of the joint and to mnimze the inflow of water, to

t he extent possible, out of the subgrade. It is not
possible to totally seal pavenent joints against water
infiltration, so it is essential to have a good

subdr ai nage system as described in Chapter 4.
For concrete-to-concrete joints use silicone sealant material.

For concrete to asphalt joints use of self-leveling silicone or

hot pour sealant material.

| ndex 305 gives joint dinension details that are in
accordance with seal ant industry reconmendati ons.

5.2 TRANSVERSE ( CONTRACTI ON) JA NTS
Transverse joints are perpendicular to the centerline

of the roadway. Their purpose is to prevent
uncontrol | ed cracking.
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5.2.1 DOVWEL BARS

Wil e cutting of the slabs hel ps control random
cracking, it also creates weakened | ocations on the
slabs. This could result in high deflections and
stresses at the joints. Dowel bars are used across
transverse joints to reduce these stresses and

defl ections, and provi de adequate |oad transfer. This
reduces the potential for punping of the subbase

mat eri al .

Dowel bars are placed in concrete parallel to the

centerline of the roadway and the surface of the
pavenent .
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TABLE 5.
LOAD TRANSFER

Requi red Pavenent
Depth (Dy),

in

8%’
9"-10%’

>

11"

Dowel

Dowel bar
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DEVI CES

Dowel Bar
D aneter, in

1"
1Y%’

1v%5°

bar spaci ng should be 12".
| ength should be 18".



Spaci ng of the dowel bars should be 12" unless

ot herwi se indicated due to sone special reason. The

| engths of the dowel bars are 18". The dowel bar

di aneters are 1", 1%’, and 1%'. Table 5.1 shows the
dowel bar dianeters for different pavenent thickness.

Dowel bars are placed in advance of the concrete
pouri ng operation using a dowel bar basket.

5.2.2 TRANSVERSE JO NT SPACI NG

Transverse joint spacing should not exceed 15 or
twenty-four times the slab thickness, whichever is

|l ess. For slab length as a function of the Required
Depth (D), see Table 5.2. The maxi num desirabl e slab
length is 15

5.3 LONG TUDI NAL JO NTS

The purpose of longitudinal joints is to prevent
uncontrol | ed cracking of slabs. Longitudinal joints
are often tied with rebar to maintain the aggregate
i nterl ock between sl abs.

Longi tudi nal joints should not be spaced greater than
15 feet. If a |lane exceeds 15 feet, such as ranps and
wei gh stations, a longitudinal joint should be provided
in the center of the | ane.
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5.3.2 TI E BARS

Defornmed reinforcing steel tie bars generally tie

| ongi tudinal joints together. The purpose of the tie
bar is to tie adjacent |anes and/or shoulders tightly
together. Tie bars do not significantly assist in the

n
| oad transfer directly, but does inprove aggregate
i nterl ock.

For a No.4 Bar (diameter is %” nonminal) the length is
25" For a No.5 Bar dianeter is %’ the length is 30"

Maxi mum spaci ng of 24" for #4 bars and 38’ for #5
bars are recomended.

The pl acenent of the bars along a longitudinal joint is
a function of the Required Depth and the Free Edge

D stance. FHWA Report RD-81/122 shows the stress

ef ficiencies provided by tying longitudinal joints

5.3.3 DESI GN AND CONSTRUCTI ON CONSI DERATI ONS

Tie bars are inplanted into the fresh concrete by
mechani cal nmeans, or, the tie bars are placed in
advance of the concrete pouring operation using
approved tie bar chairs.

Slab widths are 12', 13" or 14'unl ess otherw se
indicated in the plans for special reasons. Wth tied
concrete shoul ders, 13' wide slab is used for the
out si de design lane to reduce edge stresses. Wth
asphalt shoulders, a 14° wide slab is used. The travel
| ane striped at 12’.

Transitions from 13 or 14" to 12° w de slabs can be

made over three (3) slab |l engths as shown in std. index
305 to avoid unmatched joints.
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5.4 EXPANSI ON JO NTS

The purpose of an expansion joint is to provide for the
expansi on of concrete due to infiltration of

i nconpressible material into the joints and during

peri ods of extrene tenperature change.

Expansion joints are also provided in areas where there
is an abrupt change in geonetry ("T" intersections,
bridges, ranps and termnals) or an inmovable structure
(i.e. parking areas, toll plazas, buildings, bridge
approach slabs, etc.). Refer to Standard |Index 305.

Expansion joints are also included in areas where there
are concrete curbs, traffic separators, nmanhol es, and
drai nage structures (i.e. grates, inlets, etc.). The
cost of expansion joints is included in the cost of the
concrete pavenent.

For expansion joints at a bridge approach, refer to
Standard I ndex 306. These joints are paid for at the
contract unit price for Bridge Approach Expansion

Joi nt..

5.5 CONSTRUCTI ON JO NTS

The purpose of a construction joint is to provide a
clean transition fromone concrete pouring operation to
the next. An exanple would be fresh concrete agai nst
ol d concrete fromone day to the next. These could be
both I ongi tudi nal and transverse joints.

The transverse construction joint is doweled and is
formed using a header.

Longi tudi nal construction joints are often tied using
r ebar.
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5.6 VENDOR COVBI NATI ON EXPANSI ON AND
CONTRACTI ON ASSEMBLI ES

Vendor conbi nati on expansi on and contracti on assenblies
are used for their ease of assenbly and construction.
Manuf acturers of vendor conbinations expansi on and
contraction assenblies can be found in the department's
Qualified Products List.

5.7 JO NT LAYOUT

The purpose of providing a joint layout is to show non-
standard joint geonetries to avoid discontinuities that
can | ead to random cracki ng.

Types of joint |ayouts that provide gui dance can be
found in the Standard Index 305 and include Thru
Intersections, 'T" Intersection, and ranmps. O her
irregul ar areas should have joint |layouts carefully
detailed in the plans.

5.8 GRI NDI NG

Ginding for smoothness shall be perforned on the
entire pavenent surface |anes for new and
rehabilitation projects.

Ginding specification 352 is referenced fromthe 350
specification, and a grinding pay itemis recomrended
for both new construction and rehabilitated pavenent
ar eas.
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CHAPTER 6
SHOULDER DESI GN
6.1 GENERAL

The purpose of shoulders is to provide edge support of
t he mai nline pavenent, assist off-tracking vehicles,

i ncrease safety, provide additional pavenent w dths for
| ane shifts during rehabilitation, provide refuge for
di sabl ed vehicles, and prevent erosion from pavenent
runof f.

When designing with the MEPDG tables, and an asphalt
shoul der is used, all required concrete pavenent

t hi cknesses for Tables E-6 to E-10 shoul d be increased
by ¥4’ and a 14-foot w de sl ab used.

Several types of shoulders are available for concrete
pavenent. They are asphalt or concrete. Table 6.1
provi des gui dance on the use of these different types
of materials and typical sections for different types
of shoul ders.

Details for the design of the shoul ders are dependent
on the type of materials used in the enbanknent.
Enmbanknment al ternates include, Asphalt Concrete Base,
Treat ed Perneabl e Base (Cenent or Asphalt) and Speci al
Sel ect Soil and Special Stabilized Subbase.

On outside shoulders, 1’'of the marked shoul der is cast
with the outside truck | ane slab. The rest of the

shoul der, when concrete, may be cast integrally with
the mainline and saw cut, or cast later on. The
pavenent will be striped for a 12 lane with a saw cut
or construction joint offset by 1' or 2'. The slab
width is 13" or 14’ but the pavenent marking is at 12'.

The offset of the joint has strong advant ages of

greatly reducing |loading stresses at the critical |ow
out side truck | ane edge.
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TABLE 6.1
SHOULDER TYPE SELECTI ON

Li m ted Access (Urban)

Asphal t
Tapered Depth Concrete

Ful | Depth (Tied) Concrete*

Limted Access (Rural), Non-Limted Access, Arterials
And Col |l ectors

Asphal t
Partial Depth (Tied) Concrete

Not es

* For future Maintenance O Traffic or Wdening.
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6.2 ASPHALT

Asphal t shoul ders can be used for Limted Access
facilities, Non-Limted Access Arterials and

Col I ectors. Note that when designing with the MEPDG
tabl es, the mainline thicknesses nust be increased by
% and a 14° slab used.

For additional information on the design of asphalt
shoul ders pl ease refer to the Flexi ble Pavenent Design
Manual , Docunent # 625-010-002.

6.3 CONCRETE

The following are sone of the different types of
concrete shoul ders that are avail abl e:

Taper ed Depth

Tapered depth shoul der is recomrended for use on
Limted Access facilities.

Tapered depth shoulder is a shoulder in which the depth
of the shoul der tapers out depending on the w dth and
sl ope of the shoulder. The m ni mum depth should not be
| ess than 6".

Ful | Depth (Tied)

Full| depth (tied) concrete shoul ders may be used on
Limted Access (Urban) facilities where use for future
Mai nt enance O Traffic or Wdening is likely.
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Partial Depth (Tied)

Partial depth (tied) concrete shoulders may be used on
Limted Access (Rural) facilities, Non-Limted Access,
Arterials, and Collectors (See Figure 6.4). The design
t hi ckness can be based on 3% of a mainline 20 year

cal cul ated 18-kip ESAL for truck off tracking on the
shoul der .

| f the shoulders are likely to be used to carry a
substantial amount of traffic as a part of a

Mai nt enance O Traffic (MOI) schene, the Pavenent
Desi gn Engi neer may design the shoulder in the sane
manner as a roadway, based on an ESAL estinate of

shoul der traffic during Maintenance O Traffic periods.

The m ni numthi ckness is 6".
6.3.1 DESI GN AND CONSTRUCTI ON CONSI DERATI ONS

Sonme design and construction considerations include the
foll owi ng when using concrete shoul ders.

. Transverse joints should match the mainline
j oi nts.
. Transverse joints should be doweled if likely to

be used for maintenance of traffic in the future.
6.4 GRASS

Grass shoul ders can be used for non-state | ow vol une
r oads.
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FI GURE 6.1
CONCRETE SHOULDER W TH ASPHALT BASE

FullDepth Concrete Shoulder

Sealed L Dng/m%—;ﬁ/t\f/ Tied Longitudinal Joint Pavement (Depth Varies)
|
-

/
=
Optional Base Group 1 ‘
o

Type B-12.5 Only

\

Optional Base Group 1
\ Type B-12.5 Only

Draincret. N
f raincrete \\’: ¥ Minimum 2" Type SP Asphalt Cap

|,—Filter Fabric Type D-3 (See Index No. 199)

sty F,/— [— 4" Dia. Special Perforated Pipe
K - (Noncorrugated Or Smooth Lined
l"'v' Corrugated Only) (See Sheet 1)

4 4o
12"

CONCRETE SHOULDERS

ASPHALT BASE SUBDRAI NAGE
Not es:
The above illustrations not to scale.

Thi ckness for the Asphalt Base is 4" and Stabilization
is 12".

For additional information and details, see Standard
| ndex 287, Concrete Pavenent Subdrai nage and Standard
| ndex 505, Enbanknent Utilization.
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CHAPTER 7
PAVEMENT W DENI NG
7.1 GENERAL

Pavenment widening falls into two different areas, strip
wi deni ng and | ane addi ti on.

Strip widening is where additional wdth is added to

t he exi sting pavenent w dth because the existing w dth
is less than the departnents required design |ane w dth
criteria. Many tinmes this is generally done for safety
consi derations. An exanple would be w dening froma
10' lane to a 12° lane. This is a comon need for
roads constructed early in the departnents’ history.
The m ni num practical wi dth of w dening should be 3

Lane addition is where |anes greater than or equal to
12' are added. This is a common need when a facility
i s expanded for capacity considerations.

I ntersection inprovements is a hybrid of the two where
t he roadway nmay be wi dened on both sides |less than 7'
to accommodate a mddle turn | ane on a four |ane
undi vi ded section. Oher inprovenents could be made
whi ch woul d i nclude the addition of conplete turn

| anes, which could occur where we have adequate nedi an
space.

Very little strip w dening has been done on concrete
pavenent. A limted anount of |ane additions have al so
been perfornmed. This may be due to cost, Right-O-Way
restrictions, age of existing pavenent, vertical and
hori zontal controls, and/or other conplications.
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7.2 EVALUATI ON

Several questions need to be asked when eval uating the
proposal to w den an existing pavenent. These
guestions are:

I s the existing pavenment condition adequate to
provi de extended life w thout extensive
rehabilitation?

s the existing programred in the future for
wi deni ng, reconstruction, realignnent, etc.?

7.3 REQUI RED DESI GN | NFORMATI ON

For wi dening, the existing roadway pavenent typical

section needs to be researched. This could include
such information as slab thickness, slab dinensions,
enbanknment soils, and drainage. On ol der pavenents the
t hi ckness needs to be checked in the center of the road
and at the roads edge. Sone ol der pavenents in service
today were built with a thickened edge.

The 18-ki p Equival ent Single Axle Loads (ESAL, should
be requested for lane addition projects to assist in
eval uation of the remaining life of the existing
pavenent and the thickness desirable for the design

| ane. For strip w dening, the 18-kip Equivalent Single
Axl e Load (ESALy;) cal cul ations are not necessary.
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7.4 PAVEMENT THI CKNESS DETERM NATI ON

Before any thickness determ nation can be done on the
proposed concrete pavenent for strip w dening or |ane
addition, an analysis on the remaining life of the

exi sting pavenent needs to be perfornmed. This analysis
shoul d cl osely exam ne any deterioration of the

exi sting pavenent.

For a strip-wi dening project, a formal analysis does
not need to be done for the pavenent thickness. The
best solution is to match the existing pavenent. Sone
benefits in matching the existing pavenent thickness

i ncl ude:

. Any flow of water between the existing slab and
t he subgrade will not be disrupted, pooled, or
danmed.

. Trenchi ng adjacent to the existing slab bel ow the

slab bottomthat may cause a weakeni ng of subgrade
support al ong the pavenent edge may be avoi ded.

. Preservation of any existing edgedrains systens
may be possi bl e.

For a lane addition project, a formal anal ysis needs to
be done in order to determ ne the proposed thickness.

I f the calculated thickness is |less than the existing,

t he thickness of the new | ane should match the existing
t hi ckness.

I f the calculated thickness for a | ane addition project
is greater than the existing thickness, then the
cal cul ated thickness may be used if adequate drainage
can be assured. Actual pavenent performance nay be
different than that predicted by the AASHTO Equati on
Engi neeri ng judgnment should be used to evaluate the
remai ning life and thickness required.
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7.5 EMBANKMENT AND DRAI NAGE DETAI LS

Enbanknment and drai nage details are very critical to
t he performance of the pavenent system

7.5.1 EVMBANKMENT CONSI DERATI ONS

Several enbankment consi derations need to be addressed
when doi ng any type of wi dening. These considerations
i ncl ude:

. Existing utility clearance relative to the depth
of excavation could be a concern especially in
ol der urban areas.

. The | oss of subgrade support al ong the pavenent
edge and settlenment of adjacent pavenent and
structures due to excavati on.

. Traffic Control Plans (TCP) in cases where the
wi dth of the existing pavenent is |ess than 12
This will affect the selection of barricades.
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7.5.2 DRAI NAGE

The recommended type of edgedrain systemfor w dening
is the Draincrete edgedrain systemas shown in Standard
| ndex 287. This design is used because the strength of
the draincrete material provides |lateral support of the
exi sting pavenent base and supports heavy | oads on the
pavenent surface over the pipe during and after
construction from heavy construction equi pnent, off-
tracking trucks, and other forces. her edgedrain
alternatives may be considered on the recommendati on of
the District Drai nage Engi neer, when rigid shoul ders
are construct ed.

Project information needs to be obtained on the

exi sting drainage. This is inportant in the |ocation
of edgedrain outfalls. |If the outfall is tied into the
exi sting stormwater drainage systemin an urban area,
any normal flows will need to be below the outlet end
of the pipe. |If no drainage systemis available, the
outfall end of the pipe will need to be | ocated where
it will not cause problens to pedestrians, traffic,
and/ or mai nt enance.
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7.6 JO NT DETAI LS

Joint details are very inportant to the performance of
the concrete pavenent. Failure to follow these
gui delines can result in slab cracking.

7.6.1 TRANSVERSE JO NT SPACI NG

Transverse joints should normally match the existing
pavenent if spacing is 15 or less. This includes
contraction and expansion joints. C oser joint spacing
shoul d be provided when the length of the existing slab
is greater than 15 or there is a significant nunber of
existing md slab transverse cracks.

7.6.2 LONG TUDI NAL JO NTS

It is preferable not to tie a new concrete w dening
section greater than 6° to the existing pavenent. This
is due to the potential for stress build-ups due to
differential shrinkage of the new concrete adjacent to
the existing. If tieing to the existing is desired,

t hen existing transverse joints nust be matched and tie
bars offset fromthe transverse joints by 3'. An
addi ti onal dowelled transverse joint should be added at
the m ddl e of the wi dened sl abs when | ess than or equal
to 6°’wi de and greater than 10’in length

Joint details should be provided for areas conposed of
m xed geonetry. Exanples of this include ranps,
intersections, etc. An exception would be w dening
where the sane details for each slab may be repetitive
such as | ane additions.

7.7 SHOULDER DETAI LS

When adding a | ane, the shoul ders shoul d be appropriate
for the facility. |If concrete is used, it may be best
not to tie the lane and the shoul der to the existing
pavenent in order to avoid any unnecessary stress build

up.
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CHAPTER 8

DI STRESS
8.1 GENERAL

Factors that can | ead to concrete pavenent
deterioration includes:

. Heavy | oads i nposed by trucks.

. Stresses i nduced by tenperature changes.

. Free water retained in the pavenent structure.
J Loss of subgrade support due to punping.

. | nadequat e mai nt enance.

8.2 | DENTI FI CATI ON AND CAUSES OF DI STRESS

The tool that the Departnment uses to maintain system
i nformation on distressed pavenents is a data base
call ed the "Pavenent Condition Survey". The State
Materials Ofice in Gainesville maintains this.

The Pavenent Condition Survey includes information on
the foll ow ng signs of distress:

. Punpi ng.
. Faul ting.
. Cracking, this includes transverse cracking,

| ongi tudi nal cracking, corner cracking, and
shattered sl abs.

. Joi nt distress, which includes poor joint
condi tion, and spalling.

. Surface defects, which includes surface
deterioration, and patching.
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. Shoul der deterioration (not included in the
pavenent condition survey).

. Ri de quality.
8.3 PUMPI NG

The "punpi ng" of concrete is a process where the action
of a heavy wheel |oad across a transverse joint wll
cause the expul sion of water and fine base material in
suspensi on underneath the pavenent slabs to escape

t hrough the pavenent joints at the edge of pavenent.

Three conditions that nust exist for punping to occur
i ncl ude:

o Presence of free water.
° Er odi bl e base materi al .

. Heavy wheel | oads.
The nechani sm of punping is as foll ows:

1 Water enters into the base fromjoints and cracks
in the pavenent (See Figure 8.1A).

2 As a wheel | oad approaches a pavenent joint (on
t he approach sl ab) the water underneath the
pavenment noves slowy to the next slab. Sone fine
base material also noves in this direction (See
Figure 8.1B)

3 When the wheel |oad crosses the joint to the other
side (on the |l eave slab), the water underneath the
pavenment noves rapidly backs to the adjacent sl ab.
Thi s high speed water causes nore erosion of the
pavenent base. Sone water is ejected up through
the joint with sone of the base material (See
Figure 8.1C). Evidence of base material can be
seen as stains on the shoul der.
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4 The final result is a void under the | eave slab
and a possible buildup of material under the
approach slab. The void creates a cantil evered
effect on the concrete pavenent. This results in
cracking and faulting of the slab (See Figure
8.1D).

The severity of punping is nmeasured in ternms of:

. Light - Visible deposits of material, |ight
stains, shoul der settlenent at the transverse
joint, or, may include one or all of these.

. Moderate - Visible deposits of material, noderate
stai ns, shoul der settlenent at the transverse
joint, noderate faulting at the shoul ders, or nmay
i nclude one or all of these.

. Severe - Visible deposits of material, heavy
stains, shoul der settlenent at the transverse
joint, or noderate faulting at the shoul ders, or
may i nclude one or all of these.

Itens that al so contribute to punping are poor | oad
transfer, and/or |ow stiffness subbase.

8.4 FAULTI NG

I n new pavenent, the el evations of each slab at the
transverse joint are the sane. In faulted pavenent, a
difference in the el evation between the slabs at the
transverse joint exists.

Faul ti ng can be caused by the erosion (on the | eave
slab) and build up (on the approach slab) of base fines
by the action of punping. A lack of load transfer also
contributes to faulting.

The severity of faulting is neasured in increments of

thirty-seconds of an inch. The larger the fault
measurenents, the nore severe
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FI GURE 8.1
MECHANI SM OF PUMPI NG

Wheel Load Movement

Subgrade

A. Water enters base from joints and cracks.

Wheel Load Movement

Approach Slab

Subgrade Slow Movement Of Water

B. Water moves slowly to the leave slab. Some eroded
fine material also moves.
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FIGURE 8.1
(Cont i nued)

MECHANI SM OF PUMPI NG

Pumping. ®

*
*

Leave Slab

Rapid Movement Of Water Subgrade

C. Water moves rapidly to the Approach Slab with some
eroded fine material. Some of this material is
ejected out.

Cracking

Faulting
oo Mater //

Cracking

Subgrade

D. Void under Leave Slab. Erodable material under
Approach Slab. Slab faulting and cracking.
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8.5 CRACKI NG

Cracking occurs when a concrete slab breaks into two or
nore pieces.

The types of cracking are:

. Transverse Cracking - Occurs at right angles to
the centerline.

. Longi tudi nal Cracking - Generally runs parallel to
t he centerline.

. Corner Cracking - Intersects both |ongitudinal and
transverse joint.

. Intersecting Cracks (Sonetinmes referred to as a
shattered slab) - Cccurs when one or nore of the
different types of cracks connect or cross within
a sl ab.

8.5.1 GENERAL CAUSE

Cracking is generally contributed to by:

J Shri nkage

. Loss of slab support due to voids.
. Settl ement of the enmbankment.
. M sal i gned dowel s.
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8.5.2 TRANSVERSE CRACKI NG

Transverse cracking is contributed to by:

. | nproper joint spacing, installation, depth or
di nensi ons.

. | mproper alignnment of |oad transfers assenblies.

. Ther mal gradi ent warpi ng and novenment stresses.

. Stiff, unbonded subbase.

. Shrinkage due to rapid noisture |oss during
construction.

. Heavy trucks | oadi ng.

. A conbi nati on of any of these.

8.5.3 LONG TUDI NAL CRACKI NG

Longi tudi nal cracking is contributed to by:

o Sawi ng joints too | ate.

. | nsuf ficient cut depth.

. Loss of subgrade support.

. Ther mal gradi ent warpi ng and novenent stresses.
. Heavy trucks | oadi ngs.

J One or all of the above.
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8.5. 4 CORNER CRACKI NG

Corner cracking is caused by:
. The | oss of subgrade support due to punping.

° Stiff unbonded subbase.

. V\r pi ng.

o Tie bars placed too close to a transverse joint.
J Heavy truck | oadi ngs.

. Conmbi nati ons of the above.

8.5.5 | NTERSECTI NG CRACKS

I ntersecting Cracks (Sonetinmes referred to as a
shattered slab) is caused by the continuing
deterioration of one or nore or a conbination of
transverse, longitudinal, and corner cracks.

8.5.6 CRACK SEVERI TY

The severity of transverse, |ongitudinal, and corner
cracking is neasured in terns of:

. Light - Visible cracks less than 1/8" wi de.

. Moderate - Cracks 1/8" to 1/2" wide, and/or little
faulting, and/or intrusion of debris.

. Severe - Cracks greater than 1/2" w de, and/or
| oss of aggregate interlock, intrusion of water
and debris, faulting, and/or spalling.
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For intersecting cracks:

. Moderate - Slab is broken into several pieces with
sone interlock remaining. Replacenent is
necessary.

. Severe - Slab is broken into pieces that are

acting independently. Replacenent is necessary.
The severity of cracking is of great concern because it
is a neasure of the degree of distress and it assists
in directing the rehabilitation strategy (i.e. slab
repl acenent verses clean and reseal random cracks).
8.6 JO NT DI STRESS

Joint distress is when Poor Joint Condition and/or
Spal | i ng occur.

8.6.1 POOR JO NT CONDI Tl ON

Poor Joint Condition is the | oss or deterioration of
joint seals.

This condition is due to:

. Cracki ng which are the nost comon, splitting, and
erosi on of the seal ant.

. Har deni ng of the seal ant due to age and oxi dati on.
. Loss of face bond of the sealant material to the
reservoir.
. | mproper cleaning of the reservoir prior to
i nsul ati on.
. Moi sture condition prior to installation.
. Joi nt di nensions of reservoir and seal ant.
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The severity of Poor Joint Condition is nmeasured in
ternms of:

. Partially Sealed - Joint seal has deteriorated to
t he extent that adhesion or cohesion has failed
and water is infiltrating into the joint.

° Not Sealed - Joint seal is either non-existent or
has deteriorated to the extent that both water and
i nconpressible materials are infiltrating the
j oi nt.

8.6.2 SPALLI NG

Spalling is the cracking and disintegration at the slab
edges. Spalling may be caused by the intrusion of

i nconpressi ble material, which restricts slab expansion
and contraction. Inconpressible materials are usually

rocks and sand. Spalling also occurs at cracks due to

i rregul ar shape of the cracks and poor |oad transfer.

The severity of spalling is neasured in terns of:

. Light - Spalled areas are less than 1.5" wi de.
o Moderate - Spalled areas are 1.5" to 3" wi de.
. Severe - Spalled areas are greater than 3" w de.
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8.7 SURFACE DEFECTS

Surface defects are when Surface Deterioration and/or
Pat chi ng occur.

8.7.1 SURFACE DETERI ORATI ON
Surface Deterioration is the disintegration and | oss of

the concrete wearing surface. Surface deterioration is
due to:

. Poor construction materials such as poor
aggregate, cenent, additives, m xing operations,
etc.

. Poor construction nethods such as poor placenent,

curing, finishing, cutting, etc.
. Traffic such as (tire rinms, chains, and netal).

. Chem cal reactants.

The severity of Surface Deterioration is neasured in
terns of:

o Moderate - Some coarse aggregate has been exposed
and the wearing surface has disintegrated up to a
depth of a 1/2"

. Severe - Most coarse aggregate has been exposed
and sonme has been renoved. The wearing surface has
disintegrated to a depth of 1/2" or greater.
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8.7.2 PATCHI NG
Pat ches are the corrections nmade to pavenent defects.

Pat ching is due to:

. Mai nt enance forces correct or inprove a section of
pavenent that has deteriorated and may provide a
solution that can performas well as the existing
mat eri al .

. The perfornmance of the patching nmaterial depends
on the correct application and materials
(concrete, asphalt, and other), workmanship
(preparation, finishing, and curing), traffic
conditions, etc.

The severity of Patching is neasured in terns of:

. Fair - The patch is providing marginal performance
and is expected to serve its function for a few
years.

o Poor - The patch has deteriorated to the extent

that it no | onger serves its function and shoul d
be repl aced as soon as possible.
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8.8 SHOULDER DI STRESS
Each type of shoulder has its own distress nmechani sm
8.8.1 FORMS OF SHOULDER DI STRESS

Shoul der distress is when one or all of the follow ng
occur:

For Concrete shoul ders:
. Punpi ng.

. Faul ting.

. Cracki ng.

o Joint Distress.

J Sur face Defects.

For Asphalt shoul ders:

. Deterioration of asphalt adjacent to the
transverse joint. This results in the devel opnent

of depressions that are sonmetines referred to as
"Bi rdbat hs" or shoul der drop-offs.

. | rregul ar novenent of shoul der material .

. Drop off in the elevation between the roadway and
t he shoul der.

For Grass Shoul ders:

. Er osi on of the shoul der materi al .
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8.8.2 CAUSE OF SHOULDER DI STRESS
Shoul der Distress is caused by:

For Concrete shoul ders:

. Punpi ng of water under the shoul der.
. Faulting due to loss of slab support.
. O f-tracki ng of heavy trucks.

o May include one or all of these.

For Asphalt shoul ders:

. Punpi ng of water under the shoul der.
. O f-tracking of heavy trucks.

. Time (environmental deterioration).

o May include one or all of these.

For Grass shoul ders:
. Er osi on due to punping and runoff, and/or,

. O f-tracking of heavy trucks.

The severity of Shoul der Distress is not neasured in
the field, but noted in the survey.

Page 8.14.0



8.9 POOR RI DE QUALI TY

Poor ride quality is caused by changes in the
| ongi tudi nal profile of the road

. Poor ride quality is due to;
. Faul ting.

. Cr acki ng.

J Sur face defects.

. Repair work such as patching, slab replacenent,
and spall repair.

. Lack of control on the original construction.

. May include one or all of these.

The Ride Quality is neasured on a scale of 0 to 10 with
10 being the best. R de profilers are used by the
State Materials Ofice to neasure ride quality. The
ASTM Ri de Nunber values fromprofiler data are
converted to a scale of 0 to 10, wth 10 being an
excel l ent ride.
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CHAPTER 9
PAVEMENT REHABI LI TATI ON

9.1 GENERAL

Several itens need to be researched before any type of
rehabilitation activity is considered. One such issue
woul d i nclude | ooking at future progranmng. Wuld
this pavenent in the next couple of years undergo any
type of wi dening, reconstruction, etc? Such research
coul d save needed funds or avoid conprom sing the

desi gn.

Anot her item for consideration would be to | ook at the
rate of deterioration and what are the nechani sns
causing the distress. Each rehabilitation alternative
consi dered nust address the cause of the distress such
as drainage, and not sinply fix the resulting cracking
or other visible distress.

Before detail ed design activities take place, the
designer needs to do a life cycle cost analysis to
weigh the long termpossibilities. The Val ue

Engi neering Section has a Manual on Life Cycle Cost
Anal ysis For Transportation Projects (July 1990) that
can be a hel pful tool to assist in the analysis.

9.2 DEPARTMENT RECOMMENDED OPTI ONS

Several options are available to the designer as
rehabilitation options. One option is Concrete
Pavenment Rehabilitation (CPR). This alternative can
i ncl ude sl ab replacenent, dianond grinding,
installation of edgedrains, cleaning and resealing
joints, and routing and sealing random cracks.

This option is used when the |ife cycle cost of

Concrete Pavenent Rehabilitation is |less than the cost
of the other alternatives.
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Anot her alternative involves Crack, Reseat and Overl ay
(CRO Existing Concrete Pavenent. This alternative

i nvol ves cracking and reseating the existing concrete
pavenment and overlaying it with an Asphalt Rubber
Menbrane Interlayer (ARM), Structural Asphalt, and
Asphalt Friction Course.

Rubbl i zati on and Overlay is another alternative using
speci al i zed equi pnent which reduces the nom nal

size of PCC pieces to about 6'° and essentially reduces
the slab to a high-strength granul ar base course and
overlaying it with Structural Asphalt, and Asphalt
Friction Course.

O her alternatives not discussed in detail here include
repl aci ng the existing pavenent or reconstruction.
These alternatives involve renoving or recycling the
entire existing pavenent and replacing it wth a new
pavenent. This could be concrete or asphalt as

determ ned by the pavenent type sel ection process.

Careful analysis of life cycle costs of these

alternatives will determ ne which is the npst cost
ef fecti ve.
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CHAPTER 10
CONCRETE PAVEMENT REHABI LI TATI ON ( CPR)
10.1 GENERAL

Concrete Pavenent Rehabilitation (CPR) involves several
operations, which nust be done, in sequence in order to
avoi d conprom sing other operations. An exanple of
sequenci ng woul d include perform ng slab repl acenent
before grinding. Doing this out of order would
conprom se the ride of the pavenent.

10. 2 SLAB REPLACEMENT

Sl ab replacenent includes partial slab, full slab, and
mul ti ple slab replacenent. The purpose of slab

repl acenent is to replace shattered and/ or severely

br oken sl abs.

Figure 10.1 and I ndex 308 provide plan views of the
| ayout of concrete pavenent replacenent and repair
criteria. Specific locations and type of pavenent
repair should be shown on the plans.

Table 10.1 is provided to assist the designer in
estimating quantities when eval uating the needed
rehabilitation.

Types of slab replacenent include:

. Ful | slab replacenment, which includes the slab
fromjoint to joint.

. Mul tiple slab replacenment, which includes several
connecting, slabs. These are sonetines found in
areas over pipes and | arge enmbanknment such as
over passes.

. Partial slab replacenent, which includes sl abs
where a part of the slab has disintegrated, joints
have spalled significantly or the corners have
cracked.
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TABLE 10.1

SLAB REPAI R AND REPLACEMENT CRI TERI A

Distress Pattern Severity / Description Repair Method Reference
Figure
Cr acki ng
Longi t udi nal Light / < 1/8 in., no faulting, spalling < % Li ght / none 10. 2,
in. wde Mbd./ clean & | 10.3
Moderate / 1/8 in. <width < %in, spalling < 3 | seal
in wde Sever e/
Severe / width > %in, spalling > 3 in, faulting | replace
> %in.
Transver se Light / < 1/8 in., no faulting, spalling < % Li ght / none 10. 2,
in. wde Mbd./ clean & | 10. 3,
Mbderate / 1/8 in. < width <% in, spalling < seal 10. 4,
3 in wide Severe / 10.5
Severe /| width > % in, spalling > 3 in, repl ace
faulting > % in.
Cor ner A corner of the slab is separated by a crack Ful | depth 10. 4,
Br eaks that intersects the adjacent |ongitudinal and repl acenent, 10.5
transverse joint, describing an approximate 45 ° | partial slab
angle with the direction of traffic.
Intersecting | Cracking patterns that divide the slab into Ful | depth 10. 3,
random three or nore segnents repl acenent, 10.4
cracks partial slab
al | owed only
(Shattered if at |east
Sl ab) one hal f of
slab in
traffic
direction is
undanmaged.
Joi nt
Defi ci enci es
Spal | Light / spall width < 1.5 in., less than 1/3 Li ght / none 10. 5,
slab depth, < 12 in. in length Mod. / none
Non- Wheel - Moderate / 1.5 in < spall wwdth <3 in., <1/3 Severe /
path slab depth, < 12 in. in length full depth
Severe / spall width > 3 in. or length > 12 in. repl acenent,
partial slab
Spal | Light / spall width < 1.5 in., less than 1/3 Li ght / none 10. 5,
slab depth, < 12 in. in length Mod. / full
Weel - pat h Moderate / 1.5 in < spall wwdth <3 in., <1/3 depth
slab depth, <12 in. in length Severe /
Severe / spall width > 3 in. or length > 12 in. full depth
Sur f ace
Det erioration
Map Cracki ng A series of interconnected random cracks Low / do nothing

extending only into the upper slab surface
Low / surface is intact wth no scaling
Moderate / scaling and | oss of surface materi al

Mod/ di anond
grind
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Scal i ng Deterioration of the upper concrete surface, Renmove affected
usual ly less than 0.5 inches in depth. area by grinding
Pop outs Smal | pieces of surface pavement broken | oose, Li ght / keep 10. 4
nornally ranging from1 to 4 in. diameter and Y| under observation
Non- Wheel - to 2 inches in depth Severe / ful
path Light / not deened to be a traffic hazard dept h repl acenent
Severe /| flying debris deened a traffic hazard
Pop outs Smal | pieces of surface pavenent broken | oose, Light / Severe / 10. 4
nornally > 3" dianeter and 2'’ inches in depth full depth
Wheel - pat h Light / deened to be a traffic hazard repl acenent
Severe / flying debris deened a traffic hazard
M scel | aneous
Di stress
Faul ting El evati on differences across joints or cracks Li ght / none
Light / Fault Index < 4 Mobd. / grind
Moderate / 4 < Fault Index < 16 Severe / grind
Severe / Fault index > 16
Lane to Light / 0 < drop off <1 in. Li ght / none N A
shoul der drop | Mbderate / 1 in. < drop off < 3 in. Mod. / Build up
of f Severe / drop off > 3 in. Severe / Build up
WAt er Seeping or ejection of water through joints or I nstall N A
Bl eedi ng or cracks appropriate
punpi ng dr ai nage, edge
drain, perneable
sub base, reseal
joints, etc.
Bl ow ups Upwar d novenment at transverse joints or cracks Ful | depth repair | 10. 3,
of ten acconpani ed by shattering of the 10. 4

concrete.
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M ni mum recormended Ful | Depth Repair di nensions
are 12°’wide (or full lane wdth) by 6 long. If

| ess than a full slab is replaced, the remaining
slab that is not replaced should al so have these
m ni mum di mensi ons.

One construction concern to be addressed in the Traffic
Control Plans is if the renoved sl abs have to remain
open overnight. Normally, it is desirable to replace

t he sl abs as soon as possible. The designers should
coordinate with the construction and materials offices
and indicate in the plans and specifications the use of
High Early Strength Concrete when required. A m ninmm
conpressive strength of 2200 psi is needed prior to
opening to traffic. The State Materials Ofice can be
consulted on the use of these materials.

Ful | slab replacenments should be full Iane width and a
mnimumof 6’ in length. Dowel bars should be
retrofitted into each end of the repair. If repairs

extend beyond 15" an internedi ate, dowel ed transverse
joint is to be provided. The |longitudinal joints for
sl ab repl acenents should not be tied.

Sl ab repl acenent and other quantity estinmates are to be
made in the field in cooperation with construction
personnel and carefully docunented on a slab by slab
basis. |If necessary, |anes should be closed and cores
taken of representative cracks to determ ne the depth
of cracking and spalling.

Hi storical rates of deterioration are to be revi ewed
and plan quantities increased to account for
deterioration expected to occur between the field
survey and actual construction. A final check of
guantities is to be made just prior to finalizing the
pl ans for letting.
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10. 3 | NSTALLATI ON OF EDCEDRAI NS

Draincrete edgedrains are used in projects where
edgedrai ns are non-functioning or nonexistent. This
provi des excellent structural support for heavy
vehicles that may off track fromthe pavenent edge as
wel | as good | ateral soil support.

CGeoconposites are not recomended in Concrete Pavenent
Rehabilitation Projects because of the potential for
settlenent of the backfill under |oad, and cl oggi ng of
the filter fabric.

See Standard Index 287 for edgedrain details for
rehabilitation projects.

10. 4 DI AMOND GRI NDI NG

The purpose of dianond grinding is to restore faulted
pavenent and to inprove ride. Ginding is reconmended
for any concrete restoration project unless there are
speci al reasons not to.

One factor that affects the cost of grinding
significantly is the type of aggregate used in the
concrete slab. Aggregate that is hard (has a higher
har dness nunber) such as river gravel could cost nore
to grind conpared to a softer material such as

I imerock. The designer needs to consult with the
District Materials Engi neer about the type of aggregate
used in the existing pavenent in making the cost

esti mate.

10.5 CLEAN AND RESEAL JO NTS

Al'l joints should be cleaned and reseal ed on any
rehabilitation project. The purpose of cleaning and
resealing joints is to reduce the intrusion of water
into the base and keep inconpressible out of the
joints. The Pavenent Design Engi neer should be famliar
wi th Standard I ndex 305.
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10. 6 ROUT AND SEAL RANDOM CRACKS

The purpose of routing and sealing randomcracks is to
reduce the intrusion of water into the base and keep

i nconpressi ble out of the joints. Using special saws or
routers due to the random nature of crack propagation
does this.

10.7 OTHER

Restoration of |oad transfer has been tried in
undowel ed pavenents in Florida, but was not successful.
Until further research and denonstrated success is
performed in Florida, the general use of |oad transfer
restoration is not recomrended.
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FIGURE 10.1

REPAIR METHOD
REFERENCE FIGURES

Page 10.8.0



*REPAIR METHOD: NONE
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‘REPAIR METHOD: FULL SLAB REPLACEMENT DETAILS

EXISTING TRANSVERSE JOINT

LONGITUDINAL JOINT
*BOND BREAKER (ALONG LONGITUDINAL JOINTS)
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*FIGURE 10.3
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*REPAIR METHOD: PARTIAL SLAB REPLACEMENT DETAILS

*EPOXY ANY SAW OVERRUN AT TIME OF SLAB
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FIGURE 10.4
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*REPAIR METHOD: Full-Depth Repair on Both Sides of the Joint
*BOND BREAKER (ALONG LONGITUDINAL JOINTS)

*FULL-DEPTH REPAIR AREA
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*FIGURE 10.5
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CHAPTER 11
OTHER RECOWMMENDED REHABI LI TATI ON ALTERNATI VES

11.1 GENERAL

Several other rehabilitation alternatives are avail able
to the designer. Sone of these have been tried several
times with good results. These alternatives are

usual ly cost effective only if the existing concrete
pavenent is significantly deteriorated. |If the
Pavenent Design Engi neer decides to use one of these
alternatives, information is available that will guide
t he Pavenent Design Engi neer during the design process.

11. 2 CRACK, RESEAT, AND OVERLAY (CRO EXI STI NG
PAVEMENT

This alternative involves cracking the existing
concrete pavenent up, reseating the existing pavenent,
and overl aying the existing pavenent with an Asphalt
Rubber Menbrane Interlayer (ARM), Asphalt Structural
Course, and Friction Course.

11. 2.1 BREAKI NG THE EXI STI NG PAVEMENT

The exi sting pavenent should be broken according to
specifications into properly sized pieces to reduce
t hermal expansi on and contraction of the concrete,

t hereby retarding any reflective cracking.

11.2.2 RESEATI NG THE CRACKED PAVEMENT

The cracked pavenment should be reseated firmy into
pl ace using rubber wheeled rollers. The purpose of
reseating the existing pavenent is to provide the
foll ow ng benefits:

. Eli mnate any sl ab pieces that may rock, slide, or
push.
. Renove any j agged edges.
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11.2.3 ASPHALT RUBBER MEMBRANE | NTERLAYER ( ARM )

The purpose of the Asphalt Rubber Menbrane Interlayer
(ARM) is to retard any reflective cracking that may

occur, and provide a waterproofing |ayer to keep any

wat er remai ning under the slabs from punping into the
asphalt | ayers.

More information about this material as well as
information on the design of additional asphalt |ayers
can be found in the Flexible Pavenent Design Manua
(Docunent No. 625-010-002).

11.2. 4 ASPHALT OVERLAY

The purpose of the asphalt overlay is to provide
additional structural strength to the pavement system
and to provide a new riding surface on top of the
prepared surface. This should include an Asphalt
Structural Course and a Friction Course. Information
on the design of these |ayers can be found in the

Fl exi bl e Pavenent Desi gn Manual .

11.2.5 DESI GN AND CONSTRUCTI ON CONSI DERATI ONS

I n designing the project, the cracked and reseated
concrete pavenent can be treated as a base. Using the
Fl exi bl e Pavenent Desi gn Manual, the cracked and
reseat ed pavenent |ayer coefficients that can be used
i nclude the foll ow ng:

Structural Coefficients
Mat eri al Good Fair Poor
Reseat ed Concrete 0. 23 0. 20 0.18

Design details need to be devel oped for the pavenent
where there is a transition into a bridge approach
slab. It is usually advisable to renove sone of the
slabs so that thin asphalt feathering is not required,
due to its potential to oxidize and delam nate with
time. An appropriate thickness transition |ength
shoul d be provided for high-speed facilities.
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Anot her area where design details need to be provided
woul d be in the area of a bridge underpass. Reduction
in clearance bel ow standards at an underpass due to the
extra asphalt nust be avoided. Vertical clearance

i nformation can be found in Chapter 2, Design
Geonetrics and Criteria, of the Plans Preparation
Manual - Procedure No. 625-000-007.

The solution may be to renmove the concrete pavenent in
advance of the underpass and provi de additional base
materi al before placenent of the Asphalt Structural
Course and Friction Course.

| f the pavenent systemstill has a | arge anmount of
water in the pavenent system using edgedrains may
provide an outlet for the water before the cracking and
reseating operation is perforned.

11. 3 RECYCLI NG

Anot her alternative that the departnent has utilized is
the conplete recycling of the existing concrete
pavenment as an aggregate source for a new pavenent.
This option is desirable when cost effective and where
problenms with the subbase have been encountered and
nmust be addressed.

This has been tried in some areas of the state
successfully where the cost of renoving the pavenent,
crushing the slabs, and sorting out the material, has
provided |ife cycle cost savings.

11. 4 RUBBLI ZATI ON

The existing pavenent slab is fractured into aggregate
-si zed particles, which destroys the slab action.
Rubbl i zation is usually appropriate when deterioration
of the existing pavenent renders normal crack/seat or
br eak/ seat nethods ineffective.
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CHAPTER 12
JPCP OVERLAYS OF ASPHALT PAVEMENT
12.1 GENERAL

The construction of a Jointed Plain Concrete Pavenent
(JPCP) over an existing flexible (asphalt) is called
JPCP overlay of Asphalt (AC) pavenent. The FDOT has
[imted experience with rigid overlays of flexible
pavenent, but a successful project was constructed in
1989 using the AASHTO t hi ckness desi gn procedure.

O her types of rigid overlays have not been
successfully tried in Florida. If another type of rigid
overlay is desired, it should be considered
experimental and coordinated with the State Materials
Ofice as outlined in Chapter 13.

12. 2 STRUCTURAL DESI GN

A rigid pavenent overlay of an existing flexible
pavenment structure is basically designed the sane as a
new rigid pavenent, treating the existing flexible
pavenment structure as a base course. Due to the much

hi gher stiffness and different |oad carrying
characteristics of a rigid pavenent versus a flexible
pavenent, the rigid overlay thickness design is not
highly sensitive to the underlying flexible pavenent
structure. The required overlay thickness is determ ned
usi ng the 1998 suppl enent to the AASHTO Cui de for the
Desi gn of Pavenent Structures or the 2008 Interi m MEPDG
and can be checked with 1993 AASHTO procedure using a k
val ue of 200 pci for the rigid pavenent structure.

These constants and vari abl e Design inputs values are
the sane as in section 2.2 of this manual
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12. 3 CONSTANTS

Serviceability - (Initial (PI) and termnal (PT), PCC
properties - Mdulus of Elasticity (E), Concrete
Modul us of Rupture (S o, Standard Deviation (S

12. 4 VARI ABLES

Equi val ent Single Axle Load for Design (ESALy,), Mdul us
of Subgrade Reaction (Ky), and Reliability (%

12.5 CLI MATI C PROPERTI ES
Sel ect from TABLE 15 of the 1998 AASHTO Gui de or

software program the city nearest to the project for
mean annual tenperature, precipitation and w nd speed.
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12.6 BASE THI CKNESS

It is permssible to | eave structurally sound existing
asphalt pavenent. However, mlling of the existing
pavenent may be used to mnimze grade increases,

adj ust roadway cross sections, and renove wheel path
ruts and to provide a uniformlongitudinal profile.

Again, rigid overlay thickness is not highly sensitive
to the underlying flexible structure.

Wien mlling an existing flexible pavenent prior to a
rigid overlay, it is usually desirable to | eave at

| east %' of asphalt over the base throughout the
project to protect it fromtraffic and rain. The mlled
surface should then be overlaid with one inch of Type
SP Traffic Level B (TL B)

The total base thickness for input to the 1998 design
software is the thickness of the existing base and
asphalt pavenent after any mlling and the one inch
overl ay.

It may be feasible to place JPCP overlay directly on a
mlled surface, but this has not been tried in Florida.
| f the designer desires to try this, it should be

consi dered experinmental and coordinated wth the State
Materials Ofice as outlined in Chapter 13.

12. 7 BASE PROPERTI ES
An el astic nodul us of 500,000 psi for the base can be
used, which is typical for asphalt pavenent. A

sl ab/ base friction factor of 5.8 can be used for
concrete over asphalt.
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12.8 DRAI NAGE

The drai nage system shoul d be as per standard index 287
for rehabilitation

12.9 OTHER DESI GN | NPUTS AND DETAI LS

Poi sson’s Ratio for concrete, p: = 0.20

Joint Details (chapter 5)

Shoul der Desi gn (chapter 6)

Paverment Wdening (chapter 7)
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CHAPTER 13
NEW TECHNOLOG ES

13.1 GENERAL

New technology is inportant to the designer because the
Department benefits by the reduction in life cycle
costs, the introduction of new materials, and/or

i nproved net hods of construction.

13.2 NEW CONSTRUCTI ON AND REHABI LI TATI ON

Construction projects that are experinmental in nature
may provi de the departnent w th val uabl e design and
performance infornmation.

Experinmental projects should be carefully coordinated
with the State Materials Ofice Pavenent Eval uation
Section to set up control and experinental limts so
that detailed performance and eval uati ons can be nade
over tinme.

Experinmental projects should be limted in scope and
not used for the first tine on mgjor interstate
proj ect s.

13.3 NEW PRCDUCTS

New products are tested to determne their
effecti veness under Florida conditions.

Exanpl es may i ncl ude conponents such as edgedr ai ns,

joint seals, concrete material additives and curing
conmpounds.
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APPENDI X A

1993 AASHTO PAVEMENT DESI GN GUI DE

DESI GN TABLES
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Al | NSTRUCTI ONS

The follow ng are Required Depth (D; Design Tables for
75% 80% 85% 90% 92% 94% and 95% Reliability (%) .

Sel ected val ues of the 18-kip Equi val ent Single Axle
Loads (ESAL;) and the Mydul us O Subgrade Reaction (Ky
are provided.

The Standard Deviation (Sy), Initial Serviceability
(P), Termnal Serviceability (P;), change in
Serviceability (APSI), Concrete Mdulus O Rupture
(S'c), Concrete Modulus O Elasticity (E), Drainage
Coefficient (G), and the Load Transfer Factor (J) is
the sane for all design tables.

The Standard Normal Deviate (Zg) is dependent on the
Reliability (%) and is shown bel ow

St andar d Nor nmal

Reliability (9) Devi ation (Zg)
75% -0.674
80% -0. 841
85% -1.037
90% -1.282
92% -1.405
94% -1.555
95% -1. 645

To find the Required Depth (D)) of the concrete
pavenent, use the follow ng mnethod:

. Determ ne the appropriate Reliability (%).

o Sel ect the design Mdulus O Subgrade Reaction
(Ko value at the top of the table.
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. Sel ect the design Accunul ated 18-kip Equi val ent
Single Axle Loads (ESAL,) value at the left of the
t abl e.

. Read down the colum of the selected Modulus O
Subgrade Reaction (K value and read across the
row of the sel ected Accumul ated 18- ki p Equi val ent
Singl e Axl e Loads (ESAL, val ue.

. The value intersected is the Required Depth (D
of the concrete pavenent.

| f the Modulus O Subgrade Reaction (K value and/or
the 18-kip Equi val ent Single Axl e Loads (ESAL, val ue
is not listed in the design tables provided, the
Required Depth (D) of the concrete pavenent can be
interpolated. This should not be necessary except in
rare cases.
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REQUI RED DEPTH ( Dy

Modulus OF Subgrade Reaction (Kg),psiZin

TABLE A. 1

IN inch FOR 75% RELI ABI LI TY (%R

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 1, 500 000 ESAL Use 8” for all K Values
2 000 000 8 8 8 8 8 8 8 8 8 8
2 500 000 8% 8 8 8 8 8 8 8 8 8
3 000 000 8% 8% 8% 8 8 8 8 8 8 8
3 500 000 9 8% 8% 8% 8 8 8 8 8 8
4 000 000 9 9 8% 8% 8% 8% 8 8 8 8
4 500 000 9 9 9 8% 8% 8% 8% 8% 8 8
5 000 000 9% 9 9 9 8% 8% 8% 8% 8% 8%
6 000 000 9% 9% 9 9 9 9 9 8% 8% 8%
7 000 000 10 9% 9% 9% 9 9 9 9 9 9
8 000 000 10 10 9% 9% 9% 9l 9 9 9 9
9 000 000 10 10 10 9% 9% 9% 9% 9% 9 91
10 000 000 10% 10 10 10 10 9% 9% 9% 9% 9%
15 000 000 11 11 10% 10% 10% 10% 10 10 10 10
20 000 000 11% 11% 11 11 11 11 10% 10% 10% 10%
25 000 000 12 11% 11% 11% 11 11 11 11 11 11
30 000 000 12 12 12 11% 11% 11% 11% 11% 11 11
35 000 000 12% 12 12 12 12 11% 11% 11% 11% 11%
40 000 000 12% 12% 12% 12 12 12 12 12 12 11%
45 000 000 13 12% 12% 12% 12% 12 12 12 12 12
50 000 000 13 13 12% 12% 12% 12% 12% 12 12 12
60 000 000 13% 13 13 13 13 12%  12% 12% 12% 12%
70 000 000 13% 13% 13% 13 13 13 13 13 13 13
80 000 000 14 14 13% 13% 13% 13% 13 13 13 13
90 000 000 14 14 14 13% 13% 13% 13% 13% 13% 13%
100 000 000 14% 14 14 14 14 14 13% 13% 13% 13%
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REQUI RED DEPTH (D)

Modulus OF Subgrade Reaction (Kg),psi/Zin

TABLE A. 2

IN inch FOR 80% RELI ABI LI TY (%)

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 1, 000 000 ESAL Use 8” for all K Values
1 500 000 8 8 8 8 8 8 8 8 8 8
2 000 000 8% 8 8 8 8 8 8 8 8 8
2 500 00O 8%~ 8% 8 8 8 8 8 8 8 8
3 000 000 9 8. 8% 8% 8 8 8 8 8 8
3 500 000 9 9 8, 8% 8% 8% 8 8 8 8
4 000 000 9 9 9 8, 8% 8% 84 8% 8 8
4 500 000 9% 9 9 9 9 8% 8% 8% 8% 8%
5000 000 9% 9% 9 9 9 9 8% 8% 8% 8%
6 000 000 10 9% 9% 9% 9 9 9 9 9 9
7 000 000 10 10 9% 9% 9% 9% 9 9 9 9
8 000 000 10 10 10 9% 9% 9% 9% 9% 9% 9
9 000 000 10% 10 10 10 10 9% 9% 9% 9% 9%
10 000 000 10% 10% 10 10 10 10 10 9% 9% 9%
15 000 000 11 11 11 10% 10% 10% 10% 10% 10% 10
20 000 000 11% 11% 11% 11 11 11 11 11 11 10%
25 000 000 12 12 11% 11% 11% 11% 11% 11 11 11
30 000 000 12% 12 12 12 12 11% 11% 11% 11% 11%
35 000 000 12% 12% 12% 12 12 12 12 12 12 11%
40 000 000 13 12% 12% 12% 12% 12 12 12 12 12
45 000 000 13 13 13 12% 12% 12% 12% 12% 12 12
50 000 000 13% 13 13 13 12% 12% 12% 12% 12% 12%
60 000 000 13% 13% 13% 13 13 13 13 13 13 12%
70 000 OO0 14 14 13% 13% 13% 13% 13 13 13 13
80 000 000 14% 14 14 14 13% 13% 13% 13% 13% 13%
90 000 000 14% 14% 14 14 14 14 13% 13% 13% 13%
100 000 000 14% 14% 14% 14 14 14 14 14 14 13%
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REQUI RED DEPTH ( Dy

Modulus OF Subgrade Reaction (Kg),psiZin

TABLE A. 3

IN inch FOR 85% RELI ABI LI TY (%R

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 1, 000 000 ESAL Use 8” for all K Values
1 500 000 8 8 8 8 8 8 8 8 8 8
2 000 000 8% 8% 8 8 8 8 8 8 8 8
2 500 000 9 8% 8% 8% 8 8 8 8 8 8
3 000 000 9 9 8% 8% 8% 8% 8 8 8 8
3 500 000 9% 9 9 8% 8% 8% 8% 8% 8% 8
4 000 000 9% 9 9 9 9 8% 8% 8% 8% 8%
4 500 000 9% 9% 9 9 9 9 9 8% 8% 8%
5 000 000 10 9% 9% 9% 9 9 9 9 9 8%
6 000 000 10 10 9% 9% 9% 9% 9 9 9 9
7 000 000 10% 10 10 10 9% 9% 9% 9% 9l 9
8 000 000 10% 10% 10 10 10 10 9% 9% 9% 9%
9 000 000 10% 10% 10% 10 10 10 10 10 9% 9%
10 000 000 11 10% 10% 10% 10 10 10 10 10 10
15 000 000 11% 11% 11 11 11 11 10% 10% 10% 10%
20 000 000 12 11% 11% 11% 11% 11% 11 11 11 11
25 000 000 12% 12 12 12 12 11% 11% 11% 11% 11%
30 000 000 12% 12% 12% 12 12 12 12 12 12 11%
35 000 000 13 12% 12% 12% 12% 12% 12 12 12 12
40 000 000 13 13 13 12% 12% 12% 12% 12% 12% 12
45 000 000 13% 13 13 13 13 12% 12% 12% 12% 12
50 000 000 13% 13% 13% 13 13 13 13 13 12%  12%
60 000 000 14 14 13% 13% 13% 13% 13 13 13 13
70 000 000 14% 14 14 14 13% 13% 13% 13% 13% 13%
80 000 000 14% 14% 14 14 14 14 14 13% 13% 13%
90 000 000 15 14%, 14% 14% 14 14 14 14 14 14
100 000 000 15 15 14%, 14Y% 14% 14% 14% 14 14 14
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REQUI RED DEPTH ( Dy)

Modulus OF Subgrade Reaction (Kg),psiZin

TABLE A. 4

IN inch FOR 90% RELI ABI LI TY (%R

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 900 000 ESAL Use 8 for all K Values
1 000 000 8 8 8 8 8 8 8 8 8 8
1 500 000 8% 8 8 8 8 8 8 8 8 8
2 000 000 9 8% 8% 8 8 8 8 8 8 8
2 500 000 9 9 8% 8% 8% 8% 8 8 8 8
3 000 000 9% 9 9 9 8% 8% 8% 8% 8% 8
3 500 000 9% 9% 9 9 9 9 8% 8% 8% 8%
4 000 000 9% 9% 9% 9 9 9 9 9 9 8%
4 500 000 10 9% 9% 9% 9% 9 9 9 9 9
5 000 000 10 10 9% 9% 9% 9% 9% 9 9 9
6 000 000 10% 10 10 10 9% 9% 9% 9% 9% 9%
7 000 000 10% 10% 10 10 10 10 10 9% 9% 9%
8 000 000 11 10% 10% 10% 10 10 10 10 10 10
9 000 000 11 10% 10% 10% 10% 10% 10 10 10 10
10 000 000 11 11 11 10% 10% 10% 10% 10% 10 10
15 000 000 12 11% 11% 11% 11 11 11 11 11 11
20 000 000 12% 12 12 12 11% 11% 11% 11% 11% 11%
25 000 000 12% 12% 12% 12 12 12 12 12 12 11%
30 000 000 13 13 12% 12% 12% 12% 12% 12 12 12
35 000 000 13% 13 13 13 12% 12% 12% 12% 12% 12%
40 000 000 13% 13% 13 13 13 13 13 12% 12% 12%
45 000 000 14 13% 13% 13% 13 13 13 13 13 13
50 000 000 14 14 13% 13% 13% 13% 13% 13 13 13
60 000 000 14% 14 14 14 14 13% 13% 13% 13% 13%
70 000 000 14% 14% 14% 14 14 14 14 14 14 13%
80 000 000 15 15 14%, 14Y% 14% 14% 14 14 14 14
90 000 000 15% 15 15 15 14%, 14Y%. 14% 14% 14Y% 14%
100 000 000 152 15% 15 15 15 15 14% 14Y% 14% 14%
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TABLE A. 5

REQUIRED DEPTH (Dr) IN @nch FOR 92% RELIABILITY (%R)

Modulus OFf Subgrade Reaction (Kg),psi/Zin
ESAL, 40 80 110 150 185 200 260 300 330 370

100 000 to 800 000 ESAL Use 8” for all K Values

900 000 8 8 8 8 8 8 8 8 8 8
1 000 000 8 8 8 8 8 8 8 8 8 8
1500 000 8%~ 8% 8 8 8 8 8 8 8 8
2 000 000 9 8, 8% 8% 8% 8 8 8 8 8
2 500 000 9 9 9 8, 8% 8% 8% 8% 8 8
3 000 000 9% 9 9 9 9 8% 8% 8% 8% 8%
3 500 000 9% 9% 9% 9 9 9 9 9 8% 8%
4 000 OO0 10 9% 9% 9% 9% 9 9 9 9 9
4 500 000 10 10 9% 9% 9% 9% 9 9 9 9
5 000 000 10 10 10 9% 9% 9% 9% 9% 9% 9
6 000 000 10% 10% 10 10 10 10 9% 9% 9% 9%
7 000 000 10% 10% 10% 10 10 10 10 10 10 9%
8 000 000 11 10% 10% 10% 10% 10 10 10 10 10
9 000 000 11 11 11 10% 10% 10% 10% 10% 10 10
10 000 000 11% 11 11 11 10% 10% 10% 10% 10% 10%
15 000 000 12 12 11% 11% 11% 11% 11 11 11 11
20 000 000 12% 12% 12 12 12 12 11% 11% 11% 11%
25 000 000 13 12% 12% 12% 12% 12 12 12 12 12
30 000 000 13 13 13 12% 12% 12% 12% 12% 12% 12%
35 000 000 13% 13% 13 13 13 13 13 12% 12% 12%
40 000 000 14 13% 13% 13% 13 13 13 13 13 13
45 000 000 14 14 13% 13% 13% 13% 13% 13 13 13
50 000 00O 14 14 14 13% 13% 13% 13% 13% 13% 13%
60 000 000 14% 14% 14 14 14 14 14 14 13% 13%
70 000 000 15 14%. 14% 14% 14% 14 14 14 14 14
80 000 000 15 15 15 14% 14% 14% 14% 14% 14% 14
90 000 000 15% 15 15 15 15 15 14% 14% 14% 14%

100 000 000 15% 15% 15% 15 15 15 15 15 15 14%
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TABLE A. 6

REQUIRED DEPTH (Dr) IN @nch FOR 94% RELIABILITY (%R)

Modulus OFf Subgrade Reaction (Kg),psi/Zin

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 700 000 ESAL Use 8” for all K Values
800 000 8 8 8 8 8 8 8 8 8 8
900 000 8 8 8 8 8 8 8 8 8 8
1 000 000 8 8 8 8 8 8 8 8 8 8
1 500 000 8% 8% 8% 8 8 8 8 8 8 8
2 000 000 9 9 8% 8% 8% 8% 8 8 8 8
2 500 000 9% 9 9 9 9 8% 8% 8% 8% 8%
3 000 000 9% 9Y 9Y 9 9 9 9 8% 8% 8%
3 500 000 10 9Y 9Y 9Y 9 9 9 9 9 9
4 000 000 10 10 oY oY oY oY oY 9 9 9
4 500 000 10 10 10 oY, oY, oY, oY, oY, oY, 9
5 000 000 10% 10 10 10 10 9% 9% 9% 9% 9%
6 000 000 10% 10% 10% 10 10 10 10 10 9Y 9Y
7 000 000 11 10%» 10% 10% 10% 10 10 10 10 10
8 000 000 11 11 11 10%» 10% 10% 10% 10% 10 10
9 000 000 11% 11 11 11 10% 10% 10% 10% 10% 10%
10 000 000 11% 11% 11 11 11 11 10% 10% 10% 10%
15 000 000 12 12 12 11% 11% 11% 11% 11% 11% 11
20 000 000 12% 12% 12% 12 12 12 12 12 12 11%
25 000 000 13 13 12% 12% 12% 12% 12% 12% 12 12
30 000 000 13% 13 13 13 13 13 12% 12% 12% 12%
35 000 000 14 13% 13% 13% 13 13 13 13 13 13
40 000 000 14 13%» 13% 13% 13% 13% 13% 13 13 13
45 000 000 14% 14 14 14 13% 13% 13% 13% 13% 13%
50 000 000 14% 14% 14 14 14 14 13% 13% 13% 13%
60 000 000 15 14% 14Y% 14% 14% 14 14 14 14 14
70 000 000 15 15 15 14% 14% 14% 14% 14% 14% 14
80 000 000 15% 15% 15 15 15 15 14% 14Y%. 14% 14%
90 000 000 15% 15% 15% 15 15 15 15 15 15 15
100 000 000 16 16 15% 15% 15% 15% 15 15 15 15
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TABLE A. 7

REQUIRED DEPTH (Dr) IN inch FOR 95% RELIABILITY (%R)

Modulus OFf Subgrade Reaction (Kg),psi/Zin

ESALp 40 80 110 150 185 200 260 300 330 370
100 000 to 600 000 ESAL Use 87 for all K Values
700 000 8 8 8 8 8 8 8 8 8 8
800 000 8 8 8 8 8 8 8 8 8 8
900 000 8 8 8 8 8 8 8 8 8 8
1 000 000 8% 8 8 8 8 8 8 8 8 8
1 500 000 9 8% 8% 8 8 8 8 8 8 8
2 000 000 9 9 9 8% 8% 8% 8% 8 8 8
2 500 000 9% oY 9 9 9 9 8% 8% 8% 8%
3 000 000 9% oY oY 9 9 9 9 9 9 8%
3 500 000 10 10 oY oY oY oY 9 9 9 9
4 000 000 10 10 10 oY, oY, oY, oY, oY, 9 9
4 500 000 10% 10 10 10 9Y 9Y 9% 9% 9% 9%
5 000 000 10% 10% 10 10 10 10 9Y 9Y 9Y 9Y
6 000 000 11 10%» 10% 10% 10 10 10 10 10 10
7 000 000 11 11 10%» 10% 10% 10% 10 10 10 10
8 000 000 11% 11 11 11 10%» 10% 10% 10% 10% 10
9 000 000 11% 11 11 11 11 10% 10% 10% 10% 10%
10 000 000 11% 11% 11 11 11 11 11 11 10% 10%
15 000 000 12% 12 12 12 11% 11% 11% 11% 11% 11%
20 000 000 13 12% 12% 12% 12 12 12 12 12 12
25 000 000 13% 13 13 13 12% 12% 12% 12% 12% 12%
30 000 000 13% 13% 13 13 13 13 13 13 12% 12%
35 000 000 14 13%» 13% 13% 13% 13 13 13 13 13
40 000 000 14 14 14 13%» 13% 13% 13% 13% 13% 13
45 000 000 14% 14 14 14 14 13% 13% 13% 13% 13%
50 000 000 14% 14% 14% 14 14 14 14 14 13% 13%
60 000 000 15 15 14% 14% 14% 14% 14 14 14 14
70 000 000 15% 15 15 15 14% 14Y% 14% 14% 14Y% 14%
80 000 000 15% 15% 15% 15 15 15 15 15 14% 14%
90 000 000 16 15% 15% 15% 15% 15 15 15 15 15
100 000 000 16 16 16 15% 15% 15% 15% 15% 15 15
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APPENDI X B

RI G D PAVEMENT DESI GN QUALI TY CONTROL PLAN
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B. 1 QUALI TY CONTRCL PLAN

Al'l rigid pavenent designs will be reviewed

i ndependently for accuracy and correctness. The
following quality control plan is provided as a
gui del i ne.

B. 2 DEFI NI TI ONS

The follow ng definitions are used throughout this
secti on.

Quality
Conf ormance to policies, procedures, standards,
gui del i nes and above all, good engi neering practice.

Quality Assurance (QA)

Consi sts of all planned and systematic actions
necessary to provi de adequate confidence that a design,
structure, system or conponent will perform
satisfactorily and conformto project requirenents.

Qual ity assurance involves establishing project rel ated

policies, procedures, standards, training, guidelines,
and systens necessary to produce quality.

Quality Control (QQ

This is the checking and revi ew of designs and pl ans
for conpliance with policies, procedures, standards,
gui del i nes and good engi neering practice.
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B.3 RESPONSI BI LI TY

The district offices and turnpi ke consultants are
responsible for Quality Control. Quality Assurance is
the role of the Central Ofice.

B. 4 RI G D PAVEMENT DESI GNS

Pavenent designs will be devel oped in accordance with
the Rigid Pavenent Design Manual (Document No. 625-010-
006). The approved pavenent design and the supporting
data will be included in the District Project Design
File.

B.4.1 M NI MUM REQUI REMENTS

The Pavenent Design Package as a minimumw || include
the follow ng itens:

. The Pavenent Design Summary Sheet will show the
approved pavenent design and will be signed and
sealed by the District Pavenent Design Engi neer or
t he desi gnated responsi bl e Pavenent Design
Engineer. The District Design Engineer will sign
for concurrence with the design. The file copy
wi || show Federal H ghway Adm ni stration (FHW)
approval, if required, for Federal Aid Projects or
Certification Acceptance as appropri ate.

. Project |ocation and description of the type of
work, if not clearly stated on the sunmary sheet.

. The basis for the material properties used in the
desi gn, signed and seal ed where required,
including if applicable for:

New Construction

- Modul us O Subgrade Reaction (K.
- Mat erial properties used if different than
those in the design manual
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Concrete Pavenent Rehabilitation (CPR) And Lane
W deni ng

- Exi sting pavenent |ayer information (l|ayer
types, thickness, and condition).

- A copy of the Pavenment Coring and Eval uation
Report.

- Dr ai nage reconmendati ons.

The ESAL, cal cul ations are normally signed and
certified by the Planning Ofice. The basis for
the input data used for these cal cul ati ons nust be
st at ed.

Requi red Depth (Dy) calcul ations.

Docunent ati on addressi ng any speci al features such
as cross slope, coordination with adjacent
projects, stage construction, drainage

consi derations, etc.

Sketch of a possible construction sequence,
i ncluding any wi dening and shoul ders, to insure
constructability in accordance with the standards.

A drawing of the rigid pavenent design typica
section or an adequate narrative description

Joint Design Details showing Plan View in areas
where geonetric changes occur (i.e. intersections,
ranps, etc.)
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B.4.2 DI STRI BUTI ON

Central O fice approval of the pavenent design is not
required. Designs will be nonitored and periodically
reviewed, in detail, for quality assurance and for

pur poses of identifying and i nproving deficiencies in
design policies, procedures, standards and gui deli nes.

For Federal Aid Projects not exenpt from FHMA
oversight, two copies of the approved Pavenent Design
Sunmary Sheet and one copy of the supporting
docunentation will be forwarded directly to the
appropri ate Federal H ghway Adm nistration (FHW)

Engi neer for FHWA concurrence (concurrent with the
transmttal to the State Pavenent Design Engi neer).

Only mainline or major elenents of a project need
formal FHWA pavenment design approval. Details such as
cross roads and shoulders will be handl ed as a part of
t he plans approval process. Do not send these copies
to the Central Ofice for transmttal to FHWA

The District will deal directly with the FHWA to
resol ve any questions. Central Ofice Pavenent
Managenment will be available for assistance if
requested by the District or FHWA. The FHWA wi | |
return directly to the District one copy of the summary
sheet with signature denoting concurrence. This copy
will be filed in the District Project Design file.
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B.4.3 REVI SI ONS

Changes made subsequent to formal distribution wll
require that a revised summary sheet be prepared, a
copy of which shall be signed and seal ed, distributed,
and filed for permanent record in the Project Design
File. Mnor changes may be noted in type or ink on the
ori ginal Pavenent Design Sunmary Sheet with the
responsi bl e Professional Engineer's initials and the
date of change. A copy of the revised original should
t hen be signed, dated, sealed and filed for permanent
record.

Maj or changes may require that a conpl ete new Pavenent
Desi gn Summary Sheet be prepared and processed, in
which case it shall note that it supersedes a previous
design. Copies of revised pavenent designs including
backup data docunenting why the change is being nmade
will be transmtted to the State Pavenent Design

Engi neer and redi stributed as appropri ate.

For intersection inprovenment, short roadway connectors
on bridge replacenent projects, and roadway w dening
projects, the Mddulus O Subgrade Reaction (K, 18-kip
(80-kN) Equi val ent Single Axle Loads (ESALy, and
conput ati on of Required Depth (D;) are normally not
required. However in all cases, a docunent describing
how t he pavenent design was devel oped shoul d be
prepared, signed and seal ed.
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B.4.4 DOCUMENTATI ON

Every attenpt should be nade to follow witten

procedur es. Situations will occur where follow ng the
pavenent design procedure will result in a Required
Depth (D) that cannot be net. This could occur when a
design is required in a w dening area.

The Pavenent Design Engineer will have to exercise
engi neering judgnent on what should be done in these
cases. \Wen this occurs, the Pavenent Design Engi neer
is advised to docunent the project, make special note
of the problem and provide additional explanation as
to how the recomended desi gn was devel oped.

Consul tation with other engineers (Construction,

Drai nage, Materials, etc.) is highly recommended and
shoul d be noted in the design file.

Page B. 8.0



B. 5 DI STRI CT QUALI TY CONTROL

The quality control process will include three
activities:
. The checking and revi ew of pavenent designs for

conpliance with policies, procedures, standards,
gui del i nes and good engi neering practice.

. The checking and review of plans to insure that
t he approved pavenent designs are correctly
i ncor por at ed.

. Docunentati on of the Quality Control Process. An
i ndependent qualified Professional Engineer wll
carry out the Quality Control Process. As a
m ni mum the docunentation will consist of a copy
of the QC Checklist filed wth the Pavenent Design
Package, or a Pavenent Design Quality Control File
mai nt ai ned by Fi nancial |tem Nunber order
consi sting of:

o A copy of the signed and seal ed Pavenent Design
Summary Sheet.

. A copy of the QC Checklist signed by the QC

Engi neer.
. A sanpl e checklist is attached.
B. 6 QUALI TY ASSURANCE REVI EW6
The State Pavenent Design Engi neer will be responsible

for conducting and/or coordinating all pavenent rel ated
QA activities within each District and the Turnpi ke. A
QA review of District Pavenent Design activities wll
general |y be conducted annual ly.
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RI G D PAVEMENT DESI GN
QUALI TY CONTRCL CHECKLI ST

FP I D No. County

Sati sfactory
Ri gid Pavenent Desi gn Revi ew Yes/ No

Ri gi d Pavenent Design Summary Sheet
Project Location and Description. . . . . . . . . .___
Traffic Data and ESAL, Cal culations . . . . . . . . ——
Modul us OF Subgrade Reaction (Kp
Requi red Depth (Dy) Calculations.
Dr ai nage Evaluation . . . . . . . . . . . . . . . .
Shoul der Design .

Coordination with Gther Ofices .
O her Special Details . . . . . . . . . . . . . . .__

Fi nal Pavenment Design Drawing or Narrative. . . . .——

Rehabilitation

Field Evaluation of Project . . . . . . . . . . . .___
Pavenent Coring and Eval uati on.
Di stress Eval uation .

Projects That Do Not Require Design Calcul ations

Exi sting Pavenent Evaluation. . . . . . . . . . . [ ——

Structural Evaluation .
Pl ans Revi ew

Pl ans Conformto Pavenent Design (D nensions, etc.)——
Design Details Adequately Covered .
Standard | ndexes Properly Referenced

Constructable with the Current Technology . . . . .—
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QA by Dat e
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FLORI DA DEPARTMENT OF TRANSPORTATI ON
RI G D PAVEMENT DESI GN SUMVARY SHEET

Prepared by Dat e Prep.

FP ID # Us # SR #
From To

County Begin MP

Project Length End WP

Type O Work "R

OQpeni ng Year Ks

Desi gn Year Desi gn Speed

ESAL, Design Seq. #

Ds Proj. Nanme

Exi sting Pavenent

Proposed Desi gn

Appr oved By Concurrence By Concurrence By
Responsi bl e Eng. D st. Des. Eng. FHWA- | f Needed
Dat e Dat e Dat e
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APPENDI X C

ESTI MATI NG DESI GN 18- KIP
EQUI VALENT SI NGLE AXLE LOADS ( ESAL,)
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C1 BACKGROUND

One of the products of the AASHO (Anerican Association
O State H ghway O ficials) Road Test conducted near
Otawa, Illinois from 1958 to 1960 was a nethod for
relating the relative danmage caused by different axle
| oadings. This evolved into a procedure that permtted
the cal cul ation of the accumul ated danage caused by

m xed vehicl e | oadi ngs over a pavenent design period.
The four tires, single axle, carrying 18 000 | bs (18-
ki p) Equival ent Single Axle Load or ESAL, was accepted
as the base for these calculations. Table C 1
illustrates the relationship of axle weight to damage.

A detailed wite-up, including tabul ated damage factors
for single, tandem and triple axles, is given in
Appendi x D of the 1993 AASHTO (Anmeri can Association O
State Hi ghway and Transportation Oficials) Guide for
Desi gn of Pavenent Structures.

A procedure for calculating a nore precise estimte on
the Departnent's projects can be obtained fromthe

O fice of Planning, Project Traffic Forecasting
Procedure Topic No. 525-030-120, using the Project
Traffic Forecasting Handbook. Cal cul ations on
Department projects nust be signed and certified by the
Department's pl anni ng secti on.

The followng is a sinple procedure for estimating
ESAL, i n the design |lane. Design periods used in these
cal cul ations can be found in the manual. The design
lane is the | ane where the majority of the trucks can
be found. A common exanple would be a four |ane

di vi ded hi ghway where nost of the trucks would be found
in the travel lane. The basic equation is presented
and the variables are defined. Sinple input
coefficients are tabul ated. A conputer spreadsheet
that perfornms the necessary conputations is avail able
fromthe Departnent.
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TABLE C. 1
RELATI ONSHI P OF AXLE WEI GHT TO DAMAGE
(D=12'", P,=2.5)

Total Axle Load Equi val ent Damage

in kip in ESAL's
Single Axle 14 0. 34

18 1.00

22 2.41
Tandem Axl e 30 1.14

34 1.97

38 3.18

44 6. 01
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C 2

BAS|I C EQUATI ON

The ESAL, required for pavenent design purposes can be
conput ed using the follow ng equati on:

ESAL,

wher e:

y

||M 1

(AADT x T, x D x Le X Ej x 365)
1

y

ESAL, = Nunber of accumnul ated 18-ki p Equi val ent
Single Axle Loads in the design |lane for the
desi gn peri od.

y:

Le =

The year that the calculation is made for.
When y=1, the entire variable apply to year
1. Most of the variables are constant except
AADT, which may change from year to year.

O hers may change when changes in the system
occur. Such changes include parallel roads,
shoppi ng centers, truck termnals, etc.

The Design Year
= Average Annual Daily Traffic.

Percent Heavy Trucks during a 24 hour
period. Trucks with 6 tires or nore are
considered in the cal cul ations.

Directional Distribution Factor. Use 1.0 if
one-way traffic is counted or 0.5 for two-way
traffic. This value is not to be confused
with the Directional Factor use for planning
capacity comput ati ons.

Lane Factor converts directional trucks to

t he design lane trucks. Lane factors can be
adj usted to account for unique features known
to the designer such as roadways with
designated truck | anes. L values can be
determ ned from Table C. 2.
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Eis = Equi val ency factor which is the danmage
caused by one average heavy truck neasured in
18- ki p Equival ent Single Axle Loads. These
factors will be periodically updated based on
Wei gh-1n-Mtion (WM data. E; values can be
determ ned from Table C 3 or the |atest
Pl anni ng gui dance.

TABLE C. 2
LANE FACTORS (Lf) FOR DI FFERENT TYPES OF FACI LI TI ES

Nunber of Lanes In One Direction

Tot al Two Lanes Thr ee Lanes
AADT Le _Le
4 000 0.94 0.82
8 000 0. 88 0.76
12 000 0. 85 0.72
16 000 0.82 0.70
20 000 0.81 0.68
30 000 0.77 0. 65
40 000 0.75 0.63
50 000 0.73 0.61
60 000 0.72 0.59
70 000 0.70 0.58
80 000 0. 69 0.57
100 000 0. 67 0.55
120 000 0. 66 0.53
140 000 - 0.52
160 000 - 0.51
200 000 - 0. 49
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The equation that best defines this Lane Factor (Lg)
information is:

L. = (1.567 - 0.0826 x Ln (One Way AADT)
- 0.12368 x LV)

wher e:

Lr = Proportion of all one directional trucks in
t he design | ane.

LV =0 if the nunmber of lanes in one direction is
2. LV =1 if the nunber of |anes in one
direction is 3 or nore.

Ln Nat ural Logarithm

Source - National Cooperative H ghway Research Program
Report 277, Portland Cenent Concrete Pavenent

Eval uati on System (COPES), Transportation Research
Board, Septenber 1986.

TABLE C. 3
EQUI VALENCY FACTORS E,; FOR DI FFERENT TYPES COF
FACI LI TI ES
Fl exi bl e Rigd
Pavenent Pavement
Freeways
Rur al 1.05 1.60
Ur ban 0.90 1.27

Arterials and Col |l ectors
Rur al 0. 96 1.35
Ur ban 0. 89 1.22
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C 3 SAMPLE PROBLEMS

Several sanple problenms have been provided that
illustrates this process.

C3.1 SAMPLE PROBLEM #1

The District Planning Engi neer has provided the

foll owi ng informati on about a high vol ume, urban,
arterial; four lanes divided two way projects that wll
open in the year 2005. The Pavenent Type Sel ection
Process indicates that the best alternative is rigid
pavenent .

G VEN:

The followng input is provided. Note that other
facilities within the urban area becone available in
the year 2013 thus causing the traffic assignnent
(AADT) to drop and T, to change.

T, = 12%
2005 Estinmated AADT = 12 000
2013 Estinated AADT = 16 000
T, = 8%
2014 Estimated AADT = 12 000
2025 Estinated AADT = 34 000

DATA:
The follow ng data can be determ ned from i nformation
and tabl es provided.

D- = 0.50 (for two way traffic)

Es = 1.22 (from Table C. 3)

L = 0.85 for AADT = 12 000 (from Table C. 2)
L = 0.82 for AADT = 16 000 (from Table C. 2)
L = 0.81 for AADT = 20 000 (from Table C. 2)
L = 0.77 for AADT = 30 000 (from Table C. 2)
L = 0.75 for AADT = 40 000 (from Table C. 2)
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Fl ND:

The ESAL, for a 20 year design period beginning in
2005.

SCOLUTI ON:

Usi ng the foll ow ng equations:

For the year 2005 to 2013.

y = 2013

ESAL, = > (AADT x T, X D x Le x Es X 365)

y = 2005

y = 2013

2 (AADT x 0.12 x 0.50 x Ls x 1.22 x 365)

y = 2005

ESAL,

For the year 2014 to 2025.

y = 2025

2 (AADT x T, x Do x Le x E; x 365)

y = 2014

ESAL,

y = 2025

2 (AADT x 0.08 x 0.50 x L x 1.22 x 365)

y = 2014

ESAL,
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Cal cul ati ng:

Year

AADT

2005
2006
2007
2008

2009
2010
2011
2012

2013
2014
2015
2016

2017
2018
2019

2020
2021
2022
2023
2024
2025

12
12
13
13

14
14
15
15

16
12
14
16

000
500
000
500

000
500
000
500

000
000
000
000

000
000
000

000
000
000
000
000
000

Accunul at ed

Annual

_Le ESAL* ESAL
0. 85 272 524

0. 84 280 539 553
0. 84 291 761 884
0. 84 302 982 1 147
0. 83 310 463 1 458
0.83 321 551 1 779
0. 83 332 639 2 112
0.82 339 586 2 452
0.82 350 540 2 802
0. 85 181 682 2 984
0. 84 209 469 3 193
0.82 233 693 3 427
0.81 259 699 3 687
0.81 288 554 3 975
0. 80 313 491 4 289
0.79 337 716 4 626
0.78 361 227 4 988
0.78 389 014 5 377
0.77 411 457 5 788
0.77 438 888 6 227
0.76 460 262 6 687

272 524

063
824
806

269
820
459
045

585
267
736
429

128
682
173

889
116
130
587
475
737

* Val ues are rounded for sinplicity.

CONCLUSI ON:

Note that the 20 year accunul ated val ue (ESALy)
227,475 ESALs or

7,000, 000 ESALs.
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C3.2 SAMPLE PROBLEM #2

The District Planning Engi neer has provided the
followi ng informati on about a noderate vol une, rural
arterial four |lanes divided two way project that wll
open in the year 1990. The Pavenent Type Sel ection
Process indicates that the best alternative is rigid
pavenent .

G VEN.

The follow ng input is provided.

T,, = 10%
1990 Estimated AADT = 8 000
2010 Estimated AADT = 18 000

DATA:

The follow ng data can be determ ned from i nformation
and tabl es provided.

D- = 0.50 (for two way traffic)

Esx = 1.35 (from Table C. 3)

L = 0.88 for AADT = 8 000 (from Table C. 2)
L = 0.85 for AADT = 12 000 (from Table C. 2)
L = 0.82 for AADT = 16 000 (from Table C. 2)
L = 0.81 for AADT = 20 000 (from Table C. 2)
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Fl ND:

The ESAL, for a 20 year design period beginning in
1990.

SOLUTI ON:
Using the foll ow ng equation:

For the year 1990 to 2010.

y = 2010

ESAL, = > (AADT x T, X D x Le x Es X 365)

y = 1990

y = 2010

ESAL, = ¥ (AADT x 0.10 x 0.50 x Ls x 1.35 x 365)

y = 1990

Cal cul ati ng:
Annual Accunul at ed

Year AADT Le ESAL* ESAL

1990 8 000 0. 88 173 448 173 448
1991 8 500 0. 87 182 194 355 642
1992 9 000 0. 87 192 912 548 554
1993 9 500 0. 86 201 288 749 842
1994 10 000 0. 86 211 883 961 725
1995 10 500 0. 86 222 A77 1 184 202
1996 11 000 0. 85 230 361 1 414 563
1997 11 500 0. 85 240 832 1 655 395
1998 12 000 0. 85 251 303 1 906 698
1999 12 500 0. 84 258 694 2 165 392
2000 13 000 0. 84 269 042 2 434 434
2001 13 500 0. 84 279 389 2 713 823
2002 14 000 0. 83 286 288 3 000 111
2003 14 500 0. 83 296 512 3 296 623
2004 15 000 0. 83 306 737 3 603 360
2005 15 500 0.82 313 143 3 916 503
2006 16 000 0.82 323 244 4 239 747
2007 16 500 0.82 333 345 4 573 092
2008 17 000 0.82 343 447 4 916 539
2009 17 500 0.81 349 237 5 265 776
2010 18 000 0.81 359 215 5 624 991

* Val ues are rounded for sinplicity.
CONCLUSI ON:
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Note that the 20 year (2009) accunul ated value is
5, 265, 776 ESALs (roundi ng ESAL, = 6, 000, 000).

| f the project design period delayed one year and the
design period reduced to 19 years, the new ESAL, woul d
be:

5,624,991 - 173,448 = 5,451, 543 ESALsS
(Roundi ng ESAL, = 6, 000, 000) .
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RI G D PAVEMENT DESI GN ANALYSI S COVPUTER PROGRAM
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AASHTOMRE DARW n (Design, Analysis and Rehabilitation
for Wndows) is a conputerized rel ease of the pavenent
desi gn nodel s presented in the AASHTO Suppl enent a

GQui de for Rigid Pavenent Design.

OR

Spr eadsheet for 1998 Supplenent to the AASHTO Cui de for
Desi gn of Pavenent Structures, Part 11 - Rigid Pavenent
Design & Rigid Pavenent Joi nt Desi gn

Thi s spreadsheet was devel oped under NCHRP research and
validated with LTPP data i ncludes alternative design
procedures that can be used in place of or in
conjunction with Part Il, Section 3.2 ‘*Rigid Pavenent
Design’’ and Section 3.3 ‘*Ri gid Pavenent Joint
Design.’’
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APPENDI X E

IVEPDG DESI GN SUPPLEMENT TO THE RIG D
PAVEMENT DESI GN MANUAL:

Introduction to R gid Pavenent Design Tabl es Based on
t he Mechani stic-Enpirical Pavenment Design Cuide
( MEPDG)

devel oped from

Contract Number BDH10
VEPDG Program | npl enmentation in Florida

Sponsored by:

FLORI DA DEPARTMENT OF TRANSPORTATI ON
RESEARCH AND DEVELOPMENT OFFI CE

Proj ect Manager:

Bruce Dietrich, P.E
St at e Pavenent Design Engi neer

Per form ng Organi zati on:

Texas Transportation Institute
Texas A&M University System
July 22, 2008
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I NTRODUCT! ON

The National Cooperative H ghway Research Program ( NCHRP)
Project 1-37A delivered the Mechanistic-Enpirical Pavenent
Design Guide (MEPDG and its conpanion software (Version 0.7)
in 2004. The MEPDG represents a mgj or change in the way
pavenment design is performed. The design nethod permts

engi neers to consider site conditions (traffic, climate,
subgrade, existing pavenent condition for rehabilitation) and
construction variables in establishing a satisfactory design
for new pavenent construction or rehabilitation. To establish
the design for a given set of conditions, the engi neer needs
to come up with a trial design and use the MEPDG conput er
programto predict its performance over a specified design
period. The predicted performance is then conpared agai nst
performance criteria established by the engineer to determ ne
whether the trial design is satisfactory for the given design
pr obl em

Since its initial release, the Florida Departnent of
Transportation (FDOT) has nmade efforts to update its rigid and
fl exi bl e pavenent desi gn nethods to incorporate MEPDG design
concepts. The Departnent presently uses a design nethod based
on the 1993 pavenent design guide of the American Associ ation
of State H ghway and Transportation Oficials (AASHTO. The
current nethod provides engineers with a set of design tables
to establish a thickness design for a given set of conditions.
This sanme format was adopted by the Florida Departnent of
Transportation in devel oping a design nmethod based on the
MEPDG. FDOT engi neers recogni zed that the MEPDG i s not
particularly suitable for routine inplenmentation within the
DOT environnent. As indicated previously, program
applications require repetitive runs on several trial designs
to come up with a pavenent cross-section that satisfies the
performance criteria for a given problem Fromthis
perspective, many practitioners have remarked that the MEPDG
iIs not a pavenent design program per se but an anal ytical tool
for predicting pavenent perfornmance given the design
parameters. In this respect, it is unlike the current Florida
pavenent design nethods for rigid and flexible pavenents.

To update FDOI’ s pavenent design nethods, researchers fromthe
Texas Transportation Institute (TTlI) nade extensive runs of

t he MEPDG programto devel op design tables that cover the
range of Florida conditions found in practice. During this
devel opnment work, TTI researchers in cooperation with FDOT
engi neers conducted the foll ow ng tasks:
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. Eval uated the sensitivity of the performance predictions
to MEPDG program i nputs;

. Characterized climatic and soil conditions across

Fl ori da;

. Est abl i shed calibration sections from FDOT' s pavenent
condition survey data base;

. Conducted field and | aboratory tests on sanpl es taken

fromcalibration sections to characterize material properties
for verifying MEPDG performance predictions; and

) Conpiled traffic, materials, and environmental data for
devel opi ng pavenent design tables using the MEPDG program
Thi s docunent presents the design tables devel oped for jointed
plain concrete pavenments. In the interim these tables are

i ntended to supplenent FDOT's current rigid pavenent design
nmet hod based on the 1993 AASHTO pavenent design guide. During
this time, FDOT pavenent engineers are given the option to use
ei ther the existing design tables based on the 1993 gui de or
the new design tables in this supplenment to performa rigid
pavenent design based on the MEPDG  As the Departnent
transitions fromthe current rigid pavenent design guide to
the MEPDG, new test nethods and specifications may need to be
devel oped and i nplenmented to provide for construction quality
control and quality assurance of MEPDG design vari abl es that
significantly influence predicted pavenent performance.
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DEVELOPMENT OF RI G D PAVEMENT DESI GN TABLES

This section presents the devel opnment of new rigid pavenent
design tabl es based on the MEPDG program For verifying the
VEPDG rigi d pavenent performance prediction nodels, TTI
researchers conpiled input data on the PCC calibration
sections, and ran the MEPDG program to conpare performance
predictions with actual neasurenments of transverse cracking,
faulting, and international roughness indices (IR's) provided
by the Florida DOI. After review ng these conparisons, the
deci sion was nmade to calibrate the performance prediction
nodel s for faulting and IRl in order to reduce the bias

bet ween t he observed and predicted performance on the
calibration sections. Fromresults of tasks to identify a
representative pavenent structure, establish environnental
regions tied to climatic condition, and select primary input
variabl es for predicting performance using the MEPDG program
researchers established two sets of design tables. The tables
bel onging to the first set (referred to as Design |I) are
intended to be used for nost typical applications while the
tables in the second set (Design Il) are intended for design
projects that require higher construction quality control of
mat eri al properties directly inpacting predicted pavenent
performance. The succeedi ng sections docunent the devel opnent
of the PCC design tables.

Verification and Calibrati on of MEPDG Perfornmance Mdel s

Prior to generating the design tables, efforts were nmade to
verify the performance predictions fromthe MEPDG program
For this purpose, TTlI researchers conpared the ME PDG

di stress predictions with correspondi ng FDOT pavenent
condition nmeasurenents on the rigid pavenent calibration
sections established during the inplenentation project. These
conpari sons showed that the MEPDG program underestinated the
nmeasured i nternational roughness indices and nmagnitudes of
faulting on the calibration sections. To correct this bias,
t he decision was made to calibrate the MEPDG faulting and IR
nodel s using the observed performance data on the rigid
pavenent sections. Researchers |ater used these calibrated
nodel s to devel op the design tables. Wth respect to the
cracki ng nodel, no calibrations were deenmed necessary so the
original nodel was used in the devel opnment worKk.
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Sel ection of Performance Criteria

The sel ection of design thresholds for cracking, faulting, and
| R was nmade by exam ning plots of pavenent condition data
versus FDOT pavenent rating score on the rigid pavenent
calibration sections. Fromthis exam nation, design criteria
for cracking and IRl were selected to correspond to the
critical pavenent rating score that FDOT uses to identify
deficient pavenent sections. However, no definite

rel ati onshi ps were observed between faulting and crack rating,
or between faulting and ride rating. Thus, researchers

revi ewed ot her on-going MEPDG i npl enmentation efforts to see
what performance threshol ds other DOTs are using. Based on
this review and the eval uati on of pavenment condition data on
the rigid pavenent calibration sections, the decision was nade
to use the following criteria for determ ning acceptable
pavenent designs:

. Transverse cracking: 10 percent slabs cracked (based on
the California inplenentation project docunented by Kannekanti
and Harvey, 2006)

J Faul ting: 0.12 inches

. IRI: initial IRl of 58 inch/mle to reflect the current
FDOT practice of grinding rigid pavenents after placenent, and
atermnal IR of 180 inch/mle corresponding to a R de Number
of 2.5 based on the relationship between IRl and Ri de Nunber
reported by Fernando, Oh, and Ryu (2007).

In generating the design tables, the performance predictions
fromthe MEPDG program were checked agai nst the above criteria
to determne if a given pavenent design passes or fails. For
this purpose, a 20-year design life was used, follow ng the
current rigid pavenent design tables inplenmented by the

Department. In addition, per recomendation of the FDOT
proj ect manager, a 0.25-inch thickness all owance was used in
generating the design tables. In this way, if a given trial

design fails to neet any of the specified performance criteria
but does so if the slab thickness is incremented by 0.25
inches, the trial design with the original slab thickness
(prior to the 0.25-inch thickness increnent) is accepted.
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Characterization of Design Traffic

TTlI researchers also investigated the effect of vehicle class
di stribution on the MEPDG performance predictions. As shown
in Table E. 1, the program provides a default set of 17 truck
traffic classifications (TTCs) that vary with functional
class. Each TTC is characterized by a default set of truck
traffic conposition data that the engineer may use in the
absence of site-specific data.

Table E.1 Recomended TTCs by Functional d ass.

H ghway Functi onal Suggested Traffic
Classification Descriptions Cl assification Nunber

Principal Arteries — 1,2,3,4,5,8,11,13

| nterstate and Def ense Routes

Principal Arteries — 1,2,3,4,6,7,8,9,10, 11, 12, 14, 16

I ntrastate Routes, including
Freeways and Expressways

M nor Arteries 4.6,8,9,10,11,12, 15, 16, 17
Maj or Col |l ectors 6,9,.12,14,15,17

M nor Coll ectors 9,12, 14, 17

Local Routes and Streets 9,12, 14, 17
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Tabl e E. 2. Definitions and descriptions for the truck traffic
classifications (TTQ

Buses in Traffic
St ream

Commodities being Transported by Truck

Mul ti-Trail er

Sem -Trailer & Single-Units

TTC

Low to None

(<29%

Rel atively Hi gh
Amount of Multi -
Trail er Trucks
(>10%

Predonmi nantly single-trailer
trucks

H gh percentage of single-
trailer trucks, but sone
trucks

M xed truck traffic with a
hi gher percentage of single-
trailer trucks

11

M xed truck traffic with
about equal percentages of
single-unit and single-
trailer trucks

13

Predom nantly single-unit
trucks

16

Moder at e Anpunt of
Multi-Trailer
Trucks

(2-10%

Predom nantly single-trailer
t rucks

M xed truck traffic with a
hi gher percentage of single-
trailer trucks

M xed truck traffic with
about equal percentages of
single-unit and single-
trailer trucks

10

Predonmi nantly single-unit
trucks

15

Low t o Moderate

(>29%

Low to None (<2%

Predom nantly single-trailer
trucks

Predom nantly single-trailer
trucks, but with a | ow
percentage of single-unit

t rucks

Predom nantly single-trailer
trucks, but with a lowto
noderate percentage of
single-unit trucks

M xed truck traffic with a
hi gher percentage of single-
trailer trucks

M xed truck traffic with
about equal percentages of
single-unit and single-
trailer trucks

M xed truck traffic with
hi gher percentage of single-
unit trucks

12

Predom nantly single-unit
t rucks

14

Maj or
(>25%

Bus Rout e

Low to None (<2%

M xed truck traffic with
about equal single-unit and
single-trailer trucks

17

The investigation of the effect of vehicle class
di stribution showed that the determ nation of design thickness
is strongly tied to the cunmul ati ve 18-ki p equival ent single
axl e | oads (ESALs) associated with the vehicle class

distribution. Based on this finding, the decision was nmade to

generate the design tables as a function of cunul ative ESALs,

simlar to the format of the current FDOT rigid pavenent

design tables. For this purpose, researchers used TTC 1 to
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characterize the vehicle distribution and varied the average
annual daily truck traffic to determ ne required slab

t hi cknesses for different cunul ative ESALs. Mre detail ed
docunent ati on of the devel opment of the rigid pavenent design
tables is presented by Onh and Fernando (2008).
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Consi deration of Slab Wdth in Pavenent Design

Researchers al so exam ned the effect of slab width on the
performance predictions fromthe MEPDG program Sl ab w dths
from1l2 to 14 feet were considered to check the sensitivity to
transverse cracking. This investigation identified a 13-foot
wide slab (wth tied shoulder) as being optimal in terns of
resulting in the | east anmount of transverse cracking. Thus,
the design tables were generated based on this slab width and
assuming a tied shoul der.

| nvestigation of Rigid Pavenent Cross-Sections

Researchers anal yzed the rigid pavenent structures shown in
Figure E.1 and conpared the required slab thicknesses

determ ned fromthe MEPDG program This analysis showed that,
anong the pavenment cross-sections shown, structure 3 yielded
up to 0.5-1nch thicker slabs than the other pavenment cross-
sections, for the range of climatic and soil conditions
considered in the analysis. Thus, the decision was made to
use rigid pavenent structure 3 to generate the design tables
for jointed plain concrete pavenents using the MEPDG program
In practice, the engineer uses the PCC design tables devel oped
inthis project to get the required slab thickness. The

engi neer will then select one of the 5 cross-sections shown in
Figure E.1 to determ ne the particul ar pavenent cross-section
for his/her design.
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Consi deration of Environnental Effects

To consider the effect of climatic variations in the rigid
pavenent design nethod, researchers first identified
representative city locations (in ternms of |ongitude,

| ati tude, and elevation) for the different counties conprising
Florida. Gven these cities, researchers used the climtic
data base included with the MEPDG programto characterize the
climatic conditions per county. For each |ocation, the MEPDG
programidentifies the six closest weather stations from which
the user may sel ect any nunber of stations to interpolate the
climatic data at the location of interest. During this task,
it was noted that the required slab thickness m ght vary
dependi ng on the weat her stations selected for the

i nterpol ation. Researchers exam ned the weather station data
for these cases, and where anonalies were found, that weather
station was not selected in characterizing the climtic
conditions for the given county. These weather stations are
Mar at hon, Tanpa International Airport, Mam International
Airport, and Daytona International Airport.
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Concre te Paverent Slab
(8 to 16-inch)

Concrete Paverent Slab
{8 to 16 -inch)

Concrete Pavernent Slab
{8 to 16-inch)

4-11ch Cement Tre ated
Permeable Base

4-inch Asphalt Treated
Permeable hase

l-inch Type SP

1-inch Type SP

4-11eh Derse Graded
Asphalt Mix

12-inch
Stabilized Subgrade
{Type B.LBE 40)

12-inch
Stohilized Subgy ale
{Type B, LEE_40)

12-inch
Stobilized Subgrade
{Tsype B, LEBR 40)

E mbanlanent
k=200 pei

E mnhanlanent E mnbanlanent
k =200 pci k= 200 pci
<Structore 1= <Siructure 2=

< Sirix ture 3=

Comn rete Paverment Slab
{8 to 16-inch)

Concrete Pavernent Slab
{8 to 1o-inch)

6-inch Special Fill
A5 Soil Mixedwith

Z-inch AC
{1-inch overlay/
1-11hh old mniw)

HET ©
737 Stone 10-inch
LimerockBase
12-imch
Stabilized Subgrade
E mbanlanent
k=200pci {Type B.LER 40)
Emb anlanent
k=200 pci
=Btiructure 4= <Strixture 5=

Figure E. 1 Ri gi d Pavenment Cross-Sections

Anal yzed for Devel opi ng Design Tabl es.

In terns of characterizing the soil condition, researchers
used the soil-water characteristic curves established from
this project, along with data fromsoil suction tests nade on
soil sanples collected fromthe calibration sections to
specify the soil suction paraneters for a given analysis

| ocation. Researchers note that representative soil-water
characteristic curves for each county were established from
extensive reviews of county soil survey reports conducted
during this inplenmentation project (GCh and Fernando, 2008).

Page E. 11.0



APPENDI X E

For the nodul us of subgrade reaction k, a target value of 200
pci was used in generating the rigid pavenent design tables.
This decision is based on the results of sensitivity anal yses
conducted on pavenent cross-sections with enbanknment materials
representative of Florida select soils (A-2-4 or better).

Figure E.2 illustrates the variation of design slab

t hi cknesses due to differences in environnental conditions.
Researchers used the MEPDG programto generate the map shown
using the foll ow ng assunptions:

. Projected cunul ati ve ESALs of 50 million
. Vehicle Cass Distribution: Default values in MEPDG for
TTC 1

. Reliability level: 90 %
Coefficient of thermal expansion of 6.0 mcrostrain per
°F

. 28-day conpressive strength: 4000 psi

. Slab width: 13 feet with tied concrete shoul der

. Joi nt spacing: 15 feet

. Subgrade nodul us of reaction: 200 pci

. Initial IRI: 58 infmle

. Termnal IR of 180 inch/mle

The thickness design map illustrated in Figure E 2 was

generated by running the MEPDG program on each county in
Florida. To reduce software run tine, a 12-inch thick slab
was initially assumed. Depending on whether or not this
initial design nmet the given criteria for transverse cracking,
faulting, and IR, researchers varied the slab thickness in
0.5-inch increnents to determ ne the design slab thickness.
From t he nunerous runs made, transverse cracki ng was observed
to be the nost predom nant failure node that governed the
required slab thickness for the design assunptions used.
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Figure E. 2 shows the subdivision of the state into five
different regions, with design slab thicknesses varying from
11 to 13 inches. Table E. 2 shows the list of counties for
each of these five regions. The environmental data conpiled
for the different counties were used to determ ne design slab
t hi cknesses using the MEPDG program for the foll ow ng
finalized conditions:

. Projected cunul ative ESALs from1 to 100 mllion
. Vehicle class distribution: Default values in MEPDG for
TTC 1

. Reliability level: Five levels for Design | (75, 80, 85,
90, and 95 % and 90% for Design |

. CTE of 6.0 pe per °F for Design | and 5.75 pue per °F for
Design |1,

. 4000 psi of 28-day conpressive strength for Design | and
4500 psi for Design |1

° Slab width: 13 feet with tied concrete shoul der
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Figure E. 2 Map of Required PCC Slab Thi cknuess at

90% Reliability and 50 x 10° Cumul ati ve
ESALs and tied concrete shoul ders.
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Table E.3 List of Counties for the Different
Thi ckness Regi ons.

Representati ve

Regi on Col\lljonty County Nane Location for Wat her
' Dat a
1 46 | Bay Panama city
1 47 | Cal houn Bl ount st own
1 48 | Escanbi a Pensacol a
1 49 | Franklin Apal achi col a
1 51 | Gl f Port. St. Joe
1 6 | Har dee Wauchul a
1 8 | Her nando Br ooksvill e
1 9 | Hi ghl ands Sebri ng
1 52 | Hol nes Boni f ay
1 53 | Jackson Mar i anna
1 11 | Lake Leesbur g
1 56 | Li berty Bri st ol
1 36 | Mari on Ccal a
1 57 | kal oosa Crestvi ew Destin
1 14 | Pasco Zephyrhills
1 16 | Pol k W nt er haven
1 58 | Sant a Rosa M1ton
1 18 | Sunt er W | dwood
1 60 | Wal t on De Funi ak Sprs.
1 61 | Washi ngt on Chi pl ey
2 26 | Al achua Gai nesvill e
2 28 | Br adf or d St ar ke
2 2| Ctrus | nver ness
2 50 | Gadsden Qui ncy
2 10 | Hi | | sbor ough | Tanpa
2 54 | Jef ferson Monticello
2 55 | Leon Tal | ahassee
2 34 | Levy Chi ef | and
2 35 | Madi son Madi son
2 75 | Orange Ol ando
2 92 | Gsceol a St. d oud
2 5| Pinellas St. Petersburg
2 77 | Sem nol e Ovi edo
2 39 | Uni on Lake Butl er
2 59 | Wakul | a Wakul | a
3 27 | Baker Maccl enny
3 1| Charlotte Punt a CGor da
3 71| d ay Green Cove Springs
3 29 | Col unbi a Lake Gty
3 4 | De Sot o Ar cadi a
3 30 | Dixie Cross Gty
3 72 | Duval Jacksonvill e
3 73 | Fl agl er Bunnel
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94

St. Lucie

3 31 |G lchrist Tr ent on
3 32 |Ham |t on Jasper
3 33 | Laf ayette May o
3 12 | Lee Fort Myers
3 13 | Manat ee El | ent on
3 74 | Nassau HIllard
3 76 | Put nam Pal at ka
3 78 | St. Johns St. Augustine
3 17 | Sar asot a Sar asot a/ Br adent on
3 37 | Suwannee Li ve Gak
3 38 | Tayl or Perry
3 79 | Vol usi a Dayt ona beach
4 3| Collier Napl es
4 5| d ades Moor e Haven
4 7 | Hendry La Belle
4 91 | keechobee Ckeechobee
5 70 | Brevard Mel bour ne
Fort Lauderdal e,
5 86 | Browar d Hol | ywood
5 87 | Dade M am
5 88 | I ndi an R ver | Vero beach
5 89 | Martin St uart
Keywest, Marathon,
5 90 | Monr oe Fl ami ngo
5 93 | Pal m Beach West Pal m beach
5

Fort Pierce
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. Joi nt spacing: 15 feet

. Subgr ade nodul us of reaction: 200 pci

. Initial IRI: 58 inch/mle (based on current FDOT
practice of grinding rigid pavenents after placenent)
. Termnal IR of 180 inch/mle

. Three dowel dianeter sizes based on current FDOT

practice: 1-inch dowel diameter for 8 to 8.5-inch

sl abs; 1.25-inch dowel dianmeter for 9 to 10.5-inch
slabs; and 1.5-inch dowel dianeter for 11-inch and

t hi cker sl abs.

The rigid pavenent design tables established fromthis
i npl enentation project are presented in this appendi x.
Two sets of tables, Design | and Design I, were

devel oped based on the | evels of CTE and conpressive
strength used in running the MEPDG program The tables
given in this appendi x show that the required sl ab

t hi ckness ranges from8 to 14.5 inches for the range of
vari abl es used in their devel opnment. Researchers note
that a mninmum sl ab thickness of 8 inches was adopted

i n devel oping these tables. The required slab

t hi cknesses in Design Il generally showed 1- to 1.5-

i nch reductions from correspondi ng thicknesses in the
Design | tables due to the | ower CTE and hi gher
conpressive strength val ues assuned for Design I
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Researchers al so conpared the new t hi ckness design
tables with the current FDOT design tables based on the
1993 AASHTO pavenent design guide. For

this conparison, the required slab thicknesses at 90
percent reliability level for regions 1 and 5 were
examned. It is noted that these two regions cover the
range of required slab thicknesses in the new design
tables. Figure E.3 shows how the differences in
required slab thickness varied between the new and
current set of thickness design tables. The
differences plotted in this figure were determ ned by
subtracting the thickness based on the existing FDOT
design tables fromthe correspondi ng thi ckness obtai ned
from MEPDG program Figure E.3 shows that the

di fferences ranged from-4.0 to 1.0 inches, with the
MEPDG based design thi cknesses generally being thinner
than the correspondi ng sl ab thicknesses fromthe
current FDOT PCC design tables. Researchers note that
the 1-inch thicker thickness at 1 mllion ESALs from
the MEPDG design tables is attributed to the m ni mum

sl ab t hi ckness of 8 inches adopted in generating
tables. The required slab thicknesses based on the
Design | table for region 1 are observed to be the nost
conparable with the existing design nethod, generally
resulting in the least differences. It is evident that
the required PCC slab thicknesses for region 5 are
general ly thinner than the correspondi ng thicknesses
based on the current nmethod for both the Design | and
Design Il tables.
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Figure E. 3 Distributions of Differences in

Requi red Sl ab Thi cknesses.
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RECOMVENDATI ON

G ven the JPCP design tables established, researchers
offer the followi ng recormmendati ons with respect to

i npl enenting the initial MEPDG based pavenent design
nmet hod for the Florida DOT:

. The Departnent needs to consider establishing a
data base of verification/calibration sections on

sel ected FDOT resurfacing or new construction
projects. This recommendati on woul d entail assenbling
mat eri al s and construction information

within a selected section of each project that, with

t he performance data coll ected over tinme, can be used
to verify the predictions fromthe MEPDG program and
performcalibrations in the future, as necessary.
These sections m ght possibly require performance
nmonitoring separate fromthe PCS surveys that are done
annual ly by the Department to neasure the pavenent
condition and track the performance of each specific
verification/calibration section. The recomendati on
woul d al so cover the work of assenbling a materials
library to permt nolding specinens used during
construction for running tests to characterize materi al
properties for future nodel verification/calibration.

. The concrete coefficient of thermal expansion was
found to be a critical factor controlling the predicted
performance of jointed plain concrete pavenents.
Researchers recomrend that a CTE materials
specification be established as part of quality
assurance tests to be conducted on PCC pavenent
construction projects. Inplenmentation of this
specification will require training of inspectors and
contractor personnel on the test nmethod adopted to
verify CTE val ues achi eved from construction
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. The PCC design tabl es devel oped fromthis project
are based on a 13-foot slab width with tied concrete
shoul ders, which was found to be optimal from
sensitivity anal yses of predicted PCC pavenent
performance. Thus, researchers recomrend buil ding 13-
foot wide slabs (with tied concrete shoul ders) unl ess
right-of-way restrictions dictate a narrower sl ab

wi dth. For such cases, the current PCC design nethod
may be used or a slab 1.5-inch thicker than the
correspondi ng required thickness based on a 13-f oot

wi de slab may be placed for cunul ati ve ESALs of 50
mllion or less. This recommendation is based on runs
made of the MEPDG programto conpare thickness

requi renents between 12- and 13-foot w de sl abs.
Tables E.3 and E. 4 show the results fromthese runs.
Researchers note that slabs with tied shoul ders were
assunmed in the conparisons given in Tables E. 3 and E. 4.
Researchers al so note that the engineer can choose to
run the MEPDG programto establish the PCC design

t hi ckness for a 12-foot slab w dth.
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Table E. 4. Conparison of Thickness Requirenents
bet ween 12- and 13-foot Wde Slabs for Design I.

ESALs Regi on (95% Reliability)
( x10°) 1 2 3 4 5
11 10.5 10
5 (9.5)* | (9.5 | 1009 | (g5 |925(8
10 12 (11) (%é:g) 11 (10) (%SES 10.5 (9)
13.5 12.5 12
30 (12.5) |18 (12 | (97'5 |12 (1) | (195
14.5 13.5 12.5
50 (13.5) | 14 (13) | (1575 |18 (12) | (17 5

*The nunber in parentheses indicates the thickness with
a 13-foot w de sl ab.

Tabl e E. 5. Conparison of Thickness Requirenents between
12- and 13-foot Wde Slabs for Design II.

ESALs Regi on (90% Reliability)
(x10°) 1 2 3 4 5
5 9.5 (8)* | 9 (8) 9 (8) 9 (8) 9 (8)
10 |10.5 (9) |10 (8.5) | 9.5 (8) | 9.5 (8) | 9 (8)
30 (1325) (%3:2) 11 (10) | 11 (9. 5) (%SES
13 12.5 12 11.5
50 (11.5) (11) (10.5) | (10.5) |11 (10)

*The nunber in parentheses indicates the thickness with
a 13-foot w de sl ab.
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SUPPLEMENTARY RI G D PAVEMENT
DESI GN TABLES BASED ON MEPDG W TH
TI ED CONCRETE SHOULDERS

Table E. 6. Required PCC Sl ab Thicknesses (Region 1).

Desi gn | Reliability (%

ESALs

(x10° 75 80 85 90 95
1 8 8 8 8 8
2 8 8 8 8 8
3 8 8 8 8 8.5
4 8 8 8 8.5 9
5 8 8.5 8.5 9 9.5
6 8.5 9 9 9.5 10
7 9 9 9.5 9.5 10
8 9.5 9.5 9.5 10 10.5
9 10 10 10 10 10.5
10 10.5 10 10 10.5 11
15 10.5 10.5 10.5 11 11.5
20 11 11 11 11.5 12
25 11 11.5 11.5 12 12.5
30 11.5 12 12 12 12.5
35 11.5 12 12 12.5 13
40 12 12.5 12.5 12.5 13
45 12 12.5 12.5 13 13.5
50 12 12.5 12.5 13 13.5
60 12.5 13 13 13.5 14
70 13 13.5 13.5 13.5 14
80 13.5 13.5 13.5 13.5 14
90 13.5 13.5 13.5 13.5 14
100 13.5 13.5 13.5 13.5 14. 5
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SUPPLEMENTARY RI G D PAVEMENT
DESI GN TABLES BASED ON MEPDG W TH
TI ED CONCRETE SHOULDERS

Table E. 7. Required PCC Sl ab Thi cknesses (Region 2).

Desi gn | Reliability (%

ESALs

(x10° 75 80 85 90 95
1 8 8 8 8 8
2 8 8 8 8 8
3 8 8 8 8 8.5
4 8 8 8 8.5 9
5 8 8 8.5 9 9.5
6 8.5 8.5 9 9 9.5
7 9 8.5 9 9.5 10
8 9 9 9.5 9.5 10
9 9 9.5 9.5 10 10
10 9.5 9.5 10 10 10.5
15 10 10 10.5 10.5 11
20 10.5 10.5 11 11 11.5
25 11 11 11 11.5 11.5
30 11 11 11.5 11.5 12
35 11 11.5 12 12 12.5
40 11.5 11.5 12 12 12.5
45 11.5 12 12 12.5 13
50 12 12 12 12.5 13
60 12 12 12.5 13 13.5
70 12.5 12.5 13 13 13.5
80 12.5 13 13 13.5 14
90 13 13 13.5 13.5 14
100 13 13 13.5 13.5 14
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SUPPLEMENTARY RI G D PAVEMENT
DESI GN TABLES BASED ON MEPDG W TH
TI ED CONCRETE SHOULDERS

Table E. 8. Required PCC Sl ab Thi cknesses (Region 3).
Desi gn | Reliability (%

ESALs

(x109 75 80 85 90 95
1 8 8 8 8 8
2 8 8 8 8 8
3 8 8 8 8 8
4 8 8 8 8 8.5
5 8 8 8 8.5 9
6 8 8 8.5 9 9.5
7 8.5 8.5 8.5 9 9.5
8 8.5 8.5 9 9.5 9.5
9 8.5 9 9 9.5 10
10 9 9 9.5 9.5 10
15 9.5 9.5 10 10 10.5
20 10 10 10.5 10.5 11
25 10.5 10.5 10.5 11 11.5
30 10.5 10.5 11 11 11.5
35 11 11 11 11.5 12
40 11 11 11.5 11.5 12
45 11 11.5 11.5 12 12
50 11.5 11.5 11.5 12 12.5
60 11.5 11.5 12 12 12.5
70 12 12 12 12.5 13
80 12 12 12.5 12.5 13
90 12 12.5 12.5 13 13
100 12.5 12.5 12.5 13 13.5
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SUPPLEMENTARY RI G D PAVEMENT
DESI GN TABLES BASED ON MEPDG W TH
TI ED CONCRETE SHOULDERS

Table E.9. Required PCC Sl ab Thi cknesses (Region 4).
Desi gn | Reliability (%

ESALs

(x109 75 80 85 90 95
1 8 8 8 8 8
2 8 8 8 8 8
3 8 8 8 8 8
4 8 8 8 8 8
5 8 8 8 8 8.5
6 8 8 8 8 8.5
7 8 8 8 8.5 9
8 8 8 8.5 8.5 9
9 8 8.5 8.5 9 9.5
10 8.5 8.5 9 9 9.5
15 9 9.5 9.5 9.5 10
20 9.5 9.5 10 10 10.5
25 10 10 10 10.5 11
30 10 10.5 10.5 10.5 11
35 10.5 10.5 10.5 11 11.5
40 10.5 10.5 11 11 11.5
45 10.5 11 11 11.5 11.5
50 11 11 11 11.5 12
60 11 11.5 11.5 11.5 12
70 11.5 11.5 11.5 12 12
80 11.5 11.5 12 12 12. 5
90 11.5 12 12 12 12.5
100 12 12 12 12. 5 13
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APPENDI X E

DESI GN TABLES BASED ON MEPDG W TH
TI ED CONCRETE SHOULDERS

Table E. 10. Required PCC Sl ab Thi cknesses (Region 5).

Desi gn | Reliability (%

ESALs

(x109 75 80 85 90 95
1 8 8 8 8 8
2 8 8 8 8 8
3 8 8 8 8 8
4 8 8 8 8 8
5 8 8 8 8 8
6 8 8 8 8 8
7 8 8 8 8 8.5
8 8 8 8 8 8.5
9 8 8 8 8.5 9
10 8 8.5 8.5 8.5 9
15 8.5 9 9 9.5 9.5
20 9 9.5 9.5 9.5 10
25 9.5 9.5 9.5 10 10.5
30 9.5 10 10 10.5 10.5
35 10 10 10 10.5 11
40 10 10.5 10.5 10.5 11
45 10.5 10.5 10.5 11 11.5
50 10.5 10.5 10.5 11 11.5
60 10.5 11 11 11 11.5
70 11 11 11 11.5 12
80 11 11 11.5 11.5 12
90 11.5 11.5 11.5 12 12
100 11.5 11.5 11.5 12 12.5
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SUPPLEMENTARY RI G D PAVEMENT
DESI GN TABLES BASED ON MEPDG W TH ASPHALT SHOULDERS

When an asphalt shoulder is used, all required concrete

pavenent thicknesses in Tables E.6 to E. 10 should be
i ncreased by ¥’ and a 14-foot w de slab used.
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(TH'S PACGE HAS BEEN LEFT | NTENTI ONALLY BLANK)
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