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PREFACE

This report was prepared by the U. S. Army Engineer Waterways

Experiment Station (WES) as a part of an investigation funded by the

Federal. Aviation Administration (FAA), U. S. Department of Transporta-

t i on ~~~~~~~~~~ er—Agency Agreement FA7].WAI-2l8, and the Office, Chief of

~~~~~~~~~~~~~~~~~~~~~~~~~~~ AT 1~O: Research iz~ Pavement s , Soils ,

_and Foundat ions , Task 02: ~ Pavement Structural Capabilities and. Func-
tional Requirements Analysis. The purpose of the study reported herein

was to develop criteria for the design of continuously reinforced con-

crete airport/airfield pavements. Prior studies were conducted by

Austin Research Engineers, Inc. (ARE), Austin , Texas , and the results
published as Report No. FAA—RD-73—33, Volumes I—IV (WES ~~ S_71~

_22),

and WES Contract Report S—76—11.

The investigation was conducted during the period June 19714~~
June 1976 under the general supervision of Messrs . J. P. Sale and

R. G. Ahlvin, Chief and Ass istant Chief , respect ively , of the Soils and

Pavements Laboratory (S&PL). Mr. Gary G. Harvey of the Pavement Design
Division (PDD) was the principal investigator and authored this report.

COL G. H. Hilt, CE, and COL J. L. Cannon, CE, wer e Dir ectors and
Mr. F. R. Brown was Technical Director of WES during the study and

preparation of this report.
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INTRODUCTION

BACKGROUND

Continuously reinforced concrete (CRC) pavement is a pavement

which has continuous steel reinforcement in the longitudinal direction

(direction of paving). For airports, the pavement is placed in strips 
—

(one paving lane wide) separated by conventional longitudinal construc—

tion joints. Transverse cracks develop but are held tightly closed by

• the longitudinal steel. Transverse joints are eliminated, except for

transverse construction joints. Reinforcing steel is continuous through

transverse construct ion joint s, and these joints function in essentially
the same way as the transverse cracks. Provision for adequate longi—

tudinal steel to minimize the transverse crack widths and to prevent

the widening of the cracks is a basic principle of design for CRC pave—

ment. Full load transfer is maintained across the cracks. The absence

of transverse joints reduces joint maintenance and resealing, and im—

proves the riding quality of the pavement. The reduction in the number

of joints in the pavement improves pavement performance, since joints

have proved to be the source of much of the distress in rigid. pavements. —

Another factor which , in certain instances, influences the choice

of the type of pavement is the increasing use of slip—form payers.

Formation of the weakened planes for transverse contraction joints with

inserts is difficult without some form of support for the pavement

edges. The alternative to inserts is sawing, but in some geographic

locations sawing’ has not been satisfactory because the hardness of

available aggregate prevents sawing early enough to prevent shrinkage

cracking. In these areas CRC offers an alternative which eliminates

the need for transverse contraction joints.

CRC has not been used extensively for airport pavements,
although the properties of CRC pavement , enumerated previously , should
improve the serviceability of a facility for aircraft operation. This

should be particularly true at facilities which handle large volumes
of traffic where removing a pavement from service is both inconvenient
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and costly. The only significant usage of CRC on airports has been at

USAF Plant 142, Palmdale, California, and at Midway and O’Hare Interna-

tional Airports in Chicago, Illinois.
1

Because of the limited usage of CRC for airport pavements, only

a minimal amount of performance data are available. The design for

these airport pavements was based on experience with highway pavements

and/or modifications to procedures for nonreinforced and reinforced

jointed concrete airport pavements .

Highway departments have combined the results from considerable

research and experience with local construction and performance dat a
to produce design and construction procedures suited to particular

traffic, geographic , and environmental conditions. As a result , each

highway department has its own design procedures and construction

specifications for CRC pavements. The rather extensive research effort s

and experience with highway pavement s has resulted in reliable steel
- - 

design procedures, terminal treatment techniques , and construction

procedures. However, only limited research and performance data are

available for determining thickness of CRC pavements and overlays for

aircraft traffic. Because of differences in functional requirements

and loading conditions , the performance criteria for highway pavements

are not considered to be directly applicable to the design of airport

pavements.

In July 1971, as part of a jointly funded Federal Aviation

Administration (FAA) and Office, Chief of Engineers (OCE) investigation ,

the Waterways Experiment Station (liES) undertook to develop a general

design procedure for CRC airport pavements and overlays. FAA and OCE

funds were combined with funds from the Air Force Weapons Laboratory

(AFWL) and the Austin Research Engineers , Inc . (ARE) were contracted

to evaluate the performance of in—service CRC airport pavements and.

overlays, and to formulate a procedure for the design of CRC airport

pavements and. overlays based on the results of the evaluation and

other available design data. Guidance for the construction of such

pavements was also to be provided. This study is reported in a

10
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four—volume report entitled “Continuously Reinforced Concrete Airfield
1I: Pavement .” Another contract with ARE included instrumentation of the

CRC pavement Runway 14R—22L at O’Hare International Airport, and collec—

tion and analysis of response and performance data. 2

4 , OBJECTIVES

The objectives of this study were to formulate an iniplementable

rn design procedure for CRC airport pavements and overlays which is

compatib1~ with procedures currently used by the FAA and OCR for the

design of nonreinforced and reinforced , jointed concrete pavements, and

to provide guidance for handling construction problems that are unique

to CRC pavements.

SCOPE

Modifications to the procedures developed by ARE
1 have been made

as indicated appropriate by the O’Har e study, and as needed to preclude

requirements for estimating traffic, characterizing materials, and

computing slab thicknesses which are different from those used for other

types of pavement. Included in the procedures developed herein are

recommended methods for selecting design parameters (traffic estimates

and material characteristics), methods for determining slab thickness ,

methods for designing reinforcing steel, methods for selecting terminal

treatment systems, and methods for selecting joint details. Included

in the construction guidance are recommended construction details unique

to CRC ; i.e., details for laps at splices in reinforcing bars, details

for transverse construction joints, steel placement, terminal treatment

systems , etc.

- C
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TECHNICA1~ BACKGROUND

CRC pavements, as well as other types of pavement , are complex

structures , and this , when combined with the complex nature of loadings
produced by an operating aircraft, results in a problem which defies

precise analytical solution. Since only a small amount of performance

data exists for airports, the modes and causes of failure of CRC pave-

ments are not well established. However, enough is known about CRC

6 pavement performance to allow failure hypotheses to be oroffered . Two

primary failure modes are strongly indicated and are examined. In this

chapter. Although there are other modes or causative factors , they are

considered to be minor in comparison to cracking due to excessive stress
I

in the slab and spalhing due to deflection.

CRC PAVE?€NT PERFORMANCE
RELATED TO STRESS

The basic design concept for CRC pavements is to limit the

magnitude of the load—induced tensile stress in the slab to an acceptable

level . The acceptable stress level is the maximum which can be tolerated

without excessive cracking occurring. CRC pavements are composed of

variable—sized slabs tied together with reinforcing steel which are

formed by cracks caused by shrinkage and/or contraction of the concrete.

These cracks are not considered indicative of pavement distress. The

shrinkage or contraction cracking occurs soon after construction, and.

a relatively stable crack pattern develops, as illustrated in Fig—

ure l.~ As loads are applied additional cracking will develop. These

cracks are caused by load—induced stresses and are the basic distress

manifestation upon which the design criteria are based.

• HYPOTHESIS FOR LIMITING
STRESS CRITERIA

When the bending stress in the slab , due to applied load ,
exceeds the flexural strength of the portland cement concrete (PCC)

a crack will be initiated in the slab at the point of maximum stress.

Once a crack has been initiated , it will progress through the slab

12
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thickness under the traffic loadings and environmentally induced

stresses. The rate may be rather slow or sudden depending on such

things as the magnitude of the loads, the rate of loading, environ—

mental conditions, the amount and distribution of th e steel , the

support given ‘by the foundation, and other factors. Because of the

complexity of the problem, it is necessary to make a number of

simplifying assumptions and in some cases to ignore the effects of

certain factors in order to obtain an estimate of the required pave—

ment thickness.

For nonreinforced jointed concrete pavement, the required pave—

ment thickness is determined to be that thickness necessary to limit

the magnitude of stress to a level so that cracking will occur only

after the design number of stress repetitions has been applied . The

approach is, in essence, a fatigue design , since the number of stress

repetitions of a certain tolerable magnitude is related to the strength

of the concrete. The magnitude of the stress is a function of the live

load and the load—deformation properties of the materials comprising

the pavement and subgrade. Certainly this is a rather simple approach,

and it is recognized that neither the stress in the pavement nor the

strength of the material is constant but is variable in both time and

space. It is also recognized that live loads from aircraft are not

the only forces acting on a pavement, but that there are also other

external as well as internal forces acting on it. However, by judicious

application of “adjustment factors” the system has been made workable

for both nonreinforced and reinforced jointed concrete pavements.

A similar approach was taken by ARE1 in developing the procedures
for CRC pavements and overlays; i.e., the basis for determining pave—

:~~ ment thickness was to limit the load—Induced tensile stress in the slab

to a value such that the “failure” would occur only after a certain
number of repetitions of the stress had been applied. The allowable

number of stress repetitions of a given magnitude was assumed to be a

function of the strength of the concrete. However, several details of

the procedure for CRC were different from those for jointed concrete

pavements. The models used for calculating stress were different , and

114
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there were some differences in the recommended procedures for material
characterization .

The failure criteria for CRC proposed by ABE1 were also different
from those currently used for - jointed concrete pavements, and are more

consistent with criteria for highway pavements than for airport pave—

ments. The criteria are consistent with pavement condition after con—

siderable structural cracking has occurred. When load—induced cracks
occur in CRC , they occur between the already relat ively closely spaced
shrinkage or contraction cracks. This results in continually smaller

slabs which may spall and/or pump and eventually leads to a punchout-

type failure. This type of failure is illustrated in Figure 2.

Diagonal cracking, oft en referred to as “Y” cracking, may also develop.
The mechanism is similar to that illustrated in Figure 2 except the

pieces of concrete will be triangular.

It is felt that, for airport pavements, such structural failure

criteria as those proposed by ARE1 would not be consistent with func-

tional airport pavement requirements. Because of this, the limited

stress criteria proposed by ARE were not used , but a set of criteria

was developed based on nonreinforced jointed concrete pavement expe-

rience. These criteria are based on a definition of failure as being
- - the condition at which a limited amount of structural cracking has

occurred . The limiting strength—to—stress ratio is dependent on the

strength of the foundation and is designed to permit a controlled amount

of cracking under applied load repetitions. An attempt has been made

to limit the amount of cracking permitted so that other distress mani-

festations, such as spalling , pumping, and faulting or tilting of

individual pieces as often accompanies advanced cracking will not occur.

Certainly CRC pavements should be just as tolerant as jointed concrete

pavements to some load—induced cracking without a serious loss in

serviceability. The steel should keep load—induced cracks closed for

a time just as it does the transverse shrinkage or contraction cracks.

Transverse steel is needed to keep longitudinal cracks closed as well

as an aid in placing longitudinal steel.
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DEVEL0P~€NT OF LIMITING
STRESS CRITERIA

The limiting stress performance criteria adopted. for CRC pave-

ments are modifications of the criteria for nonreinforced jo inted

concret e pavements for aircraft .’
~ The criteria adopt ed for CRC pave-

ments consist of relationships which reflect a condition of failure

between the condition where the slabs are broken into 2 to 3 pieces

and the condition where the slabs are broken into about 6 pieces. The

criteria (in t erms of percent standard thickness and. stress repetitions)

for these failure conditions for nonreinforced jointed concret e pave-

ment s are shown in Figures 3 and 14.
The performance criteria relat ionships for CRC pavement s were

obtained by averaging percent standard thickness for certain stress

repetition levels , from Figures 3 and. 14 , and replotting the results as

shown in Figure 5. As an example of the computations, percent standard
— thicknesses of 100 and 92 are obtained , respectively, for the failure

condition where slabs are broken into 2 to 3 pieces and the failure
condition where the slabs are broken into about 6 pieces , at 10,000

stress repetitions for a k value of 300 psi/in . The average of the

two percentages is 96 and is plotted in Figure 5 versus 10,000 stress

repetitions. This procedure was followed for a range of stress repeti—

tion levels and for k values of 300, 14oo , and 500 psi/in. The line

r for k = 25 psi/in, on Figure 14 was combined with the relationship for
k ,~~ 200 psi/in. on Figure 3 to develop the relationship labeled

k ~ 200 psi/in, on Figure 5.

For certain applications , it is more convenient to express the
performance criteria in terms of a design factor , design factor being
defined as the ratio of the flexural strength of the concrete to the

tensile stress in the concrete. For the methodolo~ r for jointed con—

crete pavement s , the stress is computed with a two—layer model (often

referred to as the Westergaard algorithm) which describes the pavement

as a thin elastic plat e on a dense liquid (Winkler ) foundation . The
stress is the maximum stress which occurs at a free edge of a slab
with a 25 percent reduction to account for support provided by

17 
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adjacent slabs . The flexural strength is the strength measured with a

simply supported beam loaded at the third points. For jointed concrete

pavement s standard thickness is the thickness required for 5000 stress

repetitions. For k ~ 200 psi/ in, this is the thickness necessary so

that the tensile stress in the slab when divided into the flexural
strength will equal 1.3; i.e., the design factor equals 1.3. Such

relationships have been developed for a range of k values and

nonreinforced jointed concrete pavements through full—scale accelerated

test tracks.

To make the conversion between design factor and. percent standard

thickness it was necessary to develop a relationship between the two
parameters. This relationship is shown in Figure 6. As can be seen

from the scatter in the points there is no unique relationship between

design factor and the percent standard thickness, but the relat ionship
will depend on the load, the k value, and the thickness. This is

- • 
not unexpected , because the relationship between thickness and stress

is not a simple linear relationship, but is a complex function which

is also dependent on the k value and the loading. The line shown in

Figure 6 is simply sketched through the points. The line was restrained

through the point where design factor equals 1.3 and percent standard

thickness equals 100.

The limiting stress performance criteria relationships shown in

Figure 5 were converted to those shown in Figure 7 by direct application

of the linear relationship shown in Figure 6. As an example of the com—

putations , the percent standard thickness for k = 1400 psi/in, and

5000 stress repetitions from Figure 5 is 814 percent. From Figure 6 , the
design factor corresponding to an 814 percent standard thickness is 1.014. —

Figure 7 was developed by repeating this process and plotting the values

of design factor and stress repetitions to develop the relationships
shown.

The model for computing stress developed by ARE1 was adopted for
use in the procedure described herein. The model uses a two—layer

idealization of the pavement similar to the Westergaard model and

21
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computes the tensile stress in the interior of a slab for an interior

load condition. The model is graphically displayed in Figure 8.

In Figure 7 the design factor is defined as the ratio of the
L 

flexural strength to the edge stress. In order to use the interior

stress it was necessary to redefine the design factor. This was

accomplished by selecting a range of aircraft loads, a range of thick-

ness values, and a range of stress repetition levels. With these

parameters, a range of design factors (based on edge loading) and

edge stresses were computed for k values of 200, 300, 400, and
500 psi/in. The flexural strength was then computed for each situation

with the relationship

R = (DF)a (1)

where
• 

B = flexural strength

DF = design factor based on edge stress

a = edge stress
e

With the parameters of thickness, load , and modulus of soil reaction,

Figure 8 was used to compute an interior stress. With the interior

stress, a new design factor was defined as

I.
DF = B/a 1 (2 )

where

DF = design factor based on interior stress
= interior stress

These values were plotted versus the applicable stress repetition levels

as illustrated in Figure 9 for the case where k = 300 psi/in. Points

are shown for DC—9, B—727, DC— 1O , KC—l35 , and B-52 loadings. The rela—

tionship for interior load stress was positioned by averaging the corn—

puted design factors for the five loadings and the thickness range shown.

As shown in Figure 9, the resulting relationship is positioned slightly

above the relationship for edge load stress.
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The above—described procedure was repeated for k—values of

200, 14oo , and 500 psi/in. The resulting limiting stress performance

~a. criteria for CRC pavements are shown in Figure 10. These are the cri—

teria adopted for design of CRC pavements and used with the interior

stress model illustrated in Figure 8.

ADDITIONAL DISTRESS !€CHAUSMS

In addition to load—associated cracking , distress in CRC pave-

ments has been observed which cannot be directly related to excessive

tensile stress in the concrete. Under certain combinations of founds—

tion strength and loading, a CRC pavement which is adequately designed

on the basis of tensile stress in the slab may experience distress

because of excessive vertical stress on the foundation which results

in vertical deflection. It is generally recognized that excessive

deflection of a pavement slab is a possible cause of several types of

distress in the pavement——among these are spalling , pumping , added

impetus to propagation of existing cracks , and “punchouts .”

Probably the most commonly observed manifestation of this kind

of distress is spalling at the transverse cracks . CRC pavements

designed on the basis of limiting tensile stress have generally in the

past been thinner than comparable jointed concrete pavements. Spalling

such as is shown in Figure 11 may be the result of increased deflection

coupled with reinforcement steel at the cracks which result from

reducing the pavement thickness. Experience has shown, however , that

jointed concrete pavements designed on the basis of limiting tensile

stress will not normally experience premature distress because of such

factors as excessive deflection. (Packar d5 and Hutchinson speculate
- t  that this may not be valid for large multiple—wheel aircraft on weak

foundation.) The problem of excessive deflections Is compounded for

CRC , because the closely spaced cracks reduce the bending stiffness

of the pavement , thereby allowing even larger deflections than a jointed

concrete pavement in which comparable bending stresses are produced.

This probably accentuates spalling, which can deteriorate and cause

functional failure of the pavement prior to the development of

27
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Figure 11. Example of spalling along transverse crack

stress—related cracking. In addition to spalling which can be directly

related to live load , spalling which appears to be caused by other

factors has been observed in CRC pavements. These spalls are usually

• relatively shallow and of smaller area than the traffic—related

spalling. Although specific causes have not been positively identified ,

they appear to be caused by stresses and strains induced by temperature

and moisture changes arid gradients. This type of distress has been

observed in CRC pavements prior to opening to traffic , and in some

instar~ces spalling in lightly traveled lanes has been more severe

than that in heavily traveled lanes in the same facility .

Historically , pumping of airport pavements has been a minor

problem compared to highway pavements, possibly because of lower deflec-

tions and/or lower load repetitions . However , the increased flexibility

of the CRC pavement system will result in increased deflections and thus

increase the potential for pumping unless the foundation is adequately

designed and constructed . Highway experience has shown that the use of
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well—stabilized subbases (bases) under CRC pavements has improved the

performance of the overall system. Based upon this experience and the

increased potential for pumping , cement or bituminous stabilized sub—

bases (bases) are recommended for CRC pavements.

Environmental conditions during pavement construction , particularly

during curing, may play an important role in the future performance of
CRC pavements. The environmental conditions under which the pavement is

cured are probably more important than in the jointed concrete pavements

and may be a primary cause of nonload—associated distress such as areas

with closely spaced cracks, spalling, and wide cracks. The temperature,

moisture, and wind conditions at which a CRC pavement is placed and cured

affect the crack pattern that develops. The ideal crack spacing is

5 to 8 ft.T As the crack spacing decreases, the stiffness of the pave-

ment decreases and the rate of deterioration under traffic seems to

increase. For larger crack spacings, cracks open wider and permit

greater infiltration of moisture and incompressible material The

possibility of steel corrosion is increased , and the magnitude of stress

in the steel is increased . The initial crack pattern that develops is

• extremely important to the performance of CRC . One of the worst situ-

ations which can develop is closely spaced cracks as illustrated in

Figure 12. Such locations are usually the first to experience distress.
4 At the present time little is known (especially quantitatively)

about the part deflection plays in causing or sustaining the various

other problems mentioned above and any attempt at designing CRC slabs

to account for deflection would be only weakly based postulations or

opinions that may or may not prove to be sound .

• CRC OVERLAY PAVEMENTS

Inasmuch as the thickness of CRC pavement is being based upon

limiting the load—induced stress, the empirically developed overlay

design equations which base the thickness of overlay on the deficiency

of thickness in the existing pavement as determined by a limiting

stress model can be used. These equations have been used successfully

for the design of jointed concrete pavements by the Portland Cement

30
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Figure 12. Example of closely spaced transverse
cracking pattern in CRC pavement

Association (PCA ) ,5 Corps of Engineers and Air Force,8 and the FAA .9

In the overlay design procedure presented herein , these overlay design

equations have been coupled with the ABE—developed stress model and the

modified types of Corps of Engineers—developed performance criteria to
determine the thickness deficiency and required overlay thickness.

LI!VflTATIONS OF THESE PR0C~~URES

In the discussion of the behavior of CRC pavements, the following

major distress manifestations have been identified:

a. Load-induced cracking.

b. Load—induced spalling.

c. Environmentally Induced distress, such as abnormal crack
patterns, spa.lling, etc., which may lead to premature
failure of the pavement .

Of these three, load—induced cracking is the mechanism upon which

the design procedures presented in this report are based ; i.e., the
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pavement thickness is designed to prevent excessive load—associated

cracking during the pavement’s design life . For most conditions , use

of the design criteria will produce an adequate design ; however , the

user should not e that the procedureB do not consider nor make allowances
for load—induced spaJ.ling or environmentally—induced distress, either

of which may accelerate the load—induced distress. In certain situations

use of the procedures may result in a pavement that is adequately

designed to prevent cracking , but other types of distress may occur

which would require maintenance or rehabilitation.

Ideally, limiting deflect ion or strain criteria should be a

part of the design procedures to assure adequate thickness to prevent

spalling. Also, “adjustment factors” are needed to account for the
influence of environmental factors. CRC pavements appear to be more

sensitive to these factors during placement, curing, and service life
-
~~ than jointed pavement systems. This sensitivity may have to be

accounted for by application of factors to adjust the design require-

ments to local conditions , adjustment of input parameters for certain

• design conditions, or development of special construction specifica—

tions that are dependent on the geographic location and conditions

during construction.

• Both limiting deflection criteria and environmental “adjustment
factors” will be extremely difficult to develop. However, the use of
CRC should not be postponed until all the answers are available, because
many of the problems can only be solved through experience. The use of

the procedures as presented will, In the majority of cases, produce an
adequate design. In the situation where premature distress that

requires maintenance occurs, the types of distress that are likely to
occur will not re~’ult in catastrophic failures. Although the designer

should be aware of these facts, he should also realize that the proba-

bility of designing a functionally adequate pavement is quite good.

4
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DESIGN PROCEDURES AND EXfiJ.~ LES — CIVIL AIRPORTS

I
SLAB—ON—GRAD E

DESIGN PROCEDURE

Figure 13 shows in flowchart form the basic steps of the design

procedure .
Site investigation. The site investigation should be accomplished

in accordance with applicable part s of FAA Advisory Circular 150/
T 5320—6B.9 Existing information such as laboratory reports, design

reports, and plans for other pavements at the location should be used

to the fullest extent possible. Advisory Circular 15O/5320—6B also

gives procedures for use when conditions are such that either poor

drainage or frost penetration and action are probable for the subgrade

at the design site. An example of data derived from a site inveatiga—
tion is shown in Table 1.

Design parameters.
— a. Mater ial properties. The material properties required for

use in this design procedure include the properties of the
concrete, subbase material, subgrade, and reinforcement. The
quality of materials and concrete mixes, control tests ,
methods of construction , and quality of workmanship are
governed by the FAA Standards for Specifying Construction
of Airports, Advisory Circular l5O/537O_lO.10 Also, the
design concrete flexural strength shall be determined in
accordance with Advisory Circular l50/537O_lO.lO The tensile
strength of the concrete may be estimated as:~-~-

R - 210.5 
(~~~~)

where
= tensile strength of concrete at 7 days , psi

B = flexural strength of concrete

- - The concrete modulus of elasticity in flexure Is assumed to
be 14 x 106 psi , unless the designer has reason to expect
that the modulus will be significantly different. In the
latter case the modulus shall be determined. from the flexm-al
test as specified in test method CRD—C 2l_58.l2 The design
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Site Investigation
1. Soil Sampling

p 2. Laboratory Testing on Soils
3. Soil Classif icat ion
14. Plat e Load Tests

Composite Support Design
1. Treated Subgrade Consideration
2. k—Value on flatural Subgrade
3. Subbase Design
14. Selection of Composite Design

k-Value

I
Thickness Design Analysis
1. Aircraft  Traffic Considerations
2. Prediction of Al owable St resses
3. Thickness Design Curve s

I

Special Provisions
1. Terminal Treal ment Design
2. Reinforcement Design
3. Construction Joint s

[
inal Design

Plans, Specs, Estimates

[ Contract

E~~
onstructi]

~~~

Figure 13. Procedure for CRC pavement design
1
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Table 1

Example of Properties of a Natur al Subgrade
Obtained from a Site Investigation

Station Alon& Runway
2145 238 1914 

- 
l78_ 171 1614 _l56

Liquid
Limit 39.9 37.0 30.0 29.5 30.5 35.0 30.5

Plastic
Limit 18.5 20.1 19.0 18.5 18.5 20.5 18.0

P.1. 20.5 16.9 11.0 11.0 12.0 114.5 12.5

Soil
Class CL CL CL CL CL CL CL

Density* 110.9 106.3 112.0 113.1 213.14 109.7 110.8

Moistur e** 19.7 21.3 17.0 16.8 16.1 20.2 17.9

Subgrade
Modulust 90 75 115 120 180 90 105

* Pounds per cubic foot , dry.
** Percent .
t Pounds per square inch/inch .
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value of modulus of elasticity shall then be the mean value
of the available test results. The allowable stress in the
reinforcement steel shall be based on the relation1

f = 0.75f (14)

where

= allowable working stress in steel

= yield strength of the steel

The modulus of elasticity in flexure for stabilized subbase
materials shall be chosen from a number of mod.u.li as deter—
mined fr om the test method published as Appendi x H of FAA

4 Report RD—7 14—l 9913 for cement—stabilized soil and Appendix B
of FAA Report RD—T3._ 198~IIl14 for bituminous—stabilized soils.
Asphalt stabilized materials are quite sensitive to tempera-
ture; therefore, the test temperature for these materials
must be closely controlled at or near the expected average
in—place temperature of the stabilized layer. If no estimate
of the temperature is available, a test temperature of
77° F (20° C) is suggested. The modulus of soil reaction,
k , shall be determined for the natural subgrade in accordance
with MEL STD 621A , Method lO14.~

-5
b. Aircraft traffic. Aircraft traffic considerations account

for the number , type, and load characteristics of the air-
craft traffic for which the pavement is to be designed . The
methods to be used for this are given in FAA AC l5O/5320—6B.9

c. Allowable stress. The concept of “allowable stress” should.
also be considered as a design parameter for this design
procedure. Here, “allowable stress” denotes the maximum
stress that can be tolerated by concrete with a given f1ex~iralstrength without excessive cracking when that stress is ap-
plied a certain number of tires . In other words , theoret-
ically it will take a certain number of applications of the
allowable stress at a point In the slab to cause excessive
load—induced cracking of the concrete having a given flexuraj.
strength. The nomographs in Figures 114—17 are presented. as
a means of determining the allowable stress fcr a given number
of stress repetitions (design traffic) and for a design
flexural strength. These nomographs are simply replots of
the performance criteria shown in Figure 10, where the stress

ratio is broken Into components of flexural strength and

interior (allowable) stress. Thus, the relationship between
the flexural strength of the FCC, the tensile stress in the
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Figure 114. Allowable stress nomograph
for k ~ 200 psi/in.
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slab , arid the number of stress repetitions is shown by the
three scales on the nomographs .

Subbase design and composite k—value. The site investigation

and materials characterization shall furnish information necessary for

subbase design analyses and for selection of composite design k—values

for use in slab stress analyses. The final selection of a composite

design k—value for slab stress analysis should include considerations

of in—place subgrade treatments, subbase thickness , subbase material ,

and types of subbase stabilization .

a. Treatment of the subgrade. In addition to mechanical com-
paction of the natural subgrade , stabilization by chemical
treatment may be warranted. The most common such chemical
treatment is w-ith lime ; however , other stabilizing agents ,
such as cement and fly ash, exist which may be more advan-
tageous in a given case. Chemical stabilization of the
subgrade should be considered when the potential exist s for
detrimental frost effects (provided the stabilized material
meets freeze—thaw requirements), for heave due to expansive
soils, or for damage resulUng from poor drainage conditions .

b. Subbase layers. Subbase layers for CRC airport ravements
will be one of the following:

(i) Cement—stabilized material .

(2) Asphalt—stabilized material .

(3 )  Special mat erials depending on locat ion and approval
of the FAA.

For the pavement design analysis, either subbase type may
be preselected for use in subsequent thickness designs or
designs may be generated for alternate subbase types for
economic or performance—potential comparisons . The subbase
must be stabilized , and a minimum thickness of 14 in. is
recommended for all new CRC pavements.

c. Composite design k—value . The composite design k—value is
selected by entering the “Composite k—Value Chart ,” Fig-
ure 18, with the k—value that has been determined for the
nat ural subgrade . From the k of the natural subgrade
proceed vertically to the intersection of the line repre-
senting the thickness of chemically stabilized subgrade .
From that intersection proceed horizontally to the subbase
modulus of elasticity line . Next , drop a vertical line to A

the line representing the proposed thickness of the subbase.
This point of intersection is then translated horizontally
to the composite k—value scale. The point of intersection
gives the composite k—value for the top of the subbase and
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Is to be used in determining the allowable stress from Fig-
ures 114—17. The maximum composite k—value reco mmended for
use is 500 psi / in.

Slab thickness design procedure.

a. There are three basic phases of the slab thickness design
procedure :

(1) Determination of design traffic (aircraft, departures,
load , etc.).

(2) Determination of allowable tensile stress in the concrete.

(3) Selection of the required slab thickness.

Because the allowable concrete stress determination is
dependent on the subbase design , alternative subbase designs
should be evaluated for any project.

b. Design aircraft traffic. Determination of the design aircraft
traffic is very important, yet it is sometimes the most diffi-
cult phase of the design pro-~ed~.re. The design aircraft
information should include a L l  cf the major aircraft which
are expected to use the pave~ en~ during its design l i fe . The
design chart in this procedure is based or. maximum gross
weight (MGW) of the aircraft. The MGW of the aircraft used
in constructing Figure 19 are contained in Table 2. This
means that for design weights (DW ) less than MGW the allowable
stress that is obtained fro : . Figure 114 , 15, 16 , or 17 must

be multiplied by the ratio of the MGW t o the DW (
~

)
— before entering the design chart in Figure 19. The procedure

for relating all of the expected traffic to equivalent depar—
tures of a single design aircraft is given in FAA AC 150/
5320—6B . 9 In order to ut i l ize the stress analysis charts

- - (Figures l 14_ lT) the number of depart ures of the design
aircraft must be converted to stress repet itions . To do
this , divide the number of departures by the aircraft repe-
tition factor , obtained from Table 3 , for the design aircraft .

C . Allowable stress. The allowable stress in the pavement slab
for the design t ra f f i c  must be determined next .
(1) The modulus of soil reaction , k , of the natural subgrade

must be determined by plate bearing tests in accordance
with Reference 15.

(2) Similarly , the subbase modulus of elasticity must be
determined in accordance with the test procedures con—
tam ed in Reference 13 or 114.

(3) After the subgrade k and the subbase modulus of elas—
ticity have been obtained , the composite k (or effective
k , on the top of the subbase) is obtained from Figure 18.
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Table 2

Aircraft Data — Civil Airports

Aircraft Maximum Gross Aircraft Maximum Main Gear
Designation Weight , kips Tire Load , kips

B—737 109 25.8

DC—9 113 26.9

L—l0ll 1428 50.8

B—727 168 39.9

B—7147 765 145.14

B—707 331 39.3

DC— b — b  1429 50.9

DC—l0--30 558 52.6

DC—8— 63 362 143.0

Concorde 383 145.5

F ,
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Table 3

Aircraft Repetition Factors for Civi Aircraft

- 
- 

- Aircraft Critical Areas Noncritical Areas

- 
B—7147 3.70 5.5 14

- DC—lO— b O 3.6 14 5.80

DC—10—30 3.142 5.141e

L—1O11 3.62 5.82

DC—8—63 3.26 6.05

- 

B—727 3.25 6.00

B—707 3.2 14 6.12

DC—9 3.58 6.90

B—737 3.67 7.32

Concorde 2.97 5.71
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(14) Using the design concrete flexural strength and the
design stress repetition level , enter the appropriat e
(depending on the composite k—value ) stress analysis
chart (Figures 114—iT) to determine the allowable tensile
stress in the concrete. Interpolation between the charts
is possible for intermediat e k—values .

d. Slab thickness. The slab thickness required to accounnodat e
the design traffic is now determined from the design curve
presented as Figure 19. As an example for reading the nomo—
graph , suppose the allowable stress derived from Figure 114
(k = 200 psi/in.) is 350 psi , the concrete modulus of elas —
ticity,  Ec , is 14 x 106 psi , and the design aircraft is

p the DC—8—63. Then following the dashed arrows In Figure 19,
the design CRC slab thickness is 17.5 in.  See SPECIAL

Lj PROVISIONS for end anchorage , reinforcement , and joint
design considerations.

-
~~~ DESIGN EXAMPLE AND COMPARISONS -

NEW PAVEMENT

Exax~p1e design pr oblem. The fol lowing example illustrates the

use of the design procedure just described. The example problem Is to

prepare a thickness design for a critical area pavement at a major hub

airport. The subgrade soil characteristics (derived from the site

investigation ) are given in Table 1. The average k—value on the subgrade

is found to be 110 psi/in. The characteristics of the concret e to be

used are E
c 

= 14 x 106 psi and R = 700 psi. The pavement is to be

designed for 88,560 total departures (141428 annual) of the B—727—200.

The design is to be based on MGW of the aircraft, and the corresponding

wheel load is 39,900 lb. Other design features pertinent to the problem

include: 8 in. of lime treatment for the subgrade; no problems of frost

heave or settlement are expected; a cement—stabilized subbase with

ESB 
= 200,000 psi is to be used; and the thickness of the subbase is

specified as 12 in.

a. Design traffic. From Table 3, the aircraft repetitions
factor for the 3—727—100 is 3.19. Thus, the total number
of maximum stress repetitions occurring at any location is
88~56O = 27,762 (use 2.8 x ion ) .

b. Allowable stress in slab . With the natural subgrade k—value,
- 

- the thickness of treated subgrade , the subbase modulus of
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elast icity , and the thickness of the subbase , the composite
k-value on the top of the subbase is found to be about
14oo psi/ in , from Figure 18. The next step in the design
procedure is to enter Figure 16 with 2.8 x stress
repetitions and the design concrete flexural strength of
700 psi to determine the allowable concret e stress for the
design traffic. The allowable stress determined is approxi —
niately 550 psi.

a. Design slab thickness. Finally , the CRC pavement thickness
is determined from Figure 19. The concrete modul-.is of elas—
t icity, Ec , is used with the allowable concret e stress , the
composite k—value, and the design aircraft to determine the
design pavement thickness. The figure gives a thickness of
about 10.0 in.

Comparison with jointed nonreinforced concrete pavement design.

A thickness design based on the same parameters as the CRC example above

has been determined by following the present FAA design procedure9 for

jointed nonreinforced pavement. The design B—727—200 traffic gives

141428 annual departures. Then the jointed nonreinforced pavement thick-

ness required for a k—value of 14oo psi/in, and R = 700 is about 13 in.

The design thickness of the pavement slab that result ed from the CRC
design procedure was 10.0 in. This represents a reduction in thickness

from the conventional FAA jointed nonreinforced concrete pavement design
of 13 — 10.0 = 3.0 in., or about 23 percent for this example.

OVERLAY DESIGN

DESIGN PROCEDURE

A flowchart showing the basic steps of the overall CRC overlay

design procedure is presented as Figure 20. This procedure is con-

sidered applicable only to CRC overlays of existing rigid pavements.
If the overlay is to be placed on an existing flexible pavement , plat e
bearing tests shall be used to determine the k—value on top of the

flexible pavement . The determined k—value is therm used as the composite
k—value and the des ign procedure f o r  new CRC pavement previously

described shall be followed .

The proposed overlay design method Is to use the existing thick— —

ness deficiency equation for a rigid overlay over a rigid base pavement
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Figure 20. Procedur e for CRC overlay pavement design
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with az-i asphalt concrete bond—breaker course between the two slabs . No

long—term performance data exist for this method applied to CRC overlays;

however , the equation has a well—establEshed , sound performance record
when applied to the design of jointed concrete overlays.

Based solely on construction considerations , the minimum thickness

of CRC overlay shall be 14 in. A second recommendation for CRC overlays

is that a minimum 2—in. —thick bond—breaker or leveling course of bitu—

minous concret e, or similar material, 1~ placed between the base pave—

ment and the CRC overlay slab.

Characterization of existing pavement. Conventional methods

of obtaining the parametric values of the existing pavement structure

involve the process of cutting samples and access pits in the pavement

and performing various in-place tests and, subsequently, laboratory tests

on the samples taken. This process is much used and well documented ,

but the evaluator is cautioned not to settle for the very minimum of

data, even though the methods are expensive and slow. In this respect ,

nondestructive testing, described in Reference 1, can be helpful in

selecting test locations and in determining relative qualities of

existing pavement systems.

Design parameters - overlays.

a. Material properties. Details of the data required and the
methods to be used to procure that data are found in FAA
AC 150/5320—6B.9 The data necessary for the overlay design
are: existing pavement thickness , the modulus of soil
reaction k of the subgrade (or subbase, if one exists),
and the design flexural strength of the overlay concrete.
Commonly evaluated soil characteristics include subgrade
and/or subbase (i) gradation , (2) moisture content , (3)
specific gravity, (14) liquid and plastic limits, (5) density ,
and (6) moisture—density relationships . Properties of the
existing rigid pavement that must be determined are thick-
ness and structural condition. Tests for determination of
the strength of the existing concrete are not required unless
it is indicated that the flexural strength of the existing
pavement may be substantially less than that of the overlay
(R0 — Re 1 100 psi). Likewise, determination of the modulus
of elasticity of the concrete in the base pavement Is not nec—
essary- unless it is suspeete-1 that lEe 

— E0 1 > 1,000 ,000 psi.
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b. Aircraft traffic and pavement performance criteria. These
— 

factors are considered in the same manner for CRC overlays
as they are for new pavement design .

Design procedure.

a. Input parameters. The design of a concrete overlay on a
rigid pavement requires an assessment of the structural
integrity of the existing rigid pavement , and thus , the sup—
port which the existing pavement will provide for the overlay.
The condition factor must be assigned after a pavement condi-
tion survey. The selection of a condition factor is a judg-
ment decision which is somewhat arbitrary . No method of
determining structural integrity by quantitative measurement
exists; thus, until such a method is developed the assessment
of the condition factor will remain a judgment decision. In
order to provide some guidance for assessment of the condition
factor so that more uniformi ty can be attained , the following —

values , di scussed in more detail  in  Reference 9,  are offered
for guidance:

- 
- C = 1.0 for existing pavement in good condition——some

minor cracking , but no structural defects.

C = 0.75 for -~xi sting pavement containing initial corner
cracks due to loading , but no progressive cracking
or joint faulting.

C = 0.35 for existing pavement in poor structural condi—
tion——badly cracked or crushed and faulted joints.

Also necessary for use of this design method are the thickness
of the existing ~-~inted concrete pavement , he , the thickness
of CRC pavement e piivalent t the thickness of existing —

jointed pavement , h~ , and t h e  thickness of a single—slab
CRC pavement , h , that woul d be required over the exi sting
subgrade (or subbase, if one exists) for the design condi—
tioris. The thickness of the existing jointed concrete pave-
ment can be measured directly in test pits or on extracted
cores. The single—slab thickness must be determined according
to the design procedure for new CRC pavement previously
described . The thickness of CRC pavement which is equivalent
to the existing thickness of jointed concrete pavement is
determined by finding the li~e of the existing pavement , in
terms of stress repetitions , for the design load. The equiva-
lent CRC pavement thickness , required for this repetition
level and design load , is th --n determined according to the
design procedure for new CRC previously described .

b. Design equation. The equati - n recommended for design of
CRC overlays is:

h =~~ h2 
— (5)
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where

h0 = required CRC overlay th ickness
h = required CRC single-slab thickness

C = condition factor for existing pavement

h~ = thickness of CRC pavement equivalent to the
existing jointed concrete thickness

c. Design procedure. After the condition survey and the existing
pavement characterizat ion , the value for C is chosen and
h~ and h determined. The first step in determining the
thickness of CRC equivalent to the existing jointed concrete
pavement is to determine the design life of the existing pave—
ment by using a design curve as shown in Figures 21—26. The

L curves are entered with existing jointed concrete pavement
thickness, design load , k—value , and flexura]. strength. The
design life (in terms of annual departures) may be interpo—
lated at the point of intersection of a vertical line through
the existing slab thickness and a horizontal line obtained by
starting with the flexural strength and proceeding through
the chart as illustrated by the dashed lines in Figures 21—26.
The total number of allowable departures which the existing
pavement would have withstood when new may then be obtained
by multiplying the annual departures by 20. Total departures
may be converted to total stress repetitions by dividing
departures by the appropriate stress repetition ~‘actor from
Table 3. The next step is to determine h~ with the proce-
dures described previously for new CRC. The required value
of h is also determine-i with this procedure. Any steel
in the base pavement should be neglected in the design of
the overlay. Finally , the design value for h0 is determined
from Equation 5 above. Should the case arise where an
existing CRC pavement is to be overlaid , the existing thick— -J

ness of the CRC is used directly in Equation 5.

d. The occasion may arise when h is less than Ch~ in which
case the minimum thickness o~’ 14 In. of CRC overlay will be
used. See SPECIAL PROVISIONf~ for CRC reinforcement design ,
joints, etc.

DESIGN EXAMPLES AND
COMPARISONS — OVERLAYS

Example design problem. A thickness design is desired for a CRC

overlay of a critical area pavement at a major airport. The design traf-.

fic consists of 88,~6o departures of the B—727—200. The direct sampling

evaluation and the condition survey produce the information about the

subgrade as is shown in Table 1. The average k value is found to be
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110 psi/in, and the characteristics of the concrete to be used for the

overlay are E
e 

= ~ ~~
6 

psi and R = 700 psi. (Assume no signifi—

cant difference in flexural strength ar-i modulus of elasticity between

existing and overlay slabs.) The pertinent characteristics of the

existing pavement are: (a) 8—in. unstabilized granular subbase,

k = 300 psi/in., and (b) 11—in. jointea nonreinforced concrete pave—

ment with C = 0.75

a. Required CRC sin~1e—slab thickness. Since the k—value on
the subbase is 300 psi/in., Figure 15 is entered directl
to determine the allowable concrete stress for 2.8 x 10
stress repetitions and R = 700 psi. The allowable stress
is f ound to be 505 psi. Next , enter Figure 19 and find that
the required thickness is 11.8 in .

b. Calculation of CRC thickness equivalent to existing jointed
slab thickness. The thickness of CRC pavement that is
equivalent to the existing ll—in.—thick jointed concrete
pavement is d&terrnined as follows:
( 1) Fi gure 21 is entered with a thickness of 11 i n . ,  a

flexural strengt h of 700 psi , a k—value of 300 ps i/ in .
~~ and an aircraft weight of 168 ,000 ib , and an allowabie

an nual departure level of 10 is determined .
(2 )  The 10 annual departures are converted to 200 total

departures by multiplying by 20 , and the tot al departures
are converted to 61 stress repetitions by a repetition
factor of 3.25 obtained from Table 3.

(3) The allowable stress in the equivalent CRC pavement ~s
found by entering Figure 15 with a flexural strength of
700 psi and 61 stress repetitions . An allowable stress

L 

of 700 psi is obtained.

(14) Finally , the CRC equivalent thickness of 9.0 in. is
obtained from Figure 19.

c. Calculation of overlay thickness. Use h = 11.8 in., C =
0.75 , and h~ 9.0 in. in Equation 5. The calculated
overlay thickness , h0 , is 8.9 in.

Comparison with jointed nonreinforced concrete pavement design.

An overlay thickness determined in accordance with the FAA rigid overlay

design procedure9 is presented here for comparison. All conditions for

design are the same as those for the CRC overlay design example. The

thickness of jointed nonreinforced conc rete pavement (B = 700 psi) that

is required over 8 in. of unstabilized granular subbase with a k of
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- 300 psi/ in, for 141428 annual B--727—200 depart ures (168 kips Maw ) is

- - 
13. 14 in. Then this value of h (required single—slab nonreintorced

- 
joint ed concrete pavement thickness) is used to determine the required

-~~ joint ed nonreinforced concrete overlay thickness. The overlay thickness

thus determined is 9. 14 in. The CRC overlay thickness is 8.9 in. This

represents a reduction from the jointed nonreinforced t oncrete overlay

design of 9.14 — 8.9 = 0.5 in. The reduction amounts to about 5 percent

in this case.
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r
DESIGN PR OCEDtJRE S AND EXAMPLES - MILITAR Y AIRFIFIDS

SLAB—ON—GRADE

DESIGN PROCEDURE

The flowchart in Figure 13 applies to the design procedure for

military airfields.

Site investigation. The site investigation shall be accomplished

in accordance with applicable parts of Departments of the Army and Air

Force manual TM 5—8214—3/AFM 88—6, Chapter 3
8 

This manual references

other applicable publications for various special conditions , such as

frost conditions , etc .

Design parameters — new pavemen.~~
a. Material properties. The material properties for use in this

design procedure include the properties of the concrete, sub—
base material , subgrade , and reinforcement . The quality of
materials and concrete mixes , control tests , methods of con-
struction , and quality of workmanship are governed by the
Department of Defense Military ConstructiQn Guide Specifica-
tion for concrete pavements , MCGS o26ll.lb The design con-
crete flexur al strength shal 1 also be determined in accordance
with MCGS 02611.16 The tensile strength of the concrete may
be estimated as:11

B ~l0
1.02 

- (~~ bis )

The concrete modulus of elasticity is assumed to be x 10
psi, unless the designer has reason to expect that the
modulus will be significant~y different than that. In the

- - latter case the modulus shall be determined from a flexural
- :  test , as specified in Test Method CRD—C 21_58.12 The design

value shall then be the mean value of the available test
* results. The design allowable stress in the reinforcement

steel shall be based on the relation1

= O~7Sfy 
(14 bis)

The modulus of elasticity for stabilized subbase materials
- -

- 
shall be chosen from a number of moduli as determined from
the test method published as Appendix H of Reference 13 for

6~
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cement—stabilized soil or Appendix B of Reference 114 for
bituminous—stabilized soil. The test temperature for asphalt
stabilized materials must be closely controlled at or near the
expected average in situ temperature of the stabilized layer.
If no estimate of the t emperature is available, a test
temperature of 77° F (200 C) is suggested. The modulus of
soil reaction , k , shall be determined for the subgrade in
accordance with MIL STD 62lA , Method 1014.15

b. Aircraft traffic. Aircraft traffic cor•~,1ierations account
for the number , type , and load charac~eristics of the air—
craft traffic for which the pavement is to be designed. The
methods to be used for determining these are given in TM 5—
821+—l/AFM 88—6, Chapter 117 and TM 5_823_3. ]~8

• c. Pavement performance criteria. The ~pavement performance
criteria for CRC pavement design for military airfields are
the same as those for civil airports discussed previously.

d. Allowable stress. The nomographs in Figures 114—17 are to be
used for determining the allowable concrete stress for a CRC
pavement. Development of these nomographs has been previously
discussed.

Subbase design and comppsite k—value. The site investigation

and. materials characterization shall furnish information necessary for

subbase design ana1ys~s and for selection of composite design k—values

for use in slab stress analyses.

a. Treatment of the subgrade. In addition to mechanical compac-
tion of the natural subgrade, stabilization by chemical treat-
ment may be warranted. Chemical stabilization (lime , cement ,
and, fly ash) of the subgrade should be considered when the
potential exist~ for detrimental environmental effects;
however , care must be taken -to assure that the stabilized
material meets durability requirements contained in
TM 5_822_1+.19

b. Subbase layers. Subbase layers for CRC airfield pavements
shall be stabilized with cement , asphalt , or special materials
approved by the Office, Chief of Ertgineers.* Either subbase
type may be preselected for use in subsequent thickness
designs or designs may be generated for alternate subbase
types for economic or performance potential comparisons.
All new CRC pavements must include a minimum 14—in, thickness
of the stabilized subbase meeting durability requirement s
contained in TM 5_822_14.19

* Directorat e of Military Construction , Engineering Division .
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c. Composite design k—value. The composite design k—value is
selected by entering the “Composite k—Value Chart ,“ Figure 18,
with the k—value that has been determined for the natural
subgrade. Note that the maximum composite k—value allowed
is 500 psi/in.

Slab thickness design procedure.

a. There are three basic phases of the slab thickness design
procedure:

(1) Determination of design traffic (aircraft type , passes ,
load, etc.).

(2) Determination of allowable tensile stress in the PCC
slab.

(3) Selection of the required slab thickness.

Becj.use the allowable concrete stress determination is
dependent on the subbase design , alternative subbase
designs should be evaluated for any project.

b. Design aircraft traffic. The design requirements shall
include the number of passes and gross weight of the design
aircraft flight— , medium— , heavy—load, or short f ield
design).~- The design chart in this procedure is based on
maximum gross weight of the design aircraft, as contained in
Table 14, Thus, for design weights less than the maximum
gross weight the allowable stress that is obtained from
Figure 114, 15, 16, or 17 must be multiplied by the ratio

. . . . MGWof the maximum gross weight to the design weight , ~~~~
—

before entering the design chart In Figure 27. In order to
utilize the stress analysis charts (Figures 114—17), the design
number of aircraft passes must be converted to stress repe—

• titlons. To do this, divide the number of passes by the
appropriate aircraft repetition factor for the design air-
craft (Table 5).

c. Allowable concrete stress.

(1) The modulus of soil reaction , k , of the natural sub—
grade is determined by plate bearing test using MIL STD
621k, Test Method 1014.15

* (2) The subbase modulus of elasticity should be determined
in the manner outlined in Appendix H of Reference 13 or
Appendix B of Reference 114.

(3) After the subgrade k and the subbase modulus of elas-
ticity have been obtained , the composite k on top of
the subbase is determined from Figure 18.

(14) Using the design concrete flexural strength , the design
stress repet it ion level , and the composite k—value , enter

63
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Table 14 -

Aircraft Data — Military Airfields . -

Design Maximum Gross Aircraft Maximum Main Gear

[ 
Type Design Aircraft Weight , kips Tire Load, kips —

Light Load F—li 60 27.0 -

Short fi eld C—l30 175 39.14 -

Medium Load C—l141 320 36.0 -

-
- Heavy Load B—52 148o 511 .0

t

I-

614 

-
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Figure 27. CRC pavement thickness design chart for military airfields1
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Table 5

Aircraft Repetition Factors for Military Aircraft
IF

Aircraft Repetition Factor
Type Design/Aircraft 1 2

Light—Load/F—14 8.58 NA
I

Medium—LoadfC—l14l 3.144 6.314

Heavy—Load/B—52 
- 

1.63 2.00

Shortfield/C—l30 2.09 NA

1 — Type B and C tr a f f i c  areas for Light—Lo ad design and Type A t raffic
areas for Medium, Heavy , and Short field design .

2 — Type B and C traffic areas for Medium- and Heavy-Load designs.
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the appropriate stress analysis chart (Figures li4—lY).
Interpolation between the charts is possible for inter—

H’- mediat e values of k . A straight line between the stress
repetition level and the design concrete flexural strength
crosses the allowable concrete stress scale at the stress
value for those conditions . It is cautioned that the
stress repetition level is dependent upon the aircraft
repetition factor which in turn is dependent upon the type
traffic area. For instance , if the desired design ~s for
medium—load and Type A traffic area , enter the stress
analysis nomogr aph with the number of stress repetitions
determined from dividing the design pass level by the air—
craft repetition factor from the column labele ’~ “1” in
Table 5. Likewise , If the design is for a Type B t r a f f i c

t area for the same aircraft , the design passes are divided
by the aircraft repetition factor from Column 2 of Table 5
to obtain stress repetitions . It is also pointed out that ,
for Type C traffic areas , the design load Is reduced by
25 percent unless otherwise specified in the design
directive .

d. Slab thickness. The slab thickness required for the Iesi gn
tr af f ic  is now determined from the design nomograph (~‘ig-
ure 27) .  As an examp le for ~-eadi ng the nomograph , suppose
the allowable concrete stres.~ de rived from Figure 114
(k ~ 200 psi/ in .)  is 350 ps~., to e  concrete modulus of
elasticity is 14 x 106 psi , ahci the design is for medLun
load. Then , following the dashed arrows in Figure 27,
fi nd the desi gn CRC slab th ickness to be 17 in.

DESIGN EXA1’~LE AND
COMPABISONS — NEW PAVE~€NT

Example design problem. The example problem is to prepare a

thickness design for a Type A t r a f f i c  area at a large military base.
A medium—load pavement is to be designed for 50 ,000 passes of the

~l11l aircraft (320 kips gross weight) .  The concret e is to have a 
—

design flexural strength of TOO psi.  The top 8 in .  of the subgrade
* is to be lime treated . The subbase is to be 9 In .  of cement—stabilized

material with an E
SB = 200 ,000 psi .  Frost , drainage , or settlement

problems are nonexistent or minimal and need not be considered for this
problem .

a. Design t r a f f i c .  The aircraft repetition factor for a Type A
traffic area for the C—l 14l is 3.1414 from Table 3. Thus, the

total number of stress repetitions ~~ 
50~~~ 0 

= 114,535 (Use
1.5 x 104). 3.

6~
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b. Allowable stress in slab. The k-value for the natural sub—
grade is 110 psi/in. From Figure 18 the composite k—value on
tl’e top of the subbase 1: found to be 350 psi/in. Next ,
enter the appropriate allowable concrete stress nomographs
to determine the allowable stress. Because the composite k
is 350 psi/in. , enter both Figure 15 (k = 300 psi/in.) and
FIgure 16 (k = 1400 ps~7~ .) and interpolate between the
two values of the allowable concrete stress. The actual value
from Figure 15 is 530 psi , and that from Figure 16 is 580 psi.

Therefore , the interpolated value is 
530 + 580 = 555 or

say 560.

-~~~ c. Design slab thickness. Since E0 
is 14 x 10

6 
psi , Fig—

tire 21 now yields a design CRC pavement thickness of 10.6 in.

Comparison with conventional rigid pavement design. A thickness

design based on the same parameters as the CRC example just presented

has been determined by following the present CE—Air Force design proce—

dure for jointed pavement.
8 The design medium—load (C—l141) traffIc on

a Type A traffic area results in a jointed r~ nreinforced concrete thick-

ness of 10.14 in. This means that the 10.6 in. CRC pavement design is

about the same as the conventional jointed r~onreinforced concrete thick-

ness for these design conditions. For another comparison note that for

jointed reinforced concrete pavement , with 0.3 percent steel, a thickness

of 7.8 in. is required. Thus, the reduction allowed for jointed rein-

forced concrete pavement is 10.14 — 7.8 = 2.6 in., or about 25 percent .

OVERLAY DESIGN

DESIGN PROCEDURE

Figure 20 also applies to the design of CRC overlays for military

airfields. This procedure is applicable only for CRC overlays of

existing rigid pavements. If the existing pavement is a flexible pave—

n~nt , the bituminous surface shall be considered to be a stabilized
subbase, and plate bearing tests on top of the flexible pavement shall

determine the k—value for use in the design procedure for new CRC

pavement .

This procedure will use the thickness deficiency equation for a

rigid overlay over a rigid base pavement with an asphalt concrete bond—

breaker course between the two slabs.
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Based upon construction requirement s a minimum thickness of 14 in.

is recommended for CRC overlays . A bond—breaking course c nsis’-Ang of

1 to 3 in. of bituminous concrete or similar material shall be placed

between the base pavement and the overlay slab.

Characterization of existing pavement. The conventional para—

metric evaluation methods shall be used for the existing pavement struc—

ture . It is important to obtain suf f ic ien t  information to furnish a

sound basis for the overlay design .

Design parameters — overlays.

a. Material properties. Details of the data required a~.d the
methods to be used to obtain that dat a are found in r M
5—82 14—3/AFM 88—6 , Chapter 3 8 The material propertL-s
necessary for the ov~ rlay desipn are : existing pavement
thickness , the k—val ue of the subgrade (or subbase , if one
ex is t s) ,  and the desi gn flexur-il strength of the overlay con-
crete. Commonly evaluated soil characteristics of th e sub—
grade and/or subbase include : (1) gradation , (2) moisture ,
(3) specific gravity , (14) liquid and plastic limits , ( 5 )
densi ty ,  and (6) moisture—density relationships. The struc-
tural condition of the existing rigid pavement must be
determined Strengt h tests on the exi sting concret e are
not required unless it is indicated that the flexural
strength of the existing pavement may be substantially less
than that of the overlay (R 0 — Re � 100 ps i) .  Likewise ,
determination of the modulus of elasticity of the concrete
in the base pavement is not necessary unless it is suspected
that 1E 0 — Ee~ > 1 x 106 psi .  A visual examination will
be necessary to determine the structural condition of the
base pavement prior to the overlay.

1. Aircraft traffic and pavement performance criteria. These
factors are considered in the same way for CRC overlays as
they are for new pavements , which have been previously
discussed .

Design based on equivalent thickness.

* a. Input parameters. The design of a concrete overlay on a rigid
pavement requires an assessment of the structural integrity
of the existing rigid pavement , and then , the support which
the existing pavement will provide for the overlay . The
condition factor must be assi gned based on a pavement condi-
tion survey (visual InSpection) .  Although the selection of a
condi tion factor is a judgment decision which is somewhat
arbitrary, the following values should provide some guidance
for assessment of the condition factor .
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C = 1.0 for existing pavement in good condition——some
minor crackir ;, but no structural defects.

C = 0.75 for existing pavement containing initial corner
cracks due to loading , but no progressive cracking
or joint faulting.

C = 0.35 for existing pavement ~n poor structural
condition——badly cracked or crushed and faulted
joi nts.

The three conditions discussed above are used to illustrate
the condition factor rather than to establish fixed values.
Conditions at a particular location may require the use of
an intermediat e value of C within the recommended range.
The thickness of the existing concrete pavement , he , is
also necessary for us-~ in this  desi -~n procedure . It can be
measured directly in test pits or on extracted cores. The
thickness of a single—slab pavement , h , that would be
required over the exi sting subgrade (or subbase if one
exists)  for the design conditions , and the thickness of CRC
pavement equivalent to the thickness of existing jointed
concrete pavement , h~ , must be determined according to the
des ign procedure for new CRC pavement .

b. Design equation. The equation that shall be used for design
of CRC overlays is :

h0 =~/h 2 
— Ch

2 (5 bis)

c. Design procedure. After the condition survey and the existing
pavement characterization , the value for C is chosen and
he is known. The design life of the existing jointed pave-
ment may be found by working backward from the pavement
thickness scale and forward from the flexural strength scale
through design charts as shown in Figures 28—31. The design
life in terms of aircraft passes may be interpolated between
the t ra f f ic  lines at the point of intersection of the lines
obtained by working through the design curve . The aircraft
passes may be converted to stress repetitions by dividing by
the aircraft repetitions factor obtained from Table 5. Next ,
determine h and h~ by using the design procedure for new
CRC pavement . Finally , determine the design value for h0
from Equation 5 above . Concomitantly ,  it should be noted
that reinforcement in the exi sting concrete slab is neglected
in the overlay section . Should the case arise where a CRC
pavement is to be overlaid , the thickness of the existing
CRC pavement Is used directly In Equation 5.
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DESIGN EXAMPLE AND
COMPARISON — OVERLAYS

Example design problem. A thickness design is desired for a CRC

overlay. The design traffic conditions are medium—load (C—l4l aircraft ,

320 kip MGW) , Type A traff ic area, and 50,000 passes. An 8—in, crushed

stone subbase exists with a k of 300 psi/in. The existing pavement

is 10—in . JPCP with a condition factor, C , of 0.75. The overlay con—

crete will have a design flexural strength , R — TOO psi , and modulus

of elasticity , E0 
= 14 x 106 psi. (Assume no significant difference in

flexural strength and modulus of elasticity between existing and overlay

slabs.)

a. Required CRC single—slab thickness. With the k—value of
300 psi/ i n . ,  -enter Figure 15 directly to determine the
allowable concrete stress. The allowable concrete stress

for 1.5 x lO~ (
~P~-~~

O) 
stress repetitions , from Figure 15

is approximately 530 psi. Next , enter Figure 27 and find
that the required thickness , h , is 11.1 In.  -

b. Equivalent CRC slab thickness. From the vertical thickness
scale on Figure 29 work backwards to the Type A traffic area
line and project a vertical line downward. With R = TOO psi,
k = 300 psi/in., and a gross aircraft weight of 320,000 lb ,
work through the curve from the flexural strength scale to
the point of intersection with the vertical projection
previously described. This is illustrated in Figure 29 and
by interpolation a traffic volume of 14,000 passes is ob—
tam ed. This is converted to stress repetitions by dividing
114,000 by 3.1414 (from Table 5) which yields approximately
4100 stress repetitions . With flexural strength , R = 700
psi and 4100 stress repetitions the allowable stress is ob-
tained from Figure 15 as 605 psi. Figure 27 is entered and
an equivalent CRC thickness of 10.2 in. is obtained .

c. Calculation of overlay thickness. For calculating h use
h = 11.1 in., C = 0.75 , and h~ = 10.2 in. in Equa~ion 5.
The calculated overlay thickness is 6.7 in.

Comparison with conventional rigid overlay design. For compari-

son, a thickness design based on the same parameters as the CRC example

just described is developed here by following the present rigid pavement

overlay design procedure for military aircraft.8 The jointed nonrein—

forced concrete single—slab thickness , h , that is necessary for those
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parameters is 11.0 in. Therefore , from Equation 5, the resulting

overlay thickness is 6.7 in., which is the same as for the CRC overlay .

However , it should be noted that the minimum nonreinforced jointed
-
~~ 8

concrete overlay thickness is 8 in. for multiple—wheeled gears.

t
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SPECIAL PROVISIONS

TERMINAL DESIGN

The ends of CRC pavement will experience large movements if

unrestrained or they will exert considerable forces on abutting struc—

tures if restrained. In order to protect abutting pavements and struc—

tures from damage , the end of the CRC pavement must be isolated or the

movement restrained . Experience has shown that it is practically

impossible to completely restrain or to completely isolate the end of

a CRC pavement. The most successful scheme appears to be one which

utilizes both concepts; i.e., partial restraint and limited available

expansion space.

End anchorage and/or expansion joints must be provided when CRC

pavement is not continuous through intersections or when it abuts a

structure. It is important that an eff icient  t erminal treatment system

be used at the intersection of new runways and taxiways with existing

runways and/or taxiways. Special terminal treatments are normally not

used at free ends of CRC pavement. Expansion joints without anchorage

• have normally been used for CRC overlays. However, this does not

preclude the use of an anchor system if it can be shown to be more

economical to partially restrain the movement and provide only a

limited expansion space rather than try to accommodate the total

movement.

Selection of a terminal treatment system is largely a matter of

preference of the designer . There are numerous terminal treatment

systems which have been satisfactory for highway pavements)’20 23 The
two most successful. appear to be the anchor lug and the wide—flange beam
joint. There are other anchorage systems such as piles or joints like

the “finger type bridge joints ,“ which behave similarly but their usage
has not been as extensive. The anchor lug and the wide—flange joint

systems have been used on CRC airport pavements and overlays. Both of

these have performed satisfactorily.

Typical sections of the anchor lug and wide—flange beam systems

are shown In Figure 32.
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TERMINAL ANCHORAGE TREATMENT

CROP ~ ..-REINFORCEMENT

_ _

‘0 6

ANCHORAGE LUGS

~~ CONTlNUOU5LY REINFORCED
CONCRETE PAVEM ENT

I L3’4 GROOVE, HOT-POURED SEAL 9” OR 70 ” PAVEMENTj HEAVILY 
/1 ... 1/4 GROOVE. HOT-POURED SEAL

GREASED I_f ______________

J
~IJL~L 
\ OND BREAKER 

_ _ _ _  

~~~~~~~~~~~~~~ 

*
I NO. 4 BARS 20 6 ~ 72 0. C.

7 0 - 0 ’  • ~~NO. S BARS 23’-8 @8 0. C.

DETAILS OF A WIDE-FLANGE BEAM JOINT

FIgure 32. Examples of CRC pavement terminal treatments1

78

~~~~~~~~-‘~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~



- --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-

~~~~
--

REINFORCEMENT

STEEL

The reinforcing steel must have deformations or deformation

properties adequat e to ensure that crack widths are controlled at the

steel stress design levels. This criterion should not be compromised

for any reason. Although several different sizes and grades of deformed

bars are satisfactory for use in CRC pavement , the type selected is

dependent on availability and construction methods. Generally, longi-

tudinal reinforcing bars are deformed billet bars with 60,000 psi mini—

mum yield strength conforming to ASTM Designation A—6l5, grade 60.
24

However, ASTM Designation A—6l5, grade 4o , should be used for transverse
steel or tie bars if bending is anticipated during construction. If

coupled tie bars are permitted stronger steels may be used, provided

the coupling develops the Dull potential of the bar .

Welded deformed steel wire fabric conforming to ASTM A 1497214 ma.y
be used . Wire fabric with wires which are not deformed should not be

used.

LONGITUDINAL REINF0RCE~~NT

The required amount of longitudinal reinforcing steel in a CRC

pavement must be checked by three methods . The percentage of longi-.

tudinal reinforcing steel must be equal to or larger than the largest
amount computed with the following three criteria:

a. The AASHO design equation for continuous reinforcement .25

This is an empirical relationship which Insures that the
amount of steel Is sufficient to keep transverse shrinkage
cracks tightly closed.

b. The amount of steel required to resist temperature—induced
stresses. 26

c. The amount of steel required to resist stresses induced by
shrinkage of concrete.

The first check of longitudinal reinforcement requirements is

u~de using the nomograph shown as Figure 33, which relates the required

steel percentage to :

a. The allowable working stress of the steel.
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b. The tensile strength of the concrete (at 1 days).

c. The friction factor , F , of the subbase, which may be
obtained from Table 6.

The noniograph solves the equation developed for the AASHO Interim Guide
25for Design of Pavement Structures.

The friction factor for asphalt stabilization should be used for

overlays of rigid pavements where a bond—breaking layer is used and for

overlays of flexible pavements where the surface course is asphalt

concrete. Should the flexible pavement have a porous friction course
-1

cover surfacing or some other form of surface treatment designed to

improve skid resistance , then the friction factor for Bituminous

Surface Treatment should be used.

The second check of required longitudinal reinforcement is made

by solving Equat ion 6 which computes the percentage of steel needed
to resist temperature—induced stresses.26 The equation is:

100 ft 6— 
2(f —

where

P = required percent longitudinal reinforcement

= 7—day tensile strength of the concrete, psi

f = working stress in the steel , psi

= average temperature differential to which the pavement is
expected to be subjected , degrees

= thermal expansion coefficient of the concrete

E
5 

= modulus of elasticity of the steel, psi

Prior to the formation of a crack , the strains in the steel and

the concrete are the same if complete bond is maintained between the

two materials. When the tensile stress exceeds the strength of the con—

crete, a crack forms and all the stress is carried by the reinforcing

steel. The third check for percent longitudinal reinforcement is the

computation of the ratio of the concrete tensile strength to the steel

strength. The equation is:

L 

P = ~~~- x l O O  (7)
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Table 6

Recommended Subbase Friction Factors
for Reinforcement Design

Subbase Type Friction Factor*

Bituminous Surface Treatment 2.2

Lime Stabilization 1.8

Asphalt Stabilization 1.8

Cement Stabilization 1.8

River Gravel 1.5

Crushed Stone 1.5

Sandstone 1.2

- ;  Nat ural Subgrade 0.9

* These recommendations were adapted from Reference 22.
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This is the required percentage longitudinal steel needed to prevent

overstressing of the steel because of high—strength concrete which can

result in large crack spacings .

The largest percentage of steel - -s computed with the above three

methods is selected as the design percentage . The percentage of longi-

tudinal steel shall In no case be less than 0.5 percent.

TRANSVERSE REINFORCEMENT

The transverse steel design will be based on the subgrade drag

theory as outlined by McCullough.
27 The design variables are summarized

into a transverse reinforcement design chart and shown in Figure 314.

Some continuously reinforced pavements for highways have been

designed without transverse reinforcement . These pavements should

perform satisfactorily unless longitudinal cracking occurs. However ,

transverse reinforcement is recommended for all CRC air-port pavements

because if longitudinal cracking occurs , the transverse reinforcement

will restrain lateral movement and maintain the slab continuity.

In addition to structural requirements, transverse steel is

beneficial as a construction expedient. It should be utilized to

maintain proper horizontal spacing and --ert ical location of longi-

tudinal bars.

REINFORCEMENT DETAILS

The reinforcement detailing chart shown in Figure 35 shall be

used to select a series of alternate bar or wire spacing designs for

reinforcement in both directions. The bond area-to—concrete volume

ratio should be calculated for each proposed design. This ratio shall

be computed using:26

(8)
C

where

R = the ratio of bond area to concrete volume, in.
2
/in.3

= area of one steel bar , in.
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NOM OGRAP H
-
~~ W , F

SOLVES:  P~ r.. ..—X 100
2f ~

-
~~~ 

(I) 0.005
- ‘ ISO 0.007

k 0.009 0.008
12 0 0.0 1 (4)
110

- - 100

F~
K

W , TURNING I,, KSI
LINE

EXAJ4 PLE PROBLEM : W HERE:
W~ 25 FT P , RE~~JIRED STEEL PERCENTAGE , %
F = 1.5 W , - WI D TH OF SLAB , F E E T

~ =45 ,000 PSI F = FRICTION FACTOR OF SUBGRADE , SUBBASE ,

ANSWER: P = 0.04 % 
OR STRESS - RELIEVING LAYER

I, ALLOWABLE WOR K ING STRESS IN STEEL . PSI
(0.75 OF YIELD STRENGTH REC~ A M E N D E D ,
THE E Q U I V A L E N T  OF SAFETY FACTOR OF 1.33 )

Figure 34. Transverse reinforcement design chart1
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z1’ s, ~ EXAMPLE PROBLEM : —J
WHER E

P1 0.6% 
P 1 r REQUIRED STEEL PERCENTAGE , %

= (0 IN. 
I = T H I C K N E S S  OF COF-4 CRETE PAVEMENT , IN.

A . = 0.44 I NZ 
A~~ = CROSS SECTI~~~-4A L A R E A  OF ONE BAR , I N2

ANSWER : V r7,33 IN. Y r CENTER-TO-CEN T ER SPACING , WI V . IN .

1
Figure 35. Reinforcement design detail chart
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d = diamet er of bar or wire , in.

A = area of concrete perpendicular to reinforcement being
C designed , in. 2

To assur e minimum crack spacing the bond area—to—concrete volume ratio

shall be greater than 0.03 in.
2/in.3

Vertical placement of steel. When the slab thickness is 8 in.

or less, the longitudinal reinforcement should be placed at middepth

of the slab. When the pavement thickness is greater than 8 in., the
— longitudinal steel should be placed at a depth of h/)4 + 1 in. from

the surface; however , a minimum clear cover over all steel of 3 in.

— shall be maintained in all cases. Transverse steel will be placed

below longitudinal steel.

Laps for reinforcing mats or bars. Proper lapping of the longi-

tudinal reinforcement is important from the standpoint of bond develop-

ment and is essential for true continuity in the steel. The lap lengths

should not ‘be less than 214 times the bar diameter for steel bars and

32 times the nominal wire diameter for the welded deformed wire mats.

Generally, not more than one—third to one—half of the longitudinal

steel should be spliced in a single transverse plane across a paving

lane. It is recommended that the width of this plane be 2 ft if the

• one—third figure is used , and 14 ft if the one—half requirement is used.
The latter case may be interpreted to read t~iat in any 14—ft length of
pavement, not over one—half of the longitudinal reinforcing members

may be spliced across the width of a paving lane. The stagger of laps

with deformed bars may be on a continuous basis rather than the one—
third to one—half detail described above .

JOINTS

Five types of joints are used in CRC pavements. These are (a)

special terminal joints (wide—flange and bridge—type finger joints as

discussed previously), (b) expansion joints (used as or in conjunction

with terminal treatment procedures), (c) longitudinal construction

joints, (d) longitudinal contraction joints, and Ce) transverse con—

struction joints. The special terminal joints have been discussed

86

~~-‘~-~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-L . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~‘ 
-
~~ 

-



r 
- ~~~-.-~r ~~~~~~~~~~ 

,
~~~~~~~~~~~~~~~

. - - r ____  .~ ~~~~~~ - - -~~~ -~~~~ -~~~~--- - - -~~~~~~~

H previously in connection with terminal treatment systems, and will not
be considered further. However, th e last four listed above will be
considered with particular emphasis on differences between CRC and

joint ed concrete pavements.

EXPANSION JOINT S

Details for expansion joints for CRC should be the same as those

contained in FAA AC l50/5320—6B9 and TM 5—8214—3/AFM 88_6.
8 

Thickened

edge expansion joints will be used at intersections where slip between

the pavements is required and doweled expansion joints will be used when

transverse joints are used as part or all of the terminal treatment

system.

LONGITTJDINAL
CONSTRUCTION JOINTS

Requirements for longitudinal construction joints for CRC are

similar to those for jointed pavements in References 8 and 9. Keyed ,

keyed and tied , doweled , and thickened edge joints may be used as

specified in the particular publication depending on whether the pave-

ment is for a military or civil facility. The requirements for spacing

of longitudinal joints and widths which can be tied should be coxnmen—

surate with requirements for reinforced jointed pavements with percent-

ages of steel equal to the amount of transverse steel. Tie bars for

keyed and tied joints should be designed in accordance with procedures

previously described for transverse reinforcement and the length should

be 30 in. as required in References 8 and 9. Doweled joints should not

be used when slip between abutting pavements will occur.

LONGITTJDINAL
CONTRACTION JOINTS

Longitudinal contraction joints will not normally be required

in CRC pavements unless the paving lane width is greater than 25 ft or

a number of paving lanes are tied together. Should longitudinal

cracking prove to be a problem, provisions should be made to form a

contraction joint at the locations necessary to control the cracking.
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Transverae steel should be carried through longitudinal contraction
joints.

k TRANSVERSE
CONSTRUCTION JOINTS

Transverse construction joints shall be designed to provide slab

continuity by continuing the normal longitudinal steel through the

joint. The normal longitudinal reinforcement should be supplemented

by additional steel to provide adequate resistance to repeated shear and

bending stresses. The best method of providing the additional steel

is to add a 5—ft—long bar (the seine size) between each pair of regular

longitudinal bars. This practically doubles the amount of longitudinal

reinforcement across the joint (see Figure 36). Thus, in most cases the

UIN. OF 4 F T . FIRST L A P I

ADD ’L STEEL BARS 2.5

7;~~ 1- ~~~~~~~~~~~~~~~~~~~~~~~~~~~

T 
T~~i~~

’,’ 
OLD SLAB ‘ 1/ NEW SLAB

/ ZREGULAR LONG ITUDI NAL ST EE L
TRANSVERSE STEEL

Figure 36. Details for transverse construction joints1

total percentage of steel will be 1 percent or greater. Normally,

transverse construction joints are not s~aled. This is because these

joints usually perform and behave as conventional volume—change cracks

that are present elsewhere in the pavement.

88

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~~~ 
_ _ _ _ _ _ _ _ _  



r 
-

~~~~

- -

~~~~~~~~~~~~~~~~~~~ 

RECO!0€NDAT IONS
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Because of limitations discussed previously , the procedures

presented herein are recommended for use in the design of CRC airport

and airfield pavements and overlays if the designer can tolerate damage

that may result from deflection or other unspecified causes. The

procedures presented provide designs which effectively account for the
stress—related (cracking ) failure mode . If the designer determines that

the potential damage due to excessive deflection or other causes is

unacceptable, it is recommended that the CRC pavement be designed as

the same thickness as conventional nonreinforced jointed concrete

pavement. CRC pavement would still have the advantages of no transverse

joint s, reduced maintenance, and improved ride quality.

Research should be undertaken to provide information which can be

used to evaluate the utility and reliability of CRC pavements and over-

lays. Specific areas of needed research include:

a. Identification and description of additional failure modes
(other than load—induced cracking), arid determination of the
feasibility of a design procedure that accounts for all of
the failure modes. Distress associated with vertical
deflections should receive special attention.

b . Use of nondestructive deflection measurement s in charac-
terizing existing pavements for CRC overlay design.

C. Improve the limiting stress performance criteria.

d. Identification and quantification of effects of environmental
factors (temperature , moisture, and wind velocity) during and
after construction and construction procedures on the per-
formance of CRC pavements and overlays.
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