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FOREWORD

This milita ry h

1andbook 1 ies develoned from an e
il ae a e

veloped from an ev
facilities in the shore establishment, from surveys of the avai
new materials and construction methods, and from selection of the best
design practices of the Naval Facilities Engineering Command, other
Government agencies, and the private sector. It uses, to the maximum extent
feasible, national professional society, association, and institute
standards in accordance with NAVFACENGCOM policy. Deviations from these

de

criteria in the planning, engineering, design, and construction of naval
shore facilities, cannot be made without prior approval of NAVFACENGCOM

Headquarters (Code 04).

Design cannot remain static any more than can the naval functions it serves

or the technologies it uses. Accordingly, recommendations for improvement
-~ on PR | Cortmen .59 &% 2 e PO PR |\ S | Lomme L te o meml ool maadmee mend P e ]
dlie encourtdrged 11on witliin tne Navy dara Irom tie privdie sSeCliorl 4diad siaoulda
be furnished to Commander, Western Division, Naval Facilities Engineering
Command (Code 406), P.0. Box 727, San Brun CA 94066.

This handbook shall not be used as a reference document for procurement. Do
not reference it in Military or Federal specifications or other procurement
documents.
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AIRFJELD PAVEMENT CRITERIA MANUALS

Criteria
Manual Title PA
DM-21.01 Airfield Geometric Design L
DM-21.03 Flexible Pavement Design for

Airfields L
MIL-HDBK-1021/4 Rigid Pavement Design for

Airfields W
DM-21.06 Airfield and Subsurface Drainage

Pavement Design for Frost Conditicns S
DM-21.09 Skid-Resistant Runway Surfaces H

When the above design manuals are revised they will be converted to
military handbooks and listed in the military handbook section of
NAVFAC P-34.
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Section 1: INTRODUCTION
1.1 Scope. This handbook includes information

and criteria for

designing rigid airfield pavements for all Navy and Marine Corps air rfie

facilities. These criteria encompass subgrade soils, base course mater ials,
stabilized layers, concrete materials, aircraft loadings, and rigid pavement
thickness design. The rigid pavement thickness design is based on the
Westergaard theory of a slab loaded at the interior resting on a dense liquid
foundation. Criteria are also presented for strengthening existing rigid
pavements.

1.2 Cancellation. This military handbook, MIL-HDBK-1021/4, Rigi
Pavement Design For Airfields, cancels and supersedes Chapter 4 {(Section 5)
and Chapter 5 (Section 3) of NAVFAC DM-21, Airfield Pavements, June 1973.

1.3 Related Criteria. Additional criteria rela
rigid airfield pavements may be found in the followln
publications:
Subject
Architecture
Noise criteria
Civil Engineering
Pavements

Soils and Foundations
Soil mechanics
Foundations and earth structures

Airfield Pavement Design
Airfield pavement design, evaluation, and marking;
scil stabllization for pavem ent de51gn for frost

runway surfaces

Petroleum Fuel Facilities

Direct fueling stations for fixed-wing aircraft and
helicopters; fuel distribution; dispensing fuel
to aircraft and surface vehicles; operating fuel
storage

Airfield Lighting

Navigational and Traffic Aids

Buildings and Other Structures

Air cargo and passenger terminals; perations
facilities; revetments; blast fences

Source

DM-21 Series
TM 5-822-4

DM-24.01
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ges DM-27 Series

Maintenance Facilities
Hangars; power check pad; boresight range;
weapons alignment facility DM-28 Series
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Section 2: DESIGN INPUT DATA
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eral. This section briefly ident
or rigid airfield pavement design. Lat
requirements and data collection

2.2 Subgrade Soils. Subgrade soil properties are required to
determine the strength of the subgrade and its load-bearing capacity.
Perform a soil investigation to obtain the physical and engineering

properties of the subgrade soil at the site. Conduct soil tests to

determine the soil c13551t1cat1 n, strengtn, and the modulus of subgrade
PRy S Y 4 P ~\ cmm A m merm Viiadi S oA o3 PRPUUE I U SR - S U VUSRS VOUPU SUGE PN
LTacidivil (R vValiue) . D UBLd e evdl Li0Il dlia UBLEL!HLIldLlUl Ol Ll SUDRLd4dUe K
value are discussed in Section 3.

2.3 Base Course Materials. The gradation and durability of granular

base materials is needed to evaluate the drainability and soundness of the
aggregate. The k value on top of the base material is required for rigid
airfield pavement thickness design. A graph is provided in Section 5 to
determine the effective k value on top of a granular base.
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2.4 Concrete Materials Rase the concrete mix des on
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and durability of concrete paving materials. Section 6 di Sss
matercials including aggregates, admixtures, hot and cold weather
considerations, and concrete mix design.
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2.6 Traffic Data. Traffic information is required to design the
concrete slab thickness to serve the projected traffic volumes and loads
over the design life of the pavement. To determine the required pavement
thickness, determlne the type of aircraft and design gear loads, and
forecast tne number or passes of each a1rcrart that is expected to u
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2.7 Existing Pavement Condition. When designing overlays of rigid
airfield pavements, the present stage of deterioration must be known in

order to evaluate and apply cost-etffective rehabilitation. Perform a
condition survey to determine the types and severities or distress present

in the pavement. Concrete thickness and strength and effective k value data
[ Al mm Y Py Sy T | A D mcade cmeemd & eom AAC‘IA.‘,L.A.-. bomd Iea~ ~mem WA emaAd oA
MUST a.15S0 pe vLallilcu. NWUINIUES LLULCLLVE ULl Lol lLlivil LEDSULLIIIE Lall Ut Juocu Lu
determine the existing properties of the pavement. TInput data for overlay
design are discussed in Section 11.
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Section 3: SUBGRADE EVALUATION AND PREPARATION

3.1 General. Perform a subgrade evaluation to determine the soill
cilassification and strength of the subgrade. The subgrade evaluation
furnishes information about the soil type, its load-bearing capacity, and
its expected drainability. This data will aid in evaluating the extent to

which the subgrade soil can provide a sufficiently strong and stable
foundation for the pavement being designed.

3.2 Soil Investigation. Perform a
physical and engineering properties of t
anES‘Clgatlon SnOUJ.Q C()ﬁSiSt

soil investigation to obtain the

Eﬂ11 m1
scil samples, and a su

addltlonal 1nformat10n such as c

3.2.1 Soil Survey and Sampling. Sampling and surveying procedures are
outlined in ASTM D420. Prior to the actual soil survey, obtain previous
soil investigations, evaluation reports, construction records, soil maps and

reports, aerial photographs, and topographic maps to provide background
information on the soil conditions. The field survey consisting of sampling
and testineg can then be conducted to aid in characterizing the physical and

-4
engineering properties of the soil. Borings are usually obtained for this
purpose. Requirements for the spacing and depth of exploratory borings are
given in Table 1. These are general guidelines and more tests may be
required based on local experience or to account for any unusual features.

An acequate number of borings must be taken to locate all LILyUL tant soil
variations. Areas of uniform soil conditions may require fewer borings than

areas with variable soil conditions or special problems such as swelling
soils. Subgrade sampling and testing standards are given in Table 2.
3.2.2 Soil Tests. Soil tests are necessary to determine the physical

and engineering properties. Standardized field and laboratory tests are
summarized in Table 3.

2 1 CAil Claces ~Aa

System, ASTM D2487, is used to classify soils for engineering purposes. The
Unified Soil Classification System is utilized because it permits reliable
classification on the basis of a few inexpensive tests, and is the most
common system in use. Soil characteristics for the classification groups
are presented in Table 4. A rapid metnoa ror visual rielid classirication
for the Unified System is outlined in ASTM D2488.

+inn
T10T7

System The Unified Soil Classification

fi
s

3.4 Soil Str . u h tests in conjunction

4 es s
with soil classification to provide a ¢ indication of the
subgrade behavior and performance. Subgrade soil strength for rigid
pavement design is based on the plate load-bearing test.
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Table 1
Minimum Requirements for Spacing
and Depth of Exploratory Borings

Item Spacing Requirements
Runways and Taxiways < 200 feet (61 m) 200 feet (61 m) oun center
wide longitudinally, on alternating

sides of the centerline

Runways > 200 feet

~
o
*—‘
3
~
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e
o
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eet

t one borin
on the centerline and one boring
on each side of the centerline
near the edges)

Parking aprons and pads one boring per 10,000 square foot
(929 square meter) area

Item Depth Requirements

Cut areas to a minimum of 10 feet (3 m)
below finished grade

Shallow fill [areas where not more to a minimum of 10 feet (3 m)
than 6 feet (2 m) of fill will be below existing ground surface
placed]

High fill areas to 50 feet (15 m) below existing

ground surface or to rock

e
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Table 2
Subgrade Sampling and Testing Standards

DESCRIPTION ASTM STANDARD

Borings
o

Auger Samples D1452

Split-Barrel Sampling D1586

Thin-Walled Sampling D1587
Density

Sand-Cone Method D1sS5¢

Nuclear Method (as a field check only) DRs22

Drive-Cylinder Method D2937
Moisture

Laboratory D2216

Nuclear Method (in place-as a field check only) D3017

Table 3
Subgrade Testing Standards

DESCRIPTION ‘ ASTM STANDARD
Preparation of Soil Samples for Size Analysis . D421
Grain Size Analysis (Dry Sieving) Cl36
Grain Size Analysis (Wet Sieving) D422
Plastic Limit and Plasticity Index D4318
Liquid Limit of Soils : D4318
Moisture Density Relation of Soils D1S57
Reducing Field Samples of Aggregates to Test Size c702
Laboratory Determination of Moisture Content D2216
Shrinkage Factors of Soils D427
. Permeability of Granular Soils D2434

f Modulus of Subgrade Reaction (k Value). Use

tarmine the modulus of subgrade reaction
COAINAMS wii ANV S e T Akl -l D W e W B

1 The modulus of subgrade reaction

k value) is the ratio of un1t pressure to deflection of a 30-inch

(762 mm) diameter rigid steel plate. The modulus of subgrade reaction is
calculated using the pressure (pounds per square inch) corresponding to a
0.05-inch (1.27 mm) deflection.

3.
ASTM
fo
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Table 5
Gradations for Lean Concrete Base Materials

Sieve Size Percentage by Weight Passing Sieve
(square opening) A B c
2 inch (50 mm) 100 - -
1.5 inch (37.5 mm) - 100 -
1.0 inch (25.0 mm) 55-85 70-95 100
0.75 inch (19.0 mm) 50-80 55-85 70-100
No. 4 (4.75 mm) 30-60 30-60 35-65
No. 40 (425 mm) 10-30 10-30 15-30
1 No.200 (75 mm) 0-15 0-15 0-15
5.3 Design Considerations.
5.3.1 Minimum Thickness Requirements. The minimum thickness

t c
requirements for base courses are listed in Table 6. The minimum thickness
for granular materials is set for construction purposes. The additional
base thickness required over clays and silts is to aid in preventing
pumping. Consider experience with local aggregates and materials when
selecting the base course thickness.

Table 6
Base Course Minimum Thickness Requirements

Base Material Minimum Thickness
Granular Material 6 inches (152 mm)
Cement Stabilized 6 inches (152 mm)
Asphalt Stabilized 6 inches (152 mm)
Asphalt Concrete 4 inches (102 nm)
Lean Concrete Mixture 4 inches (102 mm)
Note: For subgrades classified as CL, MH, ML, or OL,
granular base course thickness shall be 8 inches (203 mm).

23
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3.4.2 Numper of Tests. Conduct a sufficient number of plate-bearing
testc to provide a valid estimate of the subgrade support. A minimum of two
or three tests are usually required for each pavement feature under design.
Conduct tests in the most representative areas. Consider changes in soil
classification, cut and fill areas, and drainage conditions that may affect
the x value in selecting the location of tests.

3.4.2 Correlations With Other Tests. Correlaticns have been developed

for estimating subgrade support properties based on other tests and soil
classification data. It is emphasized that correlations are not precise and

should only be used for preliminary design. Figure 1 provides typical

(1)

k values for soils based on the Unified Soil Classification System and other
tests
3.5 Drainage. Subsurface drainage must be considered in design. See

NAVFAC DM-21.06, Airfield-Pavement Design for Frost Conditions and
Subsurface Drainage, for subsurface drainage criteria.

3.6 Special Problems.
3.6.1 Frost Heave. Fine-grained soil exposed to low temperature
undergoes a process that involves the formation of ice lenses oriented

roughly parallel to the surface. The individual ice lenses increase in
thickness to several inches, and the frozen soil assumes the character of a
stratified material consisting of alternate lenses of soil and clear ice.
This process results in raising of the ground surface which is called frost

heave. Significant frost heaving occurs prlmar1ly in fine-grained soils
which allow excessive water movement.

In perfectly uniform soils, ice lenses do not develop unless the
grains are smaller than 0.01 mm. In fairly uniform soils, ice lenses
develop if at least 10 percent of the grains are smaller than 0.02 mm. 1In
mixed-grained soils, ice lenses develop if at least 3 percent of the grains
are smaller than 0.02 mm. In soil in which fewer than 1 percent of the
grains are smaller than 0.02 mm, ice lenses do not develop.

Frost action problems can be minimized by eliminating excess water
in the pavement structural section or by providing sufficient thickness of
non-frost susceptible material. See NAVFAC DM-21.06 for procedures for
design for ITost conaitions.

1 of ctl
oil p asti
lndex greater than 20 has a hlgh potentlal for swelling. Con51der the
following factorc when working with soils with high swelling potential.
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(1) For the basic idea, see 0.J. Porter, "Foundations for Flexible
Pavements,”" Highway Reseacrch Board Proceedings of the Twenty-second Annual

Meeting, 1942, Vol. 22, pages 100-136.

{2) '"Characteristic Joil Sroups ‘vrtalnln' to Roads and
Alrfiedds, : . Cyct
Cocpe ot T

BNED)
Board Procee
376-392.

(5) F.N. Hueem, "A New Approach for Pavement Design,” Engineecing
News-Record, Vol. 141, No. 2, July 8, 1948, pages 134-139. R is factor used
in California Stabilometer Method of Design.

(6) See T.A. Middlebrooks and G.E. Bertram, "“Joil Tests for Design of

Runway Pavements,” Highway Research Board Proceedings nf
Annual Meeting, 1942, Voi. 2?2, 152, %
analysis for dorign of concrrote pavement.

(7) See items (6), papr 184.
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3.6.2.1 Moisture Content. The most important factor governing soil
swelling characteristics is the difference between the initial field
moisture content at the time of construction and the moisture content that
will develop after the pavement is in place. Significant change in soil
moisture content results in a soil volume change. In addition, proper

drainage 3
grainage 1

s very ‘TPOFtQFt to remove excegs water.

3.6.2.2 Degree of Compaction. Consider the degree of compaction of the
fill or the degree of overconsolidation of natural soil. Typically, higher
compaction levels in fill areas or previously high overburden pressures
favor swelling as the soil increases 1n moisture.

4+

2 & 2 2 Dlac+ins b Qernll anbantial a
< e
1

3.6.2.5 £ .aSTICT1ITY. SwWeili péien a. 1S
material in the clay fraction, the fineness of the clay fracticn, the clay
structure, and the type of clay mineral. Consider a soil with an in situ
moisture content approaching the plastic limit as having a high swell
potential.
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3.6.2.4 Construction Considerations. If there is only a thin layer of
swelling <ail, it may be economically feasible to remove it. Otherwise,
consider lime stabilization to control swell of the soil. Lime
stabilization is discussed in Section 4 and Department of the Army

TM 5-822-4, Soil Stabilization For Pavements.

3.6.3 Variability Through Project Area. Over the length and width of a
given project, the soil type. moisture content, strength, etc., are usually
not constant. Variability is a natural phenomencn.

There are several ways to determine design values for a project
site that possesses substantial soil variability. These include the
average value of tests plus or minus (depending on the test) one to two
standard deviations or using the most conservative values. The procedure to
be used is a matter of engineering judgment and will depend on the test

values.

mproving the

e

3.7 Stabilization. Stabilization is a process of
properties of the existing material through the addition of a chemical or
physical binder. Stabilization mechanisms, suitable material for each
stabilizer, and construction techniques are summarized in Section 4.

Detailed design criteria are given in TM 5-322-4.

3.8 Imported Fill. An alternative to soil stabilization is to
excavate the unacceptable material and replace it with higher-quality
material. If adequate borrow material is located close enough to the

project site, it may be the most cost-effective alternative. Conduct
exploration and testing of borrow material as described in NAVFAC DM-7.01,
Soil Mechanics.

3.9. Density and Compaction. Compacting the soil to the maxXimum
density at optimum moisture content is benmeficial for an‘mizing future
settlement, maximizing shear strength, and minimizing permeability. The

exception to this is when swell potential exists in the subgrade soil and a
moisture content other than optimum may be chosen during compaction.
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The moisture-density laboratory testing procedure commonly used in
pavement design and construction is the modified Proctor test. The modified

Proctor test is described in ASTM D1557, Method D. Minimum subgrade
compaction for the top 12 inches (305 mm) should be 100 percent of the
modified Proctor maximum density at optimum moisture for cohesionless sand
and zravel and 95 percent for all other soils. Minimum compaction for the
subgrade below 12 inches (305 mm) should be 95 percent of the modified
Proctor maximum density at optimum moisture for cohesionless sand and gravel
and S0 percent for all other soils.

Field tests for density are given in Table 2 and include the sand
cone method (ASTM D1556), nuclear density gauge method {(ASTM D29%22) and the
drive cylinder method (ASTM D2937).
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Section 4. SOIL STABILTIZATION

P Py e S

4.1 DCO'DE. btaDlleatlon is the roce Ti
of the soil through the addition of a chemical or physical binder. This
section provides guidelines for improving subgrade soil properties to
expedite construction and improve subgrade strength and durability through
the use of stabilizing admixtures. See TM 5-822-4 for a detailed discussion
on soil stabilization.
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4.2 Objectives. Consider soil stabilization during the design stage
for the following potential benefits.
4.2.1 Construction Expediency. Stabilization techniques can be used to

expedite construction in unsuitable conditions by improving resistance to
deformation, load-carrying capacity, and shear strength. These improvements
provide an efficient, effective, and economical working platform for
construction operations.

4.2.2 Subgrade Modification. Stabilization can be used to improve
workability, decrease plasticity, reduce swell, increase support, and
increase resistance to the detrimental effects of moisture and freeze-thaw
cycles.

4.2.3 Strength and Durability Improvements Stabilization techniques
can be used to significantly increase the stfeﬁgth and durability of soils
to provide an economical paving material.

4.3 Types of Stabilizers. Stabilizers can be classified as active or

inert. Active stabilizers react chemically with the soil or aggregate to
produce the desired changes in engineering characteristics. Soil chemistry
and mineralogy are important to the reaction between the admixture and the
soil. Lime, Portland cement, and lime-fly ash are all active stabilizers.
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aggregate. Stabilization benefits of inert stablllzers are derived from the
presence of the admixture and the physical binding of the admixture and the
soil particles. Asphalt materials are inert stabilizers. The mechanical
blending of in-place soils without an admixture can be an effective means of

improving the subgrade for construction expediency and increased resistance
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to fre=ze-chaw effects. However, due to the nghl/ variable nature cf
JULKIGUEe s0lis, Cuae senefite of oiending ars (liely Lo e highly varistlo
throughout a given project area.

4.4 Criteria for Requiring Soil Stabilization. Base the decision to

specify soil stabilization on a review of soil conditions necessary for
construction or pavement design and performance. Consider stabilization 1if
there is poor drainage, frost problems, the need for added subgrade
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strength, or the need for an improved working platform. Compare the cost
alternative solutions such as importing suitable granular materials to the
cost of stabilization. Criteria for selecting a stabilizing agent are

osutlined in TM 5-322-4.
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4.5 Lime Stabilization. Lime stabilization is used primarily for
fine-grained soils such as clays
4.5.1 Stabilization Mechanisms. The following reactions take place when

lime is added to the soil:

4.5.1.1 Cation Exchange and Flocculation and Agglomeration. Cation

exchange and flocculation and agglomeration reactions occur immediately
produce changes in soil plasticity, workability, and uncured strength
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4.5.1.2 Soil-Lime Pozzolanic Reaction. A soil-lime pozzolanic reaction
resulting in the formation of various cementing agents may occur depending
on the soil characteristics. This reaction is time-dependent and
temperature-dependent; therefore, the strength gain is gradual but
continuous over long periods of time. The factors which influe
soil-lime pozzolanic reaction are: time, temperature, lime type, lim
content, and soil properties, such as organic carbon content, clay content,
clay mineralogy, soil pH, natural drainage, and carbonate content.
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4.5.2 Suitable Soils for Lime Stabilization. Lime can be used with
medium- and fine -grained soils. Clays and silts with a plasticity index of
ass 1ng the No. 200
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4.5.3 Lime Stabilization Construction Sequence. To assure that the
desired stabilization objectives are met, the following construction

1Y ... 3.

sequence should be followed:

a) e
b) add lime,
c¢) mix and pulverize,

d) compact,

e) water cure,

f) scarify and pulverize,
g) compact,

h
n) cu

The lime is generally mixed with the pulverized soil and allowed
to cure for a period of 3 to 14 days to assist in breaking down heavy clay
soils.

4.5.4 Types of Lime App
disadvantages of the availa
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5 4.2 Quicklime. Quicklime may be more economical than dry hydrated
me because the quicklime contains approximately 25 percent more available
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burns. Quicklime is not recommended unless s

4.5.4.3 Slurry Lime. Slurry lime provides a dust-free appli
distribution and minimizes drying action. Slurry lime 1is not
use with very wet soils.

See TM 5-822-4 for

information on strength and durability requirements, mixture design, and the
required tests and laboratory procedures for lime stabilization. The
minimum acceptable 28-day unconfined compressive strength for lime treated
soils is 200 pounds per square inch (1 379 000 Pa). In addition to the
quality of the soil-lime mixture, consider the fineness and purity of the
lime. The fineness will affect the reactivity and mixing a distribi 1l
the lime while the purity will affect the amount of reactive material
available in the lime. Suitable grades of lime will have 95 percent or more
passing the No. 200 sieve. See ASTM C207 for specifications on acceptable

lime grades.

4.5.5 Quality Control nd Laboratorv Tests.

A N I ~L
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4.6. Portland Cement Stabilization. Cement stabilization is used
primarily with coarse-grained materials such as crushed stones, gravels, and
sands. Cement stabilization can be used to modify the plasticity of
fine-grained soils; however, this practice is usually uneconomical because
of increased cement requirements. However, if lime is not locally
available, modifying fine-grained soils with cement may be an acceptable
alternative.

4.6.1 Stabilization Mechanisms. Increases in strength and durability of

the soil-cement mixture result from the formation of cementing agents due t

PR

the hydration of the Portland cement. Additional benefits such as improved
workability may also be derived frcm a pozzolanic reaction if fines arsz
present, and from cation exchange, flocculation ang aggLomeraTion when (Ize
lime is present in the cement.

4.6.2 Suitable Soils for Portland Cement Stabilization. Portland cement

stabilization is best suited for well-graded granular materials. Poorly
graded sands and low-plasticity clays may also be stabilized with cement

although a higher cement content will normally be required and pulverizatiocn
and mixing may be difficult. In general, suitable soils for cement
stabilization should have a plasticity index of less than 20 and a minimum
of 45 percent passing the No. 4 sieve. See TM 5-822-4 for additional
criteria on when to use Portland cement stabilization.

17
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4.6.3 Portland Cement Stabilization Construction Seguence. The
objective in soil cement stabilization is to thoroughly mix the soil and
cement at the required moisture content to allow for compaction and curing.
The following construction sequence for in-place mixing should be followed:

a) shape, scarify, and pulverize,
b) add cement,

c¢) add water,

d) mix,

e) compact,

f) cure.

4.6.4 Quality Control and Laboratory Tests. See TM 5-822-4 for
information on gradation requirements, mixture design, and laboratory
testing procedures.

4.7 Asphalt Stabilization. Asphalt stabilization is used primarily
with well to poorly graded sands, gravels, or crushed stone.

4.7.1 Stabilization Mechanisms. Asphalt stabilization is a form of
inert stabilization. Improvements in soil properties are due to the
presence of the asphalt material and the physical bonding and waterproofing
of particles. FEmulsions can be used for mixed-in-place stabilization.
Environmental restrictions on cutbacks may preclude their use for
mixed-in-place stabilization.

4.7.2 Suitable Materials for Asphalt Stabilization. Asphalt
stabilization is suitable for granular materials such as sands and gravels
with low fines and plasticity. Generally, soils with less than 30 percent
passing the No. 200 sieve and a plasticity index of less than 10 can be
stabilized with asphalt materials. OJSee TM 5-822-4 for additional criteria
for asphalt materials stabilization.

4.7.3 Construction Sequence. To ensure that the stabilization
objectives are met, the following construction sequence should be followed:

a) shape, scarify, and pulverize,
b) add stabilizer,

c) mix,

d) aerate,

e) compact.

Aeration is required to allow the water or cutback solvent to
evaporate and reduce the amount of fluids. Excessive fluids reduce the
stability of the mix after it is compacted.
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4.7.4 Quality Control and Laboratory Tests. See TM 5-822-4 for
guidelines on acceptable asphalt materials and design procedures. The
minimum recommended Marshall stability for the stabilized mixture is 500
pounds (227 KgJ.

4.8 Lime-Fly Ash Stabilization. A lime-fly ash mixture can be used
for stabilization of silts, sands, gravels, and crushed stone. Fly ash is a
by-product of the combustion of powdered coal. Typical lime-fly ash ratios
range from 1:3 for a highly reactive fly ash to 1:5 for a poorly reactive
fly ash. Typical lime-fly ash contents range from 12 to 15 percent for well
graded gravels to 20 to 30 percent for sands and poorly graded materials.

Fly ash is a hi u i u
to check using mineralogy; therefore, performance tests should be used. Se
ASTM CSS3 for fly ash and lime-£fly ash mixture specificaticns and guidance
in selecting fly ash. Generally, the loss-on-ignition should be less than
10 percent, and greater than 85 percent of the lime-fly ash mixture should

pass the No. 325 sieve.

Lime-fly ash stabilization is acceptable in Navy and Marine Corps
construction nn1v for limited test or py-nnr1mpnf':al purposes. _A_pprova]_ must

be obtained from the Naval Facilities Engineering Command Headquarters.

4.9 Thickness of Stabilized Subgrade Layers. No reduction in pavement
thickness is normally made when a stabilized subgrade is used. However, if
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requlrements and Section 5.3 for minimum base course thickness requirements.
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Section 5: BASE COURSE MATERTALS

5.1 Introduction. In rigid pavement design, the base course refers to
the layer of material that lies directly beneath the concrete slab. The
base may consist of more than one layer. The primary functions of the base
may consist of the following:
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life,

b) improve load transfer across joints,

c) prevent pumping by providing drainage through the use of a
material with little or no fines,

e) protect against frost action by reducing frost penetration into
the subgrade,

f) provide a construction platform to expedite comstruction,
g) protect against volume change in subgrade soils by providing an
overburden on expansive soils to minimize swelling.

The main structural support element in a rigid pavement is the
Portland cement concrete slab. The most important function of the base
course material in a rigid pavement is to provide uniform long-term support

to the slab with adequate drainage to prevent pumping and loss of support.

n 4
support occur, the performance of the concrete slab w1ll be reduced.

5.2 Materials. Suitable materials for base courses 1nclude natural,
processed, manufactured, and stabilized materials wnlcn meet
These are the most common types
if possible, and con

a base material.
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5.2.1 Requirements for Granular Materials. The satisfactory performance
of the base course material depends on several factors discussed below.

tability than round—gralned materlals.

5.2.1.2 Wear Resistance. Aggregates suitable for base course material
must have the ability to withstand abrasion and/or crushing. Do not use
soft aggregates for base course material because they may break down into

fines which will inhibit drainage. Use the Los Angeles abrasion test (ASTM
F111) Fnr Aatarminino acoracats ahracion resi tance. Agerpgatps su1table

VT LT LIAILLIlS GHDHE whBvE Swve Goavva | 8 L a9

n the Los Angeles abrasion
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base course shall have a percentage loss i
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5.2.1.3 Freeze-Thaw Durability. Do not use aggregates that are easily
broken down under freeze-thaw cycles in frost areas. This property can be
determined in the laboratory by alternately freezing and thawing saturated
samples of coarse aggregate. Place full reliance on field performance

recordes
recordas.

5.2.1.4 CBR Requirements. Base course material shall have a minimum

bearing ratio of 30 at 95 percent of the maximum laboratory density as

determined by ASTM D1883. See NFGS-02232, Select Material (Base Course for

Rigid) (and) (Subbase Course for Fiexible) Pavement, for specifications on
L

hmmn mmesomge s b 3

base course material for "lglu pavement.

5.2.2 Stabilized Bases. Stabilized bases (e.g., cement-aggregate
mixtures) can be used to improve load transfer at joints in the slab and
provide increased support to the pavement. Design stabilized bases in

accordance with criteria in TM 5-822-4.

5.2.3 Lean Concrete Bases. Lean concrete mixtures may be used as base
material to provide increased support and reduce pumping. They may alsc be
more economical than stabilized bases. Lean concrete refers to a mixture

composed of low-cost, locally available aggregates that may not meet
specifications for normal concrete mixtures and an amount of Portland cement
that is usually less than for normal concrete mixtures. Local aggregates,
substandard aggregates, and recycled materials may all be used in lean

concrete mixtures for base materials. When properly designed, these
materials can provide a strong and erosion-resistant base.

Material specifications and gradation requirements for aggregates
used in lean concrete mixtures are not as restrictive as those for
aggregates used in normal concrete. Aggregate gradations should conform to
one of the gradations given in Table 5. The aggregate materials should be
free from any elongated or soft pleces, and dirt. Mix design for lean

3 r4
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Any bond between the lean concrete base and the concrete slab to
be placed on top must be prevented to retard reflective cracking. A bond
breaking material such as a wax-based curing compound should be placed on
top of all lean concrete base courses.

5.2.4 Recvcled Concrete Bases. Recycled Portland cement concrete can
serve as an aggregate for use in a granular base course or in recycled
oncretn base. The concrete must be properly crushed and sized to meet

radation requirements given in NFGS- 022 2.

5.2.5 Geotextile Fabrics. Geotextile fabrics may be considered for
reinforcement of the subgrade to provide a working platform for base course
construction and to separate the subgrade and base course to maintain the

_______ cma ARt a cemmdmd D oo an AMAUDAN NUM_ T N1 a;md WNAUDAN NM
original base course gradation. See NAVFAC DM-7.01 and NAVFAC DM-5.04,
Pavements, for design criteria on geotextile fabrics.
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5.3.2 Effective k Yalue. The k value is a measurz c¢f the stiffness of
the supporting material. The addition of base material will provide 2 k
value on top of the base material that is higher than the k vaiue directly
on the subgrade. This effective k value on top of the base is used in the
pavement thickness design procedures in Sectlicn 8

The eff;ctive k value on top of the base is 2 function of the
subgrade k valu base type, and the base thickness. The k value cn top of

the subgrade (b Pfore any subgrade stabilization) is determined as outlined
in Section 3. It is not practical during the design phase to require a
plate-loading test to determine the k value on top of the base because
construction of test sectlons is costly
L
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therefore, the effective k value on
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Figure 2 was developed for pit run gravel or stone meeting
NFGS-02232. The minimum acceptable effective k value for use in design is
200 pounds per cubic inch (5 536 000 kilograms per cubic meter). The
maximum allowable effectlve k value for use in design is 500 pounds per
cubic inch (13 840 000 kg/m ).
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a substitute at a 1:1.5 thickness replacement ratio for all or part of the
granular base course thickness determined from Figure 2, within the limits

of the minimum thickness requirements listed in Section 5.3. However, the
k value used for design remains the same as that determined at the top of
the granular base. The design k value is not increased due to the use of a
stabilized base or lean concrete base An unbonded stabilized or lean
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slippage between the slab and base.

If the concrete design thickness is less than 9 inches (229 mm), a
stabilized base course, of at least the minimum thickness given in Section
5.3, is required directly below the concrete pavement. If the concrete
thickness is greater than or equal to 9 inches (229 mm), the base course may
be granular material, stabilized material, or a combination of the two.

Stab of
aggregate base course at a 1:1 thickness replacement ratio if the stabilized
subgrade meets the requirements for base course and is at least 6 inches
(150 mm) in thickness. However, all concrate pavement desizns shall include
either a granular or stabilized base cource.
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(2 768 000 kz/ ). The minimum d ign % value of 200 pocunds per cubic

inch (5 536 000 kg/m“) has been se‘ec ed as the design %k vaiue. The
granular base course thickness required to provide an effective k vilue of
200 pounds per cubic inch (5 536 000 kg/m”) on top of the base is
determined by entering Figure 2 on th? vertical scale with a k valus of 200
pounds per cubic inch (5 536 000 kg/m~). A4 herizontal line ig projected

to the curve for a subgrade K value oI 100 »sounds per cublce inch

(2 768 000 kﬂfm“\. A vertical line 15 fhen projected down ancd the
thickness of base course is determined. For -his exampie, a 12-inch
(330 mm) granular base course iu pequirad to ponvide in 2FFae
200 poundc ner cubic ineh (85 S36 000 kg/m3) on top of the b.so.
-4
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There are several acceptable base course designs for this example,
depending on the required concrete thickness. If the concrete slab

thickness is 9 inches (200 mm) or greater, the following altermatives are
examples of acceptable designs:

a) Place a granular base course for the entire 13 inches (330 mm).

13° GRANULAR BASE
\
VY A A A A A A A
SUBGRADE K =100 pci
b) Substitute 6 inches (152 mm) of stabilized subgrade for
6 inches (152 mm) of the granular base course and construct a 7-inch

(178 mm) granular base course.

DESIGN K =200 pci

>4

7° GRANULAR BASE

(o)}

" STABILIZED SUBRGRADE

FE—— <

/ VA A g

SUBGRADE K =100 pci
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c) Place a 6-inch (152 mm) granular subbase directly on top of the
subgrade and substitute the remaining 7 inches (178 mm) of the granular
material with a 6-inch (152 mm) cement stabilized base directly under the
concrete pavement. A 6-inch (152 mm) granular subbase and 6-inch (152 mm)
cement stabilized base are the minimum thicknesses.

DESIGN K =200 pci
A

6° CEMENT STABILIZED BASE

6° GRANULAR SUBBASE

/

Ve

Vvl Ve
00 pci

VG
S UBGRADE K =

o .
AN

'y

d) Substitute 6 inches (152 mm) of the granular material with 6
inches (152 mm) of stabilized subgrade and substitute the remaining 7 inches
(178 mm) of the granular material with a 6-inch (152 mm) stabilized base

DESIGN K =200 pci

6" STABILIZED SUBGRADE

VA Y S S A A A

SUBGRADE K =100 pci

5.3.4 Gradation. The gradation of the base course affects stability,
drainage, and frost susceptibility. Base course gradations should meet

NFG3-02232. In addition to the gradatlon requ1rements, the fine material
mm it Elaa AT~ LA =2 merm =tlames1 3 tmve~ o~ Amb tAatber SenAdAAaw A ornntar Fhan &
pPdoollly Lile NU. 4V sSilieve Snouild nave a pPidsSilitliLy llIUCA iU piliTwailcTi tLtiuaan J
and a2 liquid limit no greater than 25
angd a quicd 11mMiT ne greater than <o
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5.3.5 Drainage and Permeability.

5.3.5.1 Permeability. The permeability of granular materials is dependent
upon grain-size distribution, grain shape, and relative density. To provide
adequate drainage, the base course should be a well graded material, but it

should contain little or no fines.

drainage systems see NAVFAC DM-21.06.

For more detail on the design of
A filter layer should be used

whenever a drainable base course is to be placed on a fine-grained subgrade
and may be necessary on SM, SM-SC, and SC soil classifications.

. it r. he filter layer protects a drainable granular base
course from the intrusion of subgrade fines to maintain a drainable material
and tc wminimize pumping. The gradation of a granular filter layer is
controlled by the following criteria:

Dy 5FILTER/Dy5SUBGRADE > 5
and
Dy5FILTER/DggSUBGRADE < 5
WHERE: Dy5 = particle size where 15 percent of the material is
finer
Dgg = particle size where 85 percent of the material is
finer
When protected subgrade soil is plastic and without sand or siit,
the Dyg of the filter need not be less than 0.039 inches (1 mm). The
minimum filter thickness should be 4 inches (102 mm). Greater filter
thicknesses may be required to provide a working platform during placement
and compaction of the base course. Additionally, proper compaction of the
subgrade will minimize the possibility of intrusion of fines through the
filter and into the base. Geotextiles which meet the filter criteria may
also be used.
5.3.86 Drainage Layer Beneath Stabiliized Base. When a stabilized base is
used and there is an excessive amount of free meisture available along with
high volumes of heavy traffic, consider a drainage layer beneath the
stabilized layer or otherwise provide subsurface drainage to minimize the

potential for pumping.

5.4 Quality Control. Compact base materials to a high density to
ensure adequate stability. To achieve high densities, control the moisture

optimum moisture

content and maintain it close to or slightly above the

content. Clean granular materials may be compacted at higher moisture
contents. The lift thickness of base course materials must also be
controlled since high densities are difficult to achieve in thick lifts.

Lift thickness for granular materials may range from 4 to 8
203 mm) depending on the type of compaction equipment being

inches (102 to
used. Base

course materials should be uniformly distributed over the subgrade to avoid

segregation.

28




TEDHN!E}AL LIBQARY

TAEROSP/ 3

5.4.1 Compaction. Compact granular and cement-treated base courses to
100 percent of maximum density according to ASTM D1557 and D528,
respectively. Compact asphaltic concrete base courses to 97 percent of the
maximum density as determined from the Marshall mix design method.

5.4.2 Construction Procedure The construction sequence for base
nnnnnnnn Smaliidas +ha FAllAwrine oarnaral otrtanc-
CUUL OTO LAl LUUTO o LVULLUWLILIG bHTiliviad oLCpo

a) compact and grade subgrade,

b) spread base course material,

¢) shape and compact base,

d) grade and compact to required elevation.

5.4.3 Testing Considerations. Graded aggregate base course materials
must satisfy NFGS-02232 Test methods are summarized in Table 7
TABLE 7
Test Methods for Base Course Materials
TEST ASTM STANDARD
Sampling Materials D75
Grain Size Analysis (Dry Sieving) Cl3e
Grain Size Analysis (Wet Sieving) D422
Liquid Limit D4318
Plastic Limit and Plasticity Tndex D4318
Sand Equivalent Value D2419
Percent of Wear Cl31
Sand Cone Method D1556
Nuclear Method (as field check) D2922

29
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Section 6: PORTLAND CEMENT CONCRETE MATERIALS
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of cement types, aggregates, and admixtures. Recommended aggregate and
concrete testing procedures are also covered. See NFGS-02559, Portland

Cement Concrete Pavement for Roads and Airfields, for additional information.
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6.2 Heat Resistant Concrete for F/A-18 Aircraft. Pavement areas that
are exposed to jet blast for an extended period of time may experience
damage in the form of surface scaling. Surface sca;;ﬂg is a result of
differential expansion and vaporization of moisture in the concrete.

Aggregates having a low coeff1c1ent of thermal expansion and low porosity,
such as basalt, will provide greater resistance to surface scaling than will
carbcnate aggregates. When designing parking apron pavements for the F/A-18
provide heat resistant concrete in each parking position to withstand the
heat from the auxiliary power unit (APU). The aggregate shall be trap ro
fine grained, of the diabase or basalt variety, free of voids, quartz, an
zeolites, all as described in ASTM C294. The aggregates shall meet the
requirements of ASTM C33 and shall be tested for reactivity with alkalies in
accordance with ASTM C289. Fine aggregate shall be produced from the same
material as the coarse aggregate. '

6.3 Cement Types. See ASTM C150 for Portland cement specifications.
The five general ASTM designations for Portland cement are listed below.

| M rrey 11

6.3.1 Type I. Use in general construction where no special properties
are needed and where concrete is not exposed to sulfate attack.
6.3.2 Type II. Use when concrete is exposed to moderate sulfate

action. Type II generates less heat than Type I during hydration and may be
used for mass projects or when placing concrete during hot weather.

6.3.3 Type III. Use when high early strength is required. It is used
when forms must be removed quickly and when a reduced curing period is '
necessary before opening to traffic. Type III generates more heat than
Type I during hydration and may be used when placing concrete in cold
weather

6.3.4 Type IV. Use when low heat of hydration is required. Strength
development ic slower than Type I

6.3.5 Type V. Use when concrete is exposed to extreme sulfate action.

Types IA, IIA, and IIIA are Portland cements into which an
air-entraining addition is blended during manufacture. Do not use Types IA,
IIA, and IIIA because of the inability to control air content and lack of
uniformity at the concrete plant.

6.3.6 Cri i ! primary factors in
selecting cement are resistance to detrimental chem al actions (e.g.,
sulfate attack), construction considerations (e.g., temperature at time of
construction, rapid strength gain), and availability.

r Selection of Cement Types.

ia Y
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6.3.6.1 Chemical Actions. If the concrete will be exposed to sulfates,
choose a sulfate-resistant cement. Table 8 describes sulfate concentrations

and the recommended cement types.

6.3.6.2 Construction Considerations. The temperature at the time of
construction may dictate the selection of the cement type. If construction
is performed in cold weather, a Type III cement may be used to generate a
greater amount of heat during hydration and accelerate hardening. If
construction is performed in hot weather, a Type IV cement may be used to
reduce the heat of hydration and slow hardening. If rapid strength gain is

mamisieend lem memdase b smabiismen A £Fanilibe A cAamirican Ac aAann e nnacctihla
LToyuliLcu 1l vilel cO rewurn a LdllilliiLy LU DTl VviLT 4Ad DUUNL 4GOS pPUSSLviT,y o
Tune TIT cement mav he ucsed to nrovide ranid hardenine and hieh earlyv
iype 11l cement may 2e used o preovice rapicd nardening and n1igh ear.y
strength gain.

6.3.6.3 Availability. The availability of a cement type may dictate which
cement type is chosen. Types I and III are generaily readily available
throughout the United States. Type II is common in many western states
where the soils contain a greater sulifate concentration. Types IV and V may
only be available in areas where a special market exists and they are
routinel v used.

Table 8
Types of Cement Required for Concrete
Puemnand A Q11 fata Abr+ants
&APUDUU wV VULLALTE AvLaLwn

Percentage Water-Soluble Sulfate (as S04)

Relative Degree Sulfate (as S04) in Water Samples Cement

of Suifate Attack in Soil Sampies {(parts/miiiion) Type
Negligible 0.00 to 0.10 0 to 150 I
Positive 0.10 to 0.20 150 to 1,500 1T
Severe 0.20 to 2.00 1,500 to 10,000 v*
Very Severe 2.00 or more 10,000 or more V+pozzolan**

Source: U.S. Bureau of Reclamation, Concrete #¥anuai, 1979

* Or approved Portland-pozzolan cement providing comparable sulfate
resistance when used in concrete.

** Should be approved pozzolan that has been determined by tests to
improve sulfate resistance when used in concrete with Type V cement.

an
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6.4 Concrete Aggregates. Aggregates

the properties of Portland cement concrete.

filler and provide concrete with dimension
The following sections provide information

for use in a surface concreste
6.4.1 Aggregate Tvpes. Aggregates are
normal weight, or heavy weight. This disc

aggregates which are used in the majority

Aggregates must be hard and stro

impurities such as silt, clay, or organic
the strength and reduce durability of the
water requirements and interfere with the

The aggregate shape and texture
concrete and the strength of the hardened
irregular shaped aggregates will increase
increased interparticle interaction. Elon

Consider the durability of the a
mix. Both the chemical and physical durab
considered. Physical durability concerns
freeze-thaw characteristics of the aggrega
specifications on soundness, wear resistan

Chemical durability concerns the
Reaction of alkali in cement with siliceou
expansion damage to the concrete, resultin

rocks such as limestone, shale, and sandst
such as opal and chert are susceptible to

cement. The alkali-silica reaction can be
arbonate rocks such as d

alkall ~car bonate react
on alkali reactivity.

6.4.2
that is required,

Gradation. Aggregate gradation
the handling characteris
e properties. See AST
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Aggregates are an economical
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6.4.3 Maximum Agpregate Size For pavement slabs, the maximum aggregate

size should not exceed 1.0 to 1.5 inches (25 to 28 mm). If reinforcement is

used, the maximum size should not exceed three fourths of the minimum
clearance between reinforcing bars or reinforcing bars and forms.

6.4.4 Performance of Local Aggregates. Use suitable local aggregates

if available. This should result in lower costs for transporting

materials Thoroughly test aggregates for resistance to "D" cracking,

reactivity, soundness, and abrasion resistance. Primary concerns with local

aggregates center around "D" cracking and reactivity.

6.4.4.1 D" Cracking. Durability or "D" cracking refers to deterioration

along a joint or crack in a slab caused by the concrete's degradation due to
freeze thaw cycles. D" cracking is related to aggregates that are
expansive when saturated with water and then frozen. The pressure exerted

(‘Y

by the repeated expansion is great enough to fracture the concrete and cause
"D" cracking. D" cracking usually begins at joints and cracks because free

t
moisture is present and will appear as a pattern of cracks running parallel
to the joint or linear crack. A dark coloring can usually be seen around
fine durability cracks. Cracking may eventually lead to disintegration of
the concrete within 1 to 2 feet (305 to 610 mm) of the joint or crack.
Local aggregates must be tested for soundness and durability to ensure

acceptable performance in areas where many cycles per year of freeze-thaw of
the concrete slab occurs. Aggregates must satisfy ASTM C88 and ASTM C666.

If aggregates are susceptible to "D" cracking the maximum aggregate size
should be 1.0 inch (25 mm)

6.4.4.2 Reactive Aggregates. The most common chemical reactivity problem
is the alkali-aggregate reaction. This reaction can take the form of an
alkali-silica reaction or an alkali-carbonate reaction. The

alkali- aggregate reaction results in the formation of a gel which 1s

accompanied by a volume expansion. This volume expansion is sufficient to
cause ornck1ne fhrnUthnf the concrete slab The nrimarv factors that

calse ClaCklll | SRS R AR0 VL L LilE LLUNLITELE Sicl. 44T pLiillaly daLLul |5 S 1~ 3 &

control alkall—aggregate expansion are the presence of reactive silica,
dolomite, or calcite; particle size of reactive material, amount of reactive
alkali in cement, and amount of available moisture. Local aggregates must
be evaluated for alkali-aggregate reactivity and satisfy ASTM C289.

6.4.5 Recycled Portland Cement Concrete Recycled Portland cement
concrete pavement can serve as a high-quality and low-cocst aggregate in
Perilzand cament ccnerste The reeycled conercte nust be pocperly crushed
and sized to meet aggregate gradation requirements.

Once the material has been properly sized, it must be tested for
quality as outlined in this section. Recycled concrete aggregate meeting
all quality requirements for new ag regate can be used in Portland cement

concrete pavemenL Lo quc

considered for use

oncrete aggregate can be
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6.5 Admixtures. An admixture ig a material other than water,
aggregate, or cement that isc added to the concrete batch immediately before
or during mixing. Admixtures can be used to improve the handling and
congolidation of plastic concrete or the performance and material

characteristics of hardened concrete. Table 9 summarizes the principal
advantages and disadvantages of the major types of admixtures. The major
types of admixtures are described helow See NPGS-02559 for additional
information and specifications
Table 9
Admixture Effects on Concrete Properties
|
ADMIXTURE TYPE FRESH CONCRETE HARDENED CCNCRETE
Air-Entraining improved workability reduced strength ;
reduced bleeding improved freeze-thaw
reduced segregation resistance 1
improved sulfate rPSLStancof
§
Water-Reducing improved workabilty increased strength
may increase bleeding increased impermeability
increase entrained improved durability
air above level
desired
Set-Retarding reduced workability increased shrinkage
increase entrained reduced early strength
air above level i
desired !
Set-Accelerating - increased early strength
1 may decrease final strength:
| increased shrinkage
reduced sulfate resistance |
reduced alkali-aggregate i
resistance !
fozzolanlc improvecd workabillity 2
Material !

35
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6.5.1 Air-Entraining Admixtures. Use air-entraining admixtures to
improve workability and freeze-thaw durability and provide better overall
resistance to sulfate actions. Air entrainment also reduces bleeding and
segregation that may occur during transportation and handling. Entrained
air is required in all Navy and Marine Corps concrete pavements. See ASTM
C260 for specifications on air-entraining admixtures.

6.5.2 water-Reducing Admixtures. Use water-reducing admixtures to lower
the water required to attain a given slump. This generally leads to an
increase in strength, impermeability, and durability. Possible
disadvantages include an increase in bleeding and air entrainment. The
active ingredient in water-reducing compounds is adsorbed at the solid-water
interface. This neutralizes the surface charge on the particles so that all
particle surfaces carry a like charge and repel each other. The particles
are fully dispersed in the cement paste and free the water to reduce the
viscosity of the cement paste. See NFGS-02559 and ASTM C494 for
specifications on water-reducing admixtures.

6.5.3 Set-Retarding Admixtures. Use set-retarding admixtures to delay
setting time when placing concrete in high temperatures, when delays may be
unavoidable, or when placing large volumes of concrete. Set-retarding
admixtures act to decrease the rate of early hydration. Possible
detrimental effects on concrete properties include an increase in the rate
of loss of workability even though the setting time is extended, a reduction
in the early strength of the concrete, and an increase in shrinkage and
creep. See NFGS-02559 and ASTM C494 for specifications on set-retarding
admixtures.

6.5.4 Set-Accelerating Admixtures. Use set-accelerating admixtures to
facilitate early strength gain and to overcome slow hydration rates due to
low temperatures. The primary mechanism of accelerators is to increase the
rate of the early stages of hydration. This results in increased 6-hour to
24-hour flexural strengths; however, strength gains diminish with time and
the final flexural strength of the mix may be less than a concrete without
the accelerating admixture. Accelerating admixtures may also increase
shrinkage and creep. If calcium chloride is used, resistance to sulfate
attack may be reduced and the alkali-aggregate reaction may be aggravated.
See NFGS-02559 and ASTM D98 for specifications on set-accelerating
admixtures.

6.5.5 Mineral Admixtures. dineral admixturas can be sucdivided iIntc the
following general categories.

6.5.5.1 Materials of Low Reactivity. These materials are used to increase
the workability of plastic concrete which is deficient in fines. Common
materials are ground limestone, dolomite, quartz and rock dust. Do not use
these types of mineral admixtures because they seldom contribute to strength
and durability of the hardened concrete.
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6.5.5.2 Cementiticus Materials. Use these materials tc improve the
strength of hardened concrete. Common materials are natural cements,
hydrated lime, and blast furnace slag

6.5.5.3 Pozzolanic Materials. Use these materials to improve the
workability of plastic concrete, the impermeability and durability of
hardened concrete. The addition of a pozzolan also improves the resistarnce

to suifate attack and alkali-silica reactivity. Common materials iﬁclade
natural pozzolans and synthetic pozzolans. Natural pozzolans such as chert
and shale are seldom used because grinding to cement fineness is required.
Synthetic pozzolans include fly ash and boiler slag. Fly ash is most
commonly u ed because it 1s finely d1v1ded and can improve the workablllty

The Navy and Marine Corps do not allow fly ash to be substituted
for Portland cement; however, concrete designs using fly ash as a substitute
for Portland cement will be evaluated on a project by project basis and must
be approved by the Naval Facilities Engineering Command Field Division.
Pozzolans should conform to ASTM C618. See NFGS-02559 for guide
specifications on pozzolans.

6.5.6 Factors in Selecting Admixtures. The primary factor in deciding

when to use an admixture is the effect the admixture will have on the

plastic and hardened properties of the concrete. FPrimary concerns may
include workability, placing characterlstics, and early strength
development. Incorporate admixtures during the mix design stage in order to
evaluate the effect of admixtures

6.6 Testing Procedures. See NFGS-02559 for guide specifications on
field testing and sampling.

6.6.1 Aggregate Tests. The following sections provide brief information
on the major specification tests.

6.6.1.1 Sieve Analvsis and Gradation. Particle size distribution has a

major effect on the water requirements and handling properties of fresh
concrete. See ASTM Cl136 for specifications on sieve analysis and ASTM C33
for gradation limits on coarse and fine aggregates.

6.6.1.3 Unit Weight. The unit weight of aggregates is required for
computing the volume of voids and approximating the amount of cement paste
required in mix design. See ASTM C29 for specifications on unit weight.



TEDHN]BAL LIBR’AQY

TAER

QAL MTIIIWMINT AV L bl ™
6.6.1.4 Surface Moisture. The amount of surface moisture on the aggregate
must be known to control mix design. ASTM C70 containg specifications for

SaaLWiL LO Ll VA laA AP -3 saad asa (0RO S RUT- 089-3 re- Lavavia

the measurement of surface moisture.

6.6.1.5 Soundness. Use soundness tests to evaluate the resistance to
disintegration in aggregates due to cycles of wetting and drying or freezing
and thawing. See ASTM C88 for specifications on the soundness tests. ASTM
C666 provides specifications for freezing and thawing tests on aggregates.

6.6.1.6 Resistance to Abrasion. Abrasion tests are used to measure the
deterioration or degradation of aggregates due to impact and surface
abrasion. See ASTM C131 and C535 for specifications on abrasion tests.

6.6.1.7 Cleanliness and Deleterious Substances. Tests for deleterious
substances and impurities are listed in Table 10.

Table 10

Tests for Deleterious Substances

TEST DESCRIPTION ASTM DESIGNATION
Mamd FAce Aessccmemia Smemssseit biacm Sea csamds Ia¥Ne)

Ao L LUL VUL pallile LiIPUL LLAETD 41l Sailiudo wev

Effect of organic impurities on strength c]7

Test for lightweight pieces c123

Test for clay lumps and friable materials Cl42

7 z Lo D PRy Vo P POy TN f R -~ A mammm s £ amd il oaan - et wmmamm . e
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to insure that hardened concrete with the required properties is attained.
These tests can be broken down into tests for fresh concrete and tests for

hardened concrete. The following sections provide some limited information

on the major specification tests. See NFGS-02559 for additional information.

6.6.2.1 Fresh Concrete Tests. Concrete should be manufactured and
T

tr ansporteu to tne JOD site in accordance with ASTM C34. Fresh concrete
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Table 11

Fresh Concrete Tests

—
) !
| TEST DESCRIPTICN ASTM DESIGNATION
- |

Making and curing laboratory concrete test specimens cl92

Making and curing field concrete test specimens c31

Slump test Cl43

Unit weight, yield, and air content (gravimetric) Ci3s

Air content of fresh concrete {(volumetric method) C173

Air content of fresh concrete {(pressure method) c231

Air content of fresh concrete (gravimetric thod) c138
| Cement content c138
! Bleeding €232

Time of setting by penetration Cc403

Early volume changes c827

Water retention by concrete curing materials Cl56

Table 12

Hardened Concrete Tests

oncrete tests are summarized

TEST DESCRIPTION

ASTM DESIGNATION

Air-void content C457
Capping cylinders cé617
Compressive strength C39
Accelerated curing and testing of concrete Cs84
Spiitting tensile strength C49¢
Flexural strength c78
Modulus of elasticity and Poisson's ratio C469
Creep of concrate in comprassion Ccsiz2
Specific gravity, absorption and voids C642
 Cement content of hardened concrete C85
. Resistance to rapid freezing and thawing C666
! Abrasion resistance to sandblasting C418
- Abrasion resistance of horizontal surfaces c77¢9
Scaling resistance of concrete exposed to deicing salts Cca72
Examining and sampling of concrete in constructions c823
39
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6.7 Mix Design Process.

6.7.1 Mix Design Procedures. Design concrete in accordance with

ACI 211.1, Standard Practice for Selecting Proportions for Normal,
Heavyweight and Mass Concrete, except as modified by guide specification
NFGS-02559. All concrete shall be proportioned by weighing, except when
equipment failures or other unusual circumstances necessitate the temporary
use of volumetric proportioning. The minimum flexural strength at 28 days
shall be 650 pounds per square inch (4.5 MPa).

6.7.2 Design of Lean Concrete Mixtures. Lean concrete mixtures
described in Section 5 can be used as a base material. Mix procedures for
normal weight concrete given in ACI 211.1 and NFGS-02559 can also be used
for the design of lean concrete mixtures. Exceptions to the procedure

include the use of a single aggregate instead of a combination of coarse and
aggregates and a lower cement content than that used for normal weight
et

-~ [P WL S U,

e. The primary considerations in designing a lean concrete mixture
are workablllty, adequate strength and durability. The mixture must be
workable and easy to place and consolidate using vibration and standard
concrete paving equipment. The mixture must also be cohesive enough to be
placed with a slipform paver. Adequate strength and durability are required
to withstand traffic loadings and environmental conditions.

ermine the cement

T
[ nounds per cubhic
_______ pounds per cubic

lean concrete bases. Flexural strengths at 28
ays should be between 300 and 400 pounds per square inch (2.1 and 2.8 MPa).

Air entrainment shall be used to improve freeze-thaw resistance
and workability. Typical air contents for air-entrained lean concrete
mixtures are between 3 and 9 percent Maintain slumps in the 1- to 3-inch

(25 to 76 mm) range when placing lean concrete mixtures. Specifications
given in NFGS-02559 for concrete are also applicable for the mixing

transporting, and placement of lean concrete mixtures.

6.8 Hot Weather Considerations. The following sections provide
general information on hot weather considerations.

co mk:n
Ol
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6.8.1 R€fap+ts of Yioh Tem

high air iemperature, low relative humidity, and w1nd veloc1fy which may
impair the quality of fresh or hardened concrete. Hot weather can seriously

affect the characteristics of plastic concrete. These include:

+iirac
LUl S5S. 0o

D

a) increased water demand,

b) earlier and more rapid slump loss,

¢) increased rate of setting,

e) increased chance of plastic cracking,

e) problems in controlling entrained air content

=
(@]
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e hardened concrete properties can also be affected if
additional water is added at the job site. These include:

a) decreased strength,

b) decreased durability (particularly at the surface),
¢) increased chance of shrinkage and thermal cracking.

t weather can also affect transportation, placement, and
o]

cedures by shortening the amount of time for each task.
add addltlonal water at the site to offset the effects of high temperatu

Do not

because of the corresponding decreased strength, durability of the sufface,
and impermeability, as well as the increased shrinkage cracking that may
result from the higher water-cement ratio. A retarding admixture meeting
the requirements of ASTHM C454 could be beneficial in offsetting the
accelerating effects of high temperatures and providing a uniform setting
time

6.8.2 Cooling Concrete Materials. Methods to maintain low concrete

temperatures in hot weather include cooling aggregates and cooling water

before mixing. The concrete temperature can be lowered by cooling the
water, even though the concrete temperature is primarily controlled by the
aggregate temperature.( The engineer can use the following formula to
calculate the approximate concrete temperature:
T -
0.22(T W, + TWe ) + T W, + TyaWwa
EQUATION: T = ) (1)
0.22(Wy + We) + Wy + Wy
WHERE : T = temperature of freshly mixed concrete, OF
T, = temperature of aggregates, oF
T. = temperature of cement,®F
Tw = temperature of mixing water, oF
T,a= Lemperature of free moisture on aggregates, ofF
Wa weight of aggregates, pounds
W, = weight of cement, pounds
W, = weight of mixing water, pounds
Wya= weight of free moisture on aggregates, pounds
Source: Por nd Cement Association, Design and Controi of Concrete

= o~ = Jarenans A m~emAanTen~e hRAasveA e ha Rl ada -~
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If ice 1s used to aid in cooling, the concrete temperature can be
approximated as follows:

0.22(T W, + TW.) + (W, - Wi)T,
EQUATION: T = : (2)

0.22(wa + wc) + W, + W, + Wy

+
0.22(W5 + Wo) + Wy + Wyn + Wy
WHERE: W; = weight of ice, pounds
Source: Portland Cement Association, Design and Control of Concrete

Mixtures, Twelfth Edition.

The water temperature can be controlled with liquid nitrogen, the
addition of ice, or insulating water supply lines and tanks. Aggregates can
be cooled by shading stockpiles from the sun. The temperature of the
concrete should not exceed 95°F (35°C) when the outdoor ambient
temperature is more than 90°F (32°C). Additional information can be
found in ACI 305, Hot Weather Concreting, and NFGS-02559.

6.8.3 Transportin Placing, and Finishing. Transporting and placing

ansporting, T
concrete during hot weather should be completed as quickly as possible to
prevent loss of workability and cold joints. Ready mix concrete must meet
ASTM C94 which requires discharge of concrete within 1.5 hours or before 300
revolutions of the drum, whichever comes first. This time limit could be

reduced to 45 minutes for ambient temperatures above 90°F (32°C).

Coordinate deliveries to avoid delays at the construction site. Concrete
may also be placed at night to take advantage of cooler temperatures during
hot weather periods See NFGS-02559 for specifications on mixing, placing,
and finishing

6.8.4 Plastic Cracking. Plastic cracking occurs when moisture from the
fresh concrete surface evaporates rapidly. This rapid loss of water results
in shrinkage and tensile stresses in the concrete which lead to plastic
cracks. High air and concrate temperaturss, lcw humidity, and high winds
all increase the possibility of plastic crack irg. The followin; precavtions
can minimize plastic cracking and should be considered during hot weather:

a) moistening subgrade and forms,
n) moistening dry and absorptive aggregates,
¢) lowering fresh concrete temperatures by cooling aggregates and

mixing water,
AY aAarn
G, pLo
temporary coverings,
e) reducing the time between placing and curing,

f) moist curing.

=
[P}




TEDHN]BAL LIBR’AQY

\ER

6.8.5 Curing. The goal of curing is to maintain sufficient water in the
concrete to continue hydration and maximize stﬁengtn galn To obtain proper

for nnr:_“g 3 1
If moist curing cannot be accomplished, or 1f it cannot
24 hours, protect the concrete surface for the remainder of the curing
period with plastic sheets, membranes, etc. See NFGS-02559 for

specifications on curing materials.

e continued beyond

6.9 Cold Weather Considerations. The following sections provide
general information on cold weather considerations. See ACI 306, Cold

Weather Concreting, for additional 1nformation on cold weather concreting
practices.

(o}
n

6.9.1 Effects of Cold Weather. Reduced temperatures slow down the rate
of hydration and the associated gain in strength. To reduce the chance of
damaging concrete by early freezing, use air-entrained concrete in cold
weather construction. Air-entrained concrete protects the concrete by
providing a reservoir for water that is forced from the cement paste during

freezing. High early strength gain is desirable in cold weather operations
to reduce the length of time that temporary protection is required. To
facilitate early strength gain, use a high-early-strength cement (Type III),
an insulation layer, or an accelerating admixture.

L2

6.5.2 Heating of Concrete Materials. It is desirable to prepare fresh
concrete to a temperature in the range of 500F (10°C) to 909F (32°0)
for cold weather construction. Methods to maintain concrete temperatures in

cold weather include heating aggregates and water before mixing. Aggregates
can be heated by circulating steampipes through stockpiles and by covering
stockpiles to retain heat. Use Equation (1) to calculate the approximate

concrete temperature.

Do not place concrete when the air temperature in the shade falls
below 409F (4°C), or when the concrete, without special protection, is

likely to be exposed to freezing temperatures prior to the completion of the
designated curing period. See NFGS-02559 for specifications on heating

mixing water and aggregates.

6.9.3 Transporting, Placing, and Finishing. During cold weather, place
concrata befors the mix temperaturs drops below a temperature range of

5097 {18°C) to 7007 (21°¢). ceoc NFCS-02559 for specifications on

placing concrete in cold weather

6.9.4 Curing. Concrete must be protected from rapid temperature drop

when curing. Effective means of insulation include straw or hay and

commercial insulation blankets. See NFGS-02559 for specifications on curing
materials.

s
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7.1 General. An airfield pavement must be designed to support a
forecast number of loadings by one or more types of aircraft expected to use
the facility over a selected design period. This requires information about:

a) the aircraft types (gear configurations),

b) the maximum gross weight of each aircraft type,

¢) the lateral wander associated with each alrcraft type,

d) the predicted number of operations of each airc aft type over

the design life of the pavement.

All of these items are input into the pavement thickness design
procedure provided in Section 8.

7.2 Aircraft Types Most Navy and Marine Corps aircraft have 2
tricycle landing gear. A landing gear assembly may cecnsist of single wheel
for smaller aircraft or dual and dual tandem wheels for larger aircraft.

Figure 3 illustrates the various multiwheel landing gear assemblies and
lists typical aircraft for each.

representative aircraft for that group. Tablie 13 identifies these five
standard aircraft types which are to be used as default values in the design
of rigid pavements only when gite-specific aircraft loadings are not
available Table 14 provides the design gear loads and tire pressures for
most other current aircraft.
Table 13
Standard Design Aircraft Types
TLANDING
GEAR REPRESENTATIVE WHEEL SPACING TIRE PRESSURE DESIGN GEAR LOAD
ASSFEMBLY ATRCRAFT INCHES (mm) PSI (MPa) POUNDS (kg)
| Single F-14 - - 240 (1.65) 30,000 (13 600>
" Dual P-3 26 {(660) 190 (1.31) £§8,000 (20 300
Single Tan- .
dem Cc-130 60  (1524) 95 (0.65) 84,000 (38 100)
Dual Tandem C-141 32.5x48 180 (1.24) 155,000 (70 300)!
(826x1219) |
Twin Delta C-SA FIGURE 8 115 (0.79) 190,000 (86 200)
Tandem

45
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.3 Design Weight. Use the design gear loads given in Table 14 for
avement thickness design. The design gear load is calculated from the design
gross aircraft weight (typically the maximum gross take-off weight) by
assuming that 95 percent of the gross aircraft weight is carried by the main
gears. The design gear loads given in Tables 13 and 14 were calculated from
the maximum gross take-off weights of the listed aircraft, and thus represent

the maximum static gear loads expected to be applied to a pavement.

o RN

i 2 hl 1V~ mem Nmmee T mmad~ e MAama e N
/7 e J e d use UL UL“CL vearl Loads 1in UUD&Q“- viL

listed in Tables 13 and 14 may be used for design when warranted. Certain
areas of an airfield (e.g., runway shoulders, runway overruns) do not normally
carry fully loaded aircraft and thus do not have to be designed for the
maximum gross weight. The pavement thickness design charts in Section 8
accommodate a wide range of gear loads.

7.3.2 Hangar Floors. Aircraft in hangars are not normally loaded with
NrAaran F11a1l Ar aArmaman+e Nactsan arnoar flAanre fAar +$ha amnatv rtaiehd AFr +ha
- bU, AT A, A QLINQIITCIL -O UGDL&AL llclleL AWV AL O LR R il Wllr\o "G.&bllh A il
aircraft. When exact data are not available, use 60 percent of the maximum
gross weight of the aircraft as an average. The minimum thickness of the
concrete slab in a hangar floor is 8 inches (203 mm).

7.4 Traffic Areas. Airfield pavements are categorized by traffic area

as a function of traffic distribution and aircraft weight. The three
principal traffic areas recognized on Navy and Marine Corps air stations are
Nnrimary canrnndary and o
primary, secondary, and sup
preparation of this Tri-Service design criteria, a primary area corresponds to
an Air Force B traffic area and secondary traffic areas correspond to an Air

Force C traffic area.

artine For nurnnses of standardization and for
Ccrting. S#Or purpeses oI stancardization and IOor

7.4.1 Primary Traffic Areas. Primary traffic areas are those which
require high pavement strength due to the combination of high operating
twatoht+e and Arharnnalioad +raffina Drimaryv +raffin aranc innlitda-s
weights and channelized traffic. Primary traffic areas include:

a) first 1000 feet (330 m) of runways,

b) primary taxiways,

c) holding areas,.

d) aprons.
-y A ~ ~o s m___ o [ P — ~ 1 L ___ oL _ P - — e e = T T o
/I .4.4 o COorQgary 1rdrricC Areds oeconudry trdiriC 4dreds dre norudlly
Aihinnitad A jmahanmalicad Leaffia and/Aar Airamafl Amarabrine A+ larrar cgaiehé s
QMA—IJ Y - AL s QLMIT L L T L S O N Dl WA G dhd va D U:‘CA.—-E__.AO — PR A .V(,-o..\_._,
than primary traffic sr=ss.  Cecondary traffic :ce2og include:

a) runway interiors,
b) intermediate taxiway turnoffs.
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SINGLE TRICYCLE DUA TRICYCLE
F-4, F-8, F-14, F/A-18, T-1, T-2, P-3, C-119, C-124, C-131, UH-48,
T-2Q A-_ A A-5,6 A-§, A-T7, DC-9, CH-53, B-727, B-737. C-121

v v L B 4 vV
’ ’ 0 0
SINGLE TANDEM TRICYCLE DUAL TANDEM TRICYCLE
C-130 C-141, KC-135, DC-8, DC-10-10
DC-10-10CF, L-1011, B~707, B~ 757
B-767, E-3

Figure 3
Multiwheel Landing Gear Assemblies
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Table 14
Commonly Used Design Loadings for Navy and Marine Corps Air Stations

Design Design

DOD Type of Gear Tire Design Pass/Coverage

Type Designation Landing Gear™ Load Pressure Figures Chan. Unchan.
Attack A-3 ST 37,000 1lb, 245 psi 4,9 3.48 14.96
A-4 ST 12,500 1b, 200 psi 4,9 11.63 23.2%6

A-5 ST 29,500 1b, 300 psi 4,9 9.27 18.54

RA-5 ST 38,000 1b, 350 psi 4,9 8.82 17.64

A-6 ST 28,700 1b, 200 psi 4,9 7.67 15.35

A-7 ST 21,000 1b, 200 psi 4,9 8.97 13.91

AV-8 DT 14,000 1b, 90 psi - 3.89 7.47

Fighter F-4 ST 22,500 1b, 500 psi 4,9 13.70 27.39
F-8 ST 18,000 1b, 400 psi 4,9 13.69 27.39

F-14 ST 30,000 1b, 240 psi 4,9 8.58 17.00

F/A-18% ST 25,000 1b, 200 psi 4,9 8.22 16.44

Trainer T-1 ST . 9,000 1b, 200 psi 4,9 13.69 27.39
T-2 ST 7,000 1b, 165 psi 4,9 14.10 28.20

T-39 ST 9,000 1b, 165 psi 4,9 12.45 24.89

;Patrol P-3 DT 68,000 1lb, 190 psi 5,10 3.45 6.49
S-3 ST 19,000 1b, 245 psi 4,9 10.43 20.87

Transport C-5A TDT 190,000 1b, 115 psi 8,13 1.62 2.20
and Tanker c-121 DT 81,000 l1b, 170 psi 5,10 3.45 6.18
Cc-130 STT 84,000 1b, 95 psi 6,11 2.18 4.28

KC-135 DTT 142,000 1b, 155 psi 7,12 3.37 5.97

C-141 DTT 155,000 1b, 180 psi 7,12 3.49 6.25

Rotary Wing UH-46 DT 9,800 1b, 150 psi - - -
CH-53H DT 26,000 1b, 165 psi - - -

Commercial B-707 DTT 157,000 1b, 180 psi 7,12 3.30 5.87
B-727 DT 98,000 1b, 150 psi 5,10 3.30 5.88

B-737 DT 54,000 lb, 150 psi 5,10 3.20 5.80

B-747 DTT 190,000 1b, 195 psi 7,12 3.84 5.43

B-757 DTT 105,000 1b, 170 psi 7,12 3.30 5.88

B-767 DTT 143,000 1b, 183 psi 7,12 3.71 6.05

DC-8 DTT 172,000 1b, 196 psi 7,12 3.19 5.82

DC-9 DT 57,000 1b, 170 psi 5,10 3.61 6.73

DC-10 DTT 210,5C0 1lb, 1625 psi 7,12 3.77 5.61

{Centar CusL, 51,200 1o, 1iC ozl s .10 2,52 2.96

f L-1011 DTT 219,000 1b, 165 psi 7,12 3.66 5.57
‘Early E-2 ST 24,500 1b, 260 psi 4,9 8.58 17.00
Warning E-3 DTT 155,000 1b, 180 psi 7,12 3.30 5.87

* The nose gear on the F/A-18 carries 20 percent of the aircraft load.

**osT = Single Tricycle

DT = Dual Tricycle

TDT = Twin Delta Tandem
STT = Single Tandem Tricycle
DTT = Dual Tandem Tricycle

4 a
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Surporting Areas. Suppor:ting areas are not intended for normal
They are designed to withstand occasional passes of
Supporting traffic areas include:

7.4.3
aircraft operations.
aircraft on an emergency basis.

a) inner 10 feet (2.2 m)} of runway shoulders,
b) stabilized porticns of runway ovVerruns,

- N\ “ 1 - - R T S

¢) biast protective pavement.

in order to accurately quantify the fatigue

damage that aircraft loadings will do to a pavement over its design life,
aircraft as well as its wheel/gear

consider the lateral distribution of the
configuration. The forecasted number of aircraft passes over a pavement are
converted to coverages. Coverages are defined as the maximum number of tire

Pass-Coverage Ratio.

7.5

prints or partial tire prints aoleeo to the pavement surface at that point
where maximum accumulation cccurs {(i.e., in the center of the wheel path).

Coverages resulting from operations of a particular aircraft type
are a function of the number of passes, the number and spacing of wheels on
the main landing gear, the width of the tire contact area, and the lateral
distribution of the aircraft wheel paths relative to the pavement
The collective influence of these factors is expressed in terms

age ratlos derived for ea ch aircraft. laDLes 14 ana 15 give the

centerline.
of pass cove

(4] ﬁ

ass-
Table 15
Pass-Coverage Ratios for Standard Aircraft

Unchannelized

Aircraft

Channelized P/C*%*

P/C*%

17.00

6.49
4.28

distribution and

distributicon and standar
"Lateral Distribution of Aircraft Traffic,

rown and 0.0. Thompson, Miscellaneous Paper S-73-56,
Army Engineer Waterways Experiment Station,

icksburg, MS, July 1973.
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7.8 Traffic Vclume. Determine the total number of passes of each
aircraft type that the pavement will be expected to support over its design
life. The minimum design life for Navy and Marine Corps facilities is 20
years. Normally only aircraft departures are included as passes in pavement
thickness design. The exception to this is in touchdown areas on runways
where the impact due to aircraft performing touch-and-go operations will

AATIaA ;mATIrAMARE AAamAaca N Aantramante +hat arma A ha 1106ad FAar tAatvnh_ AanAd_
“auoc ycvc;uc il UQAL-C&C. sid yav e - o iia QL < -w Ve Wwocu & VA CUWWLIIT Gl T au
operations add the expected number of touch-and-go operations over the design

life to the number of departures to arrive at the design traffic. Obtain
data for the specific Navy and Marine Corps airfield facility under design to
forecast aircraft traffic operations over the design life of the pavement.

ons are not available, the
inimum leve to be

0 -

1 2N
rs v

Table 16
Minimum Pass Levels for Standard Aircraft

Aircraft Total Passes Qver Design Life* ;
{
F-14 300,000 F
P-3 100,000 |
| C-130 50,000 i
C-141 25,000 §
c-54 25,000

* Departures at maximum gross load.
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Section 8: THICKNESS DESIGN FOR NON-REINFORCED CONCRETE PAVEMENT

(=] hl n_ = _ £ | o WS "y Lt a__ P 4 _ . U L | S | s
o. 1l BdS 1S 100 UVUEeS1gn. ine tnickKness agesign proceqaure 1S Dpbaseqg upon
nrAavidino a cnffiniant crrmintiiral Aanansitrry AF Fha navramanéd ecvedam FfAr a
rbvv.&\‘&llb “a ML A A aile P sl G \.ﬂrﬂb.ﬂ.b) A wid rnvmuclxb DJO\—GALU - T A >
specified mix of aircraft loadings. The key structural design factors
include

1) slab thickness,

2) slab concrete flexural strength,

3) foundation support (from subgrade and base),

4) aircraft types, weights, passes and pass-coverage ratios.

It is also assumed that a relatively short joint spacing and
adequate load transfer at the joints are provided
8.1.1 Fatigue Damage. Repeated aircraft loading results in fatigue

damage in the concrete slabs which results in microcracks at the bottom of

. These cracks work their way to the surface of the slab, eventual
=
32

D
o +tha elah intA $Fra Ar mAra wianac Trn adAdi+ian 3F mimaine and 1A
B viai€® Siad LlicU vwU Ul it piecdes. 4li @UULILLVIIy 11 pPUlipiillpy &G v

1y
of support occur at slab corners, the critical stress could increase until a
corner break develops. As the proportion of cracked slabs increases, the
airfield pavement requires increasing maintenance and repair.

8.1.2 Structural Characterization. The slab and foundation are
H.M., New Formulas

1 _
a 4a
usi

“

1

e
the

ing on a unifn
uni 0

t
rior resting on a2 formly ng
) ram PCAPAVE
developed by the Portland Cement Assoclatlon (Packard, R.G., Computer Program
for Airfield Pavement Design) for interior stress condition. A major design

assumption is that adequate load transfer is provided at the joints so that

the load stresses that occur at the joints are not significantly higher than

the stresses at the interior of the sliab. Adequate load transfer must be

provided by a stabilized base, keyways, mechanical load transfer devices or
aggregate interlock.
8.1.3 Structural Slab Cracking from Aircraft Loadings. The cracking of a

non-reinforced jointed concrete slab with relatively short joint spacing is
controlled by:

3; the magnitude of flexural stress caused by aircraft traffic,
Y bhn £ aimiea 1 abearnnatrth AF Fha AnmAaeara

- LT DT ZITATIL ZRUTIZNOTR S TonE TCrCTETZ,

¢) the number of stress appli ions

The number of allowable stress applications to crack the concrete
slab is controlled by the ratio of critical stress to flexural strength of
the concrete. The relationship used in this design procedure to relate

stress/flexural strength ratio to the number of stress applications to

PRSI PR . - - IR [PRIRE B NSO u N nNrA PR | == I N— S m MY 1M mi. . VT e oman bl
CldCK1Ilg was aeveiopeu Dy Lne ruva dilaga 1s Siho 1 1I1 iL4dapie 1/ . llle 1UweElL Liie
ratic of critical stress to flexural strength, the larger the number of load
applications that the slab can carry before cracking occurs.

wn
fum
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Table 17
Stress-Strength Ratios and Allowable Coverages

f Stress~$trength* Allowable Stress-strength* Allowable

? Ratio Coverages Ratio Coverages

1

: 0.45 2,300,000 0.63 14,000
0.46 1,700,000 0.64 11,000
0.47 1,300,000 0.65 8,000
.48 1,000,000 0.66 6,000
0.49 720,000 0.67 4,500
0.50 540,000 0.68 3,500
0.51 400,000 0.69 2,500
0.52 300,000 0.70 2,000
0.53 240,000 0.71 1,500
0.54 180,000 0.72 1,100
6.55 130,000 0.73 850
0.56 100,000 G.74 650
0.57 78,000 0.75 480
0.58 57,000 0.76 370
0.59 42,000 0.77 280
0.60 32,000 0.78 210
0.61 24,000 G.75 160
0.62 18,000 0.80 120

1

* Interior or edge stress and design flexural strength.

8.4.1 Structural Slab Cracking and Mixed Aircraft Loading. When two or

more aircraft will utilize a given pavement, each may cause a certain amount

of fatigue damage in the concrete slab. The effect of mixed traffic can be

provided for in the pavement design by using Miner's cumulative fatigue

damage prggedure as d scribed in Cumulatlve Damage in Fatlgue M.A. Miner.

actually applied (at a given stress level) to the number of allowable load
applications to cracking failure (at the same stress level). The resulting
fraction represents the proportion of the useful life of the concrete that is
consumed oy repeated loading.

EQUATION: Fatigue Damage = 5 n: / Nj (3)
WHERE: n; = number of applied loads (coverages) at a given
stress level (as denoted by i)
N; = number of allowable ioads {(coverages) at the same
stress level to cracking of the concrete

-
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The fatigue damage can be accumulated over any number of stress
levels (or different aircraft loadings) as indicated by the summation sign.
When the fatigue damage proportion reaches 1.0, or 100 percent, a substantial
number of slabs will have cracked.

8.2 Thickness Design Inputs. Five kev design inputs are needed to
determine the required slab thickness.

8.2.1 Design Concrete Flexural Strength. The 28-day third-point loading
flexural strength is used for pavement design. The design flexural strength

should be as high as practicable and economical but not less than 650 pounds
per square inch (4 482 000 Pa). The actual mean flexural strength in the
field will be greater than the design flexural strength. The concrete design
shall meet the flexural strength requirements in NFGS-02559

8.2.2 k Value at Top of Base. The determination of the k value on the

subgrade and at the top of the base layers is described in Section 5. The
value used for design is that obtained at the top of the base. The combined
base and subgrade should have a minimum design k value of 200 pounds per
cubic inch (5 536 000 kg/m3) to prevent excessive permanent detorm
the subgrace due to slab corner de

A stabilized base or lean concrete base may be used as a substitute
for a granular base course on a 1:1.5 thickness replacement ratio. However,
the k value used for design remains the same as that determined at the top of

the granular base The design k value is not increased due to the use of a
stabilized or lean concrete base. An unbonded stabilized or lean concrete
base does not increase the effective k value greatly due to slippage between
the slab and base.

8.2.3 Type and Design Gear Load of Aircraft Using Facility. Pavement

thickness design can be determined for a single design aircraft or for a mix
of aircraft traffic. Determine the design gear load for a given aircraft by

first selecting the design gross aircraft weight. This 1is normally the
maximum gross aircraft weight at departure. Then estimate the design gear
load by assuming that 95 percen t of the gross weight is carried by the main
gears. Design values are given in Tables 13 and 14 in Section 7

8.2.4 Numper Or AlICCCArt Passes. rFOCECAST CNe {0lad Aulived ui passcu

(not coverages) of each aircraft that is expected to use the pavement featurs
over its design life. Some general recommendations are provided in Section
7. The "number of passes" is normally the number of departures at the

maximum gross aircraft weight. The exception to this is in touchdown areas
on runways where the impact due to aircraft performing touch-and-go
cperations will cause pavement damage. On pavements that are to be used for
touch-and-go operations, add the expected number of touch-and-go operations
over the design life to the number of departures to arrive at the design
traffic passes. Minimum pass levels for design are given in Table 16.

[
(9}
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8.2.5 2rimary or Secondary Traffic Area Guidance on determining 1if the
pavement feature is a primary or secondary traffic area is given in Section
8.3 Thickness Design Procedure for a Single Design Aircraft. Use

Figures 4 through 8 to determine the concrete slab thickness for single
design aircraft. These charts were developed using stresses that were
computed using the computer program PCAPAVE developed by the PCA for the
interior stress condition.

or a e whe
Figure 4 and is used by entering al st
load and projecting as shown by the dashed example lines untll the required
slab thickness is obtained. The design charts shown in Figures S through 8
are also entered with the design concrete flexural strength and projecting as
shown by the dashed example lines until the required slab thickness is

L SRV S |

ootdlneq.

i
tire

The calculated slab thickness is rounded to a whole inch to obtain
the design thickness. T1If the computed thickness is less than or equal to
0.25 inches (6 mm) greater than a whole inch, the thickness is rounded
downward (e.g., 10.15 inches (256 mm) is rounded to 10 inches (254 mm)). If
the thickness is more than 0.25 inches (6 mm) greater than a whole inch, the

thickness is rounded upward (e.g. 10.30 inches is rounded to 11 inches
(279 mm))

ity Ay

This procedure will provide the required slab thickness for a
specified type of aircraft when the flexural strength, k value, gear load,
tire pressure for single wheel gear aircraft, number of passes and type of
design traffic area are specified. The example presented in Table 18
illustrates how to determine the required slab thickness using the design
chart for a single design aircraft

If design charts are needed for any aircraft not included in
Figures 4 through 8, use the PCA computer program PCAPAVE through the NAVFAC
Engineering and Design Division Time Sharing Computer Library along with the
fatigue life data given in Table 17 to develop a required pavement design.

Aircrart = C-141 ,

Design gear load = 155,000 pounds (70 300 kg)

Design flexural strength = 650 pounds per square inch (4.5 MPa)

Effective k value at top of base course = 200 pounds per cubic inch
(5 536 000 kg/m3)

Total departures over 20-year design life = 25,000
Traffic area = primary taxiway (cnannelized traffic)
Required slab thickness = 13.4 inches (340 mm) (from Figure 7)

e
This thickness should be rounded up to 14.0 inches (356 mm)
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Rigid Pavement Thickness Design Chart for
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Section 8: JOINT DESIGN FOR NON-REINFORCED CONCRETE PAVEMENT

9.1 Introduction. The following sections describe the joint designs to
be used for non-reinforced concrete pavements. See NFGS-02561, Joints,
Reinforcement and Mooring Eves in Concrete Pavements, for guilde
specifications on joints and reinforcement.

9.2 Basis for Design. Use joints to:

a) limit curling and warping stresses in the pavement which are due
to temperature and moisture gradients through the slab,
b) prevent and control cracking due to volume changes in the

concrete,
c) prevent damage to immovable structures
d) facilitate construction.
9.3 Types of Joints and Uses.
9.3.1 Expansion Joints. Expansion joints allow for the expansion of the

pavement and the reduction of high compressive stresses at critical locations
in the concrete pavement in hot weather. Expansion joints are placed the
full depth of the slab. Use expansion joints at all intersections of
pavements with fixed structures, at nonperpendicular pavement intersections
and between existing and new concrete pavements when the joints in the
adjacent slabs are not aligned. Expansion joints are not otherwise required
within the non-reinforced concrete pavement. See Figure 14 for expansion
joint details.

9.3.2 Contraction (Weakened Plane) Joints. Use contraction joints to:
(1) control cracking in the pavement due to volume changes resulting from a
temperature decrease or a moisture decrease, and (2) limit curling and
warping stresses from temperature and moisture gradients in the pavement.
Form contraction joints in concrete by partial depth sawing or by installing
sawable inserts. The saw cut joint or formed groove provides a weakened
plane which will crack through the full slab depth during shrinkage and
contraction of the concrete as it cures. Contraction joints are required in
the transverse direction and also in the longitudinal direction depending
upon slab thickness and spacing of the construction joints. See Figure 15
for contraction joint details.

9.3.2 Construction JOI1NTS. CONSTrUCTion JOilld als dsed ocedlwesn paviig
lanes or wnen abutting slabs are placed at different times. Longitudinal and
transverse construction joints may be required. Transverse construction
joints will be required when it is necessary to stop concrete placement for a
length of time sufficient to allow the concrete to begin to set.

Longitudinal construction joints are generally spaced 20 to 50 feet (6 to

15 m) apart depending on the construction equipment.
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8.4 Thickness Design Procedure for Mixed Traffic When an airfield
pavement will be loaded by two or more aircraft, the combined damage caused
Ler dUhn mlommacmall mie wmrimd ma ssmmad S bha Aacian

vy Ll allCidi L i o v J Seg 11 bllc ucD.Lsu

The required slab thickness may be determined for a mix of aircraft
types using Miner's damage hypothesis and data on forecasted operations of
different aircraft types cperating at the facility. The slab thickness
design for mixed traffic is an iterative procedure in which the designer
selects a trial slab thickness (normally the thickness required for the most
critical aircraft using the feature plus one inch), computes the proportion
of the Fntwon: 1ife of the navement consumed as the sum of the individual

the the pavement consumed um the individual
damage contributions of the forecasted volume of each aircraft type, and

subsequently varies the slab thickness until less than 100 percent of the
fatigue life of the pavement is consumed by the forecasted mix of traffic.

This procedure is described in the following sections and is
P A B A R . | | N LA c s = = - £ = L -1t Y r R G W R - -t . 2 = [, L S Ry an
LdCliildalelU DYy Lile use Ol 4 tdbilie 10" COMmpuldaiillns d5 SilUwWIl 11 ldDbie 17.
Photocopies of Table 19 should be made for the designer's use
8.4.1 Reaquired Inouts. The specific aircraft types and their design gear

load (typically 95 percent of the maximum gross departure gear load) are
entered in Columns 1 and 2 of Table 19. The projected number of passes
(debartures) over the selected design period are entered in Column 3 of Table
19. Divide the prOJected passes by the appropriate pass-coverage ratio from

Mathla 1R +A~A Ahs memmanndad AntrAamaman fAne anath Almamafl TE +thn EAnvanact+aAd
AdQVIT P L) UUbaJ.ll PLUJC‘.LCU \_UVCLGB\:D LAUL cavil adislar v 4k il LAViTLao LTy
number of passes is not available, use the minimum pass levels given in
Table 16

Use the pass-coverage ratios given for primary (channelized)
rafflc areas when de51gn1ng for runway ends, prlmary tax1ways, and aprons.

areas whnen déSigﬁiﬁg for other areas. Enter the pass-coverage ratio selected
for each aircraft in Column 4 of Table 19, and the number of coverages
computed in Column 5§ The other rpcu1rpd 1nnufq are the concrete flexural

strength, the effective k value on top of the base, and the tire pressure for
each 51ngle wheel aircraft, which should be recorded in the spaces provided
at the top of Table 19.

8.4.2 Determination of Interior Flexural Stresses. Select a trial slab
thicl ' rfecord ic¢ in the deL‘ prOViued for Che iteration being
O Laie il caad LL.A.QJ.' dse Laae :&'\;‘ j wne .

cal aircraft (determined from Fig

LA
cerformed. T
expected criti
inch.

ras 4 through 8) plus one
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Determine the flexural stress at the bottom of the slab, caused by
each particular aircraft gear for the interior loading position, using
Figures 9 through 13. For each single wheel gear aircraft, enter Figure 9
with the trial slab thickness, tire load, and tire pressure, move either up
or down to the base effective value and continue horizontally to the

F1BV1IT‘:11 e+ racc Tar azrh Af th‘_ mil 4+ Aiemamadfs Fuemac 1ia+ad
1

2XUTaL StTTess. LCT each COrf multiwheel gca aiTlCralT Types .isteq,
enter the appropriate Figures 10 through 13 with the trial slab thickness,

project a horizontal line left to the effective k value, move either up or
down to the design gear load, and ceontinue horizontally to the flexural
stress. Record the stress values in Column 6 of Table 19.

o A e ] | o [ S Py r L o [P U e P S — 1 14 _ & _ S 1 LY ~ -
O.4.0 FALlpUe Lile LONSumptlon. ine sSiress-—-strengtn ratio recoraed ror
each zaircraf+ in Chnliimn 7 AF Tahla 10 je the fle exural stress in Cclumm ¢
each alrllcralt 10 Loiulnl / CI Lali€e 47 1S5S Tie TieXkRur STIeS5S 1Nl Loaullill

divided by the design concrete flexural strength. Select f“om Table 17 the
allowable number of coverages corresponding to the stress-strength ratio
computed for each aircraft type, and record the allowable number of coverages
in Column 8 of Table 19. For each aircraft type, divide the projected number
of coverages in Column 5 by the allowable number of coverages in Column 8 to
determine the portion of fatigue life consumed by the forecasted volume of

-~ on Te
cacil

A o -

d
L Lype.

The sum of the values in Column 9 is Miner's damage, the proportion
of total fatigue life of the slab consumed by the forecasted volumes of the
aircraft types listed. If this number is considerably less than 1.00 (100
percent), indicating that the slab has considerable remaining fatigue life at
the end of the design period not consumed by the forecasted m1x of traffic,

t 1 slab thickness may be reduced in t 2

If the Miner's damage is greater than 1.00 (100 percent),
indicating that the fatigue life of the slab will be consumed by lower
traffic volumes than those projected over the design period, then the trial

slab thickness must be increased in the next iteration.

The process of selecting a slab thickness, determining the fiexurail
- meeAd mmVlacel abkloa btn Labklawiin 12La amcmicomembacm 2c mmacamdad ccemd? ¢ L~
o0, allu tdadltulatlldlilp Lile lallipue lLlilec CUILISUpLLVIL LS Lepealcu Uurica Lo uiie
thickness which cgrresnnnﬂ: to an angenf:h]n value for Miner's damaee

The calculated slab thickness is rounded to the nearest whole inch
to obtain the design thickness. If the computed thickness is less than cr
equal to 0.25 inches (6 mm) greater than a wnole inch, the thicxness 1s

rounded downward (e.g., 10.15 inches (256 mm) is rounded to 10 inches
(254 mm)). If the thickness is more than 0.25 inches (6 mm) greater than a
whole inch; the thickness is rounded upward (e.g.; 10.30 inches is rounded to
11 inches (279 mm)).
8.5 Minimum Thickness. The minimum allowable new concrete pavement
thickness is 8 inches (203 mm) in primary and secondary traffic areas and 4
inches (10Z mm) in blast protectlve areas not subject to aircraft loading.

o~ b men menAd s o~ —— s Cemrme £33 AlTAA bhna memamiim bl Aalsenames Jem mseimacer asmA
T oL [R5 - P USRS} PLCL ajliu uvasie LL a4 lJ. 1y LdTaUuS Lile ULlidiliuiil viiada o 1IC50 4111 pL dillal alivg
secondary trarfic areas is 6 inches
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8.6.1 Background Information. A new runway is to be designed to serve

frequent operations of C-141, C-130, and C-5A aircraft. 1In addition to these
aircraft, the new facility will be used by F-14 and P-3 aircraft. The runway
is located in a warm climatic region where frost penetration does not need to

be considered in the design processs. The new runway is assumed to be 200

feet (60 m) wide and 10,000 feet (3050 m) in length. Use the following
general design procedure when designing the rigid pavement for this runway.

8.6.2 Suberade Evaluation and Testing. A subgrade investigation was

performed to evaluate the support of the subgrade soil. Prior to the actual

field survey, previous soils investigations, soils maps, climatic data, ete.,
were collected to provide background information on the soil conditians.

Soil borings were then obtained to aid in evaluating the physical properties
of the soil. Soil borings were taken at 200-foot intervals along the
location of the proposed runway consistent with the recommendations given in
Table 1.

Soil tests show that the subgrade soil can be classified as CL
according to the Unified Soil Classification System. Test results show that
there is no significant soil variation in the area for the new runway.
Swelling soils are not a problem at the site.

la loa ring tests were performed according to ASTM D1196 to
etermine the modulus subgrade reaction (k value). Because of the uniform
soils throughout the area, only three plate load tests were taken. The

results are summarized below:

Q.

Test k Value,
Number pci (“g/m3)
1 100 (2 768 000)
2 150 (4 152 000)

he] - SIS PN 3£ ~ PR -

3ecause of the unifcrm scil cenditicns throughout the sita, a
T e s .. e y L S - o L - -— e m k- - Lol

design & vaive of the aversge of tha thrze tzeouz, oo 127 pel

(3 506 000 kg/m ), is used
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Results of a field survey and soil tests

indicate that the subgrade soil has a high degree of saturation and low

permeability.

base material that is resistant to the detrimental effects of moisture should
be used. A free-draining granular base course may be used to increase the
subgrade k value to the minimum acceptable k value of 200 pounds per cubic
inch (5 536 000 kg/m3\ on top of the base course. According to Figure 2 in
Section 5, an 11 inch (279 mm) granular base course will raise the k valiue on

top of the ba

Thus, very lititle bottom drainage is likely.

se to 200 pci

(5 536 000 kg/m ).

subgrade fines into the base course, a filter

Therefore, a

To prevent intrusion of
course is included in the

the projected aircraft over a design life of 20 years.
a recommended thickness of 14.0 inches (356 mm).

A 13.0 inch (330 mm)

concrete slab is required in areas with unchannelized trafffic.

A

Yol

This is rounded up to

design.
8.6.4 Traffic Projecticns. The following tables summarize the projected
traffic for the new runway cver a 20-year design period and the design gear
loads. The pass-coverage ratios are obtained from Table 15 in Secticn 7
Passes Pass-Coverage Ratio Coverages, 20 years
Aircraft 20 years Channelized Unchannelized Channelized Unchannelized
- C-141 25,000 3.49 6.25 7,163 4,000
1 C-130 50,000 2.18 4,28 22,936 11,682
fc-5A 25,000 1.62 2.20 15,432 11,364
I P-3 50,000 3.45 6.49 14,493 7,704
" F-14 100,000 8.58 17.00 11,655 5,882
_
Design Gear Load |
Aircraft pounds (kg)
C-141 155,000 (70 000)
C-130 84,000 (38 000)
C-52 190,000 (86 000)
P-3 68,000 {31 0G0)
. F-14 30,000 {13 600}
i
The design tire pressure for the r-14 1is 240 psi (2 447 CCC 2Paj.
8.6.5 Slab Thickness and Joints. The k value of 200 pounds per cubic inch
(5 536 000 kg/m>) as determined above and a design flexural strength of
650 pounds per square inch (4 482 000 Pa) are used to determine the require
slab thickness Results of the mixed traffic analysis for the channelized
traffic areas are summarized in Table 20. Results for the unchannelized
traffic areas are summarized in Table 21. Thi hows that a 13.8 inch
(351 mm) concrete slab is required in areas of channelized traffic to serve
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9.3.3.1 Transverse Construction Jeints. Locate all transverse constructlion
joints at the same location as regularly spaced transverse joints. Provide
for load transfer or a thickened edge.

9.3.3.2 Longitudinal Constructicn Joints. Construct longitudinal
construction joints as shown in Figure 16 and indicated below.

2) ¥evad JTni oad

1 vae
a) Xeyed Join vs
transfer along lonzltudlnal 101nts. However there has been a substant~a
amount of keyway failure under heavy aircraft loading on thinner slabs.
Keyed joints may only be used on slabs 9 inches (229 mm) thick or greater.

1
R
i

b) Butt Joint. A butt joint may be used for
construction joints on pavements less than § inches (22
constructed with a stabilized base.

¢) Thickened Edge Joint. A thickened edge joint may be used for
longitudinal construction joints. The thickened edge joint may be used for
any pavement thickness and base type.

9.4 Joint Spacing. The standard slab size for pavements 1is 12.5 by 15
V- /N 0O . A £ N PMVmm e e emm e 2 otk mam o 2 e ME N L£A~d ray) £ e\ Py |

LeeLr (0.0 Dy 4.0 my. J.L'ii[lbvelbe JU.LXIL deL.LHB .Lb L.V LeEeeL (4.0 1) 4liu
1nna1+nﬂ4n=l inint enan%no is 12.8 an+ (1 .8 m) For clahe havine a
longitudinal joint spacing 12.5 8 m). For slabgs having a
thickness greater than 12 inches (305 mm), joint spacing can be increased to

a maximum of 20 feet (6.1 m). The transverse joint spacing shall not vary
from the longitudinal joint spacing by more than 25 percent. Figure 17 shows
standard joint spacings.

9.5 Load Transfer Design. A properly designed joint must provide
Aadamniiata 1TAanAd Frmanafaem AaramAacoe &ha SAlIeds TArad b,emarnmafarm AafFfFlasanne 1o
auct{uat—c LVad “iaGliolL Tl aLliuvUoo il J\J.L . Luau LCialiiolL L cL.L.LbJ.cll\-] -~
normally defined as the ratio of deflection of the unlcaded side to the
deflection of the loaded side of the joint. Good load transfer will aid in

preventing deterioration such as corner breaks, transverse and longitudinal
cracking, faulting, pumping, and spalling. Different amounts of load
transfer can be obtained through the use of aggregate interlock, dowel bars,
keyways, a stabilized base or a combination of these.

g.5.1 Aggregate Interlock. Aggregate interlock can provide adequate load

tranasfer across 1n1nfq when the pavement is nr1g1nnllv constructed, or durlnv

hot weather. However, as joint movements due to temperature variation and
load apviications increase., and the joint beegins %o omen. aggreezte interlock
is lost and load transfer is greatly reduced. The effectiveness of aggregate
interlock may be improved by increasing base strength and the angularity of
coarse aggregate.

76
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9.5.2 Dowel Bars. Dcwel bars are used to provide load transfer and
prevent excessive vertical displacements of adjacent slabs. Dowels are to be
avoided for new construction because of a history of gquality comntrol problems
{such as poor alignment). There are some situations where the use of dowels
is appropriate, such as for creating load transfer where tying in to existing
pavements.

9.5.3 Keyways. Keyways may be used to provide load transfer along

longitudinal construction joints. Do not use keyways in pavements less than
3 inches (229 mm) thick because the small keyways have limited strength and
may crack under heavy aircraft loadings. Small keyways may also be difficult
to construct because coarse aggregate may not be able to enter the key and

segregation of the material may occur. Keyways may be used for pavements

9 inches (229 mm) thick and greater. However, keyway failures have caused

erious prcblems.

(2]

9.5.4 Stabilized Base A stabilized base can be used to improve load
transfer effectiveness by reducing joint deflections through increased
support scross a joint. Use a stabilized base for all pavements less than

9 inches (229 mm) thick to provide improved load transfer and lower
deflections and stresses. A stabilized base may also be used for pavements
greater than 9 inches (229 mm) thick to provide additional load transfer.
Where thickened edge joints are used, the stabilized base is not required.

e a al to

~2 e oaaal
U.LIIL 2caL

14
l_l.

sealing compounds.

Several pavement areas require fuel-resistant or blast-resistant
joint sealants. Use jet fuel resistant sealants for alil aprons. Use bilast
resistant sealants for the first 1000 feet (305 m) of runways and exits at
rinwav onda Use gealineg comnounds Innn+1nw Faderal anr*l fication SS-S- 11\01(‘

runway ends. sealing compounds ting Federal Specification SS-S-1401C
Sealant. Joint. Non-Jet-Fuel-Resistant, Hot-Applied, For Portland Cement and
Asphalt Pavements, for taxiways and runway interiors. Specific pavement
areas are detailed in NFGS-02561.

9.6.1 Types of Sealant Materials The three major types of sealant
matarizlzs are (1) fleld pcurad, hot épplied, {2) field pour=d, cold apolied:
—Z /7Y mmafsemad samamacsion cazl Mhgoa matariale Tav he *'ot Frial

- o~ kS e e = st e e — — e P z

resistant (tar based) or non-jet fuel resistant (typlcally asphalt based).

9.6.1.1 Field Poured, Hot Applied. This group of sealants includes
rubberized asphalt sealant and rubberized tar sealant. Rubberized asphalt
joint sealants must meet Federal Specification SS-S-1401C and may be used in

the areas designated in NFGS5-02561. Rubberized tar sealants must meet
Federal Specification SS-S-1614A, Sealant, Joint, Jet-Fuel-Resistant,
Hot-Applied, For Portland Cement and Tar Concrete Pavements

9.6.1.2 Field Poured. Cold Applied. These are two-component, polymer-type,
cold-applied heat and jet fuel-resistant joint sealants. These sealants must
meet Federal Specification S5-S-200E, Sealant, Joint, Two-Component,
Jet-Blast-Resistant, Cold-Applied, For Portland Cement Concrete Pavements.

AR
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9.6.1.3 Preformed Compression Seals. The most common type of preformed

compression seal is the neoprene compression seal. Neoprene compression
seals must satisfy ASTM D2628. Preformed compression seals may be used in
the areas designated in NFGS-02561. Preformed compression seals are designed
to be in ccmpression for Hezﬁ entire life. There is no bond between the
compression seal and the sidewalls of the joint to sustain tension.

9.6.2 Joint Reservecir Design. The joint reservoir must be properly
designed so that the icint sealant can withstand compressive and tensile
strains.

]
'h

Q 2 1 F' an+ynr rtk

[
7.0.4d.4 LUl Wwild

1 red e fa ic
ratio of the depth of the sealant to the width of the joint, should be
between 1.0 and 1.5. Dimensions of the joint sea;ant and reseryoir are shown
in Figure 15. A backer rod or bcnd breaking tape must be used to help obtain
a proper shape factor and to prevent the joint sealant from bonding to the
bottem of the joint reservoir. Most field-poured liquid joint sealants can

e

je dafined ac
- o bk dmiie o

o

- ahnan
S ~T Ooliapy \.nn

withstand strains of approximately 25 percent of their original width. Join
reservoir and sealant dimensions shown in Figure 15 are based on a slab size
of 12.5 feet (3.8 m) by 15.0 feet (4.6 m)

9.6.2.2 Preformed Compression Seals. The reservoir width for preformed

compression seals must be designed to keep the sealant in compression at all
times. The depth of the reservoir must exceed the depth of the seal, but is
not related directly to the width of the joint. The width of the compression

oo P N L SR PR i Abh AL Ela St Tha 1imit+te An +ha

bedl anUJ.u ue dppLUXLmdLeLy Lw,LL,e Lue w1.ut.u UL e juaiinc. 11l Lillilalo Vil Lo
compression seal are normaily 20 percent minimum and 50 percent maximum
compression strain of the original sealant width. For example, the working
range of a l-inch (25 mm) wide neoprene compression seal is from 0.5 to 0.8
inches (12 to 20 mm).

If the seal is subjected to compression greater than the 50 percen
level for extended periods of time, the seal may take a compression set, and
the webs may bond to each other. If this happens, the seal will not open as
the joint opens, and the seal will no longer be effective.

The joint dimensions for the standard size slab are shown in Figure
15. Design sealant dimensions based on the actual joint spacing. Choose
preformed neoprene compression seal dimensions so that the working range of
the joint 1s wichin che vorkiag rcangs of the sealant.

9.7 Tiedown Mgoorins Tves., Tiedown meooring eyes ars required in the
center of each slab over the entire aircraft parking apron except on
peripheral taxi lanes. See Figure 18 for mooring eye details.
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Section 10: DESIGN OF REINFCRCED PAVEMENTS

10.1 Introduction The structural design of non-reinforced concrete
pavements is presented in Sections 8 and 9 Airfield pavements can also be
designed using reinforced, continucusly reinforced and prestressed concrete

pavements. The following sections briefly describe the basis of design for
each of these types of pavements. Existing design procedures are referenced.

These designs will not normally be used for Navy and Marine Corps
projects but may be considered for special or unusual design conditions on a
case-by-case basis and must be approved by the Naval Facilities Engineering
Command. The exception to this is in odd-shaped slabs and mis-matched joints
where reinforcing is required. The selection of the final pavement design
should be based upon a life-cycle cost analysis and other critical factors.
10.2 Basis of Design.
10.2.1 Jointed Reinforced Concrete Pavement. This pavement type utilizes
longer joint spacing than ncon-reinforced jointed pavement. The cracks that
develop from shrinkage, warping, curling, and traffic load stresses are held

together by reinforcement. Steel reinforcing is used to slow the
deterioration of cracks that develop in the concrete slab by holding these

cracks tightly together to maintain aggregate interlock. See Air Forc
Manual 88-6, Rigid Pavements for Airfields Other Than Army, for additioﬁal
information and design pr dures for jointed reinforced concrete pavement.

10.2.1.1 Thickness. The thickness design for jointed reinforced concrete
pavement is similar to jointed plain concrete pavement design, modified by
the results of accelerated traffic tests. These tests demonstrate that the
required pavement thickness may be less than the required thickness of a
non-reinforced jointed concrete pavement that provides equal performance.

However, as thickness is reduced substantially, premature distress may

occur. Therefore, because of inconsistent performance of thin reinforced
pavements, for new construction, the thickness shall not be reduced from that
determined by the design procedure given in Section 8

10.2.1.2 Reinforcement. Reinforcing steel is usually required in both the
transverse and longitudinal directions. The steel may be deformed bars or
welded wire fabric. Typical amounts of reinforcing range from 0.05 to 0.25

10.2.1.3

CRE SRR

Join
017

Aad

ts. The maximum slab size for jointed reinforced concrete

Joints. The maximum
pavements is a function of the slab thickness, yield strength of the
reinforcing steel, and the percent of reinforcement. Slab size is commonly

25 feet (8 m) square.

e}
(o8}



TECHNICAL LIBRARY

MLL-HDBK-10Z1/4

All joints in reinforced concrete pavements, with the exception of
keyways and thickened-edge joints, are doweled. Dowels are effective in
providing load transfer. Alignment of the dowel bars and adequate
consolidation around the dowel basket are critical factors.

10.2.2 Continuously Reinforced Concrete Pavement. No transverse joints

are used in continuously reinforced pavements except at construction joints
and pavement intersections. Steel is usually provided in both the

longitu dlnal and transverse directions Design of continuously reinfor
t ctaanl A kn‘ﬂ a1l chri
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rom as little as 2 et (1 m) to as much as 12 feet (4 m) and is
dependent upon the amount of reinforcing steel, friction between the slab and

base course, and several other factors.

The primary advantages of using continuously reinforced pavements
are that there are almost no joints, it is generally smoother, and it may be
a low-maintenance pavement when properly designed and constructed. Failure
in this pavement type is commonly considered to be closely snaced cracking
which often leads to deterioration of cracks and spalling. These conditions
eventually lead to punchouts. See Air Force Manual 88-6 for additional
information and design procedures for continuously reinforced concrete

pavement design.

10.2.2.1 Thickness. The design thickness of continuously reinforced
concrete pavements is a function of the design flexural strength and modulus
of elasticity of the concrete, modulus of subgrade reaction, and the

allowable concrete flexural stress. As thickness is reduced, deflections and
vertical stresses will increase which may result in premature failure. For
new construction, the thickness shall not be reduced from that determined by
the design procedure given in Section 8.

10.2.2.2 Reinforcement. The amount of reinforcement is chosen to provide
optimum crack spacing and width. The required amount of longitudinal
reinforcement is a function of the following: (a) yield strength of the

reinforcing steel, (b) flexural strength of the concrete, (c) average
temperature differential in the pavement, and (d) modulus of elasticity of
the reinforcing steel in tension. The amount of reinforcing steel required

in the transverse direction is a function of the following: (a) the width of
the pavement siab, (b) the yield strengih of the reinforcing steel, 2nd (c)
che Iticticm fsctcor feltwesn the covamant 2nd the underlying bas2 materizl
Typical percentages of reinforcement range from 0.5 to 0.75 percent area.

10.2.2.3 Joints. Longitudinal construction joints are required and are
generally a function of the construction equipment used and the width of the
paving lanes. Transverse joints are placed only at construction joints.
Continuity at transverse construction joints is provided by continuing the

longitudinal steel through the slab.

a
R
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or new pavement.

Steel fiber reinforced concrete should not be used in the design of
new airfield pavements. Steel fiber reinforced concrete may be considered

for overlays where clearance requlrements or grade changes dictate an overlay
which is thinner than non-reinforced concrete will permit. See Section 11
for additional informatiocn.

10.2.4 Prestressed Concrete Pavement. Prestressed pavements utilize the

fact that concrete is much stronger in compression than in tension. The
prestressing operation creates a compressive stress in the concrete prior to
the application of a live load, and will tend to decrease the difference
between the tensile stresses resulting from the load and the compressive
ses. This allows the pa vement thickness to
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transverse JOlntS. (2) ellmlnatlon of cracks in
the pavement sur face, and (3) reduction in the required pavement thickness.
See Air Force Manual 88-6 for additional information and design procedures
for prestressed concrete pavement.

ng

10.2.4.2 Reinforcement. Prestressing tendons are required in both the
transverse and longitudinal directions. The size and spacing of the tendons
ic a function of the required prestress level.

20.2.4.3 Joints The maximum length Or prestresseq cONcrere 5i40s 1S
500 feet (150 m). The pacin between the longitudinal Joints is controlled

S
by the type of construction
(8 m). Because of the larger slab length, transverse joints must be
adequately designed to accommodate the larger movements due to temperature
change.
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Section 11: STRENGTHENING OF RIGID PAVEMENTS

11.1. General. Strengthening of a2 pavement increases its load-bearing
capacity, and is accomplished with an overlay of either asphalt concrete or

Portland cement concrete Airfield pavements require strengthening to
support heavier and/or more numerous aircraft loadings than those for which
they were originally designed. Strengthening is also performed on pavements
which have been damaged by a combination of traffic loadings and climatic

infiuences to the extent that they can no ilonger support the traffic expected

to use them. This section provides guidance and criteria for the design of
flexible and rigid overlays of rigid airfield pavements to increase

structural capacity. Functlonal overlays, those which improve operational
condition of the airfield pavement but do not significantly increase its
structural capacity, are also discussed.

11.2 Rehabilitation Alternative Selection. A structural improvement
such as an overlay should be peffcf‘ed only after it has been determined that
the pavement possesses a structural deficiency feor which an overlay is an
appropriate and cost-effective method of rehabilitation. The major steps in
the overall pavement rehabilitation alternative selection process are:

a) Office data collection: for pavement age, design, materials and
soils properties at the time of construction, traffic data, climate records,
and maintenance history.

1d lab data ection and testing:
1 O

nl
ural and nal condition, surface and subsurface drainage
conditions, vertical grade, and in situ materials and soils properties.

for prese

-+

¢) Definition of the pavement deterioration problem: in terms of
the types of deterioration present and the mechanisms responsible for the
deterioration.

d) Develorment of feasible rehabilitation alternatives: which both
repair the existing distress and prevent its recurrence, as much as possible,
by effectively addressing the causes of the deterioration.

e) Selection of the preferred alternative: which is the most

appropriate and most cost-effective method of rehabilitation for the
-avement, given existing constraints {e.g., funding, allowable closure time)
11.2.1 Pavement Evaluation Procedure. A comprehensive evaluation orf the

present condition of the pavement must be performed to determine an accurate
and complete definition of the pavement deterioration problem.

o
~i
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11.2.1.1 Condition Survey. Use the Pavement Condition Index (PCl) rating
procedure for performing the visual distress survey and condition rating of
Navy and Marine Corps airfield pavements. The PCI pr ocedure has been adopted
by the U. S. Navy for airfield pavement condition rating, and is being
published in NAVFAC DM-21.07, Airfield Pavement Evaluation.

a) Description of PCI. The PCI is a number from O to 100 which
reflects the structural and functional conditiorn of a pavement as it would be
rated subjectively by a panel of experienced airfield pavement engineers.

Its scale and associated condition ratings are shown in Figure 19. The PCI
is calculated from data collected during a visual distress survey in which

pavement distresses are quantified by type, amount, and severity. The mean
PCl can be computed for any individual pavement. Procedures have been
developed for performing the distress survey either by sampling a i
the pavement surface or by inspecting the entire pavement area.

b) Overall Condition. The mean PCI of a pavement section describes
its overall condition (e.g., fair, good, etc.) and thus is an indicator of
the level of repair or rehabilitation work needed. The following are general

guidelines for the level of repair or rehabilitation work that may be
expected to be most cost-effective for a pavement with a given PCI:

Current PCI Most Cost-Effective Rehabilitation (Within Next Two Years)
100 to 70 Preventive maintenance and restoration, including
joint/crack sealing, undersealing (filling voids), slab
replacement, full-depth repair, partial-depth spall repair.
63 to 40 Most cost-effective rehabilitation may range from
preventive maintenance tc major rehabilitation.
Decision requires an engineering and a life-cycle cost
analysis.
39 to 25 Major rehabilitation including overlays with or without
keel replacement.
24 to O Major reconstruction (overlay is possible with
avtancira nra_Avarliay ranair)
extansive prez-overlay repair).
Note: There are exceptions to these guidelines, such as when a change in

mission aircraft necessitates an increase in structural capacity
regardless of the PCI value.

28
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85
Very Good
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Good
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Fair
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Figure 19
PCI Scale and Condition Rating
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¢, Variatlon of PCI Within a Pavement. Variation of the PCI (or
cracking, within a pavement can be identified by plotting the PCI along the
pavenment’'s length (Figure 20) and across its width (Figure 21) at variocus
locations along its length Isolated locations of low FCI will be evident
cn the profile These locations should receive localized repair (e.g.,
spall repair, slab replacement) to bring them up to the condition level of
the rest of the pavement prior to rehabilitation of the entire pavement.
Systematic variation of the PCI may be evident along the length or acrcss
the width of the pavement.

The example profiles in Figures 20 and 21 show that the ends of
this runway are in poorer condition than the interior and the center keel

section of the runway is in much poorer condition than the edgés. Varlation
along the length of an airfield pavement should be corrected with localized
repair, since an overlay of varying thickness is usually not feasible over a
relatively short Lengvn of pavement such as a runway. Variation across the
th of a pdvemenL cted either with localized repair or by
ving il3 n

wid
var the rehzbi
d) Rate of Deterioration. Records of past PCI surveys, 1if
available, can be used to detarmine the rate of deterioration of the
pavement by plotting the PCI against its age in years, as illustrated in
Figure 22. Take the rate of deterioration of the pavement into
consideration in the life-cycle cost comparison of rehabilitation

1
altarnative
e

LT LiGva v .

11.2.1.2 Distress Evaluation. Classify the types of distress observable in
pavements as being related to traffic loads, climate and durability
(1nc*ud1ng materlals durability, temperature, and moisture), or other causes
1 Pavements exhibiting predomlnantly load-related

istresses are likely to have a structural deficiency and are candidates for
structural rehabilitation by overlaying as described in this section.

Note whether or not the distresses present in the pavement appear
to be aggravated by poor drainage conditions. If moisture is causing
accelerated pavement deterioration, take steps to correct this before an
overlay 1is constructed or other rehabilitation is performed. Make surface
and subsurface drainage adequate, and properly seal joints and cracks.

NAV"‘C

11.2.1.4 Functional Condition. The functional condition (friction, foreign
object damage, profile, surface drainage, etc.) of an airfield pavement is
Just as important as 1ts structural condition. The functional condition of
the pavement is determined by its surface characteristics, and determines
the ride quality and safety of the pavement. Functional overlays are

lity and safet the
discussaed later in this section.
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Example Pistribution of Distressed Slabs Across Runway

T T Y Y. X - "y .

Y . . T L



TECHNICAL LIBRARY

¥

©
@}
|
/

Average PCI
)
(@] (@)
l |
_O
_
1 |

2N - \ —
U \
\
20 —~ \ _
10 -
0 | | | |
8 g 10 15 20 25

Age — Years

Figure 22
Example Plot of PCI Over Time for a Specific

)y ) AR K N NN NN |~ 1 wa \ \V 2\ B 1 N o i '] N T | 1 N MY 2 4 F NN I A F LS



TEDHN!E}AL LIBQARY

\EROSP ct

Aaddd MM ANT A s

a) Foreign Object Damage (FOD). Loose materials from spalls or
scaling could damage jet aircraft engines. Take carrective action if loose
materials from the pavement exist.

b) Runway Friction. The friction characteristics of an airfield
runway pavement decrease steadily from the time of construction, increasing
the potential for hydroplaning. The existence of rubber buildup, flat cross
slopes, aid bsence of texture are all indicators of potential for
huvdranlanine DenAarnandiimacs FAarm mamcitmi;me albiAd macliadaman ama Aamacmithad 3§
AJ:ULUF&QI& iy - LLveTu > LUl T aous .L1A6 SONRdd L TO 4 LaliLtT aL T uUToLl livoeu il

NAVFAC DM-21.09, Skid Resistant Runway Surfaces.
c) Runway Roughness. Pavement long wave roughness may be

hazardous to aircraft.

However, due to varying aircraft characteristics,

different aircraft types may experience different amounts of "roughness” on
the same pavement. The assessment of pavement roughness by pilots is a good
smiteean AE temEacwwnal i ae Tor 333483 A —— m~m e~ A ter VTmaaml:onad acmal 12
SVUL LT UL Ll VULillaLLVil. iTl addicid l, LUUE[ TieSsS CausSed VY JlutallaecuU oSpallllilp,
faultineg. etc can cause tire damae

lting, etec., can cause tire damage
11.2.1.5 Maintenance History. The extent and type of previous maintenance

applied to the pavement
existed in the pavement

is an indication of the types of distress which have
in the past, and thus might develop in the fu._ur°
habilit ati alternative selected

;.a
9]
-
a.

uniess addressed by the

Mmmmasl b
LUlISULL L eCcol Ub

maintenance on the pavement.

v
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11.2.2 Need for Structural Improvement. Structural improvement of a
pavement may be warranted for any of the following reasons:

a) a high rate of pavement deterioration,
b) a deficiency in load- oearlng capacity,
c) distress which is predominantly load-related: transverse and

longitudinal cracks, corner breaks, shattered slabs, certain types of joint
spalls (e.g., keyway spalling), localized punchouts, and patching of

load-related distress,
d) a high level of past maintenance,
11.3 Data Collection for Overlay Design. The specific data items which

are required inputs to the overlay thickness design procedure are described
below.

L AIG LAY UL B\l WA AR A W A vk A ANe e rraitnras w v e - ——— e — —
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11.3.1 Existing Slab Thickness. The thickness of the existing concrete
slab may be available from original construction records. The as-built
concrete siab thickness should be determined by taking cores.

11.3.2 Existing Concrete Flexural Strength. The flexural strength of the
existing slab is used for the design of bonded concrete and for asphalt
concrete overlays It is determined by one of the following methods:

a) test beams sawed from the existing concrete slabs and tested in
accordance with ASTM C78,

b) cores (must be 6 inches (150 mm) diameter) are cut and tested
in splitting tensile strength in accordance with ASTM C496 and the flexural
strength computed as:

EQUATION: FS = (1.02 x ST) + 200 (4)
WHERE: FS = 3rd point flexural strength, psi
ST = splitting tensile strength, psi

ed fr m concrete strength data from construction
records. Concrete strength may be measured by compressive strength tests
but must be expressed in terms of flexural strength. An approximate value
for the third-point flexural strength based on compressive strength is as

follows:

c) Estimat

9‘Jf'c

%]

A

The value determined for the flexural strength at the time of

construction may be increased somewhat to account for the normal increase
over time. The flexural strength for old concrete is typically 1.1 to 1.3
times the 28-day flexural strength at the time of construction.

11.3.3 Concrete Overlay Flexural Strength. The 28-day third-peoint
ioading flexural strength is used for design of partially bonded and
unbonded concrete overlays. The design flexural strength should be as high
as practicable and eccnomical but not less than 650 pounds per square inch
(4 482 000 Pa). See Section 8, paragraph 2.a. for further discussion.
Ll,l.‘ TEFapkion e Malva Thera are thrae ornraedures ‘or dP*Q"W‘ﬂ1“? the
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tatic k value beneath
n accordan
Q

b) The standard method of determining the
the existing slab is by plate bearing t

omas Ty 3. alathae Arma

e
ASTM D116S6. KEPISbEHLdLLV Siaps are renm
the top of the base. Any available soil
planning locations for the tests.

ice with
measured at

¢) Estimation of subgrade k value using approximate correlations
with soil types and densities, and then using Figure 2 to determine the
effective k value at top of base.

d) Procedures for determining the k value through nondestructive
deflection testing (NDT) at the top of the slab are under development
11.3.5 Load Transfer Measurement. Perform nondestructive deflection

testing to determine the average deflection load transfer of the transverse
and longitudinal joints in the existing concrete slab. The loading plate 1is
d c
o}

placed adjacent to the joint and the deflections are measure lose to the
JOlnt an equal distance on each side of the joint. Deflection load transfer

ned as follows:

Deflection Load Transfer = Deflection of Unloaded Slab X 100
Deflection of Loaded Slab

The procedure to determine load transfer efficiency based on
‘deflection measurements at the joints is under development and will be
published in NAVFAC DM-21.07 In the absence of actual measured data, the
following values are representative of those measured in the field

Representative Deflection

Joint Type . Base Type Load Transfer, Percent

Weakened Plane Granular 40 to 60

Weakened Plane Stabilized 50 to 70

Keyway Granular 50 to 70

Keyway Stabilized 60 to 70

Doweled Any type 70 to 90
11.3.6 Design Life and Design Traffic. The overlay thickness design
procedure requires that the projected aircraft traffic using the facility
over the design period be characterized Dy type aid voiume as described In
Section /. The minimum design iire ror Javy &and darine Corps {acliloiles 13

20
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11.4 Overlay Types. The two primary types of overlays are flexible
overlays constructed from asphalt materials and rigid overlays ccnstiructe
from Portland cement concrete. These overlav types can be classirfied
further as discussed in the following paragraphs.

1S d
i

11.4.1 Unbonded Concrete Overlav. An unbonded concrete over.ay 1s used
A : o )
to increase the structural capacity of a pavement that is badly

t a3 1
deteriorated. An asphalt concrete (AC) leveling course is constructed on
top of the base slab to separate the overlay from the existing pavement and
to provide a uniform surface for censtruction. This retards the reflection
of joints and cracks from the base pavement into the overlay. The minimum

allowable thickness for an unbonded concrete overlay is 8 inches {203 mmj),
except for basic training fields where é6-inch (150 mm) overliays may be used.

n n levell rse thickness is 1 inch (25 mm) and the
maximum is 4 inches (100 mm). If a leveling course greater than 4 inches
(100 mm) is required, the unbonded concrete overlay shall be designed as a
new concrete pavement with an effective k value not greater than 500 ps
(13 840 000 kg/m3).

3
]
O

-4
=
&
N
o ¢]
o
3
Q.
(1]

3

.-

D O
[o '3

'-I
™o
— T

1 ab must be specially
ull bond w1th the overlay. By bonding the overlay to

je

ia}

()

he)

[}

"

o

o

cr
(o}

1]

3

0

=

"

1

[+)]

" [t

the ex1sL{fg ~0asd paveliec, Laeiew 3eULtrol VeSS as @ nmunuUITunnT oide

ause the new section behaves as one slab, the requir

ec
or bonded overlays is less than the required thickness

-
2]

§n>

ry Hha
oD -

o 3w

ot

T 0 ke

(o]

)]

o w

)
® <
h «
'-‘

)

v
n

ick
-
LeCL
+vn
4
loc:

'_.n. —~ O

D»

11.4.3 Partially Bonded Concrete Overlay. A partially bonded concrete
overlay results when fresh concrete is placed directly on the existing
slabs. With this procedure, some degree of nonclng due to cemenclng acti

may be achieved between th
| 1 A~
14 s Vil
n
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s
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with axpansion, contraction with contraction, and
pase slap. However, addilcional JOLNLS MEAY D& Pialal i cws o . Edoa .o
control curling stresses (particularly where joints in the 2:zsting slac arz
greater than 15 ft. (4.6 m)).
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11.4.4 Asphalt Concrete Overiay. Asphalt conerete overlays are commonly
uysed to improve both the structural and functional characteristics cf the
existing pavement., The minimum tbickness for structural asphalt concrete
overlays on concrete pavement is 4 inches (100 mm). To improve rideability

and to correct surface deficiencies, an overlay as thin 3s 2 inches may be
used. Joints can be expected to reflect through the overlay In a short time.

ve]
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Overlays. Reinforced concrete overlays have
srnatives to conventional non-reinforced

T overlays, particularly under unusual conditions, such as
uce thickness due to grade and drainage problems. The following
sections briefly discuss the major types of reinforced concrete overlays.

Relnforced concrete overlay designs should be considered on a case-by-case

t |
1'0

basis and must be approved by the Engineering Field Division of the Navail
Faci ities Engineering Command.

11.4.5.1 Jointed Reinforced. An unbonded or partially bonded jointed
reinforced concrete overlay may be used to strengthen an existing jointed
non-reinforced or jointed reinforced concrete pavement. The steel
reinforcement holds cracks in the overlay tightly closed to improve load
transfer. See AFM 88-6 for additional information and design procedures on
jointed reinforced concrete overlay design.

11.4,.5.2 Conti

Lda e HF oL e &L oas

niini
123

dive

trengthen either

i 5
concrete overlay may
non-reinforced or jointed relnforced concrete pavement The major
advantages of using a continuously reinforced overlay are: (a) the
elimination of the need to match joints of the overlay with those of the

original construction, (b) reduced impact of reflection cracks since they
..- PN

are held tightly closed, and {(c) restoration of a smooth riding surface with
no faulted or deteriorated joints or warped slabs. See AFM 88-6 for
additional information on continuously reinforced overlay design.

11.4.5.3 Steel Fiber Reinforced. This paragragh is for interim guidance
and will be revised at a later date Steel fiber reinforced concrete (SFRC)

bonded overlay. Because tne initial cost of
e on e o

lative ri d on

tuations where a thinner than normal overl is required. U

st be approved by the Naval Facilities Engineering Command Headquarters.

g
ct
ay

a) Thickness Design. Design unbonded or partially bonded SFRC
overlays using Equation (5). The thickness of the overlay may be based on
the flexural strength achieved with SFRC. Design 28-day flexural strength

- € & &~ £ Q MDA
ryodl (Y. LY 9. narajy.

- - : - - - Al NT- A~ 1 -

S, Jelic Deésign. Tor partilaily oondzd ISTLC cverlayc iz joinmcz Lo
the overlay must match the type and location of the joints in the base
pavement. See paragraph 8. For unbonded cverlays the joint design criteria
given in Section 9 applies. Joint spacing for unbonded SFRC overlays must
not exceed that specified in Section 9 for non-reinforced concrete
pavements. To assure that contraction joints will function, the saw cut
must be at least one-third of the slab thickness.
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¢) Construction. The most common construction problems
experienced with SFRC mixes are “clumping" of the fibers during batching and
accumulations of loose surface fiber during the finishing operations. To
avoid clumping the steel fibers must be introduced into the concrete mix as
a ribbon feed through a 4-inch (102 mm) mesh screen or through a hopper to
the fine aggregate cocnveyor belt of a central mix plant. During mixing,
fibers must not be allowed to stack up while being introduced.

Some finishing operations may bring an excess of fibers to the
surface or may tear the surface. To avoid accumulations of loose surface
fiber the following finishing operations are necessary:

a) Strike off with a vibrating metal screed.

D) Use magnesium floats for smoothing. Do not use wogd floats.

¢) Use a hand-operated cylindrical grid-type roller commonly
called a "rollerbug" to depress the steel fiber beneath the surface of the

pavement.

d) For texture apply a light transverse broom. Do not use a
burlap drag.

) Additional guidance on batching and placing SFRC pavements can be
found in the American Concrete Institute Committee Report No. ACI 544.3R,
Specifying, Mixing, Placing and Finishing Steel Fiber Reinforced Concrete.

11.4.6 Selection of Overlay Type. Base the selection of the overlay type
on an analysis of the information gathered during the project survey and
evaluation. )

The structural adequacy of the pavement must be determined. If it
is structurally adequate for the projected traffic or change in mission then
no structural overlay is required; a functional overlay may be required
based on an evaluation of the existing friction characteristics, foreign
object damage (FOD), pavement surface profile, and roughness. If the
pavement is structurally deficient, then a structural overlay will be
required.

The distress in the existing pavement must also be considered in

b 3 ‘ T~ 3 2 [ Ty < L me - -~ i 3 Al A
SselecTling tne ovyerlzy IeCl7Tt TURe. Jn2r2 uriacs2 diger=2ss 12 Mininal, T

Ar A Ami Am? e AT Arram atr et n amvneldorad hars disemacs i aderansad

the alternatives may be limited to an unbonded concrete overlay or aspnait
concrete overlay.

The amount of pre-overlay repair should also be considered. A

pavement with advanced distress may be a candidate for a bonded or partialliy
bonded concrete overlay only if extensive rzspair is first performed.

29
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Consider initial cost, life-cycle cost, future maintenance,
material availability, skilled construction availability, construction time,
and energy and environmental constraints. General recommendations for the
feasibility of each type of overlay are given in Figure 23
11.5 Pre-Overlav Repair. Consider the amount of pre--overlay repair

[a}

needed on the existing pavement. This amount is a function of the type ©
overlay, the st"uctural adequacv of the existing pavement, the distrs

( D
n
0

mesme=) =55 R Ly Aot ack:
overlay, and overall cost consideratiocns. A‘en consider reFlecclvv cracking
when designing asphalt concrete overlays.

Place all overlays, except unbonded concrete overlays, only on
pavements that have a PCIgpy > 35. PClgrr 1is defined in paragraph 7 of
this section. Pavements with an existing PCIgpp < 35 must be reraired to
raise the PCIgpg to > 35 before the overlay is place

[

11.5.1 Localized Repair. Many pavements have areas of localized distress
caused by joint deterioration, construction errors, or materials and soil
variability. Prior to overlaying the pavement, identify the existing
distress and apply treatments which both repair the existing distress and

prevent, as much as possible, its recurrence. In concrete pavements, repair
shattered slabs, corner breaks, broken portions of slabs, edge and corner

2 e mmt o= L+

’
voids (or loss of support), and joint spalling prior to the overlay.

Match the amount of pre-overlay repair to the type of overlay
being applied. A greater amount of the existing distress will need to be
repaired for a fully bonded concrete overlay than for an unbonded concrete
overlay.

11.5.2 Bonded and Partially Bonded Concrete Overlays Bonded concrete
overiays should be used only when the existing rigid pavement is in gocd
condition or where all seriocus distress has been repaired. Remove and
replace all badly cracked and broken slabs (three or more pieces). Seal

cracks and joints 1/2 inch (12 mm) or more in width prior to the overlay.
Underseal all areas of localized voids and pumping to restore support to the
existing slabs.

11.5.3 Unbonded Concrete Overlay. Unbonded concrete overlays
ieast amount or pre-overlay cepair and may De uszed whera savarsa

: e e et me e T 3 Ak ma

er, &s Cuae &ilCuinc SJ Sorsucolurol IlZuTrzc
rlay thickness increases. Evaluate the effect
tructural defects will have on the required
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11.4.5 Reinforced Concrete Overlays. Reinforced concrete overlays have
been used successfully as alternatives to conventional non-reinforced
concrete pavement cverlays, particularly under unusual conditions, such as
to reduce thickness due to grade and drainage problems. The following
sections briefly discuss the major types of reinforced concrete overlays.

Reinforced concrete overlay designs should be considered on a case-by-case
basis and must be approved by the Engineering Field Division of the Naval
Facilities Engineering Cormand.

"o
’..J

1)
e

4,
n

S.1 Jointed Reinforced. An unbonded or partially bonded jointed
orce

concrete overlay may be used to strengthen an existing jointed

for
non—relnforced or jointed reinforced concrete pavement. The steel
reinforcement holds cracks in the overlay tightly closed to improve load
transfer. See AFM 88-6 for additional information and design procedures c¢n
jointed reinforced concrete overlay design.

+tro
non—relnforced or jointed reinforced concrete pavement. The major
advantages of using a continuocusly reinforced overlay are: (a) the
elimination of the need to match joints of the overlay with those of the
original construction, (b) reduced impact of reflection cracks since they
are held tightly closed, and (c) restoration of a smooth riding surface with
no faulted or deter1orated joints or warped slabs. See AFM 88-6 for

P4
on continuocusl

!
h
|
'.

ion n.

o9

11.4.5.3 Steel Fiber Reinforced. This paragragh is for interim guidance
and will be revised at a later date. Steel fiber reinforced concrete (SFRC)
overlays may be considered for applications requiring either an unbonded or
partially bonded overlay. Because the initial cost of SFRC is 1 1gher tnan
non-reinforced concrete, and because the long term performanc
ely unknown, its use should be restricted only to limi
o thinner than normal overlay is required. Use of SFRC

a
approved by the Naval Facilities Engineering Command Headquarters.

1= val dblililtEs Lilg 4

- a) Thickness Design. Design unbonded or partially bonded SFRC
overlays using Equation (5). The thickness of the overlay may be based on
the flexural strength achieved with SFRC. Design 28-day flexural strength

an~ 1 T A~ tc O UMD~

should be in the range of 800 to 1000 psi (5.5 to 6.5 MPa).
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the overlay must match the t/pe and lo on or the joints in the base
pavement. See paragraph 8. For unbonded overlays the joint design criteria
given in Section 9 applies. Joint spacing for unbonded SFRC overlays must
not exceed that specified in Section 9 for non-reinforced concrete
pavements. To assure that contraction joints will function, the saw cut
must be at least one-third of the slab thickness.
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11.6.4 Asphalt Concrete Overlav. ©No special surface preparations are
required prior to placing an asphalt concrete overlay. Prior to placing the
asphalt concrete overlay, sweep the existing surface clean of all dust, dirt,

and fOFElgT matter, and pLaCE a tack coat. If the exis tiﬁg pavement is rough

due to slab distortion, faulting, or settlement, place a leveling course prio
to the overlay

11.7 Overlay Thickness Design. The overlay thickness design equations

are empirical equations originally based on field test sections and modified
based on in-service airfield pavements. The general form of the equation for

Portland cement concrete overlays on rigid pavement is given in Equation (5).
The general form of the equation for asphalt concrete overlays on rigid
pavement is given in Equation (6).
of 5
EQUATION: Ty = 4 (Tp)P - Cp(T)P (33
T
WHERE: T, = required thickness of concrete overlay, inches
T = raguired cinele glab thickneses for a2 new desien
n Lc‘-i\al.hl. A== 3 D&Alb-&c = -3 wibid wiviiv o o o = iV \‘w.’.l.bll’
inches A
Teg = thickness of existing concrete slab, inches
Cr = condition factor for existing rigid pavement
ranging from 0.35 to 1.0
P = 1.0 for bonded overlay
1.4 for partially bonded overlay
" n L o om [, TR i m~rremee] Ay
4.V IOr unoonaeda over i1dy
EQUATION: Ty, = 2.5 (FT, - CpTy) (6)
WHERE: T, = required thickness of asphalt overlay, inches
m smmmesswmmnd mliemala mlath bl alrenaca fAx mnrr Anclon
in required single S1ab TNiCKNess 10r a new Gesign,
inches
To = thickness of existing concrete slab, inches
Cy, = condition factor for existing rigid pavement ranging
from 0.50 to 1.0
F = factor which controls the degree of cracking in the

exl:t:ﬂg rlg;c cavenmant
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11.7.1 Concrete Overlav Thickness Design. The required concrete overlay
thickness is obtained using Egquation (5). The required single slab
thickness for a new design is obtained using the thickness design procedures
in Section 8 for the projectad future traffic. The existing effective k

alue is obtained as described in paragrs
strength used for design is either that o
that of the new concrete overlay:

Tvpe of Overlav Design Flexural Strength

Bonded concrete Existing slab

Asphalt concrete Existing slab

Partially bonded concrete New overlay

Unbonded concrete New overlay

The condition factor, Cp, is determined from a relationship

based on the measured PCI. The appropriate expenent in Equatien (5) is
selected based on the type of averlay being designed

11.7.1.1 Regquired Inputs. Complete the heading to Table 22 by recording
the pavement identification and traffic area (primary/channelized or
secondary/unchannelized), the trial single slab thickness, the base
effective k, the desjign flexural strength, the type of overlay being
designed, and the load transfer efficiency (percent) in the existing slab.

Each aircraft type and its design gear load is entered in Columns
1 and 2. The forecasted number of passes (departures) of each aircraft over
the design period is entered in Column 3. The forecasted number of passes
of each aircraft is then converted to number of coverages by dividing by the
appropriate pass-coverage ratio for each aircraft from Table 14 in Section 7
of this manual.
11.7.1.2 Determination of Flexural Stress. Select a trial single slab
thickness and record it in the space provided for the iteration being
performed. The interior flexural stress is determined as described in
Section 8 of this manual. Enter the appropriate Figure 9 through 13 with
the trial slab thickness, effective k value, and gear load to determine the
interior flexural stress for each aircraft.

211 bonded

(egittn matahine . adiusc-mans mues

S R i

stress recorded in Column 6 to account for the acrual load t ansfer in the
existing joints. Enter Figure 24 with the existing joint percent load

transfer and determine the load transfer adjustment factor for each type of
aircraft. The load transfer adjustment factor is recorded in Column 7. The
flexural interior stress in Column 6 is then multiplied by the load transfer
adjustment factor in Column 7 to obtain the critical edge stress which is
recorded in Column 8.

=
(o]
&~




TECHNICAL, LIBRARY

ITTAEROSPAC

ADE

=N/uX
T 0l 6 8 L S v 3 Tz 1
(Hsu) (N) HO1ovd
UGIHNSHOD IN3NLsNHray () avol
ERIR SAOVYIAOD| 84 /SSIULS $S3auIS UIISHYHL S$53utLs S3I9YHIAO0D S3SSvd HY39
MOILVS J1BVAMOTIY] TV IILIY) AVOILIYD avol HOIUILNI Q3193royd oid Q31230 0ud NOIS3Q 14YHOHIY
T T T IADNANOIA AT IASNVYYL QYO "AYTIHIAO 40 3dAL
oo T g T ‘ N2 1S4 N9iIs3a
B M 3\1103443 3ISvy
1sd LAVHOUIV 1331HM JT1ONIS o SSSINMNHL 8Y1I15 M3H

BReIY

SSHd JUll

vidv Oiddvdl T

NOILY DIt HIA1 LNIWIAVYL

udisag AR[A9A() 10J 1931]g Alewwng
ar4gel,

e

advwe and ey

105




TECHNICAL LIBRARY

18jsuel] PeOT JUIOf UOI}03|}8( JU8DIDd

06 08 04 09 05 ob oe 0¢ a1 0

, | T ﬁ_ _ T | I o 60

/ ~.
~ S -
/ / N T—

-1 01
///

~— 0EL-D _|

/ A|/|v —_—— > > ———> Vlun/ SR Q= A
vG6-0 ;‘/
/ S ~~{¢e1

~
/ (WIIAONVL S~

,:59_3 0 ~—
3mm:>> T v
// IvNa) m/ ~— /I!A/ll
/ // - @.P
/
T3IHM u,a_z_,w/ T~ .
// //// -1 91
N — L'l
~
//
~
/lll:l&. e ———
{61

_ _ _ ! _ ! ! L Jgs

10¢



TEDHN!E}AL LIBQARY

14 1ALCRGSPAL co

I1f an unbonded concrete overlay is being designed, the flexural

stress does not need to be adjusted for the load transfer efficiency of the
existing slabs unless the joints in the overlay will be matche ed with the
joints in the existing slab. For mismatched joints, the load transfer
adjustment factor is one (1.0) and the critical stress is recorded in
Column 8 as the same value as the interior stress from Column 6

11.7.1.3 Fatigue Life Consumption. The fatigue life consumption is
determined as described in Section 8 of this manual. The fatigue iife

_______ And Ine ~
1

consumed must be less than 1.0 (or 100 percent). The process of selecting &
slab thickness, determining the flexural stress, and calculating the fatigue
i1 the slab thickness which corresponds to

- warv xileas

s damage (less than 1.00 or 100 percent) is
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t tigue damage

e of the pavement. To account for these factors, a
condition factor, C., is used to evaluate the structural condition of the
existing concrete slab. The condition factor, C., is determined using the
results of the PCI survey. The condition survey is conducted in accordance
with NAVFAC DM-21.07; however, when determining C. the only distresses
considered are those associated with structural loading. These include:
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severity,

b) corner breaks of any severity,

¢) all large patches of load-associated failures,

d) pumping,

e) settlement or faultlng of any severity,

f) shattered slabs of any severity,

g)certain types of joint spalls believed to be load-associated
(e keyway failures).

.

b4
To Y

The PCIlgrg (PCI based on structural distress only) is then
calculated using only these structural distresses.

The value of C. ranges from 0.35 to 1.0. A Cp of 0.35
cocrrzsponds Lo G v;né;;-u“ whers approximatsly $0 percent of the concrate
-~ o id ’_—)'v—:1 '\f - "ﬂm Ar EN ~caraant AF =

ad i
Jeaol - —

slabs have high severity longltudlnal transverse, or diagonal cracks. A
Cr of 1.0 corresponds to a condition where the pavement is in very good
condition with little or no structural cracking.
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A correlation between PCI computed from structural distress only

(PCIlaomn) and C. is shown in Figure 25.

PCIgrr? and C. is shown in Figure 25

11.7.1.5 Determination of Overlay Thickness (T,). The require
of the concrete overlay (T,) can be computed using Equation (5) and the
appropriate exponent for the type of overlay. An exponent of 1

used for bonded concrete overlays, 1.4 for partially bonded concrete
overlays, and 2.0 for unbonded overlays. The calculated thickness (T,) is

1
rounded to the nearest whole inch to obtain the design concrete overlay
thickness. If the computed overlay thickness is less than or equal to 0.25
inches (6 mm) greater than a whole inch, the thickness is rounded downward
(e.g., 10.15 inches is rounded to 10 inches). If the thickness is more than
0.25 inches (6 mm) greater than a whole inch, the thickness is rounded

upward (e.g., 10.30 inches is rounded to 1l inches).

11.7.2 Asphalt Concrete Overlay Thickness Design. The required asphalt
cgngrete overlay thickness is obtained using Equation (6). The procedure
described in sub-paragraph 7.a. above should flrst be used tc determine the

crltlcal flexural stress and the required single slab thickness (T,) for a
new bonded concrete overlay design. Then this thickness is adjusted as
described below to obtain the required thickness of asphalt overlay (T ).

[ 2 ot

1.7.
oncr

l{'DN

t
p- This factor ranges from 0.50 to 1.0. A Ch value of 1.0 lndlcates

that the existing slabs are in excellent condition and contain none or only
nominal cracking. A Cp value of 0.50 indicates that the existing slabs
contain multiple cracking.

1- Determination of Cb The structural condition of the existing
e

O

A 1l el 2 e mle e tadernme AT ——d 2 m seleae sme lem i mesemnn~ NL

a2 LTE2ldllUISIIlY velweern FULSTR aI1ly bb 15 SIHIUWIL 11l FlLRULET <LO.
PCIgrg is computed from the existing structural distress in exactly the
same manner as described for the rigid pavement condition factor.

11.7.2.2 Determination of F. The required single slab thickness for a new

design (T,) is modified by a factor "F" which controls the amount of

cracking which is allowed to occur in the base concrete slab. The "F”
factor essentially reduces the requlred 51ngle slab th1ckness which will
A

increase the
a

because an

The "F" factor decreases as the effective k value on top of the

base course increases. Thus, as the effective k value increases, the

thickness of the asphalt concrete overlay decreases. This reduction in
thickness is allowed because the increased slab support nr‘r__n_llr_ieq a stable

LiialNacossS 4UWTU UTLaLST sl CacTie J 22

foundation that reduces movements and deflections when the existing concrete
slab begins to crack. Determine the appropriate "F" factor from Figure 27.

T
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.3 Dete"wination oF Asohalt Conc"ete OverTav Thickness. Determine

72N Amm ok A Seralamay Fand A &kn& romnUarto

[a]
'OW Lo/. The constant 2.5 is the equivaliency racior cnat converts
te thickness to asphalt concrete thickness. The calculated thickness

(Tg) is rounded up to the nearest inch to obtain the design asphalt

concrete overlay thickness. If the computed overlay thickness is less than
or equal to 0.25 inches (6 mm) greater than a whole inch, the thickness is
rounded downward (e.g., 4.2 inches is rounded to 4 inches). If the
thickness is more than 0.25 inches (6 mm) greater than a whole inch, the

d .

L s : S R L.

TilicxXness 1

7

(e.g., 4.4 inches is rounded to S5 i
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the asphalt concrete overlay thickness exceeds the ckness of
the base concrete slab the designer should consider designing the overlay
as a flexible pavement and treating the existing rigid pavement as a high

quality base material.

[

11.8 Joint Design. The joint design for a concrete overlay on a rigid
pavement is governed by the type of overlay (i.e., bonded, partially bonded,
or unbonded) and the joint design of the existing slabs. Design joints for
concrete overlays in accordance with Section 9 of this manual.

11.8.1 Bonded and Partially Bonded Concrete Overlays. For all bonded and

partially bonded concrete overlays, the location of the joints in the

overLay must exactly match all the JOlntS in the ewlstlng Flgld pavement.
+ %

Ml A - s e d o 3 - L R SN mArvrmeel mer A~ emmad Imera b Y & ~ n«mt\ & vren Ao o “anTntco Iin
ilic JUJ.ILL—D 4 Liie UVULJ.d] v NveL jllave LU vt Lilc osallle Lypec ao I.ul: JuViilivs i
the existing rigid pavement, except that all expansion joints in the base
pavement must be matched with expansion joints in the overlay. Sawed joints

for bonded concrete overlays must be sawed completely through the overlay

11.8.2 Unbonded Concrete Overlay. For unbonded concrete overlays, the
joints in the overlay do not have to match the joints in the existing rigid

2 ~

pavement. In fact, a complete mismatch of joints should be considered to
mevevmira 1 ~Anad Femanafarm A tha Atrarmlary SAInéco
.LlllyL vuvec l1Luau Lialiols Tl Vi Lile vuvel lay JViiito .

11.8.3 Asphalt Concrete Overlay. The paving lanes for the asphalt
concrete overlay should be laid out to prevent construction joints in the
overlay from coinciding with joints in the existing rigid pavement.
Construction joints in successive layers of the asphalt overlay should also
be offset.

idl.3 uver.ay ve
illustrate the steps

asphalt concrete overlay.
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11.9.1 Concrete Overlay Design Example. A concrete overlay is to be
designed for an existing runway to accommodate a change in mission. The
overiay is to be designed for the following traffic expected to use the
facility over the next 20 years:

Design Gear Load

Aircraft Passes, 20 Years Pounds (ke)

Cc-141 25,000 155,000 (70 000)
C-130 50,000 84,000 (38 000)
C-3A 25,000 190,000 (86 000)
P-3 50,000 68,000 (31 000)
F-14 100,000 30,000 (13 600)

2 e nd diimlmn bta masroman &
[1eQ UL lilg Liie paveEuclu

evaluation:

Existing concrete slab thickness = 9.0 inches
Average joint deflection load transfer = 60 percent
Effective k value = 250 psi (on top of existing base course)
Flexural strength of existing concrete slab = 750 psi
Flexural strength of new concrete overlay = 750 psi
PCIgrg = 70 for interior keel portion,

= 45 for runway ends keel section {(within 1000 feet of

each end of runway)

Apply extensive pre-overlay repair consisting of full depth slab
replacement of badly cracked and shattered slabs and subsealing in areas
where loss of support was detected to each runway end. The pre-overlay
repair in these areas will raise the PCIgprg to 70. The overlay thickness
for the entire runway can now be determined based on an existing PCIgrg of
70. The condition factor C. is determined to be 0.74 from Figure 25.

The traffic projections, average percent load transfer, k value,
and flexural strength of the existing concrete slab are used to determine
the required single slab thickness. The load transfer adjustment factors
were determined from Figure 24 for each aircraft using a measured load
transfer efficiency of 60 percent.

Trial calculations to determine the required single slab thickness
for a bonded concrete, or partially bonded concrete or asphalt concrete
overlav for the (primary) channelized trarfic areas (runway ends) are
summarized in Table 23. Trial calculations to aetermine the Singlie 3Sidwu
thickness for the (secondary) unchannelized traffic areas (runway interior)
are also performed (but not shown).

Trial calculations to determine the required single slab thickness
for an unbonded overlay for primary traffic areas are summarized in Table
24. Calculations for secondary traffic areas are also performed. The
required single slab thicknesses (T,) are summarized below:

113
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i Regquired Single Slab Thickness, Tp - inches
Traffic Area Fully Bonded Partially Bonded Unbonded
iChannelized 12.5 (245 mm) 12.5 (356 mm) 12.0 (305 mm)
Unchannelized 13.5 (345 mm) 12.5 (345 mm) 11.5 (290 =m)
|
Note: For this example, a slight change in slab thickness results in
a large change in damage. Thus, there is no difference in

<

thickness between primary and secondary areas.

The required concrete overlay thickness (T,), is determined as
follows for a partially bonded overlay in the primary traffic area:

/(1
L

1.4~ 1 »
V(13.5)1-4 - (0.74)%(9.0)1-4

Q)P - Cp(Te)P

|
P )

Tg = 9.2 inches

Similar calculations can be repeated for unbonded and fully bonded
overlays. The required concrete overlay thicknesses for each of these
conditions are summarized below:

Overlay Thickness, T, - inches
Traffic Area Fully Bonded Partially Bonded Unbonded
i !
[ o
Cuannellized 5.3 (178 7,2 (220 mm 2,2 /720 oy
% Recommended: 7.0 (178 mm) 9.0 (229 mm) 9.0 (229 mm)
nchannelized 6.8 (175 mm) 9.2 (230 mm) 8.5 (215 mm) |
Recommended: 7.0 (178 mm) 9.0 (229 mm) 9.0 (229 mm)
{

The recommended design concrete overlay thickness is obtained by
rounding the required overlay thickness to the whole inch as specified in
Section 11, paragraph 7. Joint design for the unbonded concrete overlay
should be in accordance with Section 9 of this manual.

oy
[
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11.9.2 Asphalt Concrete Overlav Design Example. An asphalt concrete

overlay is to be designed for the same runway and traffic conditions

presented in paragraph a. above. Table 23 summarizes the calculations to

determine the required single slab thickness for the primary traffic area.

As summarized in the previous example, a single slab thickness of 13.5

inches (345 mm) is needed for the primary traffic areas. The "F" factor is
i c

-

The condition factor Cy is determined to be 0.90 for a PCIgry

of 70 from Figure 26.

The required asphalt concrete overlay thickness for channelized

ic areas is calculated as follows:

h
n

AY Lo
J tra

Ty = 2.5 (FTn - CpTe)

To = 2.5 (0.84%13.5 - 0.90%*9.0)

m - Q9
o

1 3
.Lo - o 4L &L

The required asphalt concrete overlay thickness for unchannelized
(secondary) traffic areas 1is calculated as above and is determined to be
8.1 inches (229 mm). This is rounded to 8.0 inches (203 mm).
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