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CCB Application Notes:
1. Character(s) preceded & followed by these synbols (. -) or (+ ,)
are super- or subscripted, respectively.
EXAMPLES: 42m.3- = 42 cubic neters
CO+2, = carbon di oxi de

2. Al degree synbols have been replaced with the word deg.
3. Al plus or nminus synbols have been replaced with the synbol +/-.

4. Al table note letters and nunbers have been encl osed in square
brackets in both the table and bel ow the table.

5. Whenever possible, mathematical synmbols have been replaced with
their proper name and encl osed in square brackets.
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ABSTRACT

Design criteria for use by qualified engineers are presented for the
desi gn of pavenents and supporting materials for roads, parking areas, and
wal ks. The contents include procedures for conducting prelimnary site
reconnai ssance, soil investigations, and traffic analyses, and criteria for
t he desi gn of subgrade, subbase, and base courses, flexible and rigid
paverents, | ow cost roads, and sidewal ks.



FOREWORD

This design manual is one of a series devel oped from an eval uati on of
facilities in the shore establishment, fromsurveys of the availability of new
material s and construction nmethods, and from sel ection of the best design
practices of the Naval Facilities Engi neering Command ( NAVFACENGCOM), ot her
Gover nment agencies, and the private sector. This manual uses, to the maxi mum
extent feasible, national professional society, association, and institute
standards in accordance with NAVFACENGCOM policy. Deviations fromthese
criteria should not be made without prior approval of NAVFACENGCOM HQ ( Code
04) .

Desi gn cannot remain static any nore than can the naval functions it
sends or the technologies it uses. Accordingly, recommendations for
i mprovenent are encouraged fromw thin the Navy and fromthe private sector
and shoul d be furnished to NAVFACENGCOM HQ Code 04. As the design nanuals are
revised they are being restructured. A chapter or a combination of chapters
will be issued as a separate design manual for ready reference to specific
criteria.

This publication is certified as an official publication of the Nava
Facilities Engi neering Command and has been revi ewed and approved in
accordance wi th SECNAVI NST 5600. 16.

D. G ISELIN

Rear Admiral, CEC, U.S. Navy
Commander

Naval Facilities Engi neering Command
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Section 1. | NTRODUCTI ON

1. SCOPE. This manual presents criteria for the design of pavenents and
supporting materials for roads, parking areas, and wal ks. For design criteria
for soil nechanics problens associated with pavenent design (such as
consolidation and stability of conpressible or weak subsoils underlying fills,
and soil conpaction procedures), see Soil Mechanics, Foundations, and Earth
Structures, NAVFAC DM 7. For additional criteria on traffic speeds, use
classification and | oads, geonetry, and related factors applicable to roads
and parking areas; see General Provisions and Geonetric Design for Roads,
Streets, Wal ks, and Open Storage Areas, NAVFAC DM 5.5. Pavenent design
criteria given in this manual should be suppl enented or nodified by |oca
state hi ghway department practices, where investigation has shown that they
are adequate and economical or are required for local conditions.

2. RELATED CRITERIA. Criteria for the design of sonme features related to
paverments are delineated in this and other manuals in the design nanual s
series, as cited bel ow

Subj ect Sour ce
Structural Engineering . . . . . . . . . . . . . . . . . . . . NAVFAC DM 2
Bri dge pavenent
rol ogy an raulics . . . . . . . L L Lo L .
dr ol d d [ NAVFACDM 5. 2

Sur face drai nage
Subsur face drai nage

Drai nage Systenms . . . . . . . . . . . . . . . . . . . . . . . NAVFACDM 5.3
Sur face drai nage
Subsur f ace drai nage

Soi | Mechani cs, Foundations, and Earth Structures. . . . . . . NAVFAC DM 7
Soi |l exploration, identification, and testing
Subsur f ace drai nage

Airfield Pavenents . . . . . . . . . . . . . . . . . . . . . . NAVFAC DM 21
Airfield pavenents
Subsur face drai nage

3. CANCELLATION. This manual, Pavenments, NAVFAC DM 5.4, cancel s and supersedes
Chapter 4, Civil Engineering, NAVFAC DM 5, of April 1974.

4. PAVEMENT TYPES. Both rigid and flexible pavenents are satisfactory for
roads, streets, and parking areas.

a. Rigid Pavenments. Rigid pavenents are constructed of a portland cenent
concrete surfacing and usually include a granul ar base course. Rigid pavenents
are resistant to petrol eum products and should be used in vehicle fueling and
service areas. Consider using rigid pavenents in areas designated for
not orcycl e parking where high unit |oads on kickstands may distort flexible
paverment in hot weather.

b. Flexible Pavements. The term fl exible pavement refers to all pavenent
types having a bitum nous surface. For nost types of road construction,
flexible paverment is preferred due to lower initial cost. Flexible-type
paverments are nore readily adaptable to stage construction and may al so be
nore suitable where settlenents are expected.

1



5. PAVEMENTS COVPONENTS.

a. Rigid Pavements. Rigid pavenents are usually conposed of a concrete
surfacing and granul ar base on a prepared subgrade. For npst types of road
construction, the surfacing is unreinforced. The base course is conmposed of
sel ect granular material or granular material stabilized with cenent, bitunen,
or lime. |In sone cases, when constructing rigid paverments on high quality
subgrades, the base may not be required.

b. Flexible Pavement. See Figure 1 for a description of flexible pavenent
conponents. The three primary conmponents are the surface, base, and subbase.

(1) Surface. For nost roads and streets, the surface is conposed of hot-
m xed asphalt concrete. A guide to the use of other types of bitumn nous
surfacings is given in Table 1.

(2) Base. Base is high quality granular or stabilized material able to
wi t hstand high stresses. The base is a major |oad carrying conponent of a
fl exible pavenent.

(3) Subbase. Subbase is a lower quality granular material having certain
requi rements. The subbase is placed on the subgrade and is intended to further
reduce the stresses transmitted to the subgrade. Were a good quality granul ar
subgrade exists, or where anticipated loading is |light, the subbase may often
be om tted.

SEAL COAT
WEARING COURSE
BINDER COURSE
PRIME COAT

AR ¥ SRRSO -
) _////W >

1 SELECT MATERIAL CONFORMING TO
g CERTAIN SPECIFICATION REQUIREMENTS,
——BASE —2 COMPACTED IN ONE OR MORE LAYERS.

SURFACE

i

FOR EXAMPLE: GRADED CRUSHED ROCK,
GRAVEL, SOIL CEMENT
o~ r_ 1Y IR / 7 \ RN /."1 S 7 _A.“

R E P A
P —- o i Tl ~

' STABILIZED LAYER OF EXISTING -
.SUBGRADE SOIL OR BORROW MATERIAL
"SUPERIOR TO EXISTING SOIL OR .. .=, i’
.SOME COMBINATION OF BOTH .~ ,;}«s "~...f__

TOTAL THICKNESS OF PAVEMENT

MATERIAL

FIGURE 1
Flexibie Pavement Terminoclogy



TABLE 1
Types of Bitum nous Surfaces
+))))))))))))))))))))))))))))))))))))0)))))))0))))))))))))))))))))))))))

Sui t abl e Surfaces *
> > 7/)3113)13)30)13131)13)0))))))))1
* Descri ption *Par ki ng*Pri mar y*Secondary*Tertiary>
* * |ots * roads * roads * roads *
/))))))))))))))))))))))))))))))))))))3)))))))3)))))))3)))))))))3))))))))l
*Hot - m x asphalt concretes .......... * Yes * Yes * Yes * Yes
* Cold-M x bitum nous m xes mxed in * * * * *
*place. ... .. * No * No *  Yes *  Yes *
*Sand asphal t....... ... ... ... ... ..., * Yes * No *  Yes *  Yes *
*Bi t um nous surface treatnent........ * Yes * No * No *  Yes *
*Penetrati on macadam ................ * Yes * No *  Yes *  Yes *
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Section 2. SO L EXPLORATI ON AND SUBGRADE TESTI NG

1. PRELI M NARY | NVESTI GATIONS. Prelimnary site reconnai ssance and soi

i nvestigations include the use of soils and geol ogi c maps, aerial photographs,
and geophysical exploration to ascertain the general soil conditions. See
NAVFAC DM 7 for a conplete description of techniques and procedures for
prelimnary surveys.

2. EXPLORATORY BORI NGS. Use appropriate auger and split tube sanpling to
det erm ne subsurface soil types and to devel op soil profiles.

a. Spacing of Borings. The maxi mum spaci ng of borings along the centerlines
of proposed roads should be 300 feet. In areas of widely varying soil types, a
spaci ng of 100 feet or |less may be required. Locate additional borings in
areas where abrupt changes in profile occur

b. Depth of Borings. Borings should be deep enough to devel op soil profiles
which are representative of the local soil conditions. As a general guide, for
nost sections of roadway, the follow ng mninum depths shoul d be used:

(1) Cut Sections. To 6 feet below finished grade.

(2) Shallow Fill Sections. In shallow fill sections where the wei ght of
the fill is small compared with traffic | oads, conduct borings to a m ni num
depth of 6 feet bel ow existing grade.

(3) Other. Deeper borings are required wherever structures are |ocated,
in high fill areas, and where soft conpressible soils are encountered. For
gui dance on proper boring depth, see NAVFAC DM 7.

3. SO L CLASSIFICATION. Classify all soils using the Unified Soi
Classification Systemaccording to Mlitary Standard (M L-STD) 619. The
engi neering characteristics of soils classified by the Unified Method are
given in Table 2.



4. SO L PROFILES. Plot soil profiles fromthe data obtained in the exploration
program A typical soil profile is shown as Figure 2. The soil profile should
indicate the soil classification, noisture contents, blow counts (where
applicable), Atterburg Limts, in-place density, and ground water |evels.

Exam ne the conpleted profiles to determ ne:

Location of grade lines.

Exi stence of unsuitable soils which may require excavati on.

Soils in cut which are suitable as fill.

Location of ground water |levels and potential conpaction and drai nage
probl ens.

O0OTD

SOIL PROFILE
DATE
SHEET20F 5
"~
1
H
SMEET | WEET 2 o
« < z
(1]
! e P ]
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i -3 g g 2
H = z = -
o w w3
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“O-E - = g ;—-e‘_"-?z—:-ff m_._._,Y e
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E 898 - 7o FRp— {FILL) — ] o -:} W Gc_ﬂ _;___- =
aﬁﬁ‘ * AT o ° v o o _l..,_,___'_ﬁ__ ==
S e L o i
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as4 - ||——=——arrroX wr‘rea TABLE /T— -
852 -
- 1 i 1 3 1 I 1 1 ] 1 1 |
50 5 2 3 54 s 56 87 s 59 s0 &t 62 ,
STATION NUMBER
NOTE. SHOW NATURAL WATER CONTENTS, DENSITIES,LIQUID ANO PLASTIC LIMITS,
AND RESULTS OF OTHER TESTS OR LOCATIONS OF SAMPLES TESTED.

FIGURE 2
Section of a Typical Soil Profile Sheet

5. TEST PITS. Supplenent the borings with test pits in the predom nate surface
soils. Use test pits for conducting in-place strength and density tests on
potential subgrade materials. Observe and | og the thickness of the strata and
obt ai n bag sanples for |aboratory tests.

6. SUBGRADE TESTING. See Table 3 for Anerican Society for Testing and
Material s

(ASTM), American Association of State Hi ghway and Transportation Oficials
(AASHTO, and M L-STL test nethods
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Soil Characteristics Pertinent to Roads and Airfields - NOT | NCLUDED.
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for soil exploration and subgrade testing. In general, preference should be
given to the use of ASTMtest standards.

a. Soil Classification. PerformAtterburg Limts and grain size
distribution tests to classify the soil. Use the Unified Cl assification System
according to ML-STD 619.

b. Misture-Density Rel ationships.

(1) Standard Proctor. For the design of secondary roads and parking
areas, use the standard Proctor test (ASTM D698) to determ ne the noisture-
density relationship of subgrade soils.

(2) Modified Proctor. The Mddified Proctor Conpaction Test (ASTM D1557)
shoul d b used when designing primary roads or other heavy duty pavement areas.

(3) In-Place Density. Fromtest pits, during exploration, deternine the
i n-place density of the subgrade using the sand-cone method gi ven by ASTM
D1556. For subgrade conpaction control the inplace density may be detern ned
usi ng nucl ear gage procedures. Refer to ASTM D2922.

c. CBR Use the California Bearing Ratio (CBR) test to determine the
strength of the subgrade soil. Procedures for in-place testing and | aboratory
testing are given in ML-STD 621. For a discussion of the selection of CBR
val ues for use in pavenent design, see Section 4.

TABLE 3
Subgrade Sampling and Testing Standards

. MIL-STD
Caregory Description ASTM AASHTO Test Method
Exploratory borings. ....... Auger Samples Di4s2 T203
Splir Barrel sampling D1586
Thin Walled sampling D1587
Identification and classifi-
CALON LTS o Liquid limit D423 Ta9 621A—Method 103
Plastic lirnit D424 T90
Sieve analysis D422 Ts8
Finer than #200 sieve D140 Ti
Classification Dz487 619B
(Unified Soil Classification)
Testpits ...oveeeeeeeennnnee... | Undisturbed samples, bulk samples,
field tests
Design tesis
Laborztofy tests .......... | Moisture-density relations D1357 621A--Method 100
(Modified Proctor) {Method D) (CE 55)
Remolded CBR D188} 621A—Method 101
Muoisture content Da2z216 621A—Method 101
Unconfined compression D2166 T208
Permeabilicy test D2434 Tz215
Consolidadion test Dz435 T216
[o-place tests.......oevenes Density & Moisture content
Sand cone D15%6 Ti91
Drrive cylinder D2937 621A—Mcthod 102
Rubber balloon D2167 T20%
Nuclear method {density) D292z
Nuclear method {moisture content) D30L7
In-place CBR 621A—Method 101




d. Subgrade Mdul us. The nodul us of subgrade reaction (K) is the unit
| oad per inch of deflection on a 30-inch-dianeter rigid steel plate. Determn ne
t he subgrade nodul us when designing rigid pavenents. Use the test procedure
given in ASTM D1196 and compute the K value at the unit |oad corresponding to
.05 inches deflection. For an estimation of K from CBR test results, see the
rel ati onship given by Figure 3.

e. Frost Susceptibility. As a general rule, inorganic soils containing
greater than 3 percent by weight finer than .02 mllimeters are frost
susceptible. Where frost-susceptible soils arc encountered in regions of
freezing tenperatures, design paverments to limt the depth of frost
penetration into the subgrade. For a specific design procedure, see
Airfield Pavenent, NAVFAC DM 21

300 T //f 1F [~
F - ” -
= 250 /] L] P
= A e <1
7 L b =
” ~T"
& 200 S 2SN -
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= 4 L b 1
= > =
* 50 J ~
"
£ VA -
5! rd
a A
o 100
= !
w i
= so 4
g o] 5 10 15 20 25 30 3 a8
a CALIFORNIA BEARING RATIO IN PER CENT
LEGEND
e QUTER RANGE
GENERAL SUIDE

FIGURE 3
Approximate Reladonship Between CBR and K

7. BORROW MATERI AL. From the devel oped soil profiles, determ ne the quality of
material available for fill.

a. Fill Material. Soil types shown in Table 2 are listed in decreasing
order of their value as fill material. Generally, granular soils are the
preferred fill material and should bc used in the top of the subgrade. Avoid

t he use of expansive clays and organic soils.

b. Borrow. When borrow is required, locate pits in proximty to the
proposed roadway using soil maps and other forms of exploration. To determ ne
the suitability and extent of borrow material, conduct borings in a grid

pattern on approxi mately 100-foot centers. The depth of borings should be 2 to
4 feet below the anticipated depth of borrow

8



c. Base and Subbase Materials. Suitable materials for base and subbase are
frequently avail able on Governnent-owned | and. Determine the cost of process-
ing avail able materials agai nst the cost of comercial sources.

Section 3. TRAFFI C ANALYSI S

1. TRAFFI C SURVEYS. Traffic surveys shoul d be conducted to determnine the
nunber and wei ght of the vehicles anticipated to use the pavenment in question
The prediction of traffic intensity should include the present vol unmes nodi -
fied by an appropriate factor for growh. Rely on |local practice or the prac-
tice of the state highway departnent for specific procedures for conducting
surveys. Guidance on traffic studies for mlitary installations is contained
in Mlitary Traffic Managenent Command Panphl et No. 55-8, "Traffic Engineering
Study Reference." \When designing new roads and streets, consider traffic
requi rements for a 20-year design period.

a. Average Daily Traffic. Determ ne the average daily traffic (ADT) from
avail abl e records or vehicle counts for the road under consideration or for an
exi sting roadway of simlar traffic conditions. Were data is not available, a
detailed traffic study nay be required.

b. Traffic Weight. The percentage of trucks (T) in a traffic stream should
be deternmined by traffic counts or current records. A tabulation of the nunber
of axl es observed within certain |oad groups should be made using the Federa
Hi ghway Adm nistration | oadoneter tables.

c. Equivalent 18 Kip Repetitions. The basic nethod of neasuring the effects
of mixed traffic on highway paverments is with the use of equivalent 18 kip
singl e-axl e | oads (EAL). The concept of the equival ent axle | oad was devel oped
fromthe AASHTO Road Test. A detailed discussion on the devel opment of the
| oad equival ency factors is contained in AASHO Interim Guide for Design of
Paverment Structures--1972.[1] Load equival ency factors for single and tandem
axl e |l oads are given by Figure 4. For an exanple of their use see Table 4.

d. Traffic Distribution. Assign 50 percent of the total two-way traffic to
each direction. For two-lane roads 100 percent of the unidirectional traffic
is assigned to the design |ane. For four-lane roads 90 percent of the unidir-
ectional traffic should be assigned to the outside |ane.

2. DESIGN I NDEX. A design index (D) is used in the flexible pavenment thick-
ness design procedures to account for the effects of traffic intensity and
wei ght .

a. Vehicle Groups. Where detailed traffic survey and axle | oad data are not
avai |l abl e, spot counts or estimates can be nade to ascertain the genera
characteristics and volunme of traffic. As an aid to determining a DI, vehicles
shoul d be grouped according to the foll owi ng categories:

(1) Group 1: Passenger cars and panel and pickup trucks.
(2) Group 2: Two-axle trucks.
(3) Group 3: Trucks having three or nore axles.

b. Selection of Design Index. Fromdetailed traffic surveys or genera
vehi cl e groups given above, select the DI from Table 5.

c. Design Index for Tracked Vehicles and Forklift Trucks. The DI's given in
Table 5 do not include the effects of tracked vehicles or forklift trucks.
VWere significant volumes of tracked vehicles and forklifts are indicated, a
hi gher DI may be required for thickness design. Procedures for considering
t hese exceptional vehicles are contained in Flexible Pavements for Roads,
Streets, Wal ks, and Open Storage Areas, DA TMb-822-5.

J3)3131331313133313131))
[1] The American Association of State Hi ghway O ficials, AASHO was renamed
Anerican Association of State H ghway and Transportation Oficials in 1973.
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Load Equivalency Factors

TABLE 4
Exanpl e of Conmputation of Equivalent 18 Kip Axle Load (EAL)
233333333331333333331313333333333331313333131331313131313131313133131313131313131313131313313133333333313)))
G ven: During a 24-hour period the following traffic was noted to have
occurred at a certain |ocation:
23333333333333333333333333333333333131313333131331313133313313131313133313131311133311311)))

a. 3200 autonobil es and pickup trucks carrying approxi mately 2 ki ps per
axl e.

b. 650 two-axle trucks carrying | oads of approximately 5 and 9 kips on

the front and rear axles, respectively.

c. 150 truck conbinations carrying approxi mately 10, 16, and 30 ki ps on
the front, middle, and rear axles. The front and middle axles are
single, and the rear axle is tandem

Conpute the total nunber of equivalent 18 kip axle |oad applications.

10



TABLE 4 (Conti nued)

)%)I))t)'))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
ol ution:

a. FromFigure 4 the follow ng | oad equival ency factors are determn ned:

Load (Ki ps) Equi val ency Factor (F)
IDIIDIIIIDE DI 03000000))0)))
2 . 0001 (approx)

5 .01

9 .08
10 .12
16 . 66
30 (tandem .74

b. By multiplying the equivalency factors by the nunber of repetitions
and summing the total, the total EAL is conputed:

N F EAL
)DDD))) N )333D)))
3200x2 . 001 6.4

650 .01 6.5
650 .08 52
150 .12 18
150 . 66 99
150 .74 111
MDIDID-
Sum 293

c. The pavenent area should be designed for 293 daily equivalent 18 kip
repetitions. From Table 5 the DI would be 5.

2333333333333333333333333333131333333131313331331313133333133131313133313131313131133313111)))

TABLE 5
Vehi cul ar Traffic Design |ndex
+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))0)))))))))))

* Appr ox.

* DI Traffic Characteristics * Daily EAL
/))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))3)))))))))))
* Passenger Vehicles and Light Trucks. No trucks in Goups 2 * 1-5
* or 3. >

* 2 Medi um Li ght Traffic, less than 1000 VPD. 10%in G oup * 6- 20
* 2 and none in G oup 3. *

* 3 Mediumtraffic up to 3000 VPD. Up to 10% Group 2 plus * 21-75
* Group 3. 1% Group 3 vehicles. *

* 4 Medi um heavy traffic up to 6000 VPD. Up to 15% Group 2 * 76- 250
* plus Group 3. 10% Group 3 vehicles. *

* 5 Heavy traffic to 6000 VPD. Maxi num 25% Group 2 plus * 251- 900
* Group 3 and 15% Group 3. *

* 6 Very heavy traffic exceeding 6000 VPD. Over 25% Group 2 * 901- 3000

or G oup 3. *
5000000000000000000000000000000000000000000000000000000000000 000 30000000 0)))
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Section 4. SUBGRADES

1. EXPLORATION. Sec Section 2 of this manual for criteria for subgrade expl or-
ation, identification, and testing. Additional criteria for the determ nation
of the design subgrade strength is given bel ow

2. SUBGRADE STRENGTH

a. Flexible Pavenments. Flexible pavenent thickness design procedures are
based on the CBR nmethod of design, which requires an appraisal of the ultimte
noi sture content and CBR of the subgrade soil. The objective of the procedure
is to design the pavenent on the basis of the predom nant subgrade noisture
content anticipated during the Iife of the pavement. To determ ne the design
subgrade CBR, use the foll ow ng procedures:

(1) Field-in-place tests.

(a) Determine field-in-place CBR of the natural subgrade with
correspondi ng water content and density at proposed subgrade el evation
whenever possi bl e.

(b) Conduct in-place CBR tests in subgrades under existing adjacent
paverments that may have reached equilibrium noisture conditions and may be
i ndi cators of the |long-term strength.

(c) Use in-place tests in coarse-grained subgrade soils where little
increase in noisture content is anticipated.

(d) Use in-place tests in clays which would | ose strength when
excavated and renolded, in silts and fine sands which beconme qui ck or spongy
under high water table, and in subgrade soils that are near saturation in
their natural state.

(2) Tests on Laboratory Ml ded Sanples. In the absence of reliable field
i nformati on, performlaboratory CBR tests on subgrade sanpl es nol ded at
varying noi sture contents and conpactive effort and subjected to four days
soaki ng. Foll ow the procedure contained in ML-STD 621, Method 101. Perform
one conplete series of tests for each distinct type of soil

(3) Determine design CBR Were a range of soil types is encountered in
t he proposed roadway and CBR test results are variable, judgment nust be made
as to whether variable design thicknesses are necessary and econonically
feasi ble. Where variabl e design thicknesses are not warranted, determ ne the
CBR val ue for design, as that value is equal to or |less than 85 percent of the
CBR test val ues al ong the proposed roadway.

(4) Approximate Values. Use the follow ng approxi mate val ues of CBR for
checki ng and estimating purposes and for prelinm nary design of mnor paved
areas:

Subgrade Soil Type Approx. CBR
DD 000000)))) IIIIIIDIIIIDD)
Wel | and poorly graded gravels, well graded sands >18
Silty and cl ayey sands 12-18
Low plastic clays, inorganic silts, very fine sands 6- 12
Hi ghly plastic and organic clays, mcaceous silts 1-6

b. Rigid Pavenents. Use the subgrade nodulus K for the design of rigid
paverments. See Section 2.

3. SUBGRADE DRAI NAGE
a. Conditions Requiring Subgrade Drai nage. Consider the use of subgrade

drai ns whenever the foll owi ng conditions exist:

(1) High ground-water |evels which may reduce subgrade stability and
provide a source of water for frost action.

(2) I'n subgrade soils of silts and very fine sands whi ch nay becone quick
or spongy when saturat ed.

(3) Consider intercepting drains where water seeps fromunderlying water-
bearing strata or from subgrades in cut areas.

12



b. Design Details. Use subsurface drains (perforated collector pipes and
filters) in lieu of deep ditches for collecting and transporting ground water.
For typical subgrade drain installation, see Figure 5. For design criteria see
NAVFAC DM 7 and NAVFAC DM 21.

4. SUBGRADE COWPACTI ON

a. Fill Sections. Al granular fill materials should be conpacted to at
| est 95 percent of maxi num density. Cohesive fill material should be conpleted
to no |l ess than 90 percent.

b. Cut Sections. In cut, the depth and degree of conpaction required varies
with the pavenent design index. Specific guidance on conpaction depth is given
in DA TM 5-822-5. \Wen exi sting subgrade soils do not meet m ni num conpacti on
requi rements, consider the follow ng alternatives:

(1) Conpact soils fromthe surface.

(2) Renmpve and process soil to attain the approxi mate opti mum noi sture
and replace and conpact.

(3) Replace subgrade soil with suitable borrow naterial .

(4) Raise the grade so that existing natural densities neet required
val ues.

5. SETTLEMENT. When desi gning roadways in fill sections, examine soil profiles
to ascertain possible settlement due to the existence of conpressible |ayers.
For settlenent analysis, see NAVFAC DM 7.

6. SUBGRADE STABI LI ZATI ON. Native subgrade and | ower quality borrow materials
may be inproved for use in the pavenent structure with the use of a cenent,

bi tumen, or lime stabilizing agent. For stabilization or nodification of
cohesi ve subgrade soils, hydrated linme is the nbost widely used. Line is
applicable in clay soils (CH, CL) and in granular soils containing clay binder
(GC, SC). Lime reduces the plasticity index (Pl) and renders a clay soil |ess
sensitive to noisture changes. Consider the use of |ine whenever the Pl of the
soil is greater than 10.

a. Lime Treatnment. Lime treatnment or nodification consists of the
application of from1l to 3 percent hydrated Iine to aid drying of the soil and
permt conpaction. As such it is useful in the construction of a "working
platform' to expedite construction. Linme nodification may al so be consi dered
to condition a soil for followon stabilization with cement or bitunmen. Line
treat ment of subgrade soils is intended to expedite construction, and no
reduction in the required paverment thickness should be made.

b. Line Stabilization. For lime stabilization of clay subgrades, the linme
content should be from 3 percent to 8 percent of the dry weight of the soil
and the cured mass shoul d have an unconfined conpressive strength of at |east
50 psi in 28 days. The optimum|line content should be determ ned with the use
of unconfined conpression and Atterburg Linmits tests on |aboratory |ime-soi
m xtures nol ded at varying percentages of |line. Deternmine the | aboratory CBR
of the optimumIline soil mxture for use in pavenment thickness design
procedures.

Section 5. SUBBASE

1. FUNCTI ONS AND REQUI REMENTS.
a. Rigid Pavements. Subbase normally is not used in rigid pavenents. The
course directly beneath the concrete is termed "base."

b. Flexible Pavenments. In flexible pavenents, the subbase is conposed of a
sel ected borrow or stabilized material used to reduce the thickness of the
base. The subbase is placed on the subgrade and serves as a | oad-distributing
medi um to reduce subgrade stress.

13
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2. MATERI ALS. Subbase materials can consist of any of the follow ng:

a. Naturally occurring course-grained soils such as gravel, well-graded
sands, and disintegrated granite.

b. Naturally occurring and processed materials such as |inerock, coral
caliche, quarry and m ne wastes, slag, shell, and sand-shell m xtures.

c. Naturally occurring or processed nmaterials which are stabilized with
cement, line, or bitumen.

d. Mechanically stabilized m xtures in which borrow or processed materials
are blended with on-site soils to forma nore dense and stable |ayer.
Mechani cal stabilization of subgrade soils may be used only where the liquid
l[imt (LL) and Pl of the existing soil neet the requirements for subbase.

3. SUBBASE CBR

a. Laboratory Tests. Perform |l aboratory CBR tests on renol ded soaked
samples as outlined in ML-STD 621, Method 101. Laboratory CBR tests are to be
suppl enented with grain size and plasticity requirenents to arrive at a CBR
val ue for design. Where proposed subbase materials exist in place under
simlar conditions, the in-place CBR value should be determ ned and used for
desi gn.

b. Maxi mum desi gn CBR. \Wen | aboratory CBR val ues have been deternm ned, the
maxi mum val ue for use in design may be controlled by the followi ng gradation
and plasticity limtations:

Max. Pernissible Gradation, Max. % Passing
Desi gn CBR Max. Size #10 Sieve #200 Sieve Max. LL Max. P
232333)33331333333133133333131313133333131313113333313131313I13331313113131I1I31313I111111))))
50 3" 50 15 25 5
40 3" 80 15 25 5
30 3" 100 15 25 5

For additional general requirements and reconmended gradati ons of subbase
materials, see "AASHTO Specification M 147" in Standard Specifications for
Transportation Materials and Methods for Sanpling and Testing.

4. COWPACTI ON. Conpact all granul ar subbase course materials to 100 percent
of maxi mum density.

Section 6. BASE
1. FUNCTI ONS AND REQUI REMENTS.

a. Rigid Pavements. Use base course under rigid pavements where subgrades
do not neet the gradation, plasticity, and CBR requirenents for base. Base
courses are required under the foll ow ng conditions:

(1) Frost Action. Use base courses to prevent or reduce frost
penetration into subgrades.

(2) Subgrade Punping. Provide a base course over subgrade soils
classified as CH, CL, M, MH, and OL to prevent punping.

(3) Uneven Support. Provide base courses to provide uniform support to
paverent sl abs.

(4) High Vol une Change Subgrade Soils. Provide base courses as
over burden on expansive soils to mninize potential heaving and faulting at
joints.

b. Flexi ble Pavenments. A base course is a mgjor |oad-carrying component in
a flexible pavenent. The base nust have high structural strength and be
densel y conpact ed.
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2. BASE DRAI NAGE

a. Conditions Requiring Drainage. Consider the use of a base course
dr ai nage system wherever the follow ng conditions exist:
(1) Where ground water |evels approach the bottom of the base.
(2) Where frost action penetrates the subgrade.
(3) In sag vertical curves where the subgrade soil has | ow perneability.

b. Design Details. For typical basic drainage details, see Figure 6. For
design criteria for subdrains filter materials see NAVFAC DM 7. For drai nage
conput ati on procedures, see NAVFAC DM 21

3. BASES FOR RI G D PAVEMENT.

a. Materials. Materials used as a subbase in flexible pavenents are
suitable for base courses in rigid pavenents. Refer to Section 5.

b. Gradation and Plasticity. Base materials should be well graded,
conform ng to AASHTO Specification M147. The LL should be no greater than 25
and the Pl no greater than 5.

c. CBR The mnimumrequired CBR is 30.

d. Thickness. The m ni mumthi ckness of granul ar base should be 6 inches.
Thi cker bases may be required in order to reduce frost penetration into the
subgrade or to increase K nodul us value in weak subgrade soils. For thickness
desi gn procedures for base courses, see NAVFAC DM 21

e. Conmpaction. Base courses under rigid pavenents should be conpacted to at
| east 95 percent of maxi mum density.

4. BASES FOR FLEXI BLE PAVEMENTS.

a. Materials. The selection of a base course material for flexible pave-
ments shoul d be based on the econonic availability. Generally the follow ng
natural and processed materials can be used as base:

Crushed or uncrushed grave

G aded crushed rock

Wat er bound nmacadam

Dr ybound macadam

Li mer ock

Cora

Sand- shel

Bl ast furnace sl ag

Cement, bitumen, or linme stabilized soil mxtures

b. Gradation and Plasticity. Recommended gradations for drybound and
wat er bound nacadam bases are given in Graded Aggregate Base Course for
Fl exi bl e Pavenent, TS-02686. For other local materials including |inerock,
sand-shel |, and coral, use locally available and proven gradati ons. For al
base types for flexible pavenents the LL should be no greater than 25 and the
Pl no greater than 5.

c. Design CBR For flexible pavenent thickness design, use the follow ng
CBR val ues, without testing, for the following materials:

Base Type Desi gn CBR
Graded, Crushed Aggregate 100
WAt er bound Macadam 100
Dr ybound Macadam 100
Cenent - and Asphalt-treated Aggregate 100
Li mer ock 80
Sand- shel | 80
Cor al 80
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TABLE 6
Dr ybound Macadam Base

+))))))))))))))0))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))
Percent age by wei ght passing square nesh sieve

/)))))))))))))))))))))))))))))))))))0))))))))))))))))0)))))))l
*Choker aggregat e*Screen- >

* Si eve * Coarse--aggregate gradation * graduation * ings *
* designation /))))))))0))))))))0))))))))0))))))))3)))))))0))))))))3)))))))l
> * No 1 * No 2 * No * N4 =~No5 = No 6 * No 7

/))))))))))))))3))))))))3))))))))3))))))))3))))))))3)))))))3))))))))3)))))))l
* 2 1/ 2" * 90 100 * 90 100 * 100 * oo Fooo-- F o *oo--- *
* 2" * 35-70 * --- * 90-100 = 100 Fooo-- F o -
> 1-1/2" * 0-15 =* 25-60 > 35-70 = 90-100 * --- * --- * . *
* 1" * - * - * 0_15 *20_55 * - * - * - *
* 3/ 4" * 0-5 * 0-10 * --- * 0-15 > 100 * --- *oo--- *
> 1/ 2" * oo * 0-5 * 0-5 * oo * 90-100* --- R
* 3/ 8" * oo * oo * oo * 0-5 * --- > 100 * 100 =+
* No. 4 * - - * - - * --- * --- * --- *85-100*85'100*
* No. 100 * oo * oo * oo * oo * 10-30 * 10-30 * 5-25 =*
-22222333333333233333311213111111121313111111323131111113231311111323111111123))))))-

TABLE 7

Wat er bound Macadam Base
+)))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Percent age by wei ght passing square nesh sieve *
/3333>333333333033333333333333333333333333330333333333333333333)))))))1
* Si eve *Coar se- - aggregate gradation >~ Screenings gradation *
* desi gnation /))&))z))O)))))))))O)))))))))3)))))))))))O)))))))))))))l
* * O * * * *
/))))))))))))))3))))))))3)))))))))3)))))))))3)))))))))))3)))))))))))))l
* 2 1/ 2" * 90 100 * 90 100 * 100 * - * - *
* 2" * 35-70 = * 90-100 *  --- * - *
* 1-1/2" * 0-15 =~ 25-60 = 35-70 *  --- * - *
* 1" * - * - * 0_15 * - * - *
* 3/ 4" * 0-5 * 0-10 >~ --- * 100 * - *
* 1/ 2" * oo * 0-5 * 0-5 * 90-100 *  --- *
* 3/8" * - * - * - * - * 100 *
* NO. 4 * - * - * - * - * 85_100 *
* No. 100 * --- * - * - * 10-30 * 10-30 *

-223333333333332333333332333313331313233333131311323333131313133323131311333II))))-

d. Thickness. The required thickness of base should be deternined using the
fl exi bl e paverrent thickness design procedures in Section 7. The m ni mum base
t hi ckness is 6 inches.

e. Compaction. Conpact all base courses in flexible pavenents to 100
percent of maxi num density.

Section 7. FLEXI BLE PAVEMENT THI CKNESS DESI GN

1. DESI GN PRINCIPLES. The CBR nethod of pavenent design is based on the
principle of providing sufficient thickness and quality of pavenent base and
subbase courses to prevent subgrade shear deformation under traffic. The
procedure is largely enpirical but has been validated through extensive
experience and traffic testing of prototype pavenents. The design procedure

al so provides for adequate conpacti on of the subgrade and each course to
prevent settlement under traffic. Were freezing tenperatures occur, the
desi gn procedure nust give consideration to the depth of frost penetration and
subgrade weakeni ng during the thaw peri od.
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2. STRESSES I N FLEXI BLE PAVEMENTS.

a. Single Weels. Distribution of vertical stresses under a surface |oad
has a bell-shaped pattern. Stresses are at a mininumdirectly beneath the
wheel , and decrease with increasing depth. See NAVFAC DM 7 and NAVFAC DM 21
for stress distribution in soils.

b. Dual Wheels. When dual wheels support the sane total |oad as a single
wheel , pavenent stresses are reduced. At shallow depth, stresses are caused
principally by individual wheels acting singly, and are at a maxi num beneath
the center of each wheel. At greater depths, stresses are at a maxi mum m dway
bet ween wheel s, and approxi mate the stress caused by a single wheel supporting
the total |oad. Thus stresses in pavenent are deternined principally by
i ndi vi dual wheel |oads, and especially by tire pressure, whereas required
total thickness of pavenment, base, and subbase are deternined principally by
total | oad.

c. Stress Repetition. The effects of stress repetition arc considered in
t he desi gn procedures by the concepts of equivalent 18 kip axle | oads and the
DI . Although flexible pavenents may sustain limted applications of a heavy
| oad, they may distort or fail under a high number of repetitions of the sane
| oad.

3. THI CKNESS DESI GN PROCEDURES. Use the follow ng procedures for the design of
fl exi bl e pavenents:

a. Design Index. Determine the DI using the procedures of Section 3.

b. Subgrade CBR. From Section 4, determ ne the design subgrade CBR

c. Total Thickness. Determ ne the total thickness of pavenent required from
t he design curve, Figure 7. Enter the design curve with the subgrade CBR
proceed vertically to the '"break Iine," then horizontally to the DI, and
vertically to the design thickness.

CBR
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CBR Thickness Design Chart—Flexible Pavements
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d. Thickness of Base and Subbase. Enter Figure with the CBR of the subbase
material and determine the total required thickness of base and surfacing.

e. Repeat Step d for other avail abl e subbase materials to determine the
nost econom cal conbi nati on of base and subbase material and thickness.

f. M nimum Base and Subbase. Use a m ni mum base thi ckness of 6 inches.
M ni mum subbase thi ckness shoul d be 4 inches.

g. M ninmum Thi ckness of Surface. M ninmumthickness of asphalt concrete
surfacings should be as foll ows:

Type of Surface M ni mum Thi ckness (i nches)
DD22203303 0303030303030 3003 0303030303030 00000303000)0)))
Primary Road 3

Secondary and Tertiary Roads
Par ki ng Area

Dri veway

Si dewal k

Surfaci ng Used by Tracked Vehicl es

al

VWere exceptionally stable bases, such as cenent-treated aggregate, natura
cenenting materials (linmerock), or asphalt concrete bases are used, the 2-
i nch m ni mum t hi ckness may be reduced to 1.5 inches.

4. COVPACTI ON AND SETTLEMENT. Nonuniform settlement or inadequate conpaction
of the pavenent conponents can result in premature pavenment rutting and
cracki ng. See requirements for subgrade conpaction and settlement anal ysis
contained in Section 4. Subbase and base course conpaction requirements are
contained in Sections 5 and 6.

5. FROST DESIGN. In areas having freezing tenperatures, ascertain the need for
designing for frost effects fromstate, county, or city highway departnents.
Determ ne the depth of frost penetration fromthe hi ghway department or |oca
utility conpanies. Use |ocal design procedures. For a conplete discussion of
frost effects and two nethods of design, see NAVFAC DM 21

Section 8. DESIGN OF BI TUM NOUS SURFACES

1. FUNCTI ONS AND REQUI REMENTS. Bitumi nous surfaces provide a resilient,

wat er proof, load distributing mediumthat protects the base course agai nst the
detrimental effects of water and the abrasive action of traffic. Bitum nous
surfaces pernmt slight adjustments in the pavenent structure, due to

consol idation, without detrinental effect, and are nore readily adaptable to
stage construction. The types of bitum nous surfacings commonly used for roads
and streets are given in Table 1

2. TERM NOLOGY. See Figure 1 for a description of flexible pavement conponents
and see Table 8 for term nology related to bitumi nous ni xes.

3. BI TUM NOUS MATERI ALS. Bituni nous materials used in road construction
i ncl ude asphalts, tars and tar-rubber blends. The applicabl e specifications
for bitum nous materials are given in Table 9.

a. Asphalt. Asphaltic materials are the usual choice for use in bitum nous
paverments due to their w despread availability and economny. Asphaltic
materials are avail abl e as asphalt cements, liquid asphalts, or enulsified
asphal ts.

(1) Asphalt cenments are nost widely used in hot-nix asphalt concrete
m xtures as binder and wearing courses. The material is available in varying
degrees of hardness (penetration) and is a solid at roomtenperature.
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(2) Liquid asphalts consist of asphalt cenents dissolved in petrol eum
solvents and are widely used for in-place mxes and surface treatnments. Liquid
asphalts are graded according to their cure rate and viscosity and are usually
designated as rapid curing (RC), nediumcuring (M), and slow curing (SC). The
newer designations for liquid asphalts and their viscosities are given in
Fi gure 8.

TABLE 8
Speci al i zed Term nol ogy for Bitum nous M xes

+))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))))))))))))))))))))

> Item Descri ption >
/))))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))l
*Coar se aggregate *Material larger than the No 4 sieve.

*Fi ne aggregate *Mat eri al passing the No 4 sieve. >
*M neral filler *Stone dust finer than the No 200 sieve. *
*\\ari ng coarse *The top layer of a tar or asphalt concrete surface.*
*Bi nder course *The leveling or transition [ayer of tar or asphalt.*
* *concrete placed directly on the base course. *
*Prime coat *A surface treatnment of l|iquid asphalt applied to a *
* *nonbi t um nous pavenent is placed Purpose is to *
* *penetrate and seal surface of base course. *
*Tack coat *Asphalt emul sion or liquid asphalt material placed *
* *on an exi sting concrete or bitum nous pavenent to *
* *provi de good bond with a superposed bituni nous *
* *pavemnent . *
*Seal coat *A type of pavenent surface treatnent usually *
* *appli ed as a mai ntenance procedure. *
*Marshal | stability value*The |oad in pounds causing failure in a conpacted =
* *speci men of hot-m x asphaltic concrete when tested *
* *in the Marshal |l apparatus. *
*Fl ow *Total deformation in hundredths of an inch at *
* *poi nt of maximumload in the Marshall Stability *
> *Test . >
*Percent voids total mix *=That part of the conpacted asphalt m xture not *
* *occupi ed by aggregate or asphalt, expressed in *
* *percent of total vol umre. *
*Percent voids filled *Percent age of voids in a conpacted aggregate *
* wth asphalt *mass that are filled with asphalt cenent. *
*Opti mum bi tumen content *The percentage of bitunen satisfying mx *
* *design criteria for Marshall Stability *
* *Desi gn Procedure. *
*Penetration *The rel ative hardness or consistency of an *
* *asphalt cenment Measured by the distance a *
* *standard needle will penetrate vertically *
* *into a sanple of asphalt under known *
* *condi tions of tenperature, |oading, and tinme. *
*Vi scosity *A nmeasure of the ability of a bitunen to *
* *flow at a given tenperature The stiffer the *
* *bi tumen the hi gher the viscosity. *

=2233333333333333333333332>33333313333331333333133131313333133131313333333131311)33II))))-
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+))))))))))))))))))))))))))))))))))))))))))0)))))))))))))))))))))))))))))))))
Bi Speci fication

TABLE 9

Speci fications for Bitum nous Materials

AASHTO M226 or ASTM D3381

tunen
/))))))))))))))))))))))))))))))))))))))))))3)))))))))))))))))))))))))))))))))l

Asphalt cenment (penetration grades)....=> ASTM D946
Asphalt cement (AC and AR grades)...... *

Asphalt, liquid (slowcuring).......... * ASTM D2026
Asphalt, liquid (mediumcuring)........ * ASTM D2027
Asphalt, liquid (rapid-curing)......... * ASTM D2028
Asphalt, emulsified.................... * ASTM D977
Asphalt, cationic enmulsified........... * ASTM D2397
Tar . > ASTM D490
Rubberized tar cement.................. * ASTM D2993

b % X ok F X % %

R % X ok % X X% %

=22333333333333333333333333313331313133313133131313233331313133331331313131313333131311133II))))-
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(3) Enulsified asphalts consist of an asphalt cenment suspended in
water with us of an enul sifying agent. Emulsified asphalts are commonly used
for tack coats, slurry seal coats, and in road mxes. Emulsified asphalts may
be either the anionic (negative charge) or cationic (positive charge) type and
are further classified as to curing rate, that is, rapid setting (RS), medium
setting (MS), and slow setting (SS). Recommended type and grades of bitunen
for road and street pavenents are given in Table 10.

b. Tar. Road tar is not as readily available as asphalt. Tar is softer at
hi gh tenperatures and nore brittle at |ower tenperatures than conparable
grades of asphalt cenent. However, tars are resistant to fuel spillage and
will not strip from hydrophilic aggregates in the presence of water.
Appl i cabl e ASTM specifications for tars are included in Table 9.

c. Tar-Rubber Bl ends. Tar-rubber bl ends conbine resistance to fuels with
hi gher resistance to tenperature changes. These mixes are normally used for
speci al i zed areas, particularly on airfield pavenents. For a conplete
di scussi on, see Bitummous Pavenent Standard Practice, DA TM 5-822-8.

TABILE 10
Recommended Types and Grades of Bitumen for Bituminous Surfaces
Grade or designation
AC
MC {asphalt AE
Surface RC {medium 8C cement) (asphalt RT
{rapid cucing) curing) (slow curing} with emulsion) | {road cae)
: penecration
of
Dusc palliagive, ... .oooevan | oo i v MC-30-70. . [ SC-30-70. .. [ -+ - ovar | veunnun RT-1.
Prime coats .o vvvrrevnennn RC-70..... MC-70 .. | SC-T0. 0 vvu | vvommnmafoenenns RT-2.
Tack coats. v aieseinenns | Lok AU R IR EEE TR RS LSSE'| ......
Surface treatment and seal
coats!
Course sand cover ....... RC-2%0.... ) MC-250-800 | - .. venanaf v R&L....].onvu
Clcan coarse aggregate... | RC-250...,. | MC-250-800 | ......... 120-300. . - | e ovwvnel e
Graded gravel aggregate
COVER o vvirvnnnnnmanans | sensarnns MC-250-B00 | vvvmvvenn| cavnanea] vvasn PO
Mixed in place. —road mix:
Open-graded aggregate:
Sand. . s ieranincersaan TRCA25C. ... | MC250. .. | vee v i s A PR
Maximum diameter 1 in.,
high percenrage pas-
sing i0mesh ......... - -250-800 0 oo oo MS-1. ... | v

[retrieve Table 10 - Recommended Types & Grades of Bitunen for Bitum nous
Sur f aces]
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4. AGGREGATES.

a. Suitability. Basic or alkaline rocks (linestone, dolomte), provide
better adhesion with asphaltic filns than do acid or silicious rocks (granite,
quartzite). Were acid rocks are used, the addition of an antistripping agent
or hydrated |lime may be required.

b. Coarse Aggregate. Coarse aggregates should be clean, hard, and durable.
In asphaltic concrete m xtures, crushed rock is preferable for its higher
stability and performance. Qther requirenents for coarse aggregate are
contai ned in ASTM D692.

c. Fine Aggregate. Fine aggregate for bitumi nous concrete mxes may be
conposed of naturally occurring sand or of aggregate particles produced from
crushed stone or crushed gravel. Fine aggregates should otherw se conformto
ASTM D1073.

d. Mneral Filler. In bitum nous concrete m xtures, mneral filler should
be |inestone dust, portland cement, or other sinmlar inert materials. At |east
two-thirds of the material passing the No. 200 sieve in a bitum nous m x
shoul d be nonplastic material neeting the requirements of ASTM D242.

5. BI TUM NOUS M X DESI GN

a. Hot-M x Asphalt Concrete. Use the Marshall m x design nethod for de-
signing hot-m x asphalt concrete mxture. Detailed instructions for the design
procedure are contained in DA TM 5-822-8. For test methods, see M L-STD 620.

(1) Asphalt Cenment. Use penetration grade, AC viscosity grade, or AR
viscosity grade of asphalt cement in the m x design. Figure 9 provides
recormended grades for each area of the United States. These reconmendati ons
shoul d be tenpered by local practice. In areas where only the viscosity grades
are avail able, determ ne those sources having acceptabl e penetrations for use
in the project.

(2) Aggregates. Use aggregates in the mx design which neet the
requi rements of ASTM D692 and D1073 for coarse and fine aggregates,
respectively. Mneral filler, when required, should conformto ASTM D242.
Aggregates used for mx design should be identical to those anticipated to be
used in construction. Gadation of aggregates should conformeither to ASTM
D1663 or Asphalt Binder & Wearing Courses for Flexible Pavermrent, NAVFAC TS-
02681. In general, the maxi mum aggregate size for wearing courses should not
exceed 3/4 inches. For binder and intermedi ate courses, the maxi num aggregate
size should not exceed two-thirds the course thickness.

(3) Marshall Requirenents. Use the 75-bl ow conmpacti on procedures for
designing primary roads and streets. For secondary roads, streets, and parking
areas, use the 50-bl ow procedure. Follow the procedures given in DA TM
5-822-8 for preparing and testing the trial mxes. Criteria for determ ning
the optimum bitumen content and the adequacy of the mix are given in Tables 11
and 12. A minimum bitunmen content of 5 percent is reconmended.

(4) Optional VMA Method. This optional nethod of mx design utilizes the
concept of the voids in the nmineral aggregate (VMA) to determine the optinmm
bi tumen content. The VMA represents the volune of voids in the conpacted
aggregate mxture and includes the percent of air voids plus the effective
asphalt content expressed as a percent of the total volune. The m x design
met hod requires that a m ni mum vol ume of voids be contained in the aggregate
mx in order to accomodate sufficient bitumen for stability and durability.
Procedures for computing the VMA are given in Mx Design Method for Asphalt
Concrete and Ot her Hot-M x Types, The Asphalt Institute Publication M5 2.
Criteria for mninum percent VMA are given in Table 13. In using the design
procedure, no correction is required for highly absorbent aggregate.

b. M xed-1n-Place Bitunmi nous Paverment. M xed-in-place bitum nous pavenents
can be used on secondary and ot her |ow volume roads. The pavenent shoul d
consi st of one layer with conpacted thickness of 2 inches. For reconmended
limts for aggregate gradation and bitunen contents, see Table 14. For
recormended grades of bitunen, see Table 10.
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TABLE 11

Bituminous Pavement Design Criteria

for Use with Aggregdce Blends Showing Warter Absorption up to 24 Percent?
For Determining Optimum Bitumen Content!
Pownc on curve
Test property Type of mix
30 blows 75 blows
Marshall stability................L Bituminous-concrete wearing course ... Peak of curve.... | Peak of curve.
Bitumincus-conerete binder course ... Peak of curve?... | Peak of curve?,
Unicweight ... Bitumineus-concrets Weanng course ... Peak of curve.... | Peak of curve.
Bituminous-concrete binder course . ... Not used.
Flow . oot e | i e Not used.
Percent voids coral mix.... Biuminous-concrete wearing course . 4.
Bituminous-concrete binder course . 6.
Sandasphalt ... (3)
Percent voids filled with bitumen. ......... Bituminous-conctcts Wearing course. .. ... 75.
Bituminous-conctete binder course .. 652,
Sand asphalt ..........ooo 3)

!For use 10 conjuncrion with ASTM apparent specific gravity.
21f the inclusion of biturnen contents zt these points in the average causes the voids total mix wo fall ourside the limits,
bitumen conrtent should be adjusted so thac the voids toral mix are wichin the limirs.
*Criteria for sand asphalt to be used in designing pavemencs for 200-psi tires have not been established.
9When aggregares have water absorption over 2% percent see DA, TM 5-822-8 for criteria.

TABILE 12

Bituminous Pavement Design Criteria
for Use with Aggregate Blends Showing Water Absorption up to 2%z Petcent’

For Determining Sacisfactoriness of Mix!

then the optimum

Test propemncy

Cri

teria

Type of mix

50 blows

75 blows

Marshall seabilicy oovvreanavenns

Unic weight ...nenianaieicnnans
Flow .vovesserasranararenns

Percent voids total mix.........

Percent voids filled with bitumen.

Bituminous-concrete weating cowrse .
Biruminous-concrete binder course ..
Sand asphalt ....000n0iann.
Bitumincus+concrere wearing course .
Bituminous-concrete binder course .
Sand saphalt
Bituminous-concrete wearing course .
Bitminsus-concrete binder course .
Sand asphalt ....... e
Bituminous-concrete weAring course .
Bituminous-concrete binder course ..
Sand asphalt ......cieeenrienncnns

500 Ik or higher.
500 |b or higher.
500 Ib or higher,
Not used
20 oc less.....
20 or fess.....
20 or less.....
) J
dB.iennenans
57 i ieinnosnan
kb2 T,
[T TN
6573 uueernne

1,800 lb or higher
1,800 1b or higher
£2}

Noc used.
16 or less.
16 or less.

[£3)
35,

5-7.

(2}
70-80.
60+70.

&8

'For use in conjunction with ASTM apparent specific graviry,
Critezin for sand asphair to br used in designing pavements for 200-psi tires have not been esrablished.
3When aggregates have water absorption over 2% percent see DA, TM 3-822-8 for crireria.
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TABLE 13
M ni mum Percent Voids in M neral Aggregate (VMA)

*333333333333333333333333333330333331313333333131333331331313133333311))),
* Nom nal Max. Aggregate Size =M nimum Voids in Mneral Aggregate >

* (i nches) * (percent) *
/)))))))))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))l
OSSR R R RO OO RRR Is *
* 3 A * 14 *
L0 * 13 *

-22333333333333333333333333333233333333313131333313313131313333313131)))I)))-

TABLE i4
Recommended Limnits for Gradation Control and Suggested Bitumen Content for
Each Gradation, Bituminous Road Mixes (Surfaces)

, Peccent passing ench sieve (by weight)
Mazimum

pu:ucle Recommfnded Sieve designation

size percent bitumeén

(ia.) lio. | 3/4in | 1/2in. | 3/8in. | No. 4| No10 | No.40 | Ne.80 | No.200
Lo, 5.0-8.0 100 | 85-100 | ...... 61-90 | 43-79 | 30-65 | 16-38 | 10-24 ¥12
LI 5.0-8.5 ver | 100 | o82-100 | 68-93 | 48-82 | 3268 | 17-44 | 1128 | 512
1/2..... 5.0-9.0 I BT 160 B2-100 | 57-88 | 3874 | 1846 | 1-30 | 512

c. Penetration Macadam Penetration macadam surfacings are satisfactory for
| ow-vol une roads and for pavenents in renpte | ocations and | ow yardage. They
shoul d not be used for areas subjected to tracked vehicles. For recomended
aggregate gradations, see Table 15. Reconmmended types of bitunen are given in
Tabl e 10.

d. Bitum nous Surface Treatments. Bitum nous surface treatnments may be used
on sound, strong base courses or on asphalt surfacings. The total thickness of
the surface treatment should be less than 1 inch. Use surface treatnents for
tenmporary paved areas and where traffic volunmes are light. Do not use surface
treatments on pavenents subjected to tracked vehicles or heavy trucks.
Gradation and bitumen requirements are contained in Bitum nous Surface
Treat nent, NAVFAC TS-02677.

e. Bitum nous Stabilization. Liquid bitumen and enul sions nmay be used to
stabilize in-place subgrade soils for use as tenporary roads or as an
i nternedi ate surfacing in a program of stage construction. A subgrade soil may
be suitable for stabilization if it contains |ess than approxi mtely 25
percent by wei ght passing the No. 200 sieve and has a Pl |ess than 8.
Preference should be given to the use of emulsified asphalts for this form of
stabilization.

(1) Stabilization Wth Asphalt Emul sion. Provide sufficient bitumen to

t horoughly coat the soil particles and yield a stable, durable mass. Table 16
provides an estimate of the required emul sion content for various soi
gradations. Confirmthese quantities with |aboratory tests prior to a fina
determ nation. Emul sion mixes require a brief period of aeration prior to
conpaction in order to support conpaction equi pment and gain stability.
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TABLE 15

Recomended Gradi ngs for Aggregates Used

in Penetrati on Macadam Surf aces

+)))))))))))))))))))))))))))))))))))))))))))))))))))))))

* Si eve designation

Per cent
(by wei ght)

passing *

*

/)))))))))))))))))))))))))))))))))))))))))))))))))))))))l

* Coar se aggregate:
2-1/2-inch. ... ...

l-inch ...

/2-inch ... .
I ntermedi ate aggregate (key stone):
l-inch. ...
3l4-inch ... ..
3/8-inch...... ... ... ..
No. 4. . . . . .
No. 8... .
ne aggregate[1l] (stone chips):
3l4-inch ... ...
/2-inch. ... o
3/8-inch ... ... ... ...
No. 4. . . . . .
No. 8... .

=

oo ok % ok R % % ok X X ok F X X ¥

100
90- 100

35-70

100
90-100

0-15
0-5

20-55

100
90- 100

0-10
0-5

40-75

5-25
0-5

oo ok % ok R % % ok X X ok F X X ¥

30000000000000000000000000000000 0000000000000 DD DD D DI
[1] Use fine aggregate only after second application of bitunen.

TABLE 16

Emul sified Asphalt Requirenents for Subgrade Stabilization

+))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

Pounds of Emul sified Asphalt
* per 100 pounds of Dry Soi
Passi ng No.

* When Per cent
* Percent Passing No. 200 Sieve is--

10 sieve

ok oF X

/)))))))))))))))))))))))))))))))))))))))))))))0)))))0)))))0)))))0)))))0))))))l

*

R % % ok X X ok F X X ¥

* =60 =70 =80 =90 = 100
/)))))))))))))))))))))))))))))))))))))))))))))3)))))3)))))3)))))3)))))3))))))1
...................................... .0 6.3 6.5 *6.7 7.0 7.2
* 2 ...................................... 6.3 *6.5*6.7>7.0=*7.2=*7.5
T 6.5 6.7 *7.0*7.2>7.5=>=7.7
B 6.7 ~7.0>*>7.2>7.5>7.7>7.9
B = TS 7.0 7.2 *7.5*7.7>7.9 =8.2
T A0, 7.2 = 7.5*7.7*7.9*~8.2*8.4
T A2 7.5 7.7 *7.9*8.2*8.4 8.6
T A 7.2 = 7.5*>7.7*7.9*8.2*8.4
B 7.0 7.2 *7.5*7.7>7.9 =8.2
B T 6.7 ~7.0>7.2>7.5>7.7>7.9
T 20, 6.5 6.7 *7.0*7.2>7.5=>=7.7
T 2 6.3 6.5 *6.7*7.0*7.2=>7.5
T2 6.0 6.3 *6.5*6.7*7.0*7.2
B2 T 6.2 6.4 6.6 6.9 *7.1=7.3

00000000000000000000000000000000 0000000000 DD SDDIDYIDDIDIYIDDIDIIDIIDIYIDIIDI DL
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(2) Stabilization Wth Liquid Asphalt. For an estimate of |iquid asphalt
requi rements, use the follow ng expression

wher e:
p =.02(a) + .07(b) + .15(c) + .02(d)
p = percent of residual asphalt by weight of dry aggregate.
a = percent of aggregate retained on No. 50 sieve.
b = percent of aggregate passing No. 50 and retai ned on No. 100 sieve.
c = percent of aggregate passing No. 100 and retained on No. 200
si eve.
d = percent of aggregate passing No. 200 sieve.

Section 9. RI G D PAVEMENT DESI GN
1. BASIC FACTORS. Design criteria for rigid pavenents are outlined bel ow.

a. Load Bearing Capacity. Rigid pavenents distribute superposed wheel | oads
over effective areas nmuch larger than tire contact areas, greatly reducing
stress intensity on subgrade and elinminating the need for high quality bases.
VWi | e bases normally are not required for structural reasons, they usually are
requi red for other reasons.

b. Bendi ng Stresses and Curvature. Assune subgrade reaction or support at
every point proportional to vertical deflection of the slab at the point and
el asti c pavenent. Assune subgrade support is continuous with no areas where
sl ab has defl ected away fromthe subgrade.

(1) Analysis. Stress analysis utilizes a basic relationship between
bendi ng nonent and radi us of curvature at any point:

E
M= 33
r

wher e:

radi us of curvature of the pavenent,
bendi ng nonent of the pavenent,
nodul us of elasticity of the pavenent,

r
M
E
I nonent of inertia of the pavenent.

(2) Maxi mum Stress. Maxi mum pavement stresses occur when wheel |oads are
near joints and exterior edges of slabs.

c. Effects of Friction and Warping. Frictional forces between slab and
subgrade interfere with pavement expansion and contraction, often resulting in
paverment cracking. Design properly spaced contraction joints to control crack-
i ng caused by contraction. Excessive expansion and bl owmups occur infrequently
because nost pavenents are laid in warm weat her. However, expansive aggregates
or wide tenperature variations can cause bl owups.

(1) Vertical Tenperature Gradients. Vertical tenperature gradients in
sl abs cause warping. If the top of a slab is cooler than the bottom the slab
tends to curl up at the edges because of tension in the top surface. Tension
is an additive to tensile stresses caused by external |oad applied to slab
edges.

(2) Stress Analysis. Analysis for warping stresses usually is not consi-
dered in pavenment design; use an adequate factor of safety instead.

d. Subgrade and Base Uniformity. The thickness design procedure assunes a
const ant nodul us of subgrade reaction. Local variations in subgrade nodul us
cause increased stresses with possible pavenent overstressing and decreased
life; therefore, provide a uniform subgrade.

(1) Pavenents. Pavements perform better where construction traffic can
be kept off the subgrade.
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(2) Subgrade Mdul us. Make plate bearing tests in each area of
substantially different soil types or deternine probable differences in
subgrade nodul e from previously nade tests for conparabl e subgrade conditions.
The subgrade nodul us design value can vary for different areas.

e. Drainage. Provide adequate surface drainage to prevent ponding of water
and adequat e subsurface drainage to prevent | oss of subgrade bearing capacity.
See NAVFAC DM 5.3 for surface drainage and Sections 5 and 7 for subsurface
and base drai nage.

f. Frost. Use special design procedures in areas having freezing
tenmperatures and frost-susceptible subgrade soil. (See Paragraph 5, below.)

2. RIG D PAVEMENT STRESSES. Design criteria for specific stresses are given
bel ow
a. Wheel Configuration, Total Load, and Tire Pressure. Stresses devel oped

inrigid pavenent depend on total |oad, wheel configuration and spacing, and
tire pressure.

(1) Maxi mum Stress. Maximum stress is primarily a function of
i ndi vi dual wheel |oads when axl e spaci ng exceeds about 4-1/2 feet.

(2) Pavenent Stress. For a given wheel |oad, pavenent stress increases
with increasing tire pressure.

b. Modul us of Subgrade Reaction. Cbtain subgrade nmodulus (K) for a plate
| oading test. Make sufficient tests to obtain results for areas of different
soil types. See Section 2.

(1) Hi ghway Design. Nornmally, |arge numbers of tests are not required
for highway desi gn because of limted influence of subgrade nodul us on
requi red thickness of pavenent.

(2) Estimated Val ue. Estimated val ues of subgrade nodul us are acceptable
i f adequate subsoil investigations have been made. For approxi mate val ues of
various soils, see Table 2. Do not use estinmated val ues of subgrade nodul us
exceedi ng 300, unless substantiated by field-bearing test results. Values in
excess of 500 shoul d not be used regardl ess of test results.

c. Flexural Strength of Concrete. Determine concrete flexural strength at
failure when tested at 28 days by third-point |oading; use ASTM C78. Check
results for probable reliability if conpressive strengths are known from
average rel ationships of Figure 10. Do not use this figure in lieu of flexura
strength tests.

(1) Flexural Strength. For a typical plot of flexural strength variation
with age of concrete, see NAVFAC DM 21.

d. Thickness Design Procedure. Use design curves of Figure 11 with stress
equal to concrete flexural strength divided by a factor of safety of 2.0, and
wi t h subgrade nmodul us to obtain required thickness of slabs as shown by the
dotted line. Thickness shall be rounded off to nearest 1/2 inch. Consider the
need for nodi fying conputed sl ab thickness when unusual concrete behavior
occurs. Specific data for this nodification are not avail able; obtain
experi ence of |ocal highway departments. Conditions indicating nodification of
conput ed thi cknesses are:

(1) Abnormally slow rate of increase in concrete strength.

(2) Decrease of 28-day strength of concrete with tinme.

(3) High noisture absorption by aggregate or concrete with resulting
abnormal shrinkage. This can devel op excessive curling or tensile stresses.

3. BASES. Provide bases under rigid paverments, primarily to maintain design
| oad bearing capacity of pavenent. |In some cases, structural benefits fromthe
use of bases result in nore econonical construction
a. Uses. In addition to their structural functions, bases are used to:

(1) Prevent "punp" of subgrade.

(2) Provide uniform bearing surfaces for pavenment sl abs.

(3) Repl ace soft, expansive, or highly conpressible soils.

(4) Replace frost-susceptible soils to protect subgrades from

deteriorati on where subject to frost.
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(5) Effect uniform novenents in subgrade areas subject to frost heaving.
(6) Provide operating surfaces for construction equi pment, especially
during unfavorabl e weat her

b. Materials. Processed or stabilized, well-graded materials that are not
frost susceptible usually are suitable base materials under concrete
paverments; see Section 6. The plasticity index shall not exceed 5.

c. Compaction. Bases shall be constructed in layers. Design layers with
maxi mum conpact ed t hi cknesses of 6 inches and m ni nrum conpacted densities of
95 percent of nodified Proctor maxi num density.

4. DRAI NAGE. Provide surface drainage for water collection and renoval from
road surfaces, and for interception and collection of water flow ng from adj a-
cent areas. Provide subsurface drainage to intercept, collect, and renove
ground water flow. (a) into subgrade, (b) to lower high water tables, (c) to
drain perched water tables, and (d) to prevent frost action. For design
criteria for surface drai nage, see NAVFAC DM 5. 3. For subsurface drai nage, see
subgrades in Section 4 and bases in Section 6.

5. DESI GN FOR FROST EFFECTS. | n areas having freezing tenperatures, determ ne
the need for designing for frost effects fromstate, county, or city highway
or street departnments. Also, determ ne depths of frost penetration from high-
way departments and fromlocal utilities. Were design for frost is necessary,
use results of |ocal experiences. For nmore conpl ete discussion of frost

desi gn, see NAVFAC DM 21

6. JO NTS. Use expansion and contraction and construction joints in pavenents
to prevent uncontrolled cracking caused by shrinkage and by contracti on and
expansi on i nduced by tenperature changes. Also provide joints to contro
random cracki ng results from uneven subgrade support and construction joints,
as required. Use the kinds of joints and sealing conpounds specified in
Joints, Reinforcenent, and Mdoring Eyes Concrete Pavenent, NAVFAC TS-02614.

7. DESI GN OF DI STRI BUTED REI NFORCI NG STEEL. Distributed reinforcing stee
(wire mesh and bar mat) is used to control cracking and to prevent cracks from
enl argi ng. Provide in accordance with NAVFAC TS-02614.

Section 10. DESI GN OF PORTLAND CEMENT CONCRETE

1. M X DESIGN. Concrete mxes for rigid pavenents shoul d be designed in accor-
dance with Portland Cenment Concrete Paverment for Roads and Airfields. NAVFAC
TS- 02613.

2. AR ENTRAI NMENT. Use air entraining adnm xture wherever available. Air
entrai nnent usually causes noderate flexural strength decreases; consider this
when sel ecting design flexural strength.

3. LOW ALKALI CEMENT. As a precaution against alkali aggregate reactions, use
| ow al kali cenent containing not nore than 0.6 percent total alkalies.

Section 11. LOW COST ROADS

1. BASIC FACTORS. Low-cost roads are suitable for lowtraffic volunmes only and
result in excessive maintenance costs and unsatisfactory service if used

i mproperly. \Where roads are upgraded in stages, plan the work in phases that
will permit existing roads to be incorporated in upgraded phases with a

m ni mum | oss of existing construction.

a. Progressive |Inprovenent of Roads. Stage construction of roads can be
acconpl i shed readily where a flexible type of construction is suitable and
econom cal, as for normal pavenent areas.
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b. Stage Construction Steps. Construction steps are as foll ows:
(1) Untreated aggregate surface.
(2) Ol surface treatnent.
(3) Single or double bitum nous surface treatnents.
(4) M xed-in-place bitum nous surfacings.
(5) Plant-m xed bitum nous surfacings.

2. TYPES OF LOW COST PAVEMENTS. Cl assification of |ow cost pavenments are

(1) Gl and soil-cement treatnents.

(2) Soil-1Iline.

(3) Untreated surfacings (sand-clay, shell, soft |imestone, clay gravel).
(4) Single and doubl e bituni nous surface treatnents.

(5) Road-mi xed or m xed-in-place bitum nous surfacings.

(6) Plant-m xed bitum nous surfacings.

(7) Penetration macadam

(8) Asphaltic concrete.

3. DESIGN. The design of |owcost roads usually is simlar to that of
mechani cal ly stabilized subbases and bases. For basic requirements, see Table
17. Proper mmintenance is an integral feature of satisfactory |ow cost roads.

TABLE 17
Basi ¢ Requi renents for Low Cost Roads

+))))))))))))))))))))))0)))))))))))))))))))))))))))))))))))))))))))))))))))))
Property > Requi renent s

/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Load Bearing Capacity = Must be able to support traffic |oading and vol unme. =

/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Abr asi on Resi st ance * Adequat e abrasion resistance to wthstand

* * anticipated traffic. *
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Stability * Must be stable when wet.
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Sl i pperi ness * Must not be excessively slippery when wet.
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Vol ume change * Low shrink and swell properties.
/13333333333333333333333333133333333133313131333333131313133313313131313313313131311333I3)1))))1
*Gr adat i on * Shoul d be a dense gradation for inpervious surface, =
* *tomnimze infiltration. *
* * Have slight excess of fines. *
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Cbnpact|on Conpact to high density at optimum water content

* for maxi mum stability and inperneability. *
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Plast|C|ty * Maximumliquid limt =

* Maxi mum pl asticity |ndex = 8. *
/))))))))))))))))))))))3)))))))))))))))))))))))))))))))))))))))))))))))))))))l
*Material s * Ganular materials simlar to base and subbase
* * materials. Miust utilize locally avail able material s>

* t o maxi mum extent. *

Use: Pit-run sands and gravels, caliche, chert, and =
* other suitable local materials, possibly nodified. =

=22333333333333333333332>333333313133313331333333133131313333133131313333333131311I33II))))-
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SECTION 12. SI DEWALKS

1. OVERALL REQUI REMENTS. Sidewal ks shoul d be designed to provide an
econom cal, all-weather surface suitable for pedestrian traffic. See NAVFAC
DM 5.5 for w dths and grades.

2. DESIGN. Use one of the sidewal k types di scussed bel ow, as appropriate for
| ocal conditions. Were sidewal ks cross driveways and private entrances,
design portions of sidewal ks to be used by vehicular traffic for anticipated
| oads.

a. Aggregate Base and Bitum nous Surface. Use a stabilized base about 4
i nches thick, consisting of gravel, slag, stone, or other approved materials;
and a minimum | -inch-thick surface course consisting of a bitum nous sand-m x
or a bituni nous concrete-mX.

b. Concrete WAl ks. Use 2500-psi concrete, mnimm4 inches thick, grooved
longitudinally and transversely at 3- to 5-foot intervals to a depth of at
| east 1/4 inch per inch of slab thickness, to provi de weakened pl ane joints.
(1) Use expansion joints to separate wal ks from buil dings or structures.
(2) Provide a wood float or broomfinish with tool ed edges at sides and
transverse joints.

c. Temporary Wal ks. Use stabilized soil mxtures that will be stable during
adverse weat her conditions (see | ow cost roads, Section 11). UWilize avail able
materials, mxing with other materials for stabilization as necessary. Use
bi tum nous surface treatment where justified, or stabilize soil in-place where
it is suitable, wthout any additional surfacing.
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Section 13. UTI LI ZATI ON OF REI NFORCI NG FABRI CS | N ASPHALT PAVEMENT

1. FUNCTIONS. Reinforcing fabric may be used in asphalt pavenent to serve two
functions: a) interlayer between base course and subgrade to not only provide
some reinforcenent, but also to prevent intrusion of subgrade fines into
granul ar base |layers and to provide planar flow of water between base and
subgrade, and b) tensile reinforcement of a thin asphalt overlay. Fabrics may
be used to retard or mnimze reflection cracking in asphalt resurfacings.
Asphalt and portland cement concrete pavenents of all types are frequently
overl ayed with additional |ayers of asphalt concrete to strengthen pavenent

t hat has been weakened due to fatigue cracking or environmentally induced
cracking. Limted experience and test data indicate that fabrics can function
to enhance the service life of asphalt pavenent overl ays.

2. FABRI C MATERI ALS

a. Description. Fabrics available for use in pavenent construction are made
of synthetic fibers. The synthetic fiber fabrics are made with uniformty in
producti on. Sonme are and sonme are not resistant to rot and mldew. The pore
sizes in the fabrics are reasonably uniform Fabric strength and resistance
to chemcals vary fromfabric to fabric. Available fabrics are either one of
two types, woven or nonwoven. The woven fabrics are manufactured using the
weavi ng process whereas the nonwoven fabrics are formed by bonding fibers
t oget her using heat fusion, chenical fusion or needle punching. The types of
fibers used include polyester, polypropyl ene, polyethylene, polyanides, nylon
or gl ass.

Representative types and styles of fabrics are summari zed in Table 18.
This list was prepared using information provided by fabric manufacturers and
not all data is available for every brand and type of fabric.

b. Fabric Properties. The inportant fabric properties that affect pavenent
performance are described as foll ows:

(1) Grab Tensile Strength. The tensile strength of the fabric is
i mportant when the fabric serves as a reinforcenent. As a pavenent system
deforms elastically, the fabric also defornms, thereby inducing tensile
stresses in the fabric. The fabric nust have sufficient tensile strength to
resi st these stresses.

(2) Trapezoidal Tear Strength. Once a hole or tear has been introduced
into a fabric, the resistance of the fabric to the spreading of the danage is
its tear resistance.

(3) Puncture Resistance. A fabric |ocated between a granular material and
t he subgrade is subject to puncture by the granular material during the
pl acenent of the aggregate. The ability of the fabric to resist penetration is
its puncture resistance.

(4) Burst Strength. The ability to resist stresses applied uniformy
over a large area and in all directions is the burst strength of the fabric.
This is a special case of the tensile type of failure.

Change 1, Septenber 1985
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(5) Grab Elongation. Elongation may be due to the reorientation of the
fibers in a fabric when stressed or due to the stretching of the fibers.
I ncreased el ongati on reduces the ampbunt of stress in the fabric and thereby
the effectiveness of the fabric as a reinforcenent.

(6) Asphalt Retention. The characteristic of paving fabric that measures
the ability to retain and hold asphalt while in place. The normal units on
this measure is weight/unit area.

(7) Equival ent Opening Size. The openings in a fabric noted in standard
sieve sizes which are commonly used to refer to soil particle sizes.

(8) Modulus of Elasticity. The rate of increase of stress with respect to
strain below the proportional limts. The nmodulus of elasticity is thus equa
to the slope of the initial straight line portion of a stress-strain diagram

(9) Coefficient of Water Perneability. A neasure of the flow of water
t hrough a perneable media. This coefficient has units of velocity, e.g.
cni sec.

Test procedures for evaluating the above properties are summarized in
Tabl e 19.

3. CRITERI A FOR USE OF FABRICS

a. General. To achieve reinforcenent fromthe use of fabrics in asphalt
paverment, their range of application must not be overextended. Fabrics have
been used successfully in many applications but, |ikew se, have failed to

i mprove paverent performance in many of the same situations. Experience has
shown, although no |ong-term perfornance data is yet available, that sone of
the fabrics do enhance the life of thin asphaltic resurfacings. Wen used
with asphalt overlays of 3 inches (75nm) or |ess, reduced reflection cracking
can be achieved. The fabric not only retards or reduces reflection cracking
but prevents surface infiltration of water. Fabrics have shown good
performance when used on pavenments with fatigue cracking (alligator skin
pattern), longitudinal construction joint cracks in asphalt pavenent, and the
| ongi tudi nal joint between portland cement concrete pavenment w dened with
flexi bl e paverrent. In general, fabrics have not proven to serve as well on
cracks that are greater than 1/4 inch (6.25m) w de. In these cases, the
fabrics have not prevented a significant ambunt of reflection cracking but
are believed to protect the pavenent from surface water intrusion.

b. Overlay Thickness. Overlay thickness design should be acconplished
usi ng approved nethods. Fabrics should not be used with overlays thicker than
3 inches (75nm . Performance to date has not verified any econoni c advant age
in thicker overlays. Likew se, fabrics

Change 1, Septenber 1985
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Table 19. Fabric Properties and Standard Test Procedures

23323333333333333333333333333333333131313333133131313333131313131313133131331313113333131311)1)))

Fabric Property Test Procedure
/)Ag;))%gu)t))?eg-t)333|)33)))))))))))))))))))))))))))))))))))))))))))%i)ééﬂ%%)gg)»»»
Burst Strength ASTM D 3786
Grab El ongation ASTM D 1682
Equi val ent Opening Size ASTM D 422
Modul us of Elasticity ASTM D 1682
Punct ure Resi stance ASTM D 3787
Trapezoi dal Tear Strength ASTM D 1117
Grab Tensile Strength ASTM D 1682
Thi ckness ASTM D 1777
Wei ght ASTM D 3776
Coefficient of Water Perneability CFMC- GET-2 *

2333333333333333333333333313313333333131313333133131313333131313131313333313131313113333131311))I))

Note: * = Cel anese Fi bers Marketing Conpany -
Geotextil e Evaluation Test - 2 (No ASTM equi val ent)
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shoul d not be used with overlays 1 inch (25nm or thinner. If a leveling
course is placed prior to the overlay, then the fabric should be between the
| evel i ng and overl ay courses.

c. Tack Coat. The fabrics are bonded to the existing asphalt surface or
the surface of a leveling course by neans of a tack coat of asphalt cenent.

The selection of a tack coat should be a function of the tenperature of
t he asphalt pavenent surface at the time of construction. As with the tack
coat quantities, the type of tack coat is somewhat a variable with fabric
type. For nost fabrics, asphalt cenment grades from AC-5 (AR-2000) through
AC-20 (AR-8000) cover the range of applicability. Wen selecting a final tack
coat material and the tenperature is known, the fabric manufacturer's
requi rements shoul d be consulted.

The anmount of tack coat required is dependent on the condition and
texture of the asphaltic surface on which the fabric is to be placed and on
the type of fabric. Mdst conmon fabrics require about 0.20 - 0.30 gal/sq. yd.
of residual asphalt. Figure 12 relates surface texture to tack coat quantity.
The designer may use the word description of the existing pavenent surface or
performtexture tests. The texture measure in Figure 12 is based on the putty
i npression test. The test equipnent consists of 1) a 6-inch (150 mm
di ameter by 1-inch (25mm) thick metal plate with a 4-inch (100mm) dianeter,
1/16-inch (1.56mr) deep recess nmachined into one side, and 2) a 15.90-gram
ball of silicone putty. When placed on a snmooth surface, 15.90 grans of
putty will smooth out to a 4-inch (100nm dianmeter circle, 1/16-inch
(1.56nm deep, thus conpletely filling the recess.

The silicone putty is formed into an approxi mate sphere and placed on
t he paverment surface. The recess in the plate is centered over the putty, and
the plate is pressed down in firmcontact with the road surface. The nore
irregular the surface texture (the higher the macro-texture) the smaller the
resulting putty di anmeter because nore material is required to fill the
surface texture. Average texture depth, based on volune per unit area, is
cal cul ated from an average of four dianeter neasurenents.

d. Overlay Reinforcenent. Fabrics that are suitable for use over
di stressed asphalt pavenent surfaces shall neet the specifications noted in
Table 20. Generally, all the fabrics avail able and in use that neet these
specifications are of the nonwoven type. Sone products have had nore
wi despread use than others. The desi gner should check the data furnished
herei n agai nst any other manufacturers' literature, information or data that
may be nore current.

e. Layer Separation. Fabrics may be used as |ayer separators to prevent
contam nati on of base materials in flexible pavenments. Layer separation also
permts expeditious construction in soft, yielding subgrades. Layer
separati on may be a valuable treatment to consider in frost potential areas.
The fabric will prevent the contam nation of nonfrost susceptible materials
by m nim zing subgrade intrusion into base

Change 1, Septenber 1985
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Table 20. Specifications for Fabrics Used as
Asphalt Overlay Reinforcenent

23333333333331333333333333133333333333333333333131313131313131313131313131331313313313333333331)))
Fabric Property Test Met hod Fabric Requirenments

(M ni mum Val ues)

l. Resi stance to Installation

Stresses
a. Grab Tensile Strength, I|b. ASTM D 1682 90
b. Grab Tensile Elongation, % ASTM D 1682 55

I1. Performance Criteria During
Service Life

a. Shri nkage from Asphal t Texas SDHPT 10 (mex)
(275 F), % Item 3002

b. Asphalt Retenti on, Texas SDHPT 2.5
oz/ft .2- I tem 3002

2333333333333333333333333331313333131331313133331331313133331313131313131331313131313113333131311))I))
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| ayers. The fabrics avail able and used for |layer separation in flexible
paverments are nore nunerous than those for overlay reinforcenent. These
fabrics should nmeet the requirenents identified in Table 21. Generally these
are nmuch stronger fabrics than those used in overlays and are of the woven
and nonwoven type. When considering the use of fabrics between |ayers the
desi gner should refer also to | ocal experience.

4. ECONOM CS OF FABRI C USE. Fabric uSe must not only be an engi neering

i mprovenment, it nmust be a cost-effective inprovement. The cost of fabric and
its installation as a |layer separator will vary with the type of fabric,
experi ence of the contractor and size of the project. The cost of fabric has
been associated with the cost of an additional 1 (25nm) or 2 (50m) inches of
base | ayer thickness or about the sane as |ine treated subgrade. The designer
shoul d sel ect thicknesses of layers as indicated in Section 7 Flexible
Paverment Thi ckness design. Base or subbase thickness may be reduced by 2

i nches (50mm when | ayer separation fabrics are specified but should not be

| ess than m ni mum val ues set forth in Section 7. Furthernore, on subgrades
with a CBR I ess than 5 no reduction in base should be applied. In cases where
designs with fabric still cost nore than conventional designs, such designs
shoul d be reconrended only when there is denonstrated experience of |onger
paverment life.

The use of fabric in conjunction with an asphalt overlay of an existing
pavermrent must be a cost-effective application. There are no denonstrated
data that reliably indicate the relative |oad carrying value of fabric in
terms of asphalt overlay thickness. There is evidence that with the use of
fabrics over "alligator" or fatigued cracked asphalt pavenment, reflection
cracking is mninmzed and | onger pavenent |ife can be expected. The type of
consi derations that mght warrant the extra expenditure for fabrics in
asphalt overlays include: 1) areas with vertical clearance problenms, and 2)
high traffic areas which are difficult to close for repairs and/or
rehabilitation.
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Table 21. Specifications for Subgrade Separation Fabrics
Used in Flexi ble Pavenment Construction

233333333333333331333333331333313333333313333333331313133313131331313131313133131333333333331)))
Test Met hod Fabric Requirements

(M ni mum Val ues)

Fabric Property

Cat egory
A B
l. Resi stance to Installation Stresses.
a. Grab Tensile Strength, I|b. ASTM D 1682 280 200
b. Grab Tensile Elongation, % ASTM D 1682 50 50
C. Burst Strength, psi ASTM D 3786 600 400
(Di aphragm Met hod)
d. Trapezoi d Tear Strength, Ib. ASTM D 1117 110 110
. Performance Criteria During Service
Life
a. Modul us of Elasticity ASTM D 1682 125 105
(Load at 10% El ongation) Ib
b. Water Pernmeability, k, cnlsec CFMC- GET-2* . 001 . 001
(H 20 cmto 10 cm
Cat egory A: Soft soil, heavy traffic conditions and situations which
warrant a high margin of safety.
Cat egory B: Firmer soil, lighter traffic conditions and situations

whi ch do not warrant a high margin of safety.

2333333333333333333333333333333331331313133331331313133331313131313133331313131313113333131311)1)))

Note: * = Cel anese Fi bers Marketing Conpany -
Geotextile Evaluation Test - 2 (No ASTM equi val ent)
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