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NOTICE

The contents of this report ‘reflect the
findingé and. views of the University of
California; Bérkeley, which is responsible
for the facts énd the accuracy of the data
presented herein. The - contents do not
neceSsafily reflect the official views or
policies of the'State of Califormia or the
Federal Highway Adwministration. This
report does not constitute a standard,

specification, or regulation.

Neither the State of California. nor the
United States Government endorse products
or manufacturers.- Trade or manufacturers!

names appear herein only because they are

-considered essential to the object of this

document.

It should be noted that the UCB pavement
model is simplistiec in that it does not
considér all causes of overlay stress and
cracking. As an example, the effect of
differential vertical movement is not
cdnsidered. For this feason, the study's
findings should not be used in 'a conclu-
sive, absolute fashion, but rather as a
diagnostic tool to help assess the.effects
of variables such as interiayer thickness

and strength.
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CONVERSION FACTORS

English to Hetric System (S1} of Measurement

English unit

inchas (in)or(")

feet (ft)or(')
miles {mi)

square inches (1n }

square feet (£t8)
acres .

gallons (gal)
cubic feet (ft3)
cubic¢c yards (yda)

cubic feet per
second (ftals)

gallons per
minute (gal/min)

pounds (1b}

miles per hour {mph}
feet per second (fps)

feet per second
squared (ft/sz)

acceleration due to
force of gravity (G6)

pounds per cubic
(1o/eedy

Eounds (1bs)
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British thermal
unit (8TU)

foot-pounds (ft 1b)

foot-kips (ft-k
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font-pounds {ft-1bs)

pounds per square
inch (ps1)
pounds per sguare
foot {psf)

kips per square
inch 3quare root
inch ?ksi vin)

poynds per square
ingh sguare root
inch (p51 Yin)
degrees {°)

deg ree .
fahrenhe1t {F)

Muitiply by

26.40
.02540

. 3048
1.609

6.432 x 107¢

.09290
.4047

3.785
.02832
.7646

28.317

.06309
4536

.4470
.3048

. 3048

9.807

16.02

4,448
1448
1055

1,356
1356

L1130
é

6895
47.88

1.6988

1.0988
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tF - 32

T8 tC

To get metric eguivalent

millimetres {mmm)
metres (m}

metres {m}
kilemetres (km)

square metres (mz)
square metres (m°)}
hectares (ha)
Titres (1)
cubic metres (m
cubic metres (m3)

3

litres per second (1/s)

litres per second (1/s)
kilograms {kg)

metres per second im/s)
metres per second (m/s)

metres per second
squared (m/sz)

metres per second

‘squared {m/sz)

kilograms per cubic
metre (kg/ma)

newtons EN)
newtons (N)
joules (J)

joules (J)
joules (J)

newten-metres ENm)
newton-metres {(Nm)

pascals (Pa}

pascals (Pa)

mega pascals /metre (MPa /m)

kilo pascals /metre (KPa v/m}

radians {rad)

degrees cels{us (°C)
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PART 1

ANALYTICAL STUDY OF AS?HALT CONCRETE OVERLAYS WITH. FABRICS
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INTRODUCTION

For a number of years the staff of the Transportation Laboratory of
CALTRANS, in conjunction with the Tramsportation Districts, have been ex-
perimenting with the use of  fabries in asphalt concrete ovérlays on piain,
jointed, portland cement concrete (pcc) pavements to mitigate the problem of
reflection cracking in overlays of this type of pavement. The purpose of thisg
investigation, with support from the Transportation Laboratofy of CALTRANS,
has been to examine the problem analytically. |

Specifically, the report describes the results of a series of analyses in
which the pavement structure has béen idealized as a series of finite elements

and programmed for solution on a microcomputer. These analyses included both

the effects of load on one side of the joint at the surface of the oferlay
pavement and a change in pavement temperature. Included were studies to de-
termine:

1. The optimum location of the fabric interlayer in the overla&;

2. Sensitivity of the finite element idealizatiom of the pavement
structure to a number of factors including fabric modulus, fabric
thickness, and Poisson's ratio of the fabriec.

3. Variation of the tensile stresses, shear stresses, and tensile
strains in the overlay in the vicinity of the joint (crack tip
zone) with change in parameters.

. 4. The influence of placing two layers of fabric within the overlay
at different depths.

5. The thickness of asphalt concrete overlay without fabric pro-
viding equivalent response to a 4~in. thick overlay with fabric,

BACKGROUND
In recent years there have been a number of studiés to examine.%galyti-

i
cally the problem of reflection cracking of overlays on jointed concrete
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pavements (1). Exaﬁples of such studies include those by Treybig, et al (2),
Majid;adeh and Sucharieh (3), Chang, et al (4), and Coetzee (5.

As seen in Fig. 1, this form of cracking can result from both traffic and
environmentally induced causes, and both factors should be considered in an
exa@ingtion of the problem.

The finite elémént procedure would appear to offer a reasonable way to
model paveﬁent respéﬁse to both lcad and environmental factors. Majidzadeh
and Sucharieh (3) uséd this methodology to examine the influence of horizoﬁtal
joint movements andf.slab curling on asphéit lconcrete overlay thickness.
Coetzee (5) has also used the finite element procedure to examine the effects
of‘SOth vertiéal an& horizontal joint movements on stresses in the overlay

with and without an asphalt-rubber stress absorbing membrane interlayer

(SAMI). While both of these above studies have been somewhat limited in the

examination of reflection craéking, they have provided insight as to a meth-
odology which might be used to éxamine iﬁ soﬁe detail this important problem.
METHODOLOGY

Systems

The finite elemegt analyses have been performed using the SAP-81 program
suite prepared‘by Professor E. L. Wilson (of the Department of Civil Engi-
neering, Universiﬁy d% Cdlifornia, Berkeley) for‘microcomputers incorporating
the CP/M.(antrol Program for Microprocessor) system.

A two-drive Radio Shack TRS-80 Model II, TRS-80 Model IV printer, and
8-in. BASF Flexy Disks were used for the»progrgm fo analyze the idealization

of the pavement structure. Two disks, each holding approximately 600 k bytes

© were used; one for prbgrams, the other for the input data, working files, and

output. The pavement representation selected for this study used most of this

capacity and the process time for each run was about 2-1/2 hours, with another

one hour required for a complete printout of displacements, stresses, and

wwvw fastio.com B o R
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straifis, = While these times seem large when compared with those for opera-
tions on a main-frame computer, it should be.borne in mind that the capital
cost of this equipmeht is slightly over $6,000 (1982 prices). Moreover, the
equipment does mnot require constant attention; thus) other work can be
accomplished while a program is being runm.
Qutput at present consiéts of dispiacements and normal stresses in three

dimensions together ‘with shear stresses, principal stresses, and principal
strains. |

Pavement Model

A plane strain fépresentation was used to model the existing jointed
concrete pavement layer, untréated base, and subgrade together with the
asphalt concrete oveflay with or without a fabriec layer or layers. Movements
were restfained in tﬁe X-direction and were permitted to ocecur in the Y-Z
plane in this instanée (a neceésary éutcome of the plane-strain simplifica-
tion), Fig. 2.

The substructure consisted of the existing cracked concrete éection plus
the portion of the asphalt concrete overlay .outside of the loaded area,
Fig. 2. Forty-four (44) element; and 207 nodes were used to subdivide this
part.of the system iﬁcluding: subgrade , 6 elements; base course , 6 ele-
ments; pcc, 6 elements; asphalt concrete overlay, 20 elements; crack (joint in
concrete), 1 element; £abric, 5 élements.

The parent strucfﬁre, the 10-in. wide segment of asphalt concrete overlay
subjected to the 90 pgi uniformly distributed load on one side of the joint,
Fig. 2, contained 55 elements and 253 nodes,

" The terms EE?EEEHESEE and fine mesh shown in Fig, 2
représent the substructure and parent structures

respectively.,

wwwLfastio.com
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Fig. 2 - Finite element idealization of overlaid pavement system.
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When the substructuring apprbach is used, the program follows an itera-
tive technique. The program first analyzes the substructure (existing cracked
pavement énd the parﬁ-of the oyerlay not subjeéted to traffié loads) and de—
termines the stiffnesg matrix equations for the assigned joints and the super-
joints that surround';the parent structure (fine mesh subjected to traffic
loads). This information is stored in the memory (on disks) of the micro-
compﬁter under the file‘name éf substructure (SUBS). The SUBS program is
executed prier to the analysis”of the parent structure and the information

related to the substructure boundary nodes (superjoints) and their inter-

“locking with thg'parént structure is transferred into the memory, Next in

sequenc?)the program analyzes the parent structure for the given traffic loads

and the temperature v#riations and determines the displacements, stresses, and
strains for each nod;:of‘the parent structure. In the third phase, the sub-
st;uctufe is reanalyzgd'by'eiecufing the RECOVER and PLANF programs in order.
Displacements, stressés,rand'strains for each node existing in the structure
are determined qu thg traffic loads transmitted thfough the paremnt structure
to the éuférjoints located areund the edge elements of the substructure and
for the temperatufe d;bp aésigne&.

Analysis Parameters

A number of input.paramete;s were required for the amalyses and included:
pavement temperatures, traffic loads, stiffnesses and thicknesses of the pave-
iment”iayers and fabric, and therﬁal characteristics of the various layers.
Temperature, An.éveéﬁge air temperature of YOOFﬁés assumed, and temperature
drops of 30°F ;nd AOOf were used to ascertain teﬁperature induced stresses. A
solution of tﬁg heqt;;onduction’equation deveioPed by Barber (6) was used to

ascertain the temperature distribution with depth over a 24-hour period. The
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3o°F and 40°F changes in air temperature correspond to maximum values of

temperature changes within the pavement of 26°F and 34.5°F respectively.

Parameters used in the solutions for temperature distribution are:

Parameter Assumed Value
Surface Coefficent, h 9.95 BTU per £t2 per hr., °F
Thermal.Conductivity, k 0.70'BfU per ftz per hr,, OF, ft
Unit Weight, ~ 143.2 1b per ft3
Solar Radiation, L 600 Langleys per day
Specific Heat, C 0.22 BTU per 1b, °F

Loading Conditions. An 18,000 axle load was used fo provide a guide to the
magnitude 6f stress to be applied to a portion of the pavement idealized by
the finite element process. The loads_ﬁere considered to be applied on dual
tires with a total contact aréé of 200 sq. in. resulting in.a contact stress
of 90 psi, which was applied to one side of the joint over a 10-in. length as
shown in Fig. 2. Since the plain strain finite idealization has been used,
the actual total load, if inﬁegra#ed aCroés the pavement widtﬁ)would be sub-
startially larger than the actual value of 18,000 1b. Thus, while the
absolute values for stresseé, strains? and displacements may, therefore, be
larger';han actually Observed'in-situ, a relative measure of pavement and
mafé;ials response will be obtained for the conditions analyzed.

Pavement components. The pavement consisted of subgrade, untreated base,

characteristics of the various layers are summarized in Table 1.

jointed portland cement concrete, and an overlay of asphalt concrete with or

without a fabric layer. Thicknesses, stiffness characteristics, and thermal

One thickness of asphalt concrete, 4 in. was used with fabrie, while

www . fastio.com
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thre$ thicRnesses, 4, 6, and 8 in. were analyzed without the fabrie material.

A# noted in Tabie 1, tﬁersﬁiffness modulus -characteristics of the asphalt
concrete were estimated ﬁsing'the Sheli proc;dure (7) with the following pa=-
rameters:

Time of loading - 0.02° or 0.2%

Ring:aﬁd Ball Soffeniﬁg Point - 55°C

fghetration Index (PI) - 0

Percent air voids - 5 percent

Aéphalt voiuﬁé - 12 percent

Aégregate voiﬁme - 83 percent
The resulting sﬁiffﬁesé values as a function. of temperature are shown in
Fig. 3.

-'.TO'obtain'represéntative charactefistics of the fabric to be used in the
aﬁélyéeé, data devéloped'by personnel at the Transportation Laboratory were
céfefullyfévélﬁafed.' In addition, data summarized in the report prepared by
Oregon State University (8), as well as that developed by the Tramsport and
Road Research Laboraf&ry (TRRL) of Great Britain {9, 10) were invaluable.

The TRRL:reseaf¢hers have investigated the response of fabrics confined
in soil (uniform norﬁal cﬁmpressivé stress) to tensile forces for a range in
‘width to léngtﬁ ratiSs (ﬁ/L) (9, 10). Stress vs. strain results for a needle
punéhe&'fabric (BIDUﬁ) for these loading conditions are shown in Fig. 4 (9).
The reséarchefé suééest that ' the convenient minimum dimensions of fab-
rics for this type of testing are w = 200 mm and £ = 100 mm (8 in. by 4
in). | ‘

:Baéed oh'aQailagle data, thé range in stiffness characteristics were se-
- ledté& as shqwﬂ in T;ble i; As éeen in Table 1, three different fabric thick—

nesses were used in the computations. These thicknesses, as seen from the
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TABLE 1 - PAVEMENT CHARACTERISTICS

Coefficient
. Thickness stiffness Modulus | Poisson's 'of'rhermal
Material - in - psi Ratio Expansion _g
P in. per in., x 10
o
per F
. Subgrade 12 5,000 0.45 10.0
Base 12 20,000 0.40 10.0°
i Portland |
Cement 8 3,000,000 0.20 3.9
Concrete
Use of Shell
Asphalt procedure
Concrete 4, 6, B (See Fig. 3) 0.30 12.5
Fabric 0.05, 500 - 10,000 0.2 - 0.1
0.075, 0.45
0.10
T I 1 | I
) /06_ o
* F -
. b
t P —
a
-
“ 3
o I

10 1 1 | 1
~ 30 40 50 60 70
Temperoture - °F

Fig. 3 - ASphalt concrete stiffness vs. tem-
perature. :
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data developed by CALTRANS staff and shown in.Tabie 2, are representative of
the range covered by existing asphalt impregnated fabrics. ﬁhile a cénstant
modulus was used for the fabric in a partiCul;r analyses, it is likely that a
temperature dependent stiffness should be considered since the fabric is im-
pregnated with asphalt for its use in these circumstances._ This-aspect will
be examined subsequently.

 For purposes of the analyses, the crack -- which exten&s through the pP.cC.
concrete layer -- was treated as a iow modulus element (E = 10 psi, v = 0.10)
with the same coeffcient of thermal expansion as the faﬁ?ic and a widthrof
0.15 in.

RESULTS OF FINITE ELEMENT ANALYSES
In this section results of the various analyses are summarizéd. Essen~

tiaily, this is a parameter study to ascertain, by analysié, general guide~-
lines for the use of fabrics. A major question not answered by the analyses
is the actual magnltude of the stresses and strains occurrlng 1n the system,
Thus, one cannot guarantee for the Optlmum conditions found from the analyses

that the fabric will actually perform for some prescribed period in-situ.

Optimum Location of Fabric Intérlayer.

Analyses to determine the optimum location of the fabric interlayer in
the asphalt concrete overlay were made for two different temperature reduc-
tions from 70°F, namely 30° and 400, and for four locations of fabrie —- o, 1,.
2, and 3 in. above the existiﬁg p.b._coﬁcrete layer.

Two thicknesses of fabric were used —- 0.1 in. and 0.075 in.; the modulus
of the fabric was set at 1,500 bsi and was assumed to be independent of tem—

perature. A value of 0.45 was used for Poisson's ratio of the fabrie,

s

" Maximum principal tensile stresses and strains directly above the crack

in the concrete (at crack tip) and directly above the crack on top of the
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Tﬁﬁtﬂ'z - ASﬁHALT-SATURATED THICKNESS

Fabric G-f;xnufactur'er) 12.;211‘::§e*
Amopave (Amo;':'o) o 40
" Bidim C-22 ‘(?.)i{onSaﬂto‘) 55
Bidim C-34 (ﬁonsaﬁto') 67
TtGEEEX MG fs (TfueTemﬁer) | 55
T?Eétex MGI&& (TtueTemﬁer) 70
Répéve T376 ;(DuP'dnt-) - 21
Fibretex 206i(Crown Zellerbach) ' 61
'Dﬁraglaé B65 (Joﬁns—Manville) | _ _ 83
Quline (Quline) 7
“. Peﬁroqat (Ph?llips) | 45
-Nicofab SC (NiCEIOﬂ) 61
- Trevira (HoéghSt) ' 44

¥Average of five measurements using 1/4 in. diameter
nicrometer on fabric discs recovered from permeability
test briquettes.
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fabric were determined since these were judged to be the s¢ost crifiéal loca-
tions where reflection cracks would initiate. In addition. shear stresses and
principal temsile strains were inyestigated.in the fabric layer since it was
judged that these parameters would provide a rélative measuré of the pérfor-
mance of the fabric.

Variations of principal stresses at the crack tip and over the crack at
the upper surface of the fabric are shown in Figs., 5 and 6 respectively for

different locations (heights) of the fabric above the p.c. concrete layer.

- Results of computations for surface temperature changes of 30°F and 40°F are

included. A fabric thickness of 0.1 in. was used for the 30°F temperature

change, while the 0.075 in. thickness was used in the analysis with the 40°F

change.

Crack tip stresses, that is, the stresses on the underside of the as-

phalt concrete layer directly over the cracked p.c. concrete layer, Fig. 5,

decrease substantially as the fabric inferlayer is pléced neérer the surface
of the p.c. concrete. On the other hand, the stresses developed above the
crack in éhe asphalt layer in contact with the fabric decrease as the fabric
is plaéed further from the concrete surface,'Fig. 6, the decrease being more
significant for the 30°F change in temﬁe:ature.

Principal stresses and strains (in the asphalt concrete} at both the
crack tip and over the crack at the‘fébric surface'are'shqwn in Figs, 7 and 8
respectively for a fabric thickness of 0.075 in. ‘and fhe"hboF temperature
change. Also shown in these figures‘afe craék tip priﬁcipal stresses and
strains for three thicknesses of asphait concrete without fabriec -- 4, 6, and
8 in. It should bernoted that for the case where the faﬁric was placed on the
existing p.c. concrete, the stresses and strains at the crack tip were z;sumed

to be the same as the stresses at the fabric surface directly above the crack.
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The results of the analyses shown in Figs. 7 and 8 suggest, at least for
the conditions assumed, that the fabric interlayer is equivalent in perform-
ance to 2 in. of asphalt concrete.

Principal tensile strains and shear stresses in the fabric itself deter-

- mined for the, various placement locations above the p.c. concrete‘surface;'

are shown in Figs, 9 and 10 respectivel&. In_these figures it will be ob-
served that the maximum values of both the principal strain‘and-shear stress
do.not develop directly'over the crack.but in the elements near the boundaries
of the parent structure (fine mesﬁ) which are located about 10 in. from the
crack. It will also be noted that the principal tensile strain and shear
stress in the fébric direétly over the crack reach their lowest values when
the fabric is placéd about one incﬁ above the concrete layer. Haximum shear
stresses, developing in the edge eléments of the parent strﬁcture, incréase,
however, as the fabric is locate& closer to the surface of the p.c. concrete,
| From these analyses, it is concluded that the optimum location of the
fabric is.about one inch above the concrete pavement, It is interesting to

note that the CALTRANS practice has been to place the fabric on a leveling

course of asphalt conmcrete 0.1 ft in thickness rather than directly on the

concrete surface,

Influence of Fabric Stiffness Modulus

The influénce of fabric stiffness on the pavement model response was
investigated in two phases. In the first phase, moduli of 500, 1,500, 5,000,
and 10,600 psi Wefe assigned to the fabric, The fabrié, 0.1 in, in thiékness,
was placed at one location? one inch above the p.c. concrete since Egis had
been demonstrated to be an “oPtimumf location in the previous section. The

overlay thickness was taken to be 4 in,

www . fastio.com
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The inflﬁence of fabric stiffness on the tEnsile.séress at the cracg tip
is illustrated in Fig. 11, while Fig. 12 shows the variation of vertical dis-
placements throughout the thickness of the overlay.

From an evaluation of the information contained in these two figures, one
might conclude that.the'calculated fesponse is more sénsitive to fabric stiff-
ness moduli in the lower fange, less than 3,000 psi. Accordingly, in the

second phase of this study, fabric moduli of 500, 1,000, 1,500, 2,000, and

. 3,000 psi were used in the analysis together with a fabric thickness of 0.075

in., As before, the fabric was located 1 in. above the p.c.c. layer.

For these conditionms, princiﬁal tensile stresses and strains in the as-
phalt concrete in the elements directly over the crack in the concrete and in
the same position directly above the fabric were estimated. These values are
shown in Figs. 13 and 14. Principal tensile strains'and shear stresses were
determined for the fabric and are shown in Figs. 15 and 16.

The results of the analysis summarized in Figs. 11 through 14 suggest
that the higher the -fabric stiffness (modulus), the larger the principal
tensile stresses and strains in the asphalt concrete directly over the crack
in the p. c. concrete. Figs. 13 and 14 indicate a slight reduction in the
principal tensile stress and strain in the asphalt concrete directlj.above the
crack on the surface of the fabric layer for the range of 500 to 1,500 psi for
fabric stiffness.

In the fabric layer the shear stresées (both those occurring &irectly.
over the'crack and maximum values) increased with fabric stiffness. This also

occurred for the principal temsile strain in the fabric directly ower the

"erack. However, the maximum principal strains in the fabric reached a maximum

value at a fabric stiffness of approximately 1,000 psi as seen in Fig. 16.
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For these circuﬁstancés, that is, for the analyses illustrated in Figs.

12 through 16, optimum behavior for the assumed payment system was achieved

when the fabric stiffness was about 1,500 psi or lewer.

Influence of Fabric Thickness.

The influence of fabric stiffness on tenéile stresses in the asphalt con-
crete and shear gfreéses in the_fébric were analyzed for three fabric thick-
nesses --‘0.05, 0.075, and d.IO in. These values cover the range in‘available
fabric thicknesses as noted in Table 2. One fabric location 1 in. above the

portland cement concrete layer, and ome fabric stiffness, 1,500 psi, were used

in the analysis. Results are shown in Figs. 17 and 18.

In.Fig. 17 if ;ill be.notéd that the principal tensile stress in the
aspﬁait csncrete diréctly over the_crack in the p.c. concrete layer decreases
with increase in fabric thickness; however, a slight increase in stress above
the fabric was obtainéd. Maximum sheaf stress in the fabric decreased with
inéfeasé in fabric thﬁckneés, while the shear stresses in the fabric directl#
over the érack show é?élight increase, Fig. 18.

In general, from a stress relief standpoint, thicker fabric layers appear

"desirable,

Influence of PoissonfsVRatio of Fabric

" Results of analyées for a range in Poisson's ratios for the fabric from
0.2 to 0.45 are show;&in Figs. 19 through 21. In these analysés the thickness
of the asphalt coanéte overlay was maintained at 4.0 in.;-the fabric location
was ‘1.0 in. above thé:congrete, its thickness was 0.075 in., and its stiffness
1,500 psi; a tempefaEhre drop of 40°F was assumed.

With increase in Poisson's ratio, the m;ximum shear stress in the fabric
was‘reduced somewhat, as seen in Fig. 2l; in addition, there was some redué-

tion in the principal tensile stresses and strains in the asphalt concrete
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directly over the crack with 1ncrease in this parameter, Flgs. 19 and 20.

Influence of Two Layers of Fabric a;

Different Heights in Same e Overlay

The situation of two layers of fabric in the same overlay was investi-
gated to ascertain if improved performanceimight be obtainéd with such an
approach. The systém which was analyzed ié shown in Fié. 22;' In this case,
the first layer of fabric was placed 0.1 ft above the concrete léyer;_the
second fabric layer was piaced 0.1 ft above the first; and the thickness of
the fabric was assumed to be.O.dTS in. Fabric stiffﬁess was taken as 1,500

psi and its Poisson's ratio as 0.45. The pavement was subjected to a 40°F

- temperature reduction, and the same stiffness characteristics for the as-

phalt concréte, p.c. concrete, base coﬁrsé and subgra&e were used as for the
previous investigatioh with the single fabric layer.

Table 3 contains a summary of the_ﬁaximum tensile stresses and strains
déveloped in this configuration. Comparison of thése values with the data
presented in ?igé. 3 through 10 indicate about the same magnltudes are ob-
tained in both situations therefore indicating no additional ben;flt is ob-

tained by introducing a second fabric layer.

Vertical Displacements

Vert1ca1 displacements at thersurface of the overlay were determined for
all of the cases examined. Flg. 23 illustrates the shape of the deflected
surface from the crack to a distance of 60 in. for a number of conditioms.

The shape of the deflected surface directly under the load is summarized
in Table 4 and illustrated in Fig. 24 through 26 for the cases amalyged. It
should be noted that the deflectioms which have been computed are larger than
those which would be obt;ined in practice, due in part to the éssumptions made

for the load and in part due to the pavement configuration itself. Neverthe-
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TABLE 3 ~ MAXIMUM STRESSES AND STRAINS DEVELOPED

I-26

TWO LAYER FABRIC MODEL

Locaﬁion Over Over In In

Over Crack Crack Over Over Fabric | Fabric
Crack on on Crack Crack Layer 1 | Layer 2
on Fabric Fabric in in {Any | (Any

Type Concrete | Layer Layer Fabric | Fabric | element | element

of Stress {at "a™) 1 2 Layer Layer in the |in the

or Strain (at "b")* |(at "e")}*| 1 2 model¥* | model y*

Maximum

Principal i : _ _ - -

Tensile Stress 1,353 1,661 2.396

(psi)

Maximum

Principal : )

Tensile Strain 282 340 530 5,988 2,130 9,861 | 23,043

(107® in./in.)

Maximum _

Shear - - - 5.23 | 4.27 14.6 |  15.0

Stress

(psi)

*Refer to Figure 22 for the locations of points a, b, and‘c.

*¥*Maximum principal tensile strains and shearing stresses in fabrlc layers developed

in elements other than crack tip element in the model.
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Distance from Crack -in.

o ; 210 90 60

,

10}~
"
e I No fobric

k) - -

_‘é .4 TR x 40
: g
Ey] »
3 0
8 20F .
3 . & c40°F
S Srobric  *ovric
§ PSi an.
E a. 10000 01
2 b 5000 o
S c. 1500 005
Ty
E 30 da /500 o/
= e 500 o/

0L

Fig. 23 - Maximum vertical surface displacements to a distance of
60 in. from crack; fabric located 1 in. above concrete.

Oistonce from Crock Tip - in.

250 . ‘_f" : 4} : 5 < 10

—

Ly
Q

4

= X 4

t?abg-c 1500 psi (two /ayers)
’fabrk:' = 0075

Vertical Surface Oisplocements -im #1002

&
Q

Fig. 24 - Ver tlcal surface displacements under 10 in. wide loaded
area; tfabrlc 0.10 in., TR = 40°F, fabric located 1 in. above
concrete.
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TABLE 4 - COMPUTED VERTICAL SURFACE DISPLACEMENTS OF ASPHALT CONCRETE OVERLAYS
WITH OR WITHOUT FABRIC PLACED OVER P. C. CONCRETE PAVEMENTS, INCHES.

www . fastio.com

offsat ' No Fabric No Fabrie Thickness of Fabric = 0.1 in.
Distance Tg = 40°F Ty = 309F Tp = 40°F, AT = 34.5°F
from AT = 34,50F AT = 26°F Thickness of AC = 4.0 in.
Crack
Tip " :
h,.=4.0"|h, »60"|h,,=28.0"|h =4.0"|E, =500 |E,6 =1500 |E_ = 5000 |E_. = 10000
(Inches) AC AC AC AC F pei F psi F psi F psi
0.0 0.02854 0.02237 .| 0.01733 0.03020 0.04051 | 0.03687 0.03364 0.03207
1.0 0.02843 0.02228 0.01726 0.03009 0.04044 | 0.03682 0.03357 0.03199 .
2.0 0.02816 0.02213 0.01717 0.92980 0.04016 | 0.03656 0.03328 0.03170
3.0 0.02778 0.02189 0.01703 0.02939 . 0.03974 | 0.03616 | 0.03288 0.03128
%.0 0.02732 0.02159 | 0.01684 ~ 0.02889 0.03920 | 0,03556 | 0.03235 0.03075
5.0 0.02680 0.02124 0.01662 0.02833 0.03847 | 0.03500 | 0.03173 0.03014
6.0 0.02623 0.02083 0.01635 0.02772 0.03763 | 0.03424 | 0.03102 0.02945
8.0 . 0.02506 0.02000 0.01579 0.02648 "0.03574 | 0.03259 | 0.02952 0.02803
10.0 0.02373 0.01901 0.01510 0.02508 - | 0.03342 | 0.03061 | 0.02779 | - 0.02643
Thickness of Fabrie = 0.075 in. -
Of fset Thickness of AC = 4.0 in.
Distance T, = 409F, AT = 34.5°F
from R ;
Crack -
Tip Two Layers | - : .
(Inches) | E, = 1500 |E_ = 500 {E; = 1000 Ep = 1500 | E = 2000 |E. = 3000
psi psi psi - psi psi
0.0- -~ 0.03810 0.03953 | 0.03735 0.03616 0.03556 0.03445
1.0 0.03793 0.03947 | 0.03722 0.03609 0.03543 0.03432
2.0 0.03780 0.03917 | ' 0.03693 | 0.03582 0.03513 0.03402
3.0 0.03743 | 0.03876 | 0.03653 | 0.03543 | 0.03473 { 0.03361
4.0 0.03688 0.03820{ 0.03600 | 0.03490 0.03420 0.03307"
5.0 0.03613 0.03752{ 0.0355% 0.03427 0.03356 0.03244
6.0 0.03512 0.03671 | 0.03459 0.03353 | 0.03283 0.03172
8.0 0.03314 0.03489 | 0.03291 0.03191 0.03124 0.03018
10.0 0.03075 0.03265 | 0.03088 0.03000 0.02953 0.02838 |
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Fig. 25 - Vergiaal surface diéplacements under 10 in. wide loaded
area; tfgbyrjc * 0.075 in, TR = 40°F, fabric located 1 in. above

concrete.
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Fig. 26 - Vertical surface displacements under 10 in. wide loaded
area; TR = 40°F, no fabric.
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less, the results shown in these figures provide a comparative evaluation of
the influence of the various parameters examined.

Temperature Profiles

WAV

As noted earlier, temperature profiles were determined Qith the assist-
ance of the Barber procedure  (6). The nodes at the boundaries éf the layers
were assigned computed temperatures cofresponding to the particular depths,
Temperatures for the intermediate nodes were determined ‘with the SAP;BI
program using linear in;erpblation. Table 5 illustrates computer output of

node temperatures for the substructure of the & in. thick overlay system for a

~ daily range of 30°F in air temperature.

Fig. 27 illustrates the variation in temperature with depth for the & in.

‘overlay with the fabric located 1.0 in. above the existing p.c.c. surface.

For comparison, the variation with deptﬁ as computed;ﬁy the Barber (6) pro-
cédure is also shown. Fig., 28 illustrates temperature profiles for the 4 in.,
6 in., and 8 in. thicknesses as determined with SAP-81 and with the Barber
prqceduﬁg.
CONRCLUSIONS

In this in#estigatioﬁ an analytical study has been conducted to attempt
to define, through a parametef study, guidelines for the use of fabfics in
asphalt concrete overlays on existing pévementg with joints or cracks, e.g.
plain jointed p.c.c. pavements. It éhould be emphasized that the results
éreseﬁted;do not guarantee that reflection cracking will be mitigated'by the
use of fabrics. 'Rather, it provides guidelines as to how to ﬁse-Such materiél

reasonably effectively and provides some indication of desirable properties

‘for the fabrics theﬁselveéa

stio.com
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TABLE 5 - NODE TEMPERATURES ASSIGNED BY SAP-81 PROGRAM FOR
- 26°F (Tp = 30°F) REDUCTION THROUGH THE PAVEMENT STRUCTURE

_FOR 4.0 IN. THICK PLAIN ASPHALT CONCRETE OVERLAY

NODE TEMFERATURES

1

&
11
16
21
26
31
356
41
4
o1
548
41
64

71,

76
81
8é
71
96
101
104
111
114
121
124
131
136
141
144
o151
154
151
144
171
174
181
186
191
196
201
206
211
216
211
226
231
236
241
244
251

61.50
41,50

61.50°

61,50
61.50
61,25
61,25
61.25
61,25
61.25
&1.00
61,00
41,00
51,00
58,87
58,87
58,87
58,87

58.87

8546.75
56.75
56473
56.75

T44+62 .

54.562
S54.62
S4.62
S54.62

92.50

52.50

52.50 |

G2.50

52,590

50.37
50.37
50,37
S0.37
48,25
48.25
48.25
48,25
48,29
46,12
46412
q46.12
446.12
44.00

44,00
44,00
44,00

192

202
207
212

217

222
227
232
237
242

Z247

- 252

61,50
&1 .50
&1.58

- 41,50
T 61,50

61,25

61 .25

61425

61.25°
61.00
61,00

41.00
61.00
41,00
58.87
§8.87
Se.s87

58.87°
- O8.87

Hé&.73
D6.73

S56.75

56.75
S4.62
S54.62
S4.62
J4.62

54,462

S2.50
S2.30
S2.30
52.50
50437

50,37

S50.37

50,37

50,37
48,25

48,25

48,25
48,25

48.25

46.12
46412
446,12
46,12
44.00
44,00

44,00 .
“44.00

44,00

163

148
173

178 .

183
igs
193
198

.203

208

213

zig
223

-228

233 -

238

243
248

253

61.50
61.50
41.50
&61.50
61,50
61,25
61,25
61,25
41,25
61,80
61,00

51,00
4100
61,00

58.87

58.87
58,87
58,87
56475
56,75
56,75
56.75
56.75
54,462
54,62
54,62
54,62
54462
52.50
52,50

52,50
52,50
50,37
50,37
56,37
506.37
50,37
48,25
ag.25
48,25
48,25
46,12
46012
46,12
46.12
45,12
24,00

44,00

44,00
44,00
44,00

14
19

29

34

44
49
54

597

&2
74
79
84

?4

@9
104
109
114
11?7
124
129
134
139
144
14%
154
159
164
169
174
179
184
189
194
192
204
209
214
219

224

229
234
237
244
249

61.50
61.50
61,50
61,50
&1.25
61,25
&1.25
61.25
61.25
41,00
&1.00
41,08
51,00
&1,00
58.87
58,87

98.87

S8.87
S56.75
S6.75
S&75
564735
T56.475
S4.62
54,462
54,42
S4.62
S2.50
52,50
SZ2,50
S2.50

S2.50

| 58.37

S8.37
S0.37
S50.37

50,37

48.25
48,25

. 48,25

48.25

‘46.12

46.12
4&6.12
46.12

46,12

44.00
44.00
94.00

44,00

205
210

‘215

220
225
230
235
2438
245
258

61,50
61.50
61,50
&1.50
61.25
61,25
61,25
61.25
61.25
61.00
61,90
61,00
61,00
58,87
58,87
58,87
58,87
58,87
56,75
56.75
56,75
56.75
56.75
54,62
54,62
54,62
54,62
52.50-
52,50
52.50
52.50
52.50
50.37 .
S0.,37
50,37
50,37
48,25
48,25

48,25

48,25

48.25
46.12
46,12
46,12
46,12
46,12
44.040
44,00
44.,00.
44,00
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For this investigation, the tw0fdimensional plane strain finite element
idealization haé been adopted for usé in a microcomputer. The system with two
disc drives and capable of utilizing discs with‘600 k bytes is appropriate for
pavement idealizations containing a maximum of 80 elements. The number of

elements can be increased beyond this by using the substructuring technique

developed by E. L. Wilson.

Frﬁm the fesult; of the analytic study the following guidelines for the

use of fabrics are suggested.

1., If actual tést data are not available, fabric stiffness in
the range SOO - 3,000 psi éppear reasonable for use in finite
element analyses;

2. flacing the.ﬁabrié intérlayer about 1.0 in. or 0.1 ft above
the existing:jointed (cracked) p.c.c. pavement appears to be
the optimum? 1ocation for stress relief at the crack tip.

" Since refleétion cracking can be mitigated by reducing
étresses ini;the zone of the crack tip, location of the
fabric on the surface of.alleveling course appears to be the
best sblutioh.

3. The use of‘ﬂa thick fabric interlayer composed of a low
modulus and high Poisson'é‘ ratio improves the stress
relieving fuaétion of fhe fabric in the overlay.

4. The use of two or more layers of fabric provides no
additibnal _étress relieving effects as compared to the
fabric 1ayer?p1aced on ﬁ leveling course

5. A 6~in, asﬁﬁalt concrete overlay produced the same stress

pattern at the crack tip as a 4-in, asphalt concrete overlay

ClihPD wwwfastio.com
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with & fabric layer located 1.0 in. above the existing pave-

ments,
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ADDENDUM A

In a recent reevaluation of the SAP~81 program it was

determined that the program vielded larger thermal stresses

than should have been obtained. The thermal stress equations

were reevaluated by Professor E. L. Wilson and a modified
version of SAP-81 has been developed. A few cases have been
examined with .this new program. While the resulting stresses
and strains which were obtained were lower than those
reported, the same general trends were obtained. Accordingly,

the conclusions which have been reported herein are wvalid.

www . fastio.com
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ADDENDUM B
The two Appendices listed below were originally submitted with
the UCB report, but because of their bulk and possible copyright
restrictions, they were not included in this publication.
Appendix A: A Structural Engineering Workstation For CPB/M
Microcomputers and SAP-81 Structural Analysis

Programs For Small Or Large Computer Systems

Appendix B: A Typical Output Of A Finite Element Analysis

For A Pavement Structure In Microcomputers

Copies of these Appendices are on file at TransLab.
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ENGINEERING PROPERTIES OF FABRICS
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INTRODUCTION

When evaluating whether or not to use fabrics in pavements, it is de-~
sirable to answer the following questions:

l. What type of pavement distress is of concern and can the

use of fabric mitigate its subsequent influence on pave-
ment performance? h

2. What fabriec properties are required to develop reasona-

ble pavement performance in the overlay for the par-
ticular distress mode? |

3. What adﬁantages are obtained by using a fabric as com-

pared to other altermatives?

In this section of the report an attempt wili ﬁé‘hade to briefly discuss
those characteristics of fabrics whicﬁ should be defined when the fabric is
being used to mitigate reflection cracking in asphalt concrete overlays. In
addition, the results of tension test déta are presented for tests on a number
of different fabrics supplied by the Transportation 1aboratory of CALTRANS.
The tests 1llustrate one procedure whereby one of the fabric chéracteristics,
in this instance - stiffness, required to answer question No. 2 can be de-
fined. A detailed description of the procedure, together with the requigite
equipment redquired to load the fabric is included.

SUGGESTED LABORATORY TESTS

In this sectioﬁ, laboratory tésts, both on the fabric and bnrasphalt mix-
tures containing fabrics, are discussed. In developing this suggested series
of tests, information contained in References (1) through (7) has been drawn
upon.

Tests on Fabrics

www . fastio.com -

Tests on fabrics themselves should include at least the following:
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‘1. Direct tensién (1, 2, 3, 4).
2. femperaturei; shrinkage (5).
3. Permeability
4. Asphélt-retéhtion'(saturation) (6, 7).

Direct Ienéion. It is recommended that direct tension tests be conducted on

fabric specimens with a width/length ratio greater than 4'(;,_3, 3). Since
the characteristics of fabries differ in the machine and cross directions, it
is fécommended thaﬁt tensile properties be measured in. these directions
separately, ’

As a part of thé testing, it is recommended that the specimen be pre-
conditioned.. That is, each specimen should be loaded to a level correspond—
ing to an elongation in the range 10 to 15 percent. This preconditioning re-
sults in-a'more'unifo;m response during the ac£u31 loading phase.

During the actual direct tension test it is recommended that the follow-

ing characteristics be ascertained (4):

1. Initial modulus - modulus during the initial phases of the
loading.

' 2. - Sécant modulus - modulus at maximum load. Maximum load may

bé defired i; one of the following ways:
a. Tearing of the fabric is observed.
“be  An élongation of 50 percent is reached.
c. A maxf;um 'load is reached at less than 50 per-—
cent efbngation which remains constant with further

deformation.

Rate of loading during the test should correspond to that associated with

moving traffic.

ChhPDFE - www.lastio.com o S B o
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Results of 52 direct tension tests on 10 different plain (unsaturatéd)
fabrics and 2 asphalt saturated fabrics are reported in a subsequent section.
A recommended test procedure, together with assoéiated equipﬁeﬁ;, is included
in Appendix A of this phase of the report.

Temperature - Shrinkage Test. Some fabrics exhibit a relatively large amount

of shrinkage when exposed to temperatures cofresponding to those associated
with asphalt pavement construction (5). Susceptibility to shrinkage can be
ascertained in one of the following ways:? |

1. TImmersion of fabric in asphalt at 300°F.

2. Placement of fabric in oven maintained at 300°F for some pre-—

;- scribed time peridd.

It ié recommended that the maximum value of shrinkage, expressed as a
percentage of the original dimenaions; be limited to a relatively small
amount. For example, researchers at Texas A and M University (éj_suggest that
fabrics whicﬁ exhibit free shrinkage in excess of 5 percent when exposed to a

temperature of 300°F for 30 minutes can ‘cause hairline cracks to appear during

construction at wrinkles or improﬁerly overlapped cuis in the fabric.

Permeability Test. Water_actionlmAy accelerate the deterioriation of asphalt~
bound materials, particularly if an existing cﬁurse is overlaid and water.or
wﬁter vapor which has ingressed to the layer remains f&r'an extended period.
The role of the fabric in this instance is to prevent surface water f£from
entering the overlaid layer. |

Any type of permeability test which measures the water permeability of

the fabric or asphalt saturated fabric should be suitabie.

Asphalt Retention (Saturation) Test. The quantity of asphalt which a fabric

will absorb when incorporated in an overlay system is an important design
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parameter and is dépendent on fabric type, thickness, and weight (6, 7). De-
termination of the Quantify retained (e.g., ggl. per sq yd) can be accom-
plished by weighing %ffefﬁ i) soaking the fabric for a one; to two-minute
period in aséhalt bréught to an appropriate viscosity; and 2) pressing the
fabric after séaking Eo remove the excess asphalt.

Tests on Asphalt Mixtiures with Fabrics

wvvwfastio.com

A number of tests, though not necessarily for specification purposes,
appear desirable on the asphalt mixture-fabric system to permit definition of
parameters for design purposes and to ascertain the influence of materials and

construction procedures. These tests include definition of: 1) shear

strength ofgfhe“interfacé layer containing the fabric; 2) permeability of the

fabric as it might be influenced by aggregate identation - puncture; and 3)

_ fatlgue ‘characteristics of the overlay material containing the fabric as

compared to the same material without fabric.

Interface Shear Strength. The shear strength of the interface containing the

fabric (plus tack coat) should be tested over a range in temperatures and tack

coat appllcatlons; data reported in References (5, 6, .and 7) indicate’that

these factors have a significant influence on the interface strength for a
specific fabric.

It would be desirable to measure this strength in two modes of loading as

rshown-in Fig. 1. The mode indicated in Fig. la would provide a measure of the

[

. system's response to stresses induced by temperature changes, while that of

Fig..lb would measure the response to traffic loads and indicate whether such
Ibading'might lead to debonding or tearing of the fabric.

Permeability. Core specimens from field sections with fabric interlayers to-

gether with laboratdry prepared.specimens representative of the same sections
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should be tested to determine their water'permegbility. Differences in the
action of aggregate or fabfic puncture might occur between laboratory pre-
pared and field compacted sections; hence, the reason for both types of speci-
mens initially.

It should be noted that a recent study. (6) has indicated no increase in
permeability of the fabric interlayer resuifing from punch-through by the
aggregate, Nevertheless, it would appear worthwhile to check this for a
number of projects. |

Flexural Fatigue Characteristics, The flexural fatigue characteristics of

asphalt concrete overlays contaiﬂing: fabrics are not well defined. Some
studies (8, 9, ;Q) suggest increases in: fatigue lives of asphalt concrete'of.
the order of 4 to 10 times as. compared to the same material without fabric.
Howevér, other studies (6, 7) do mnot indicate such significant changes in
fatigue response.. Thus, it is recommende& that investigations be conducted
using realistic loading conditions to determine thé fatigue response of
asphalt concrete-fabric systems.
DIRECT TENSION TEST RESULTS ON SELECTED FABRICS

In this phase of the in&estigation fifty-fwo'direct tension tests were
conducted on ten different plain fabrics and on two of the fabrics éaturated
with asphan.

Equipment and Procedures

Details of the testing device and the test procedure are included in
Appendix A to this phase of the report. Briefly, the fabric specimens were
16,0 in. wide by 4.0 in. long, thus resulting in an asPec# ratio {width/
length) of 4.0, A rate of'loading'of 0.5 cm/min was used in an INSTRON -

testing device. For the tests on asphalt saturated fabric, the amount of
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asphalt used for saturation was 0.3 gal per sq yd for the Quline materials and
0.2 gal per sq yd for the Petromat.

A test temperature of 77°F was maintained for the tests with the asphale-

£illed materials., The axial load vs. axial deformation data were recorded on

a strip chart recorder.

Definitions for Fabric Characteristics

Modulus values are defined as follows:

1. Modulus during preconditioning — ratio of the stress ob-

tained at a strain of 10.5 to 12.0 percent during the

preconditioning phase to the strain.

2. Initial modulus - slope of initial portion of the stress

vs. strain (or load vs. displacemenf) curve obtained

from theiioading following preconditioning.

3. Secant modulus - ratio of failure stress to strain at

failure. -

The féilure stféss (load) is obtained when one of the following condi-
tions is obtained:
1. Tearing of the fabric is observed,
2. The tensilé ioad has ‘reached a peak value and then declines
without fabric tearing or other fabric separation with
further increase in strain.
3. An elongation of 50 percent (based on original iength) is
obtained. -
To determine Poisson's ratio for each of the fabrics, axial deformation
was obtained from the strip chart and lateral deformation was measured from a

straight edge as shown in Fig. 2 . Poisson's ratio was then determined from:
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v = £ T
w
lf - £
2
o
where
AR = deformation at left edge, Fig. 2;
Ar = deformation at right edge, Fig. 2j
w = fabric width (usually 16 in.);
Eo = initial fabric length (4 in.);
lf = length at failure (failure as defined above).

Test Results

Fabric pharécteristics determined py staff of the Transportation Labora-
tory of CALTRANS using ASTM 461 and 1117 test procedures are shown in Table 1.
Twelve different types of fabrics were tested in both the machine and cross
directions.

Properties determined at the University of California, Berkeley, using a
controlled strain type of loading in an INSTRON machine are presented in
Tables 2 and 3.

As noted earlier, ten different fabrics were tested in the as-received
condition and two of the ten were-saturated with asphalt and then tested. The
X and Y directions of test'referred to in Tables 2 and 3 refer to the
cross and machine directions. The reported moduli and Poisson's ratios have
been determined according to the definitions described earlier. Fabric
thicknesses shown are those determined by the CALTRANS staff (Table 1).

SUMMARY AND EVALUATION OF FABRIC TESTS
The testing unit developed at the University of Califérnia, Berkeley, and

capable of testing fabric specimens up to 20 in. wide can effectively test

www . fastio.com
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TABLE 1 - FABRIC PROPERTIES*

Grab Tensile?

. Secant
‘I‘gge Height Thick~ Strength E(;Z:E:;t‘;g ' Modulus?
Fabric oz /yd2) Esz;) (psi) (psi)
Machine| Cross | Machine|Cross | Machine|Cross
Petromat : :
(Phillip Fibers) 43 40 8L | 132 85 74 2,294 [1,483
Bidim G-22
(Monsanto) 3.2 51 125 96 90 98 1,878 | 871
Bidim C-34 ‘
(Monsanto) 9.6 77 178 151 57 73 1,939 {1,731
True Tex Mg 75
(True Temper) 6.5 56 170 98 95 97 },936 666
True Tex Mg l00{+ _
(True Temper) 6.5 88 174 114 9% 116 896 414
Duraglass B-63 . '
{Johns- 9,8 77 126 116 3 3 tear | tear
Manville) .
Q Trans-50 i
{Quline) 7.0 105 93 142 173 107 350 160
Fibretex 200
{Crown=~ 6.0 73 183 126 145 175 1,025 368
Zellerbach)
Reapav 376
(Dupont) 3.0 14 110 79 63 64 4,650 {3,250
Nicofab BS50 ,
(Nicolon) 4.9 68 80 133 100 79 1,339 552
Amopave 4545 -
(Amoco) 6.6 40 142 147 73 104 1,890 |1,480
Trevira 1117 )
(Hoechst) 4.4 ‘51 162 119 82 111 1,666 810

. .
All values are from Trans Lab Testing.

IASTM 461

2a5TM 1117; 1-in. grip
It 50 percent .strain, unless tearing occurs
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TABLE 2 - INITIAL MODULUS VALUE OF FABRICS IN BOTH X AND Y
DIRECTIONS AFTER 10 PERCENT =~ 12,5 PERCENT PRECONDITIONWING

* it
Type Diree~| Thickness If::i:hl Initial Initial Initial { Initrial é;‘:tiz;'
of tion of the of Ehe Load Elongation Stress Straln ( ui)
Fabric of Fabric Fabric (P) @) (psi) | {in./in.) Pt
Test (inches) ) (lbs) (inches) G = P _A M. = i
() 1R | f1 T 17
{inches) @
Trevira Y 0.951 4.45 7.4 0.042 9.07 | 0.0094382 961
Trevira X 0.051 4.40 14.0 0.038 17.16 | 0.00863636 1,987
Trevira X 0.051 4. 40 87.50 0.220 107.23{ 0.,05000 2,144
Polyguard Y 0.100 4,00 80.00 0.035 50.00 | 0.008750 5,714
- BIDIM - 22 Y 0.051 4.25 20.00 0.055 24.51 [ 0.01294 1,894
BIDIM - 22 X 0.051 4.45 17.2 0095 21.35 [ 0.02135 1,000
Fibretex 200 Y 8.073 4.50 8.3 0.090 7.11 | 0.0200 356
! Fibretex 200 X * 0.073 4.40 21,0 0.105 18.56 | 0.02386 778
Petromat Y 0.040 4.20 20.0 0.070Q 31.25 | 0.01667 1,875
Petromat Y 0.040 4.10 19.0 0.065 29.69§ 0.01585 1,873
Petromat X 0.040 4.20 30.0 0.080 46.88 § 0.01905 2,461
Petromat X 0.040 4,20 30.0 0.080 48.39 1 0.01905 2,540
Dupont T376 Y 0.014 4,00 Could not be tested. Since the fabric was very thin,
slippage occurred in the clamping heads.
Truetex MG 75 Y 0.056 4.25 24.00 0.060 26.79 | 0.01412 1,897
Truetex MG 75 Y 0.056 4.30 35.00 0.068 39.06 | 0.0158) 2,471
Truetex MG 75 X 0.056 4.50 26.00 0.075 29,02 | 0.01667 1,741
Truetex MG 75 X 0.056 4,42 24.90 0.080 26.79 | 0.01810 1,480
Truetex MG 100 X 0.088 4.25 24.00 0.075 17.05 | 0.017647 966
Truetex MG 100 X 0.088 4.20 40.00 0.060 28.41 | 0.014286 1,989
) Truetex MG 100 Y 0.088 4.10 15.00 0.095 11,52 [ 0.023171 497
Truetex MG 100 Y 0.088 4.15 16.00 0.095 12.04 | 0.022892 326
Amopave X 0.040 4.00 36.00 0.080 56.25 | 0.020000 2,813
Amopave X 0.040 4.00 25.00 0.075 39.06 | D.01875 2,083
Amopave Y 0.040 4.10 40.00 0.100 62.50 | 0.024390 2,563
Amopave Y 3.040 4.03 25.00 0.100 39.06 | 0.02481 1,374
Quline ¥ 0.105 4.25 18.00 0.1102 10.71 | 0.02593 413
Quline Y 0.105 4.10 60.00 0. 3346 35.71 | 0.0816 438
Quline X 0.105 4.00 12.00 0.07874 7.14 § 0.01969 363
Quline . X 0.105 4.25 13.00 0.06693 7.74 | 0.01575 491
Quline impreg-
nated with Y 0.125 4.22 20.00 0.045 10.00 | 0.0106635 938
AR-~4000 -
Quline impreg-
nated with b4 0.125 4,00 44.00 0.100 22,00 | 0.025000 880
AR-4000 :
.
Quline impreg-
nated with X 0.125 4.35 39.00 0.100 19.50 | 0.0252873 771
AR~-4000
Quline impreg- )
nated with . X | 0.125 4.10 24.00 0.050 12.00 | ©.0121951 984
AR-4000
Petromat im-—
pregnated with Y 0.070 4.125 60.00 0.090 55.84 | 0.0218181 2,559
AR-4000
Petromat im-
pregnated with Y 0.070 | 4.10 54.00 0.085 50.26 | 0.0207317 2,424
AR-4000
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TABLE 3 - H()DU'I.US VALUES FOR 16.0 IN. x 4.0 IN. FABRICS TESTED IN TWO DIRECTIONS

‘ . Average Avarage
Typa Thicknans Modulus Modulus | Average Average | Secant Modulus
of of Dlt:cftion “"::" During During Secant Poisson's |Values Obtained
‘Pabric Fabric Test Tests Precondi~ | Initial | Hodulus Ration by CALTRANS
{inches) tioning Loading (H') o)
: . (llnl) (HJ.)
Quline 0.105 b 2 310 426 170 0.17 350
Qulisa 0.105 X 2 as2 427 615 0.4 160
Patromst 0.040 . Y 2 1,771 1,874 1,479 0.24 1,483
Pacromar 0.040 X 2 2,133 2,501 2,066 0.23 2,204
1
Trustax NG 73 0.056 Y 2 1,468 2,184 2,937 0.24 1,936
Truatex MG 75 - 0.056 - X 2 379 1,811 1,405 0.22 666
'nni:s - 22 0.051 Y 1 1,886 1,89 2,50% 0.27 1,878
BIDIM - 22 - 0.051 - X 1 478 1,000 },560 0.41 a7l
Fibretax 200 0.073 Y 200 56 404 0.31L 368
Fibreteax 200 0.073 b 4 1 615 778 [.T%:] 0.23 1,025
Travira 0.031 . Y 1 548 961 1.194 0.43 8i0
Travira 0.05L - X 2 950 2,066 1,704 0.38 1,666
Truetex NG 100 0.088 - Y 2 265 512 622 0.24 414
Truatex MG 100 0.088 X 2 167 1,478 1,843 0.23 896
Mmopave 0.040 Y 2 1,632 2,065 | 2,316 0.21 1,890
Apspave 0.040 X 2 2,530 2,448 1,784 G.24 1,480
Quline T 0,124 Y 2 248 909 214 0.16
(impragaated 0.125 ) § 2 340 878 516 0.16 <
with AR-4000) ‘
Patromat? 0.070% Y 2 1,317 2,492 1,147 0.21 c
(impregnated . .
with AR-4000)

%thickness of cthe fabric maasured by a hand micrometer.
bl‘ in. * § in. Petromat I-PII shrunk to Ll in. x 5.5 in. whan heated in oven at 300°F,

s:Nr.\ comparable fesis wers done by Caltrons.
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fabrics with thicknesses 40 mils or greater. TFrom the data presented in

Tables 2 and 3 a number of items can be observed.

1. All of the fabrics exhibited different characteristics in the
X and Y directions.

2. Each fabric yielded different moduli during preloading, ini-
tial loading, and at failure. There is no general tremd in
modulus values obtained during the different stages of load-
ing. Fof some fabrics, higher moduli were obtained during
initial loading}i for others at failufe; and for some during
preconditioning. For the majority of tests, however, the
initial modulus énd secant modulus were higher than the pre-
conditioning modulus.

3. The same Poisson's ratio was obtained in both directions for
Petromat, Truetex MG-75, and Truetex MG-100, whereas dif-
ferent values in the two directions were obtained for the
other fabrics. Poisson's ratios for the fabrics ranged from
0.14 to 0.41.

4., The failure load used to determine the secant modulus was
defined by the 50 percent elongation criterion for all fabrics
except Amopave. For this fabrie tearing was observed, thus
the secant modulus is defined by the maximum load at tear. A
slight tearing was also observed in one of the Bidum~22 speci-
mens.

5. The saturated fabrics yielded lower preconditioning and secant

moduli than plain fabrics of the same type. However, the
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initial mﬁduli valuesxof the asphait saturated material were
higher than those fdr the plain fabrics. This performance
seems reasénable since the initial moduli are obtained at

relatively short times of loading.
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RECOMMENDATIONS FOR FIELD APPLICATIONS

Based on References (5, 6, 7), the following guidelines for field applications

appear warranted.

v 1. Use thick fabric interlayers to mitigate reflection cracking.

2. A minimuwn thickness of 1.5 in. of asphalt concrete should be
placed over the fabric layer. If severe braking stresses
occur, the thickness should be increased to a minimum of
2 in.

3. Existing surface preparation is ilmportant. For example,
cracks greater than about 1/8 in. in width should be filled
prior to the placement of‘the fabric.

4. RC or MC liquid asphalt should not be used as the tack coat
for fabric application.

5. The surface texture of the fabric and its shrinkage character-
istics must be considered. If, for example, the fabric
shrinks excessively when heated to 300°F, there is the likeli-

hood of cracks developing in the overlay.
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APPENDIX A

CONSTANT RATE OF STRAIN TEST METHOD FOR DETERMINING THE
STIFFNESS AND POISSON'S RATIO OF GEOTEXTILE FABRICS
- TO BE USED AS PAVEMENT INTERLAYERS
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2.2,

2.3-

3.1.
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CONSTANT RATE OF STRAIN TEST METHOD FOR DETERMINING THE
STIFFNESS AND POISSON'S RATIO OF GEOTEXTILE FABRICS
TO BE USED AS PAVEMENT INTRRLAYERS

Scope

This method covers the determination of the stiffness modulus and
Poisson's ratio of plain and asphalt impregnated geotextile fabrics
under slow rates of uniform extemsion using specimens having a high
aspect ratio.

Applicable Documents

Bavdonnel, J., J. P. Giroud, and J. P. Gourc, "Experimental and Theo-
retical Study of Tensile Behavior of Nonwoven Geotextiles," Second

International Conference on Geotextiles, Las Vegas, U.S.A., Session

7C: Properties and Tests III, August 1982,
McGown, A., K. Z. Andrawes, R. F. Wilson-Fahmy, and K. C., Brady, A

New Method of Determining the Load-Extension Properties of Geotech-

nical Fabrics, TRRL Supplementary Report No. 704.

MecGown, A., K. Z. Andrawes, R. F. Wilson-Fahmy, and K. C. Brady,

Strength Testing of Geotechmnical Fabriecs, TRRL Supplementary Report

No. 703.

Summary of Method

Test specimens are obtained in both the warp and fill directions from
a geotextile fabric sample. If required, the specimens are impreg-
nated with asphélt by compressing the fabric and heated asphalt be-
tween two slabs of asphalt concrete or between a heated metal pan and

a correspoending flat metal plate insert.

com
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3.2, With the longef éﬁeciﬁen edges held in the special clamps, an initial
extension of half an inch is applied. The resulting preconditioning
load iz recorded and released. The new gﬁuge length is measured and
the élamps movéd apart at a constant rate until the fabric yields or
failé. A conginuous record of the load and deformation is obtained

along with the maximum load and resulting deformed specimen dimen-—
sions.

4. Significance and Use

AThis text method is of primary significance in determining the funda-
mental propertiés -—lstiffness modulus and Poisson's ratio -— of plain
;nd. asphalt iﬁpregnated :geotextile fabrics to be used as pavement
interlayers. These proﬁefties are important for modelling the fabric
interlayer as a compbﬁent of the pavement's structural section and in
determiniﬁg thé ability of the fabric interlayer to reduce crack tip
stresses and mitigate or retard therpropagation of reflection cracks

‘through asphalﬁ concrete overlays.

3. Apparatus
5.1. Test equipment, such as an Instron Table Model Universal Testing In-—

strument (Modei TM-S), capable of applying a constant rate of strain
in temsion to the specimen and recording continuously the resulting
load and deforﬁation."lt is desirable that the load cell be able‘to
measﬁre'at 1ea;t 1;000 1bs. of.force and the crosshead movement be in
the range froﬁZO.S cm/min to é cm/min.

5.2, Clamps for firmly holdigg the specimen along its longer edges aﬁd
easily Dbeing attached to the testing device. See Fig. Al for de-
tailed drawings and dime?sions of the aluminum clamps used at the

University of California, Berkeley.
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5.3.

5.4.

5.5-

5.6

5.7..

Micrometer for determining the fabric thickness to the nearest thou-

sandth of an inch.

S5teel ruler for measuring specimen dimensions and deformations to the
nearest hundredth of an inch.

Metal straightedges for marking specimen dimensions on fabric samples
and providing a reference against which to measure lateral specimen
deformation.

Miscellaneous tools, such as scissors, screwdrivers, wrenches, china
markers, and thermometers, for marking and cutting the geotextile
fabric, tightening and loosening the clamps and yokes, and monitoring
the temperature of the test area.

Additional "equipment and materials required for impregnating the

- fabric specimens with asphalt include a controlled temperature oven,

two asphalt concrete slabs or a metal pan with a flat metal insert
plate, and a standard universal testing machine for applying a com-
pressive load. A chamber for maintaining a constant temperature
around the test specimen is also desirable if it is necessary to de-
termine the variation of asphalt impregnated fabric properties with
temperature changes. |

Specimen Preparation

Since geotextile fabrics may have different properties in the warp and
fill directions, it is necessary to test a fabric sample in both di-
tions. Thus, it is necessary to cut several specimens from each sam~
ple of fabrie. Also, the recommended minimum specimen size is eight
inches by sixteen igches. This provides a test aspect ratio of four
when the specimen is clamped along its longer edges with a gauge

length of fouf inches.
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6.2. To provide at least two test specimens in each direction, the geo-
;extile fabric sample must be at least sixéeen inches wide and thirty-
two inches long. This allows cutting the sample into the four pieces
shown in Fig. A2, With larger samples of fabric the test specimen
length should remain at sixteen inches, but the width may be increased
up to twelve iﬁches. If an insufficient amount of fabric is avail-
able, every attempt should be made to test at least two specimens with
aspect ratios of four or greater in each of the warp. and £ill direc=-
tions. This may require testing specimens that are less than sixteen
inches‘in length,

6.3. Using the ruler, straightedge, and china marker, outline the specimens

on the.fabric sample. After indicating the warp and fill directioms,

the direction the test 1qu will be applied, and labeling each speci-
men, cut them apart. The length and width of each specimen should be
measured and recorded to the nearest hundredth of an inch. The fabric
thickness should be determined to the nearest thousandth of an inch.
6.4, To more accurately simulate conditions in an actual pavement, the
fabric should:be impregnated with the appropriate amount of asphalt
and tested at several representative temperatures. The asphalt should
be applied to both sides of the fabric at an elevated temperature and
then compressed between two heated concrete slabs. The absorption
properties of both the asphalt concfete and geotextile fabric need to
be taken into account in determining the asphalt application rate.
Alternatively, a flat metal pan and corresponding flat metal insert
plate can be ugedlto impregnate the fabric with asphalt at an elevated
temperature and under a compressive load. It is important that the

asphalt be uniformly absorbed by the fabric.
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Sepsrate the two halves of each clamp and remove the metal rods.
Place the lower halves parallel to each other and four inches apart.
Center the fabric specimen over the lower parts of the clamps with the
sixteen—inch long edges parallel to the clamps. Press the rods over

the fabric into the indentations and cover the fabric ends. Position

the top halves of the clamps over the corresponding bottom halves and
tighten the bolts. If properly aligned, the clamps will be parallel

and four inches apart when the fabric is pulled tight. Fig. A3 shows

the fabric held in both clamps.

" Test Procedures.

Turnr on the test equipment, balance it, calibrate the tension load
cell, and set the correct crosshead and paper chart speeds.

Carefully attach the clamps and specimen to the test instrument yokes.
After the specimen is pr'operly aligned, tighten the yokes. Move the
clamps apart until the fabric is spread out but not under a tensile
load. Measure the distance separating the two clamps, the gauge
length at each end of the specimen and in the middle.

Move the clamps apart at a rate of 0.5 cm/min until a total extension
of one-half inch occurs. Record the preconditioning load and move the
crosshead in the opposite direction at the same speed until the load
returns to zero. Measure and record the new gauge length at the same
three positiong.

Again move the clamps apart at a rate of 0.5 cm/min and record the re-
sulting load versus deformation curve. Continue until the maximulm
load is reached, the fabric begins to tear, or 50 percent strain is
induced in the fabric. Measure the fabric dimensions in its deformed

condition: gauge length at the same three points, length of fabric at

each clamp and at the narrowest point in the middle, and the amount of

com
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indentation at ‘_each side using the- straightedge in a vertical posi~
tion. Record all measurements to the nearest hundredth of an inch.
Also, record the maximum .load reached and the reason for stopping i:he
test. . | |

Release the load by moving the clamps toward each other at a rate of
0.5 crm/ min. :Carefully remove the clamps from the test machine yokes
and place on a flat surface. Remove the specimen from the clamps and
measure its Ei.nél dimensions. Clean the clamps of any asphalt residue
prior to testing. a new speci:ﬁen. |

If an asphalt impregnated specimen is to be tested at different tem-—
peratures, it sh;uld not be removed from the clamps between tests.
Instead, test th'e“ specimen at increasing temperatures with suffi-

A cient time in between tests to reach ‘the new temperature.

Caleculations.

C_alculate the sti:éss and strain values from the recorded loads, defor—
mations, and s;ample dimensions.

The stiffness tg;64u1us is calculated as the ratio of stress over
strain. The Poisson's ratio is calcuated as the ratio of lateral
tstrain to ve_;t:x'.cé_l strain,

Of primary interest are the'? stiffness modulus .and Poisson’s ratio at
the‘followi_ng three positions: |

Preconditioning - stress -and strain values achieved after the first

half inch of deformat:iqn;

Initial - stress and strain from the initial straight line portion of

-

the load versus ‘:displacemen.t curve during the test load application

Secant - stress and strain at the maximum load applied to the speci-

men.
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9, Report.

Report the calculated values of stiffness noc'iulus and Poisson's ratio
at each condition, indicating the direction in which the fabric was
tested, the test temperature, the specimen dimensions, and the mode of
failure. Also, make a note of any irregularities, such as slippage of
the fabric from the clamps (detected by a saw-tooth pattern on the

. load versus deformation curve) or if the maximum test equipment load
was exceeded,

10. Precision.

The precision of this test method has not been established.
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Fig. A2 - Outline of four specimens on fabric sample.

bottom holf [
of clomp -

. o

. Fig. A3 - Schematic diagram of fabric and clamps.
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