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DISCLAIMER

The contents of this report reflect the views of the authors who
are responsible for the facts and accuracy of the data presented herein.
The comments do not necessarily reflect the views or policies of the
Federal Highway Administration. This report does not constitute a

standard, specification or regulation.
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INTRODUCTICN

The shortagé of high quality aggregates together with increased
traffic has created a need for treating local materials for use as
base courses. In the southwest and midwest, sands transported by
water or wind or both often are the only substantja1iaggrégate
source avajlable. Asphalt has become a common base stabilizer for
these marginal materials in the last few years. However, the
criteria developed for materials selection and design and construction
techniques have been based primarily on requirements developed for
_,asphalt concrete surface courses. Thus, because of these "strict”
requirements,'materia]s evaluation and pavement design techniques
are being used that significantly. increase cost and provide a
stabilized material whose properties are in excess of those required
by traffic and the environment.

To provide an economical material to satisfy the particular
requirements of asphalt base courses, current materials selection
criteria and pavement deéign methods should be investigated and altered,
if necessary. A first step in this direction is to define a number
of interacting mixture properties. These include:

1. rheological characteristics,

2. fracture strength,

3. fatigue resistance, and

4, durability.

This report specifically treats emulsion stabilized sand bases

and hot sand bases (and full-depth hot sand asphalt) in Texas.



Materials selection criteria and pavement design criteria to provide

satisfactory performance in a given environment will be suggested

based on:
1.
2.
3.
The

characterization of laboratory molded mixtures,
characterization of field core samples, and
in situ structural evaluation of the asphalt stabilized sands.

purpose of this study is to evaluate the potential of Texas

sands stabilized with asphalt cement or asphalt emulsion to serve

as a base course. Specific objectives are to evaluate the asphalt

stabilized sands with respect to:

1.
2.
3.
4.
5.
Data
mixtures,
to. evalua
propertie

1.

o B W™

elastic or resilient deformation potential,

resistance to lateral flow,

permanent deformation

moisture susceptibi]ity, and
fatigue potential.
have been collected from laboratory compacted sand asphalt
field cores of sand asphalts and in situ pavements. In order
te the potential of_these materials as a base c0urse;{the Tollowing
s were measured: |
resistance value (following exposure to moisture),
resilient modulus,
air void content,
creep deformation, and

flexural fatigue.



MATERIALS

The aggregates listed in Table 1 were used in the laboratory
molded specimens. Generally, these aggregates represent efther
silicious wind blown sands or silicious river deposited sands. Most
of these sands are rather poorly graded.

Two criteria were used to evaluate the potential of these sands
- for bituminous stabilization: The Chevron (T;f U.S.A. criteria and the
Herrin (2) criteria. These criteria are presented in Appendix C. |

The Chevron criteria judge;the‘acceptabiiity*of’the sanq forzstabiTi_
zation based on gradation, plasticity, sand equivalence, and resistance
of the untreated material to lateral f16w. Results of the evaluation
with respect to these criteria are;sumMarized in Table 2.

The Herrin criteria identifies an.aggregate as being suitabie for
stabilization with asphalt as either a soil bitumen, sand bitumen,
or sand-gravel bitumen mixture. Expected performance within each
category is based on percent fines, plasticity fndex, and liquid limit.
These results ére also summarized in Table 2,

A few sand'asphalt cores were tested in the laboratory for data
comparison with results from laboratory compacted specimens. Aggregates
used in these pavements are listed in Table 3. Because these are field
~cores, virgin aggregates were not available for laboratory testing.
However, based on the Tocations of the cored specimens and the general
aggregate descriptions, it was assumed that the aggregates comprising
the cores are quite similar to the aggregates used in the laboratory
‘molded specimens.

*

The nuhb&p$¢inwﬁéﬁenth35é$fﬁefefﬁto.fhe'1i§t'QfﬁrefEranCe§"té“'
. this paper. S T



-Table 1. Aggrégates used in the laboratory molded specimens.

Sand ' % Minus

Asphalt Aggregate Liquid Plasticity
- Type Designation Gradation Equivalent 200 Sieve Limit Index Description
Asphalt District 5 poorily gréded 41 2.8 21.0 0 'high plains
cement (FM 168)2 , : blow sand
District 20 silty sand 48 13.8 22.8 5.8 Fast Texas sand
(U.s. 96)b - _
-District 21  well graded 47 _ 8.8 24.5 0 West Texas river
(Beck Pit) : : _ sand
District 26  poorly graded 41 3.9 20.3 0 West Texas river
(FM 3182) : : sand, gravel
Emulsified District 5 poorly graded 41 2.8 21.0 0 -high plains blow
asphalt (FM 168) _ : : ‘ sand
District 11 poorly graded 58 : 2.9 23.8 0 - East Texas sand
(Gibson sand) :
District 11  poorly graded 72 12.0 13.2 0 Fast Texas sand
(FM 3736) | ) | ) .
District 11 silty sand 20 28.6 22.0 0 East Texas sand
{Daniels ' : : :
Sand) o
District 16 poorly graded 98 1.8 24.0 4] Texas gulf heach
(Padre ‘ : . sand
Island) .
District 20 silty sand 32 15.3 18.3 0 East Texas Sand
(FM 255} ‘ '
District 20 silty sand 89 26.4 22.5 2 Fast Texas sand
(SH 87)¢ _
District 25 poorly graded 4] 3.9 20,3 0 West Texas river
(FM 3182) : sand, gravel

aFH
bus
CsH

noun

farm to market road.
U. -S. highway.
state highway.



- Table 2. Evaluation of potential for sands for use as asphalt stabilized base course.

Chevron Method ~ Herrin Method
Criteria ' : : Criteria
‘ . ' Sand , £ Fines
Aggregate R-VYalue  Equivalent Plasticity Gradation Soil Type' Content Plasticity
District 5 (FM 168)2 : nod yes yes poor soil bitumen - fair fair
District 20 (U.S. 96)b , marginal yes : marginal silty sand 5011 bitumen ) good fair
‘District 21 (Beck Pit)'V good yes yes well sand gravel bitumen .. C ..
District 25 (FM 3182) marginal -  yes yes . poor ‘ s0il bitumen good fair
District 11 (Gibson) yes® : yes yes - poor soil bitumen good fair
District 11 (FM 3736) . yes yes yes poor sand bitumen . '_. ‘
District 11 (Daniels) - marginal - no - - yes silty sand | soil bitumen poor fair
~ District 16 (Padre Isiand) no yes yes ‘poor soil bitumen fair fair
District 20 {FM 255) marginal : yes yes | silty sand soil bitumen " good good
. District 20 +(SH 87)c ‘good yes  yes silty sand soit bitumen poor -fair

%EM indicates farm to market road.

bU.S. indicates U.S.'highway.

“SH indicates state highway.

dNo = fails to meet criteria.
- ®Yes = meets criteria. -

fS_cﬁ Type: Soil bitumen is approximately a silty sand or poorly .gr'adéd sand

in the Chevron System. Sand-gravel bitumen is generally a well graded soil_ . .. .
in the Chevron System. .- - L . K



Table 3. Sand asphalt field cores

Designation-

Aggregate

District 11
(SH 103)a

District 11
(Loop 287)

District 11
(Loop 287}

District 11
(Loop 207) .

District 20
{SH 87)

District 20
(SH 96)

District 20
(FM 255)b

District 20
(FM 255)

District 20
(FM 255)

mixture of East Texas sands {poorly graded)
mixture of East Texas sands (poorly graded)
Gibson sand (poorly graded)

Bradley Pit sand (poorly graded)

poorly graded subgrade sand

- sand used at hot mix plant site

subgrade sand {poorly graded) Layer B
subgrade sand (poorly graded) Layer C

poorly graded 100% sand

3SH indicates state highway
FM indicates farm to market road

b



Laboratory Molded Specimens

Asphalt emulsion stabilized mixtures were tested according to the
sequence shown in Figure la. ~The Chevron-U.S.A. procedure (1) was
followed throughout the testing sequence. Detailed procedures are
given in Appendﬁx?@ﬂ Each aggregate was mixed with a cationic

stow setting“emu1sion {€SS-1) conforming to criteria in ASTM
Spécification for Cationic Emulsified Asphalt (D 2397—79).

Sand asphalt mixtures were tested according to the sequence shown

in Figure 1b. The asphalt used was an AG-10 supplied by the
Exxon refinery in Baytown, Texas. A1l asphalt cement conformed to
criteria in ASTM Specification for Viscosity-Graded Asphalt Cement for

Use in Pavement Construction (D 3381-76).

Field Cores

Field cores were obtained for testing on selected projects. Tests
on these cores were performed primarily to verify or to compare with
tests performed on laboratory molded specimens.

The following tests were performed on field cores:

1. diametral resilient modulus,

2. resistance value (R-value) following vacuum saturation, and

3. ajr voids content.
The diametral resi]ient'modu1us,'R-va]ue, and vacuum saturation

testing followed procedures outlined in Appendix A of Reference 1.



Mix and Compact

Specimens® at Optimum
Asphalt Content _
According to Chevron
Procedure**

3 specimens were molded at each of 3 asphalt cqntents: optimum, Opt. + 1% and Opt - 1%.

fu1]y Cure

"Mixtures

Kk ' 7 ' o : .
The Chevron U.S.A. procedure was followed throughout this_test sequence;

‘Figure Ta. Asphaltic Emulsion Mixture Test Sequence.

Mix and Compact
Specimens*at Optimum
Asphalt Content L,

According to Test
Method Tex-126-E

Fully Cure

For 24 Hours

@ 73 + 5°F

R .

M, = Resilient
Modulus

Obtain MR. | Vacuum' Determine
@ Selected Saturate R-Value
_ and
‘Temperatures Moisture
T : Pick U
MR = Resilient Modulus P
Obtain Mg Vacuum | Determine Determine
: @ Selected Satur‘at—e '_R"Va'iue A'lY' .
Temperature —— Voids

hkk : 7 - o
fManua] of testing procedures, Texas State Department of Highways and Public Transportation,

- Volume 1, 1974,

Figure 1b. - Asphalt Cement Mixture Test Sequence.



TESTS RESULTS ON LABORATORY MOLDED SPECIMENS

Asphalt Cement Stabilized Sands

Laboratory molded hot sand-asphalt mixtures exhibited comparatively
low Revaltues. .Thishis.béfticu1ar1y'truéwb?nfhéaﬁisfrict‘S'and D?Efrict
25 sands. ‘Gradations of these sands are shown in Table 4. Laboratory
test results reflect the poor gradation of these two blow sands. The
District 20 silty sand is also a poor candidate for a high stability
mix due to its poor gradation (Table 4).

The Chevron and Asphalt Institute emuision mix criteria were used
to evaluate the sand-asphalt mixes. Although several states and
agencies have adopted sand-asphalt critefia, these criteria are generally
derived from surface hot-mix specifications and thus require low air
void contents (less than 6 percent). Based on the sand-asphalt air
voids criteria, the sands evaluated in.this study would not be suitabie.

TﬁBTewSﬂshQWS.that in&‘ﬁhe‘Diatrict;?i'matEriﬁf?ﬁeéf§ fﬁé?@ﬁé&ﬁéﬁ:(ll
and Asphalt Institute (3) criteria established fﬁr emulsion stéb%i%zea
mixtures that requires a minimum R-value of 78 after vacuum saturation
and a maximum of 5 percent moisture pick-up. Moisture pick up is
the increase in weight of the specimen as a percentage of the dry weight
of the specimen {(1). The District 20 silty sand is mafgfﬁai, énd the
poorly graded blow sands from Districts 5 and 25 are clearly substandard
based on the Chevron or Asphalt Institute criteria.

Excessive moisture pick-up and low stabilities following vacuum
saturation is in part a result of high air void content of the poorly

graded sands.



ol

 TabTé 4. ‘Properties of aggregates used in laboratory mixes.

Oistrict 5 District 20 District 21 District 25 DBistrict 11 District i1 ‘ District 11 District 16  District 20 District 20
(Frt 168) (U.5. 96) (Beck Pi;) (FM 3182)  (Gibson) (FM 3736) - - (Daniels) - (Padre Island) - {FM, 255) “{u.s. 87)

" Sieve Sizes o _ : - Percent . retained

1in.? L 16.8 : .. C - L L
3/4 in. ' e T . . 28.0 - R .. .. 2.7
3/8 in. A 0.6 35,0 .. C . .. D .. C 3.7
No. 4 C 1.4 50.3 .. C e .- 0.3 C C e 5.0
No. 8 e 2.5 61.3 “ . 0.1 0.2 0.7 B 0.1 . “12.5
No. 10 L. 2.7 63.3 0.1 0.1 - 0.7 0.7 . 0.1 19.3
No. 16 - 0.01 5.5 67.8 0.3 0.1 11.5 - 4.8 0.1 0.1 - 20.4
No. 30 0.1 17.8 . 71.9 . 3.4 0.8 ~ 56.2 1.8 0.2 2.2 . 24.5
No. 40 0.3 33.6 73.6 1.6 11.7 67.0 6.1 0.4 . 7.0 29.1
No. 50 2.8 58.4 76.2 44.3 49,3 73.6 19.5 0.5 27.4 30.9
‘No. 60 26.0 . 71.5 79.2 59.4 73.1 77.8 33.8 0.8 41.6 33.0
No. 80 73,7 81.8 84.7 '67.9 91.6 83.2 48.6 -26.7 69.7 37.1
No. 100 86.8 83.8 87.0 76.8 94.0 84.9 54.0 58.9 75.0 63.7
No. 200 97.2 86.2 91.8 . 96.1 97.1 88.0 71.4 98,2 84,7 73.6
sand S ' : c | : _ o . . :

equivalent 4] . 48 a7 41 -58 72 20 ST 98 32 '88.6
- modulus - 0.90 1.69 o 4.4 - 1.25 1.44 S 2.26 ) 0.77 0.60 -1.05 39
Plastic o : o . : : L ) ' s : -

index 0 - 5.8 . 0 0 . o D o0 ) 0 0 1.92
-Liquid L o . . . ; ‘ : : :
“limit 02 22,8 .. 4.5 20,3 ‘ 23.8 13.2 22.0 24.8 18.3 22.5
Plastic - . : o ' : :

jimit . NP 17.0 NP NP NP . NP NP NP B 4 NP

41 in. = 25.4 mm.. .
byp = non plastic. -
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Table 5. Summary of stabilities-and moistire pfékiuﬁ“o?f
cement stabilized sands.

Taboratory ‘molded asphalt’

3 R-Value Moisture
Optimum After Vacuum Air Voids, Pick-up,

Aggregate % AC Used Saturation percent percent
District 5 6 too weak to test 19 11
{FM 168)
District 20 6 80 15 6
(U.S. 96) ‘
District 21 6 30 3 4
{Beck Pit)
District 25 6 70 18 | 10

(FM 3182)

%11 tests were performed on mixtures containing 4, 5 and 6 percent AC-10. The optimum AC

percentage is based on the highest R-value and Towest moisture pick-up.



A criteria for mix design based on resilient modulus versus
temperature relationships does not exist. However, researchers at
Texas A&M have been collecting diametral resilient modulus versus
temperatures data for several years on various types of asphalt
mixtures (both laboratory molded and field cores). These data have
been compared to field performance data.

Figure 2 -illustrates the band of resilient moduli versus temper-
ature selected as an acceptable range for performance of asphalt
treated bases and full-depth asphalt sections in Texas. Resilient
modulus versus temperature for the asphalt cement stabilized fine
sands is shown by the solid ]ihes. The length of the arrows represents
the magnitude of decrease in resilient modulus at 680F after;.
vacuum saturation. |

Resilient moduli-of Districts 20 and 21 asphalt stabilized smaterials
are within the acceptable band. Those of Districts 5 and 25 mixtures
- are below this band. |

Based on R-values before and after moisture conditioning and
resilient modulus testing, these previous data indicate that hot
asphalt stabiTized matepiaTSanqm?DtstrictiEO'&hdfalﬁhQVe'theépqteﬁtiﬁl
to perform as satisfactory base materials. Poorly graded blow sands
ﬁith é very small fines fraction exhibited very low stabilities, high
air voids, excessive moisture pick-up, and Tow resilient properties.

Quality of paving mixtures seems to depénd on gradation. Poorly
_gradEd sands with Tow minus 200 sieve fraction should be used with

caution.

12



RESILIENT MODULUS, psi -

o

MODUL! BASED ON TEXAS A&M

— : % ACCEPTABLE BAND OF RESILIENT
UNIVERSITY EXPERIENCE

‘

7
- 7%
:
i 7

%,
i e
e

- 7

DISTRICT &
(35 %)

DISTRICT 25
- (20 %)

] | ]

32 68 104 140
TEMPERATURE, °F |

*Indicates percentage drop in resilient modulus following

vacuum saturation (at 68°F). This is depicted graphically by
the arrow.

Fiqure 2. Resilient modulus - temperature relationship for
asphalt cement stabilized sands.
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Emulsion Stabilized Sands

A1l of the emulsion stabilized sands evaluated are'pdor1y
graded (Table 1). The results of the poor gradation is a high air
void content resulting in a relatively high moisture pick-up.

Table 6 summarizes the;R:véTQé étaﬁflity and moisture pick-up data from
the sand-emulsion mixes. The R-values of the wind blown sand (District 5)
and the Padre Island beach sand {District 16) were unacceptable according
to Chevron criteria (1) (lower than 78). Excessive moisture pick-up
js evident for the mixtures using the District 5 blow sand, the District
25 blow sand, the District 16:near beach sand, and the District 11 (Gibson)
'sand. A1l other mixtures recorded moisture increases bn]y slightly
greater than the criterion of 5 percent moisture pick-up by weight
of the dry sample.

Generally, the poorly graded East Texas river sands from Diﬁtricts
11 and 20 are acceptable in terms of R-value and marginal in terms of
moisture pick-up.

Figure 3 is a plot of resilient modulus data at 73°F.
These resilient moduli compare faverably with the band of resilient
moduli values plotted on Figure 3. This band represents a range of
fesi]ient moduli at 73°F for mixtures that have performed acceptably
in the field as bases or full-depth asphalt pavements (4-6).

Based on.Hveem (Rsvalue) stability, moisture susceptibility, and resilient
modulus test resufts, emulsion stabilized sands studied are potentially

suitable for base course 1ayefs.

14
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Table 6. Summary of stability and moisture pick-up of Taboratory molded

emulsion stabilized specimens.

Optimum %

R-Yalue

(FM 3182)

. Asphaltic After Vacuum Air Voids, Moisture
Aggregate Emulsion Saturation % Pick-Up, %
District 5 10 61 25 15
(FM 168)
District 11 11 78 24 16
(Gibson)
District 11 11 80 10 3
(FM 3736)
District 11 11 81 11 5
(Daniels)
District 16 12 68 27 15
(Padre Island)

~ District 20 12 89 12 7

- (FM 255)
District 20 10 86 12 5
(SH 87)
District 25 8 78 19 11




BAND OF ACCEPTABLE

% RESILIENT MODULI AT 73°F
BASED ON TEXAS A&M

'UNIVERSITY EXPERIENCE

(891 W3)
S 1Jid1sId

(ONVS NOSg19)
11 12141510

{9€L¢ Wi)
I 11 1s1d

(ONVS ST3INVQ)
11 1oi4is1a

(ONV St 34QVd)
S 1214 1S1d

(281 W4)
Ge 1oid1sia

(662 W)
02 13141SsId
(L8 'S'n)
O¢ 12o141s1a

Isd 'SNINAON LN3ITI

S3y

<
O

Figure 3.

Resilient moduli at 73°F for asphaltic emulsion

stabilized 5ands.
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TEST RESULTS ON FIELD CORES

Field cores from Districts 11 and 20 were tested for resistance to
lateral flow {R-value) and moisture pick-up following vacuum saturation.
These data are summarized in Table 7. Except for those from District
20 (U. S. Highway 96), all cores meet the minimum requirements of
78 for the R-value following vacuum saturation. A description of the
aggregates in each core js in Table 3.

The fact that the air void contents for both Taboratory specimens
and field cores are of thersame order of magnitude indicates that the
laboratory compactivé effort is comparable to that used in the field.

As in the laboratory molded cores, the percent moisture pick-up
is above the recommended maximum of 5 percent. This once again indicates
- that this criterjon may be too stringent for sand mixtures becaqSe of the
inherent high air void content. One suggestion for a mofsture-pick-up
criterion for sand mixthes'fs to-establish an-aceeptable ‘level based on
a reTatianhipttqfthe'exiﬁtﬁﬁgﬁair“W§¢d5%£n é compgcted'mixtuﬁeﬂ"

The resilient moduli of the field cores at 739F is compared to the
resilient modqu of other base materials typically used in Texas in
Figure 4. All of the cores eXhibited'a modulus in the range-of other
quality base materials. This indicates their ability to function
satisfactorily in a pavement system under short duration dynamic

Toading.
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Table 7. Summary of stabilities and moisture pick-up of field cores.

(FM 255)

emulsion .- -

R-VYalue Moisture

After Vacuum Air Voids, Pick Up,
Aggregate Asphalt . Saturation percent percent
District 117 AC-10 85 16 6
(SH 103) o
District 11 AC-T0 81 22 11
(LP 287) -
District 11 AC-T0 90 21 9
(LP 287) R
District 11 AC-10° 90 18 7
(Loop 207) AT _
District 20 asphalt .~ 78 16 7
(SH 87) emulsion _
District 20 Acc10 60 16 6
(SH 96) R
District 20 Casphalt . 80 20 8
(FM 255) emulsion
District 20 ‘asphalt - 79 21 9
(FM 255) emulsion. oo o
District 20 asphalt = 78 20 10
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- Fiagure 4. Resilient moduli at 73°F for field cored asphalt
stabilized sands. -
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STRUCTURAL EVALUATION

Laboratory derived resilient modulus versus temperature data were
used together with lavered elastic computer modeiing to evaluate the
structural potential of selected sand aspha}t and asphalt emulsion
stabilized sand bases.

Accurate determinattoﬁ of the resilient modulus is important in
evaluating pavement structures by layered elastic modeling. In addition,
temperature susceptibility of asphalt bound materials makes it necessary
to evaluate the relationship between resilient modulus and-temperature.

In order to establish a credible relationship between resilient
 modulus and temperature, both Taboratory testing and in situ testing
were used. Diametral resilient moduli were determined at 40, 68, 77, and
1040F'tb estabﬁﬁeh”thefmesﬁiﬁentrmodu1us—temperature relationship..

In addition, the Falling we1ght Def1ectometer and the Dyanf]ect were
used to evaiuate the 1n s1tu dynam1c modulus of the pavement 1ayer in
- question. Thus, - 1aboratory and. in. s1tu read1nas were used concurrently

-to establish a res1]1ent modu1us versus temperature reIat1onsh1p

In Situ Modu1us‘ﬁeterm1hation
Discussion of the-th SituefesiTiehtfmodu1es determinatioﬁ'fs
divided into two parts: (1) Falling Weight Deflectometer (FWD) and
(2) Dynaflect.
The FWD is a nondestructive pavement tester that simulates the
effects of a fast moving wheel load. It is capable of a Toad range of
31012 kips, an associated Toading. time;of 26 ms. (milliseconds) and vertical de-

flections that may be taken at .any desired position from the center of the loading
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plate outward along the deflection basin. Several European research
projects {7, 8) have compared the deflection, stresses, and strains

of the FWD with those caused ‘by moving-wheel loads. Correspondence

of the two was remarkably good (within 10 percent) (5 ).

Assuming that the elastic moduli of materials may be derived
- from deflection tests, it is believed that the FWD stands a bétter
chance of representing actﬁal wheel Toads than most other available
steady-state loading systems. Using the concept of establishing
pavement Tayer moduli by deflection basin matching, the modified
linear elastic program ELSYM 5,'was used to match the FWD basin by
an iterative procedure (9).

The ELSYM 5 program was modified so that variable stiffnesses
depending on the state of stress under each corresponding deflection
sensor could be used for calculating the total deflection. The
individual solution is valid for that particular deflection position
only. |

The ELSYM 5 program, using principals of the methods of equivalent
thicknesses as well as Bouissinesq's equation, has been streamlined
into a iterative procedure through which unique solutions can be
- obtained quickly. The resulting program is called ISSEM 4 (9). The
‘obvious advantage of the FWD, together with the analysis package, is
that it allows one to vary load or stress level and to evaluate the
- in situ elastic response to each layer in the pavement system as a
function of stress level.

The Dynaflect was also used to evaluate the in situ elastic moduli

of several sand asphalt cement and asphaltic emulsion stabilized
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materials. _Thé;DynaF1ect appliés a sinusoidal load of 1000 pounds:ampli-
tude at a frequency of 8 Hz on two steel wheels 20 inches apart in centact
with the pavement. This is relatively Tow when compared to the FWD and

is a problem in evaluating layers whose elastic response is highly

stress dependent. A second noteworthy Timitation of the Dynaflect is

that the magnitude of the load is fixed and therefore stress sensitivity
canndt be suitab1y evaluated within layers of the pavement structure.

However, 1iké the FWD, the Dynaf1ect-hés the capacity to measure
the deflection basin developed by the 1000 pound sinuscidal Toad. This is
done by geophones-located at 10,15.6,.26, 37.4 and 49 inches’
from the two load points. Accelerometers record acceleration and
integrate it twice to determine surface deflection.

Previous research at Texaé Transportation Institute {TTI) (10-12)
indicates several ways to use the Dynaflect deflection basin to evaluate
in situ elastic moduli. A1l of these methods are based on deflection
basin matching by means of layered elastic analysis. The method
selected for this analysis has been used &t TTI in comparative
evaluations of recycled pavéments, sulfur extended asphait pavements,
and conventional pavement sections. This*méthod is based on a
modification of Vaswani's procedure (13) in which the dual parameters
of maximum Dynaflect deflection, dmax’ and spreadability, S, (the
ratio of the average deflection within the basin to dmax) are evaluated

to graphically determine an effective thickness of pavement above the

subgrade.

Dual parametric charts were deve]oped;specifjc§]1y for the Dyna-

flect:load cohfiguration‘usipg the Tayered elastic computer program
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BISTRO (14). Once the Toci of d _~ and S are.plotted on-gggl-pakametpic
charts™ for a giVenrpévement, the _subgrade -elastic moduTus;apd;effectiVee
thickness for a selected composite modulus of the structural pavement
(above the semi-infinite subgrade) can be determined. If several charts
are developed reflecting different composite pavement moduli, the
composite (or weighted average} modulus of the pavement in question may
be evaluated by knowning the pavement's cross-sectional thickness.
~Such a procedure was first developed by Vaswani (13).

Since thé dual parametric procedure gives only a composite
or weighted average modulus of all layers above the subgrade, it may
be ineffective in selecting a specific layer in a multilayered
structure. Fortunately, in this-analysis the Tlayer in question was
either the only layer of structural significance or one of only two
structurally significant layers. Thus, the in situ elastic response
could be effectively evaluated for the sand-asphalt cement and asphalt

emulsion stabilized sands.

Matching Laboratory and In Situ‘Déta i
| Tﬁe afémetral resilient ﬁddu]&s device developed by Schmidt (15)
was uged to evaluate the resilient modulus versus temperature relationship
-for_Tébdfatory tested field cores. The in situ measured modulus at
:the;pavement température at the time of evaluation was plotted-on-the

“same chart, and the laboratory curve was shifted maintaining the same
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slope (indicating the modulus sensitivity to temperature) to pass through
the in situ measurement. Pavement temperature at the time of in situ
evaluation was computed by The Asphalt Institute procedure (16). Figure 5
iltustrates this procedure for U. S. Highway 96. The in situ modulus closely
approximated the laboratory curve in each case.

The procedure just discussed was used for each pavement'eva1u§ted
~in situ to develop average annual elastic moduli for the respective
climatic conditions of each pavement. These moduli were used, as
will be explained in the following. section, to develop layer structural

coefficients for hot sands and emulsion stabilized sand bases evaluated.
STRUCTURAL COEFFICIENTS

The AASHTO Interim Guide for Flexible Pavement Desian is based
on the experience of a factoria1 road test experfment. The concept of
structural Tayer coefficients, aﬁ, is familiar to most pavement engineers
as a relative measure of the performance of a given material in a given
position within the pavement sturcture.

Structural coefficients are actually regression coefficients
that describe the contribution of the material and layer in question to
the total pavement structure. As one might expect, these coefficients

are highly sensitive to the interactions within the pavement structure.
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'RESILIENT MODULUS, psi

LABORATORY RESILIENT MODULUS CURVE

———— ——— SHIFTED RESILIENT MODULUS CURVE TO
' PASS THROUGH IN SITU DETERMINED
MODULUS AND PARALLEL TO LAB
CURVE -

10° — |
- |
| PAVEMENT
B TEMPERATURE AT
| TIME OF TESTING
| WAS 9I°F
i |
I
104 [ P
32 ' 91 104 140

TEMPERATURE, °F

Figure 5. Procedure for shifting the laboratory resilient
modulus versus temperature curve to reflect in situ
data. '
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Indeed these coefficients are not unique material properties but are a
function of temperature, pavemeht structural geometry, interdependency
of structural layers, Toad intensity, etc.

Clearly, any design parameter that is so sensitive to so many
variables is quite limited as a design parameter. Despite the Timitations,
the structural coefficients can be effectively used as a comparative
performance index. It is presented as such in this paper.

Previous research {11, 17, 18) has shown that the structural
coefficient for base-course material is highly correlated to the
temperature versus stiffness relationships of base material and the
design layer thickness of the base. Furthermore, previous research
has also shown that the single most significant parameter associated
with the fundamental AASHTO_f?exib1e pavement performance equation 1is
subgrade deformation,'ws. This was verified by extensive regression
analyses using the original AASHTO data and by evaluating other
mechanistic parémeters such as tensile strain at the bottom of the
asphalt bound layers and vertical compressive strains within layers
and at the top of the subgrade {11, 17, 18). It is therefore possible
to compute an AASHTO structural coefficient for a given material by:

1. evaluating the stiffness versus temperature relationship
of the material,

2. evaluating the performance parameter of subgrade deformation
by layered elastic analyses, and

3. selecting a structural coefficient based on the're1ationsh1p
between performance life and subgrade deformation.

Figure 6 presents a chart by which the structural layer coefficient
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of a base course can be determined based on temperature versus elastic
modulus, resilient modulus, or dynamic modulus data. Note that the
structural coefficient, ays is dependent not only on the modulus {in
this case resilient modulus, MR) but also the base course thickness,
hy-

To develop Figure 6, the stress sensitive layered elastic computer
program PSAD2A (19) was used to model 27 pavement sections from Loop 4
of the AASHTO Road Test. Materials comprising these sections had been
previously characterized. Asphalt concrete layers were characterjzed
in terms of dynamic modulus versus temperature while the untreated
*base, subbase, and ‘subgrade-materials were characterized in terms of =
resilient modulus as a function of stress. A ws computed from.PSADZA
for each section was then regressed against the number of design
Tloads (18 kip single axle) to-a se1e§ted terminal serviceability
(Pt = 2.5) for each of the 27 sections.

Once a relationship between pavement 1ife, in terms of design
~ load applications to a selected serviceability level, ahd ws was
established, structural coefficients of bases of different resilient
moduli from those used in Loop 4 ef the Road Tést could be determined.

- This was done by substituting the sand asphalt moduli versus temperature
re]ationships for those of the unbounq bgses used at the Road Test

and computing ws. A performance:life, Nt,'in.terms of number of

design load applications was determined from the regression eguation.
Finally, with thé Nf.known, a, cou]d be calculated from the fundamental
flexible AASHTO desigﬁ equation

Iogiﬂf = log o + G/B
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where
Nt = number of design load applications,

a function of design load and the structurail coefficients,

=
1

a function of design load and the structural coefficients, and

w
it

Gt = a function of the selected terminal serviceahility.

This evajuation is based on the potential of the subgrade to
distribute stresses in the elastic range. The asphalt stabilized
sands appear to be well suited to adequately distribute these stresses
and thus to protect the subgrade. However,.their resistance to all
important permanent deformation and thermal cracking is not a part
of this analysis.

The potential of these asphalt-stabilized sands to resist
permanent deformation will be discussed subsequentiy.

Pavements and asphalt stabilized sand bases evaluated by
laboratory resilient modulus testing and in situ deflection testing
are given in Table 8. ’

" FM-842 and FM 2680 contain-hot sand bases-that were -evaluated
~in situ by the FWD. SH 6 and-U: S._ Highway 84 contain-emalsion - -
stabilized Timestone bases and were similarly evaluated. SH 6 -
represent asphalt stabi]iz;d aggregate bases of accepted good quality
in Texas.

Structural coefficients and elastic moduli from which these
~coefficients were evaluated are listed in Table 9. The elastic
moduli represent the weighted annual average value for each respective
- Tocation based on the procedure described in the preceeding section.

The sands stabilized with asphalt cement as well as those stabilized
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Table 8. Pavemant bases tested by in situ deflection and Taboratory
res111ent modu1u5

Pavement

Type Base

Pavement Description

FM 842%
Lufkin, Tex.

© FM 2680
Lufkin, Tex,

sH 110D
Smith Co., Tex.

u.s. 96°

Jasper Co., Tex.

FM 255

Jasper co., Tex.

FM 1632
Tyler Co., Tex.

SH 6
Waco, Tex.

U.S. 84
Waco, Tex.

-AC-10 stabilized

sand

AC-10 stabilized
sand

AC-20 stabilized
sand

emulsified asphailt

stabilized sand
(plant mix)

emulsified asphalt
stabilized sand
(plant mix)

emulsified asphalt
(road mix)

emulsified asphalt

- stabilized limestone

emulsified asphalt

stabilized limestonE'

- 6-7 inches of-hot sand base

over b inches Time- stab111zed
subbase

seal coat over 6.5 inches of hdt
sand base and 12 inches of seTect

" materials

1.5 inches'HMAC over 8 inches
asphalt stabilized sand base

seal coat over 6-10 inches
emulsion stabilized sand and :
6 inches of 1ime stabilized subbase

- seal coat over 8 inches of emulsion

stabilzed sand base and 12 inches
of select material

seal coat over 8 inches of emulsion

‘stabilized sand base

1.5 inches, HMAC over 4 inches
emulsion stabilized limestone ;
base and 12 inches of select mater1a1

1.5 inches HMAC over 2 inches emulsion

base and 8 inches of gravel base

aFM indicates farm to market road.

b indicates state highway.
€U.s. indicates U.S. nighway.

30:



Table 9. Average annual elastic quu]i and structural coefficients;"

" Pavement

- Stabilizer - Aggregate Eavg’ bsi aza
FM 8420 AC-10 poorly graded sand 120,000 0.26
~ FM 2680 “AC-10 poorly graded sand 240,000 0.33
“SH 110° AC~20 well graded sand 160,000 0.29
u.s. 969 emulsion silty gravel 220,000 0.32
'FM 255 émulsion silty sand 180,000 0.26
FM 1632 emulsion ‘poorly graded sand |140,000 0.28
SH6  emulsion limestone | 250,000 0.34
U.S. 84 emulsion -~ limestone 180,000 0.30

BeM indicates farm to markefiroad;
sH indicates state highway.

d

U.S. indicates U.S. highway.

'aBased.on‘B;toalo,in.wbasegxhitkné§s;

Note: Structural coefficients from AASHTO
Road Test data for bituminous treated
bases are: ' -

0.34 - coayse graded
0.30 - sand asphalt



with asphalt emuisions possess structural coefficients, Py in the range
of 0.26 to 0.33. This compares favorably with structural coefficient
established at the AASHTO Road Test of 0.30 for asphalt stabilized
sands. In addition, the coefficients of the emulsion stabilized

. limestone for SH 6 and U.S. Highway 84 serve as a comparative standard
by which to evaluate the asphalt stabilized sands as well as the
analytical procedure.

If one compares the structural coefficients in Table 9 to those
developed at the AASHTO Road Test for structural base Tayers, the Texas
éspha1t stabilized sands rank-as viable alternatives based on the
: crfteria of subgrade prdtection. For example, the structural coefficients
in Table 9 are generally significantly superior to those for the lime,

cement, and untreated bases studied at the AASHTO Road Test.

PERMANENT DEFORMATION EVALUATION

The structural coefficients discussed in the preceeding section

: were based on the material characterization parameter of resilient
modu1usdeterminedby dynamic field and laboratory testing. The response
of the asphalt (asphalt cement or emulsified asphalt) stabilized
material has been satisfactorily shown to be essentially elastic for
these load durations (approximdteTy a tenth ‘of 'a second). iﬂjﬁﬁesfibn
remains, however, regarding the ab11ity.of these stabilized margina]
aggregates to resist plastic deformation due to repeated loadings

during the pavement 1ife. The purpose of this section is to evaluate
the permanent deformation or rutting potential of selected sand-aspha?t

materials.
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The flow chart in Figure,7'shows the sequence followed for this

investigation.

Materials Selection

The resistance to lateral flow (R-value) and diametral resilient
moduTus (MR) of laboratory molded as well as field cored paving
mixtures containing poorly graded Texas sands bound with asphait
cement and emulsified asphalt were discussed previously in this report.
Some of these materials were found to have desirable properties when
used as part of pavement structures.

Representative samples, from the previous work, of a potentially
marginal aggregate as well as a potentially poor sand were selected
for analysis in this phase of the investigation. A poorly graded
siliceous river deposited sand from District 11 (Lufkin, Texas)
containing an appreciable amount of fines (aggregate passing the #200
sieve) was selected as a potentially marginal aggregate. Conversely,
a poorly graded siliceous beach sand from District 16 (Padre Island),
but devoid of fines, was chosen as a poor candidate for use as a
base in a full depth pavement. The contrasting selection of these.
two sands was made hoping they would cover-a typical gradation
spectrum of common wind and water deposited sands in Texas. For
convenience, the gradation characteristics and other important
properties of these materials are summarized in Table 10 together with
a limestone and basalt aggregate graded to provide a high quality

asphalt mixture. The 1imestone aggregate was used as the controf

mix for this investigation.
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Materials Selection

¢

Mix Preparation At Optimum
Asphalt Emuision Content

According To Chevron U.S.A.
Procedure (1)

!

- Determine Climatic
Regions For The State
Of Texas

Mold Specimens For Creep
Testing According To VESYS
Procedure (20).

Y

Creep Testing Of Fuily Cured
Specimens At Selected
Temperatures,VESYS Procedure

Determine Resilient Modulus

At Selected Temperatures
According To Schmidt? Test

(15)
Y

Develop Smix - Sbit (Stiffness)

Curves From Creep Test
Data

Design Pavement Thickness
According To Chevron US.A.

Method (1)

Y

Rut Depth Estimation
=1 According To The Shell
Procedure (22 to 25)

Note: Numbers in parenthese indicate the reference of the cited

procedure.

- Figure 7. Sequence for the evaluation of rutting potential of pavements
constructed with asphalt emulsified Texas sandas.

34




Table 10. Aggregate characteristics.

Aggregate Gradation
(percent retained)
Sieve Size Control District 11 District 16
Aggregate . “Trinity Co. Padre Island
(Limestone-
“Basalt) - (FM 3736) (Beach Sand)
3/4 inch -. - -
1/2 inch - - -
3/8" inch - - -
#4 40.0 - -
#3 15.0 0.2 -
#10 - : 0.7 -
#16 5.0 11.5 0.1
#30 5.0 56.2 0.2
#40 - 67.0 0.4
#50 25.0 73.6 0.5
#60 - 77.8 0.8
#80 - 83.2 26.7
- #100 4.0 84.9 58.9
#200 6.0 88.0 98.2
Sand Equivalent: - 72 a8
Fineness Modulus - 2.6 0.60
Plastic Index - o 0
Liquid Limit - 13.2 24.8
Plastic Limit - N.P. N.P.
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It has been shown that except for the R—vé1ue of the District
16 sand-asphalt mix, both marginal materials were considered suitable
for asphalt stabilization according to both the Chevron U.S.A. criteria

(1) and the Asphalt Institute criteria (3).

Mix Preparation and Laboratory [91ding

Asphalt emulsion stabilized mixtures were designed according to
the Chevron U.S.A. procedure (1).- An anionic sliow setfing emulsion {SS)
was used in the mixes with District 11 sand, and a cationic slow
setting emulsion (CSS) was found suitable for District 16 sand. The
emulsion residue (binder) was an AC-10 asphalt cement characterized by
a softening point, equal to 113°F and a penetration index, PI,
equal to zero.

The specimens were molded for creep testing in accordance with
the procedure described in the VESYS User's Manual (20). The molded
specimens were allowed to cure for a period :of eight days at a
temperature of_7YQF:Z At the end of this period, the specimens were
examined and determined to be fully cured. Table 11 1ists the
characteristics of the different mixes studied. Because the District
11 mix (mix 2) was considered to be a somewhat 1ean_m1x,:a-secohd set of
specimens was molded using a higher emulsion ¢ontent (mix 3). This
- allowed comparison.of two different quantities.of -

binder in that particular mix.

Testing Procedure

Unconfined constant compressive stress (creep) tests were pre-
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Table 11. Mix description.

Characteristics Mix 1 Mix 2 Mix 3 Mix 4
Aggregate Source Control District District District
11 11 16
(FM 3736) | (FM 3736) {Padre
Island)
Type of Stabilizer Asphait SS SS CSS
' Cement ~ Asphalt Asphalt Asphalt
- Emulsion Emulsion Emulsion
Content, weight 5.0 9.5 11.0 12.0
“percent
Binder Residue AC-10 AC-10 AC-10 AC-10
Content,'percéntle 5.0 6.6 7.6 8.3
Content, percent. 10.9 12.3 4.2 12.9
-Voids,voﬂumeypercent 5.0 16.7 13.8 26.6
Remarks High Dry mix. Optimum Optimum
density Under- “emulsion emulsion
asphalted | content content
(Chevron {Chevron
critéria) | criteria)
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formed for the different mixes at temperatures of 32°F, 77°F and 104°F
according to the VESYS procedure (20). This procedure consists of an
incremental cycle of application and removal of a constant Toad
(incremental static-dynamic test). Fach application was foTTdWéd'by

a rest period; Figure 8 gives a description of the loading function.
The 1000 seconds load application cycle was-used for th94Cq]cu]atTOn
of a creep compliance and ultimately, the stiffness of the mix.

The shorter l1oad applications were considered to have a preconditioning
effect on the specimen. This was assumed to simulate pavement con-
solidation due to traffic load during the early 1ife of the pavement. The
magnitude of the specimen deformation was measured at various times
during the 1000 seconds 1qading: 0.03, 0.1, 1.0 seconds and so on.
‘Mix stiffness values (Smix) were calculated as the ratio of the stress
level {c) at which the test was conducted to strain (e) produced at
the time of the measurements. Shell researchers (27) recommend:
~that the creep test be performed within the:linear visco-elastic
stress range. Therefore, care was taken to adjust the magnitude of
the Toad to insure that the specimens responded in the linear range
during the creep test. |

Diametral resilient moduli (MR) were measured.at 779F and 104°F

for the different mixes according to the Schmidt method (15)}. The
creep test specimens were cut to the requiréd size so that the
Schmidt apparatus could be used. Table 12 shows the moduli values

for the different mixes.
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Figure 8. Stress.application and strain function of incremental test series.
(From reference 20).



Table 12. Resilient moduli.of the different

mixes.
| M_e 77° F M_ @ 104%F
Mix I.D. RO RO 7
(ps1) (psi)

1 406,000 110,000

2 493,000 275,500

3 174,000 108,750

4 43,500 -

lLegend:

Mix 1 (Control Mix).

Mix 2 (District 11 sand).
Mix 3 (District 11 sand with h1gher

binder content).

Mix 4 (District 16 sand).
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Pavement Thickness Desidn

A necessary step for the evaluation of ruttihg potential was the
determination (design) of full depth pavement thicknesses to account for
the following variables:

1, traffic volume,

2. subgrade strength, and

3. ambient temperature.

The effect thHat traffic produces oﬁ.pavement.performance:was‘analyzed by
designing for a different number of repetitions of the equivalent axle |
load (EAL), e.g. the number of passes of an 18,000-pound single axle Toad
with dual wheels on each side of the axle producing a contact stress of
85 psi per wheel.
| The influence of subgrade strength on both, thickness design and the
"estimation of pefmanent deformation was considered by assuming two types
of subgrades over which pavements made of these matekials could be con-
structed. A weak subgrade and a strohg one: exhibiting elastic moduli of
3,600 psi and 29,000 psi, respectively, were considered representative
extremes of untreated subgrades found in Texas. The effect of ;ubgrade
modulus on pavement thickﬁéggﬁaésign is presented in Figures 15 through 18.

Finally, the effects of temperatufé on pavement pefformance'was
accounted for by designing pavements for different climatic regions
occurring in Texas.

A suitable method for the determination of the required pavement
thickness was adopted. Criteria for thickness design are discussed in

the section entitled Analysis of Design Methods.
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Climatic Regions

The moduli of unbound materials are genera11y'not affected by
variations in ambient temperature. However, the properties of asphalt
- treated materials are strongly dependent on such factors. For this

reason any rational pavément design method should account for such
~variations in temperature. The Shell design procedure {»2) incorporates
a method to relate the mean annual or monthly air temperature to an
effective asphalt temperature depending on the thickneés of the asphalt
layers.

It should be recognized that in order to evaluate the rutting
- potential of "marginal" asphalt pavements for the state of Texas, a
division of the state according to annual climatic variations is
necessary. For this purpose, the mean monthly air temperatures (MMAT)
as well as the mean annual air temperatures (MAAT), recorded for
twenty-one cities (Tabie 13) throughout the state, were taken as a
representativé sampie of the mean temperatures occuring in Texas.
Each MMAT was assignéd a weighting factor that would take into account
the relative effect of ambient temperature on pavement properties
with respect to permanent.deformation. Edwards and Valkering (23)
" produced a graph showing the relation between temperature and the
weighting factors. From the arithmetic mean of these factors,
weighted mean annual air temperature (wf MAAT) were derived for'
each city. A detailed description of this approach can'be found
in references 3, and 22. Four,disiinct.CTimatTC'regigns‘are shown .on

Figufe"QLaJong*ﬁiih'(MAATI and?théa(w._MAATJ;Valges'for.each,regiOn.
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Table 13. Mean annual air temperatures for various cities..
{from reference 29).

MAAT W. MAAT

City | Region (°F) (°F)
Abitene 2 64.6 .71.1
Amarillo 3 57.4° | 62.7.
Austin | 2 70.5 73.8
Brownsville : ] 73.8 76;6
CoTlege Station 2 60.0 73.2
Corpus Christi 1 - 72.0 75.9
Del Rio 1 70.0 75.2
Dallas/Ft. Worth 2 66.2 72.5
E1 Paso 4 63.3 70.7
Ft. Stockton 4 66.0 - 71.4
Houston 2 .67.5; 73.6
Laredo 1 74,0 77.9°
Lubbock 3 59.7 £5.3
Lufkin 2 66.7 72.0
Midland/Odessa 4 64.6" 70.5
Presidio T 70.2 76.1
San Angelo 2 66.2 72.4
San Antonio | 1 68.7 73.6
Tyler -2 65.7 71.2
Waco 2 65.8 72.2

Wichita Falls 2 4.0 72.0
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Once the climatic regions were established, the next step was to
derive representative MMAT's for the different regions from the arith-
metic mean of the MMAT's of the cities within each region (see Table 14).
.These regional MMAT's were used later to calculate annual effective
viscosities (using the Shell procedure) for different thicknesses of the

asphalt treated layers. This process will be discussed later.

Review of the Theory

Permanent deformation is the result of two different mechanisms,
densification (vo?ume change) and repetitive shear deformation (plastic
- flow with no volume change). Two broad categorical approaches to the
problem are currently being used. One such approach consists of ‘design
procedures based on empirical corré1ations of excessive deformations
to some predefined failure crfterias'usua11y-e1astic-stkesses.
and/or strains. Its major disadvantages is that the degree of
deformation cannot be predicted after a given number of strain
- repetitions. Procedures in the second category provide a method for
the prediction of accumulated deformations in pavement systems. For
such an approach, limiting the vertical subgrade strain is not the
only criteria since this does not insure-that permanent ‘deformation
in the upper pavement layers will not be present.

The Shell pavement design procedure incorporates the positive
. factors previously mentioned and presents an additional advantage.

It uses a relatively simple test to evaluate permanent deformation

properties of the pavement materials.



Table 14, Mean monthly air temperature for Texas climatic regions.

| Average MMAT, (°F)

Month Region 1 Region 2 | Region 3 | Region & |
January 55.4 47.3 37.4 43.7
February 59.0 - 50.0 41.0 49.1
March 65.3 57.2 47.3 55.4
April 73.4 66.2 59.0 64.4
May 79.7 74.2 | 65.3 72.5
June 84.2 81.5 770 81.5
July 86.0 84.2 80.6 8.2
August 86.0 84,7 77.0 82.4
September 81.5 77.9 69.8 75.2
October 73,4 68.0 5979 65.3
November 62.6 57.2 46.4 54.5
December 56.3 50.0 40.1 46.4.
MAAT, (°F) 71.6 67.1 58.1 65.3 -

46



Creep is the continuous time-dependent deformation of materials
under constant stress or Toad. The parameters of concern'aré the stress
level, the temperature and the loading time. For asphalt mixes, the
deformation under the applied load is the result of a change in the
'(ﬁhe'bfndef between the-minefa?haggreééfe
particles is squeezed into the voids) as affected by the rheological
properties of the binder (asphalt) at the given temperature and load
duration {27). As a result of this process, gradually more particle-
to-particle contacts are formed, and the transfer of force is progressfvely
absorbed more through the aggregate structure and less through the
binder. 1In 1973, J: F. Hills (28) developed a theoretical physical
model which he used to justify this mode of deformation. Hills went
a step further in the development of his model by taking account of the
gradation of the mineral aggregate by observing that, for well graded
mixes, the binder Taver between aggregate particles consists of a
mixture of smaller sized particles (filler) and bitumen. Given this
situation, the deformation process can be compared to assembling a set
of “chinese boxes" (as Hills called it). The behavior (sliding) of
a particle pair is influenced by the binder layer which contains at
the same time smaller pairs of particles sliding one |
against the other as a result of the stress app]itation (27, 28).
Figure 10 helps to visualize the process. Taking this into consideration,
Hills was able to characterize the deformation behavior of asphalt
mixes during the creep test by means of a set of éurves for which the

following basic equation applies:
e] 0.5q
mix _ bit: -1
Fy = (] + FX )

e
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where;

1 - ot
®pit - 3,
then
o e 0.5q
mix _ »9 ot
Fy 2 %1 ¥ 3nFx ) ]}
where:
€nix = axial strain in the mix,
1/Fy, ]/Fx = factors which are constant for one particular

creep test and are dependent on the internal
structure of the asphalt mix at the start of
the test,
q = integer > 1 corresponding to the number of

"Chinese boxes" used in the model and depends
-on the grading of the mineral aggregate,

e bit - viscous component of the calculated strain in

the bitumen,

o = constant stress applied to the specimen,

t = loading time, and

n = dynamic viscosity of the binder.

Figure 11 represents this equation graphically. Yet, a graphical
representation of this form is not suitable for the characterization

of the deformation behavior since plotting the mix strain {(e_.. ) as a

mix
function of the strain of the bitumen (e1bit) will show a dependence
on the stress Tevel

As an é]ternative, €nix Can be plotted as a function of loading
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time (t), but again, this relation shows dependence on test temperature,
bitumen grade, and stress level. It has been shown by Hills and others
(28, 29) that the effect of the previously mentioned parameters can
~ be eTiminated by plotting the stiffness of the mix (Smix) as a function
of the bitumen stiffness (Sbit) (see Figures 12a:and 12b for illustration).
Stiffness modulus is defined as the visco-elastic equivalent of the
modulus of elasticity (E) (27}. In principle it is possible to perform
separate tests on the bitimen residue to measure Shit for the same
- parameters (duration of Toad appiication and temperature) as in the
greep test (29). However, an easier way to evaluate Sbit is by
means of the Van der Poel nomograph (30). To enter this nomograph,
the same temperature and loading time for the creep test are used.
.Also required are the "Ring and Ball" softening point (TSOO) and the
Penetration Index (PI) of the bitumen recovered from the mix.
Presentation of creep data in the form of stiffness modulus of
the mix as a function of stiffness modulus of the bitumen is very
 va1uab1e because the materials are characterized independently of test
variables and can be adapted to design calculations (28).
| The real advantage of the creep test, besides being relatively
simple to perform; is that it enables one to correlate the creep
behavior of asphalt mixes with the depth of rutting that will occur
when these mixes are used on pavement structures subjected to specific
traffic Toading and climatic conditions (29;. This subject will be
treated in the next section. |

"Rutting tests" performed on a tracking machine have been conducted
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by Shell researchers (28) hoping to simulate actual road conditions
and hence to study the correlation between creep tests and the rutting
observed in service.
| In order to correlate the results of both tests (creep and rutting),
-1t is necessary to express$ them in terms of the same parameters:

S and Sbit' A description of the rutting test can be found in

mix
references 21 and 31. -

The calculation of Smix for the rutting test involves the use of
the following equation, which is based on the pavement cross-section

in Figure 13.

s . = _avg
mix (HO - HY/ H0
where,
%avg = average stress level in layer Ho' {The product
of a proportiona1ity factor (Z) times the contact
stress (co)),
H0 = thickness of asphalt layer, and
H0 - H = reduction in thickness of the asphalt layer in the middle

of the wheel path.

The calculation of Shit for the rutting test is baséd on the
assumption that only the viscous {irreversible) componenf of the stiff-
ness modulus of the bitumen contributes to permanent deformation.

It has been shown (22, 29) that the strain of a bitumen is the
result of the summation of three components, elastic (eE), delayed

or visco-elastic (eD), and viscous (e According to this, S ..

Visc)‘

-_3'5:2: -
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Figure 15;' Elastic Tayer model for two pavement Tayers.
(Reference 29).
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of a mix can be expressed as,

1. Shit_ 1, v 1

Spi 9% ShitE  “bitD  hit, vise

where cd‘is the contact stress.

The viscous component of the bitumen stiffness modulus is given

by,
1 o]
Spit, vise o/t

- £
3n

For long loading times, the viscous component predominates, thus,
the stiffness modulus of the binder (Sbit) can be represented by
Sbit, visc (see Appendix B).

In order to account for the dynamic effect of the wheel passes,
the loading times are allowed to be superimposed. The total cumulative
loading time in the rutting test is:

t=NXx tw.
where N is the total number of whee} passes and tW is the Toading time

per pass. Thus _ 3n

Sbit, visc N t

W
The bitumen viscosity (n) is the only variable affected by

- temperature. In order to provide for changes in this parameter during
the test (as indeed occurs in service conditions), the total contribution
of different temperatures to the deformation need to be considered.

Thus, the above equation will take the form:

3 M M L "Tn
Sk cen =7 + + + ) or
bit, visc tw NT NT -NTn
1 2
_ 3
Sbit, visc o
ty E (NJT
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Notice that tw is held constant. It has been suggested in the
Shell Method that t equals 0.02. seconds which.is equivalent to. a wheel
at 30 to 60 mph. At this point, the results of the rutting test can

as a function of §

be represented by S Research bymH111s

mix bit, visc’
and Van de Loo (29) indicates that data from the two types of test
(creep and rutting) show satisfactory agreement, particularly when
Sbitcapprdachesrsb#t, vise: However, to insure that

a higher degree of correlation is attained, creep testing must be
performed in the linear visco-elastic range {(27). For a given
temperature and duration of 1oad,-the stiffness of a certain type

of asphalt is a constant. If asphalt mix specimens are tested under
identical conditions of stress and temperature and if the stress
levels are such that the specimens do not deform outside the linear
visco-elastic range, unique values of Smix will be obtained for

each of the samples. Consequently, different Smix _Sbit curves

are obtained.

-Analysis of the Design Methods

Usually a question arises as to which distress mode is critical
for the pavement being designed. For the purpose of this study, we
may limit these distress modes to the following:

i. fracturé from repeated loading {fatigue), and

2. permanent deformation {rutting).

To deal with this problem, design procedures (21, 20, 32) currently
incorporate a limitation of the vertical compressive strain at the top

.of the subgrade {permanent deformation criteria) and the horizonta1
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tensile strain on the underside of the asphalt treated layer (fatigue
criteria). If we are to evaluate the potential of asphalt treated
sands to withstand permanent deformation, it is necessary to first
determine suitable pavement thicknesses. These pavements must be
designed to satisfy'the criteria mentioned previously. Fatigue testing
was conducted for the emulsion stabilized District 17 and District

16 sands. Results of these f}gxqra]:beam,teété'éré'pkgsented in
‘Figure 14; These fatigue criteria were incorporated into the "Chevron
U.S.A. Thickness Design Procedure for Asphalt and Emulsified-Asphalt
Mixes" (33, 34). Based on the Chevron procedure, the fatigue criteria
in Figure 15, shifted for field conditions (33), and the vertical strain
criteria incorporated in the Chevron Method, design thicknesses were
:determined for asphalt emulsion stabilized bases for various climatic
and traffic conditions.

Figures 15’%hroughﬁi8 show the fequired-pavement thieknegs'forseaCh
pavement material as a function of traffic volume, expressed as the
number of equivalent axle Toads (EAL), and the appropriate subgrade
strength and climatic region. The Shell method can now be used to
evaluate the ruttihg potential of these pavements.

The Shell design method is based on a model in which the pavement
is regarded as a linear elastic multilayered system. The design
~¢riteria is similar to that of the Chevron procedure. In addition,
the visco-elastic nature of the bituminous materials is taken into
- account by using stiffness values appropriate for the temperatures
cand times‘of Toading occuring in pavement structures. Creep test

data for the emulsion stabilized sands were analyzed-as follows.
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1. Pavement thicknesses required to prevenf development of either
critical subgrade strain of critical bituminous layer tensile strain
were established by the Chevron procedure (see Figures‘lS thirough 18).
These asphalt thicknesses were then subdivided so that the difference
~in temperature-and hence the difference in the binder viscosity
throughout the asphalt layer could be taken into account. The
suggested subdiVision,-(h]“] = 1.6 inches, hy_p = 1.6 inches, and h1_3 =3.2 1inches,
where hT is the total thickness of the full depth layer being considered
and h]_1 represents the surface layer) was based on detailed studies
(23) which indicate that the uppermost layers are subject to the
greatest temperature changes.
2. For each'sub-]ayek thickness, the annual effective viscosity
of ~the binder (Vyeff-i) was calculated. An effective pavement |
“temperature was then associated with the viscosities. Details on how

these values are computed can be found on references 23:and 24. Table 15

and T

yeff-i values calculated for different thicknesses

shows Vyeff-i

which relate. to "the AC#10'baseraSphaTt.used}_'Fdr each condition and for
different numbers of applications of the standard wheel load .(87.psi.of.

‘contact preSsure), S was calculated as follows:

bit, visc~i

3v .
S = yeff-i
bhit, visc-1i tw X weq

where weq is the number of applications of the standard wheel.

Figure 19 can be used to determine the values of Spit? viscei 25

a function of the total pavement thickness. These curves were plotted

using the data in Table 15 and the above equation.
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Table 15. AnnuaT Effective Viscosities and Temperatures'for AC-10 Aspha]t‘:‘

Region 3

] Region 1 Region 2 Region 4
Sublayer | Thickness - v T v v ' v
Index | (Inches) yeff-i| “veff-i| 'yeff-i | 'yeff-i |'yeff~i |'yeffii |yeff-i |'yeff-i
(°F) (Stokes)| (°F) |{(Stokes) | (%F) |(Stokes) | (°F) {{(Stokes)
' . ' 3 g 3 | 4 4
1-1 176 108.5 | 3.3x10 102.2 | 6.2x10 93.6 |2.0x10% | 98.6 |1.0x10
1-2 1.6 104.0 | 5.3x10° 9%6.8 |1.2x10% | s7.8 |4.0x10" 9.1 |1.8x10%
1-3 4.0 9.8 |1.2x10* | o1.4 [z.ax0® | 833 |e.ex10® | ss7 |3.4x10°
8.0 95.0 |1.7x10% | 896 |z.0x10% | s2.2 {7.7x10% | 'ss.9 |4.4x10"
16:0 901.4 | 2.ax10% 86.9 | 4.ax10° | 79.7 |1.0x10° 8s.2  16.0x10%
2050 90.5 |3.0x10% | 86.0 |s.ox10% | 78.8  |1.1x10° 83.3 |7.0x10°
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Sbit, visc values shown in this araph were calculated for 10 repetitions
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redion, by a factor of 10 /N

Figure 19. Relationship between the viscous component of aspha]t st1ffness
and pavement th1ckness
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. derived from Figure 19 at

"3, For the values of Sbit, visc-1

different levels of strain repetitions, S values were determined

mix-i
from the relevant stiffness curves (see Figures'20VthYOUQh;§§);thainedx
from creep. test dataf. In order to dq'sg"sbit,\visc-iwas assumed to be
equal to Sbit values obtained from the Van der Poel nomograph {values

on the abscissa of the stiffness graphs). Notice the stiffness curves
“have been extrapolated for Tow values of Sbit‘

4, Permanent deformation . is dependent on the stress level which
results from the application of loads. It would be unrealistic to
assume that the distribution is the same throughout the thickness of
the asphalt layers. Thus, it is very important to estimate the
average stresses for the different sub-layers. These have been found
to be dependent on the tire contact pressure (00), the ratio bf the
radius of contact and sub-layer thickness, Poisson's ratio, and the
ratio between the moduli of the various Tayers or sub-layers. In
addition to these, the average stress (o avg) has proven to be
dependent on pavement temperature (23)}. The average stress can be
expressed as the product of a proportionality factor and the contact
‘stress (00). This factor has been calculated (24) by running the

.e1ast1c layer program "BISAR" along with the relevant input parameters.
Based on linear elasticity, upon application of load, the reduction

in layer thickness was found to be proportional to “avg. Thus, the

relation between ®avg and UO can be expressed as:

S 3.
Si/h_y  Ci/h E

1-1

Cavgy

1-1 x

1-1 _
g O '

el

0
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Figure.21. Stiffness curve for District 11 sand mix, (Mix 2).
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Zi = proportionality factor between Uavg1;i and A
h]—i = thickness of the i-th asphalt sub-layer,
E1~1 = modulus of sub-layer, and

§, = deformation of sub-layer 1 (different between

the vertical displacements at the top and bottom

of sub-layer 1i).

The necessary Zi factors can be determined from tables found in
the "Shell Design Manual" (23) for the values of the relevant para-
meters. It must be emphasized that since Zi is directly proportional
to the rut depth its proper selection is of great importance. Figure 27
.is used to determine the input data required for the selection inZ%”Factofs
5. The final step for the calculation of permanent deformation
was the estimation of therut depth itself. This was accomplished by

means of the following equation (23):

) Z1. g
Ah1_1 = Cmf X hl-i X Smix-i
where,
60 = contact pressure of the standard wheel (87 psi),
Cmi = correction factor dependent on mix type which takes account
of the differences between static (creep) and dymamic
(rutting) behavior (for asphalt-sand mixes, Cm,i is about
1.6),and
‘Ah = reduction in sub-layer thickness.

1-1
The total deformation of each pavement structure being considered is,
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Some kind of performance criteria in terms of maximum acceptable
rut depth needs to be established in order to reject pavements not
complying with such requirements. Tgere are no absolute standards
under which excessive rutting can be considered as a safety hazard.
Vehicle speed, tire wear, porosity of the surface, and wet or dry
- pavement are among the variables that need to be considered. Never-
theless; some generalizations can be made. Rut depths of less than
0.33 tinches normally do not. pose any serious problems, but;kut'depthé over
0.67 inches can belserious (36). ‘The following rating was then adopted

for this investigation:

Tess than O ;lhinches.j neg}ﬁgib]e

from 0.1 to 0.33 inches - acceptable

from 0., 33 to 0.5 inches - marginal and

greater than 0.5 inches - unacceptable.

ResuTts

Thickness Design . The effect of different climates on the design thickness

can be-observed from F1gures 15 to 18 As was. ant1c1pated thicker pavements

are . requ1red for req1ons hav1ng warmer c11mates, all other cond1t1ons being
constant In most 1nstances, subqrade stra1n cr1ter1a was ‘the’ contro111ng
.désigh'factor However, for a h1gh numbers of strain repet1t1ons (traff1c)

fat1que criteria controlled the des1gn th1ckness



It was observed from the beginning that the District 16 sand
would not provide a strong full depth pavement. When measuring the
resilient modu1us_(MR),'the Schmidt apparatus could not be used since
the deformations finduced in the speciméns were too high. In order to
evaluate the mix, it was necessary to approximate the value of the
resilient modulus by using the creep compliance data. The material

proved to be"weak" with a resilient modulus of about 43,500 psi

at 77°F, only 14,500 psi higher than the mgduTUS:OF'therstrong;
subgrade considered for this investigation. The approach was then

to determine a full depth pavement thickness using mix. 4 {Padre IsTand)
‘as a base and-the control mix aszé"éurfabe course.

Using the concept of substitution ratios (reference 21), Figures 20

- and 24 ‘were used to deve1op a full depth thickness design where

both mixes 1 and 4 were included as surface and base, respectively.

The void content of this sand-asphalt mix was so high (27%) that

only subgrade strain criteria were considered for pavement design.

Creep Behavior. Comparing the stiffness curves. for mix 2 and mix 3,

(Figures 21 and 22), shows.that mix.2.is-considerably-stiffer. The only
- difference Bétween the twowmateria1s is the. binder content and the air
voids. Both were tested at similar stress-leyels.(ZO psi) which insured
thét the_specimens'responded within fh?fiﬁneargviscoge]ast{c.fange.

_Yet anothék-d{%ééreﬁce,between-the stiffness.curves.fg.that, 1n“ﬁﬁe case
In ﬁhe'case

of mix 2, the curve tends toff1atten.ét low values of Smix'

of mix 3, the curve continues to decrease and retains a relatively
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steep slope. It also shows a tendency to flatten but at smaller values

of Smix and Sbit'

is necessary to go back to the theoretical model developed by Hills

To explain these differences in creep behavior, it

(28). This behavior can be attributed to the increasing contribution
of the mineral skeleton to'the3$tiffness'of the mix;_uThat is mix: 2, a
dryer one, tends to develop more contacts at an éar]yestage during the:
creep test and thus it -has:.a tendency,éo !
be stiffer. |

Attention was directed toward the fact that mix 2 exhibited
stiffness values which are higher than those of the control mix
(compare Figures 20 and 21). Higher stiffness does not necessarily
mean greater strength. Because District 11 sand contains a high
percentage of mineral filler (see Table 10) and the samples appeared
to be under-aspha1ted*, negative capillary tension could be contributing
to the high“cohesiﬁhEWTﬁﬁin the materiali(37). ~To evaluate this, any
capiliary tension that could have existed in the mix was destroyed
by vacuum‘séturating the specimens. Mix 2 specimens were tested -
-following vacuum saturation at lower stress 1eve1s to avoid excessive
deformation. However, the material still exhibited acceptable creep
behavior as indicated by the stiffness curve (Figﬁre 26). Vacuum
saturation testing of mix 2 was limited. Therefore, rutting potential
was not evaluated for the saturated condition. The results from
th1§ experiment suggest that mix 2, if used as part of pavement
structures, should be protected from water penetration. The lower

stress levels at which the saturated samples were tested also suggest

*In Figure 22, mix 2 shows a very low temperature susceptibility
which can be attributed to the low asphalt content.
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that the strength of this mix will be considerably reduced under
field conditions, regard]ess of the high stiffness values obtained.
The Tower. asphalt content of mix. 2 may render it more susceptible to-
fatigue failure.

In the analysis of Padre Island beach sand (mix 4) Tlower stress
levels, in the order of 5 bsi,nhad't0 bé applied for tWO'interf_'
related reasons: to insure that the test was conducted in the linear
visco-elastic range-and to avoid specimen faiTure:- The'stiffnéss;_
curve on Figure 24 shows this material is in fact a "soft" one.
Compared to the others,'mix 4 contains the highest binder content
and the highest air voids (about 27%). The rounded nature of the
mineral particles may alsc be responsible for low stiffness values.
However, some data (27) indicate that materials showing low
stiffness moduli during creep testing, may not necessarily perform
unacceptably under field conditions. In the creep test there are
no lateral forces acting on the specimen (unconfined). A mix with
such high void content and poor gradation will only be able to
resist small shear forces during creep testing and will therefore
undergo early failure. In a pavement layer, lateral pressure is
applied by the surrounding material, thus, as a system it will
exhibit higher strength.

It has been stated (27) that most asphalt paving materials
“respond within the linear visco-elastic range when the creep test
is conducted applying a stress of 15'psi_for 60 minutes gt a:'
temperature of1040E Clearly, this was not the.case for mix 4

because creep tests had to be performed at lower temperatures in order to
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avoid specimen.failure.. In addition, as the test temperdture was

- increased, the stress levels had to be reduced to insure the specimens
responded in the linear range. In Figure 27, the anomalous shape of
the curve corresponding tolmix 4 indicates that at some point the
specimens may not have responded in the Tinear visco-elastic range
~as they were undergoing.creep testing. This was also reflected in

the stiffness curve (Figuré 25) where somerpoints plotted at higher

Smix values for equal values of Sbit.

Rutting Potential. Two extremes were encountered, in the case of the

under-asphalted District 11 sand {mix Z)S?the calculated rutting was
negligible {on the order of tenths of a mi11imetér)_independent of the
climatic region or the traffic volume associated with each pariicu1ar
pavement. The small magnitude.of the rut depth is directly related to
~the high Smix values used to calculate the reduction in layer thickness.
The estimated rut depth associated with the control mix was also
found to be very small. But this time 1ittle rutting was expected due to
the high density and strength of the mix.
| By contrast with the previous mix, District 16 sand (mix 4)
When used as a base course, produced unacceptable rutting at high traffic
volumes (over-105 EAL passes).i This was true regardless of the type of
subgrade underneath the paVement. District 11 sand at higher binder
_cbntent {mix 3), when used for a full depth pavement and not just as a
base, élso showed excessive rutting. Figure 28 presents the results of

the rut depth calculations in the form of a
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bar graph. The rut depth rating established in the precéeding chapter
describes the severity of ‘the rutting. The height of the bar does
not represent the exact magnitude of the deformation, but indicates
the relative performance of a particular mix. Figure 28 represents
the results of rutting in Region 1 .which is the most” deleterious region.
(see Figure 9')}). The relative effects of climatic region (weighted
annual temperature) on the various mixes can be gleaned from the
tabulated rut depth data in Appendix B. It is clear from these data
“that Mixes 1 and 2 will not rut significantly even in Region 1. Mix
3will perform'unaéceptab]y in Region 1 even under moderate traffic
and will also perform unacceptably in Region 3 {the coolest)} at high
- traffic levels. Mix 4 is marginal to unacceptable even when used
only-as a base in Region 3, the_coo1est region.'

It appears from these data that the District 11 sand can be used
successfully throughout ‘Texas in a full- depth pavement. The exercise
- does point out, however, the sensitivity to binder content; ‘traffic

~and ‘temperature.

Standardization of Creep Tests, To obtain adequate data from the creep

‘test, 1t is necessary to insure that_the”?actprs_affeét?hg measured
results,. and which cannot be eliminated by theoretical means, are seﬁured
__or.contro}Jed by means of standardization.. | |

 Two standard-%éatures fdr the creep tesf were overlooked in
-the course of, this Tnvestigatioh.\ These were as follows:

‘1. The.end faces of the specimen$ need to be plane and parallel.
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Moreover, they should be able to expand 1atéraTTy«without the
fractional restraint, so as to enable a uniform stress distribution to
be maintained during the test. Polishing the end faces and the use of
2 lubricating system such aé two rubber membranes with grease between
them has proven to give better results (27). A uniform stress distri-
bution is essential so that the Z factors used in the calculation of
rut depth correspond to the actual stress distribution induced in the
pavement layers upon application of wheel loads. However, if the
specimens are not polished, and rough contacts exist between the 10ad1ng
plattens and the sample, a short specimen rather than a tall one, will
result in gré;ter data scatter (27). In our case.-the specimens were
tall (8;+ 0.2 in}, so that the probable effect of not polishing them
is small.

2. Research conducted at the Koninklijke/SheTl Laboratdry,
Amsterdam (27) indicates that the differences in stiffness measure-
ments performed on different test apparatuses can bé neglected if thém
same preloading procedﬁre is adopted. In accordance with fhis, a
preloading stress of about 10 percent of the standard principal stress
(15 psi) for a duration of 2 minutes-has been -recommended. The'
preloading conditions used in this investigation exceeded the previous
recommendatfon. The use of the full stress Tevel for preconditioning
the specimens appears to have -influenced the mixes in different ways.
In the case of mix 1 and mix 2, a consolidation effect apparently
occurredmthuézjncreasing the stiffness of the~ﬁaterﬁa1 as the stress

was absorbed.more:and morekby~the,minéra] structure. Mf£_4,'f
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on the contrary, might have been changed to a state closer to failure
and thus, the stiffness of the material was somehow reduced. This
~explains, in part, the extremes .in the rut;depth-caféﬁiated for the

different mixes and pavement cross-sections.

ECONOMIC CONSIDERATIONS

This report provides Taboratory and field determinations of resilient
moduli of several sand asphalt mixtures typical of those used in Texas.
fEither these ‘répresentative moduli or measured moduli for a:specific mix:
may be used in Figure 6 to predfct structural coefficients for asphalt
stabilized sands used as base courses. These structural coefficienfs may
in turn be used in the AASHTO flexible pavement design equation (§§) to
‘predict acceptable pavement layer thicknesses under various conditions of
subgrade support, traffic, environment and pavément type.

Base course thickness requirements determined from the AASHTO procedure
may then be used together with site spetific cost data to compare costs

among base course material alternatives.
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Legend: Mix 1 (Control Mix)

Mix 2 (District 11 Asphalt Emulsion-Sand Mix)

Mix 3 EDistrict 11 Asphalt Emulsion~Sand Mix with Higher Binder Content)

Mix 4 (District 16 Asphalt Emulsion-Sand Mix)
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CONCLUSIONS AND RECOMMENDATIONS

Selected Texas blow sands and river sands are suitable aggregate
sources for asphalt stabilized bases. Many of these sands produce
mixtures with high air void contents and high water absorption; however,
suitable resilient moduli, resistance to flow (stability), and
resistance to loss of strength in the presence of water may be obtained.

The aggregate selection criteria established by Chevron U.S.A.

(1) and Herrin (2) are generally suitable. However, these criteria
certainly do not assure a suitable mixture, and thus mixture testing
is essential.

The Chevron (1) and Asphalt Institute (3) mixture design methods
for bases stabilized with asphalt emulsions appear to have suitabie
criteria in terms of resistance value following vacuum saturation.
However, their criteria for moisture pick-up in asphalt stabilized
sands may be-undu11y restrictive as many of the mixtures evaluated in

'the study had adequate resilient moduli, resistance to flow, and
water-susceptibitlity behavior but excessive moisture pick-up as
determined by the established criteria.

The authors suggest that the diametral resilient modulus test

~ be used to evaluate the structural contribution of the asphalt
stabilized sand base to the pavement system. The structural contribution
Qf asphalt stabilized sands can be evaluated by layered elastic analysis.
Resilient modulus versus temperature relationships should be

"~ developed in the Taboratory and used in combination with the Santucci
procedure (33) to design the pavement structure.

The in situ derived elastic modulus of asphalt stabiiized sands
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under working -stress levels are comparable to elastic moduli of base materials

which have demonstrated the ability to effectively protect the subgrade from

high contact stresses applied at the surface. The relative
contribution of the sand asphalt bases to the structural function

of the pavement system is illustrated by the structural layer
“coefficients. The coefficients are competitive with bases stabilized
with cement, lime, and untreated high~quality aggregates such as
crushed stone.

Permanent deformation does not appear to be a significant
‘problem for asphalt stabilized sands containing a substantial
percentage of fines. The District 11 sand stabilized with cationic
emuTsion produced a very stiff mix with Tow rutting potential.

On the other hand, the District 16 sand which contained a low
'percenfage of fines (< 2%) had obvious stability and permanent
deformation problems. A mineral filler such as cement or fly ash
may be required here.

Figure 29 summarizes S S. Sbit curves for a variety of

_ mix ¥
asphalt-aggregate systems. As can be seen, the District Il mix
appears acceptabie while the District 16 -mix fs.-unacceptable.

| Although it is evident that vacuum saturation has some deleterious
effect on pgrmanent deformation, the effect on the Bistrict 11 sand
was not cafgﬁtrophic. Further research should evaluate the effect
of saturation on the susceptibility of a sand asphalt mixture to
permanent deformation. Of course, propér drainage design fis abso1Utely
essential when asphalt stabilized sand bases are used in pavement structures

in order to minimize water entry.
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Appendix - A

Derivation of Sbit visc

The relationship between stiffness and time (duration of load)

and temperature can be divided .into three components. The elastic.

. O, . - N
Sbit E ot the time depehdent on deTayed elastic, Sbit D7 o)
and the viscous {long Toading times or hich temperature), Sbit visc

_3n s .
=% The definition of Sbit E and Spiy p are rather self explanatory

but the definition of S requires explanation.

bit, visc _
Recalling that the shear modulus, G,is defined as:

G

t/v and that

E E L
G = ?TT;ET-(G = §-f0r p= 0.5) and that viscosity,n ,

is defined as:

n = t/dy/dt.

we may write the foliowing expression:

efdt = s
Tt =nyand since G = %N%
Gyt =nyand '
E"=-%}
where ~ E = S.
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Appendix - B

Example Tabulated Rut Depth Calculations

The units of the different quantities appearing in the sample

calculation sheets are as follows:

1. H,_,; = millimeters (in}.
2- Spit, visc 1-i =psi.
3¢ Spix 141 T PSe

- op
o Tyepr1-i = R
5. EI~1 = Ppsi.
6. 21_1 = has no units.
7. Ah]—i = inches.

= psi = sec.

8. Vygppoj = PST

9. tw = second.

10. Weq = number of 18,000 axle Ioad equivalents.

11. Cm. has no units.

i
12. oo = psi.
The following equations are referenced in the tabulated

calculations sheets.
Y

- 3 yeff-i _
Sbit, visc-1 tw x Weq . _(A 1)
_ Li o0
Ah-l'“.i - Cm_i X h-l —'i N — . (A_Z)
: mix~i

91



Mix 1, (Control Mix)

Climatic Regionul_

MAAT = 71.6°F
Subgrade : E§1;%;i3625 psi
Reference  —r——— , ‘
Traffic (EAL) 10 10° 106 107
“Asphalt h :
Layer 1-1 1.57  1.57  1.57 1.57
‘Ssubdivision: hy 5 (4 1.57 - 1.57  1.57  1.57
hi_3 3.5 5.11  8.85  14.56
-Eq?ﬁf}?“ Sbit, visc. 1-1 (psi) 0.005 .00005 00005 . .000005.x
’ .000145
Figure 19 S _ “
bit, visc 12 0.008 .0008 - .00008  .000008
Shit, visc.1-3 0.0181 .002  .0003  .00004
(Figure 20 Spiy qo 31900 21750 14500 10150
Smix 1-2 (psi) 34800 21750 15950 11020
Smix 1-3 40600 27550 20300 14210
Tabte 15 T .ee 14 108.5 108.5 108.5  108.5
Tyeff 1-2 (°F) 104.0 104.0 104.0  104.0
Tyeff 1-3 9.8 96.8  95.0 92.3
Figure 27 Eq 4 105850 105850 105850 105850
E1-2  (psi) 129050 129050 129050 129050
B3 188500 188500 188500 188500
CShell .z | N
Decian 1-1 0.25 0.29 - 0.45  0.50
- Manual Z1_2 0.45 0.46 0955  0.60
21-3 0.60  0.55 0.40  0.30
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:Mix 1, (Control Mix) {Continued)

Subgrade E. = 3625 psi

s
Reference

Traffic (EAL) 104 *105 iOﬁ i07

-Equation Ah _ :
_(A-Z) 1-1 012 .0024 .005 .008
' B2 (in) 002 .003  .006  .009
Ay _3 - .006 .011  .019  .032
) Rut Depth (in.) 0.009 0.016 -0.030 0.050
Rating _ ‘Negl.. Neg1. Negl. Negl.
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Mix 2, (District 11 Sand) Climatic Region 1T _
MAAT = 71.6°F

“Subgrade ES = 3625 psi
Reference - - -
: Traffic (EAL) 0% 105. 108 107
Asphalt h _ L
i 1-1 1.57 1.57 1.57 1.57
Subdivi-=1i-. h
sion 1-2  (in.) 1.57 1.57 1.57 1.57
hi3 6.10 8.85  13.38  14.76
*E?Kf§§°“ Shit,visc 1-1 0.005  0.0005  0.00005 0.000005
Figure 19  °bit,visc 1-2 (psi) 0.008 0.0008  0.00008 0.000008
Shit,visc 1-3 0.0232 - 0.0028  0.0003 0.00003
Figure 21 Sg.0 1.1 101500 75400 53650 37700
Smix 1-2 (psi) 110200 81200 58000 40600
Smix 1-3 - 127600 95700 72500 50750
Table 15 T o 91 108.5 108.5  108.5 108.5
Tyefr 1-2 (°F) 104.0- 104.0  104.0 104.0
Tyeff 1-3 95.0 95.0 95.0  95.0
(Figure 27y, 957000 957000 957000 957000
Eqo2 (psi) 1029500 - 1029500 1029500 1029500
Ei_3 1131000 1160000 1203500 1232500
‘Shell Z .
Design 1-1 0.20 0.40 - 0.50  0.53
Manual Iy_g 0.35 0.50 - 0.57  0.60
i3 0.55 0.4 0.30  0.28
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Mix 2, {District 11 Sand) (Continued)

Subgrade | E, "= 3625 psi
Reference - '
Traffic (EAL) | 10t 10° 100 107
Equation ARy 4 001 0012 .0024  .003
hi_o (in.) 00T .0016  .0024  0.09
Ahy_3 .005 006 .008 .008
Rut Depth (in.) 0.007  0.008  0.013  0.019
Rating. Negl. Negl. Negl. Negl.
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Mix 3, (District 11 Sand at Higher Asphalt Content)

Climatic Region 1

MAAT = 71.6%F
_ - Subgrade E = 3625 psi
_Reference S
- Traffic (EAL) 104 102 108 107
:Afggglt M 1.57 1.57 1.57 1.57
Subdivi- Mz (in.) 1,57 1.7 1.57 1.57
hi3 6.10 9.84  14.76 20.86
‘E?Kf§;°" Shit,visc 1-1° 0.005  0.0005 0:00005 0.000005
Figure 19 Spit visc 1-2 (psi)  0.008  0.0008 0.00008  0.000008
Shit,visc 1-3 0.0232 0.0029 0.0004  0.00005
Figures S .
Smix 1-2 (psi) 1885 1015 536.5  333.5
Smix 1-3 261000 1450 797.5 464
Table 15 Tooee 19 108.5  108.5  108.5 108.5
Tyeff 1-2 (%) 104.0  104.0 104.0 104.0
Tyeff 1-3 95.9 95.0 97.4 89.6
Figure 27 Ey 4 203000 203000 203000 203000
Fy-2 217500 217500 - 217500 217500
E13 261000 261000 275500 290000
' Shell 7
ecian 1-1 0.25 0.40 0.52 0.60
Manual L. 0.50 0.55 0.60 0.65
1123 0.50 0.40 0.30 0.20
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 Mix 3, (Continued)

Subgrade E = = 3625 psi
Reference s ‘
Traffic (EAL) 104 ﬁ05 1b6 i07
Equation Ahg o -
(A=2) 1-1 .031 0.098 .236 0.455
8hyl2 (in.) 055 0.118 244 425
shy_3 0.761 0.378 772 1.252
_ Rut Depth (in.) 0.248 0.594 1.252 2.091
Rating Accept Marg. tUnacept. Unaccpt.
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Mix 3, (District 11 Sand at Higher Asphalt Content) Climatic Region 1
- MAAT = 58.1°F

Subgrade : E = 3625 psi
Reference | 5
Traffic (EAL) 0t 108 108 17
Aoprart M- 1.57  1.57  1.57 1.57
Subdivi- h
e 1-2  (in.) 1.57  1.57 1.57 1.57
hy_3 5.51 7.87  12.99 17.71
_'E?Ef%§°” >bit,visc 1-1 - 0.031  0.0031 0.00031  0.000031
Flgure 19 Spiy Visc 1-2 (psi)  0.062  0.0062 0.00062  0.000062
Shit,visc 1-3 ©0.1116  0.0123  0.0014 0.00016
: g;ggrgg Smix 1-1 2000 1450 768.5 435
| Smix 1-2 (psi) 3480 1885 9425 507.5
Smix 1-3 4060 2175 7189 609
Table 15 Toope 14 93.2  93.2 93.2 93.2
Tyeff 1-2 (OF) 87.8  87.8 87.8 87.8
Tyeff 1-3 83.3 82.4 80.6 - 78.8
~Figure 27 E; 4 261000 261000 261000 261000
El.2 (psi) 290000 290000 290000 290000
Ei-3 319000~ 319000 333500 348000
- Shell L11 0.20  0.30 0.50 0.50
- Design
Manual 1122 0.45  0.50 0.60 0.65
L.z 0.50 - 0.40 0.30 0.25
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Mix 3 {Continued)

Subgrade ES = 3625 psi

Reference
.Traffic (EAL) _ 104 -}05 106 ]07

“Equation Ah

"(A-2) 1-1 .016 .043 0.142 .252

8hyo (4n.) 028 .059 2138 .260
ahq_3 004 .20 455 1.0
Rut Depth (in.) 0.138 0.303 0.732 1.524
Rating Negl. Accept Unaccpt  Unaccpt
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-Mix 4, (District 16 sand)

Climatic Region_3

Top ?0 mm control mix (except where indicated MAAT = 58.1 °F
by *
_ Subgrade Es = 3625 psi
Reference
Traffic (EAL) 10% 10° - 10® 107
okl M 1.57 1.7 1.57 »610 Not
Subdivi- h . Economi-
ubdi 1-2  (in.) 1.57 1.57  1.57 i
M3 3.94  7.87  12.99 v
RO Shitvise 1-1 0.031  0.0031 0.00031 '
Figure 19 Spit,visc 1-2 (psi)  0.062  0.0062  0.00062 '
Shit,visc 0.1015 0.012  0.0014 '
Lagares  Smix 141 43500 30450 20300 '
| Smix 1-2 50750 33350 23200 '
Smix 1-3 1029.5 69 420.5 v
Table 15 Tyepr o1 93.2 93.2  93.2 v
Tyeff 1-2 g7.8  87.8  87.8 ¢
Tyeff 1-3 85.1 82.4  80.6 y
Figure 27 By 4 246500 246500 246500
By (psi) 319000 319000 319000 ¢
B3 58000 65250 65250 v
- Shell i
e 1-1 0.0 0.20 0.30  +
~ Manual L o 0.60 0.60 0.70  +
I3 0.50 0.30 0.20 ¢
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Mix 4 (Continued)

Subgrade ES = 3625 psi
. Reference
Traffic (EAL) i04 105 i06 ]O.
'Equation Ah
“as) 1-1 0.0 .001 .0024 v
Ay
1-2 (in.) 002 .003 .005 +
ahy_3 299 .531 .969 '
Rut Depth (in.) 0.303 0.547  0.976 -
Rating Accept Marg.  Unaccpt. -
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Appendix C

Aggregate Evaluation Criteria

‘a. Herrin-

_b. Chevron
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Table C1. Properties of Materials Suitable for Bituminous Stabilization

(After Herrin - 2)

"% Passing Sieve

Sand-B1itumen

| “Sai1-Bitumen

'Sand—Grave1 Bitumen .

11720
T

3/4"
No. 4
No. 10
No. 40
No. 100
No. 200

Liquid Limit

. Plasticity Index

100

50-100
40-700

10

50-100
35-100
Good - 3-20
‘Fair - 0-3 & 20-30
Poor - »30
Good - <20
-Fair - 20-30
Poor - 30-40
Unusable . - >40
Good - <b
Fair - 5-9
Poor - 9-15
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Unsuable - >12-15

100

-60-100
35-100

13-50
8-35
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Chevron Asphalt Company

Chevron

Construction Specification B-5-A |
Central Piant Mix Bitumuls Base Treatment

1.0 GESCRIFTION

- Central plant mix Bitumuls Base Treatment is a cold mixed, cold laid base course mixture of mixing Type Bitumuis
and suitabie aggregate used for highways, streets, roads, airport runways, parking areas, storage yards and similar
paved areas. The aggregate may be any non-cohesive inert material meeting the specified gradation and test criteria.
The base course materials are mixed in a central mix plant and hauled to the project.and {aid by acceptable

spreacders, conventional pavers, or base pavers,

. 2.0 MATERIALS

2.1 Aggregate may be any suitable sand, blast furnace, slag, coral, volcanic cinder, gravel, ore tailings, crushed
ledge stone or rock, or other inert mineral which wili meet the gradation, stability and test criteria as outlined

in Table I.
TABLE
AGGREGATES SUITABLE FOR
TREATMENT WITH BITUMULS EMULSIFIED ASPHALTS
AASHO ‘Processed® SANDS Semi-Processed
or ASTM Dense . - Crushed, Pit or
Test Graded Pooriy Well Silty Bank Run
Category ) Method Aggregates Graded Graded Sands Aggregates
Gradation: 1-1/2" C-136 100 100
% Passing 1. 20-100 ‘ 80-100
3/4" 65-90 -
1/2" . 100 100 100 -
# 4 30-80 75-100 75-100 75-100 25-85
16 15-30 - 3b-76 - -
50 125 - 15-30 - -
160 5.-18 . - 15-65 -
200 412 0-12 5-12 12-25 3-15
Sand Equivalent, % D-2419 30 Min. 30 Min. 30 Min. 30 Min. 30 Min.
Plasticity Index D424 - NP NP NP -
Untreated Resistance T-180 78 Min. 60 Min. 60 Min. 60 Min. 60 Min.
R Value
Loss, LA, Rattler
{600 Revs.} T-97 50 Max. - - - 60 Max.

*Must have at least 65% by weight Crushed Particles

2.2 Bitumuls Emulsified Asphait

The class, type, and grade of Bitumuls Emulsified Asphalt selected shall meet the requirement as specified in
Table II.

104 ' B-5-A (4-72)
Supersedes B-5-A (2-20-69)
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Chevren Asphall Company

h&wmi

Construction Specification B-5-B
Travel Plant Mix Bitumuls Base Treatment

1.0 DESCRIPTION

Travel plant mix Bitumuls Base Treatment is a cold mixed, cold laid base course mixture of mixing Type
Bitumuls and suitable aggregate used for highways, streets, roads, airport runways, parking areas, storage yards
and similar paved areas. The aggregate may be any non-cohesive inert materiai meeting the specified gradation and
test criteria. These base course aggregates are mixed by the travel plant and are then either laid down in a
continuous windrow for spreading or are continuously spread out mechanically into a uniform, level mat. The
travel plant meters and proportions the aggregate and the emulsian in a confined pug mill mixer. The travel plant
may be either of two general types: one type mechanically picks up the aggregate from & prepared windrow; the
other type is fed by dumping the aggregate (by dump truck} directly into the receiving hopper of the travel plant.

From an air pollution and environmental point of view, Bitumuls travel plant mixes have been very satisfactory.
There is a minimum of noise, dust, smoke or fumes generated because the paving mixture is produced from
aggregates which are damp or moist and, therefore, almost dustless. The Bitumuls Emulsified Asphalt for the cold
travel plant paving mixtures is not hot enough to create any objectionable odors, fumes, or smoke. For small rural
or scattered projects, travel plants, such as the Moto-Paver, or the Midland Mixer-Paver, seem well adapted.

2.0 MATERIALS

2.1  Aggregate may be any suitable sand, blast furnace slag, coval, volcanic cinder, gravel, ore tailings, crushed
fedge stone or rock, or other inert mineral meeting the gradation, stability and test criteria outlined in Table
I
TABLEI

AGGREGATE SUITABLE FOR
TREATMENT WITH BITUMULS EMULSIFIED ASPHALTS
IN TRAVEL PLANTS

Processed™® SANDS Semi-Processed Processed
ASTM Dense Crusher, Pit or Commercial
Test Graded Poorly Well Silty Bank Run Aggregate
Category Method Aggregates Graded Graded Sands Aggregates (1}
Gradation: 1% C-136 100 100 100
% Passing 1 90-100 80-100 80-100
3/4" 85-80 - -
172" - 100 100 100 - -
# 4 3G-60 75-100 75-100 75-100 25-85 -
16 15-30 - 35-75 - - -
50 7-25 - 15-30 - - -
100 : 5-18 - - 15-65 - 0-3
200 412 012 5-12 12-25 315 0-1
Sand Equivaient, % D-2419 30 Min. 30 Min. 30 Min. 30 Min. 30 Min. -
Piasticity Index D-424 - NP NP NP -
Unl;re\j:t:ad Resistance T-190 78 Min. 60 Min, 50 Min, 80 Min, 50 Min, -
alue .
Loss L.A, Rattler T-96 50 Max. - - - 60 Max. 40 Max,
{500 Revolutions)

*Must have at least 65% by weight crushed particles,
{1) Notes:

{a) The‘Processed Cammercial Aggregate shown in Table | is normally. a graded aggregate with essentially no material
passing the No. 200 sieve and having a nominal top size of 3/4”, (For example, ASTM sizes 6, 7, or 8 or
combinations of these sizes would be a suitable grading.}

(b} [\!ormal_ly when the graded processed commercial aggregate with substantially no material passing the No. 200 sieve
is used in the travel piant, the emulsion selected will be the coarse mixing, CM-h or CM-Kh grades.

S B-5-B (5-73)
105 S Supersedes B-5-B (4-72)



Chevion Asphall Company

Construction Specifications B-5-C
Mixed-In-Place |
Bitumuils Base Treatment

Chevrg

1.0 DESCRIPTION

1.1 Mixed-In-Place Bitumuls Base Treatment is a base course mixture of emuisified asphalt and in-place aggregate.
Mixed-In-Place Bitumuls Base Treatments are used for streets, roads, highways, airport runways and taxiways, -
parking areas, playgrounds, storage vards, lagoons, athletic tracks, and many other paved areas where the
native aggregate in-place is of suitable nature for improvement by bituminous base treatment. In many
instances a suitable local aggregate can be economically hauled and spread to strengthen and adjust the grade,
at a convenient time, before the in-place mixing operations are started. Surface or wearing courses varying
from Chip Seal Coats to Thick Asphalt Concrete may be applied over these base courses.

Bitumuls Mixed-In-Place base course construction procedures provide a most economical and ecolegically
desirable method of construction, There is a minimum of noise, dust, smoke, or fumes generated because the
in-place aggregates are premoistened before or during the mixing. The Bitumuls Emulstfied Asphalt for in-place
mixing is not heated hot enough to create any objectionable odors, fumes, or smoke.

2.@) MATERIALS

2.1 Aggregate may be suitable native sandy gravels, gravelly sands, sand, blast furnace slag, coral, volcanic cinder,
gravel, reclaimed aggregate, ore tailings, crushed ledge stone or rock, or other inert mineral which will meet the
gradation, stability, and test criteria outfined in Table 1.

TABLE I

AGGREGATES SUITABLE FOR IN-PLACE BASE
TREATMENT WITH BITUMULS EMULSIFIED ASPHALTS

AASHO | Hauled-In Semi-Processed
or ASTM | or Select SANDS Crushed, Pit or
Test or Graded | Poorly Well Silty Bank Run, or
Category Method | Aggregates | Graded Graded Sants In-Place Aggregates
Gradation; 1-1/2" C-136 100 100
% Passing 1 90-100 80-100
3/4" 65-90 -
172" - 100 100 100 -
# 4 30-60 75-100 75-100 75-100 25-85
16 15-30 - 35-75 - -
50 7-25 . 15-30 - -
100 5-18 - - 15-65 -
200 4-12 0-12 5-12 12-26 315
Sand Equivalent, % D-2419 30 Min. 30 Min. 30 Min, 30 Min, 30 Min.
Plasticity Index D-424 - NP NP NP -
Untreated Resistance T-180 78 Min, 60 Min. 60 Min. 60 Min, 60 Min,
R Value
Loss in L.A, Rattler C-131 50 Max. -
{after 500 revolutions)

2.2

Bitumuls

The class, type, and grade of Bitumuls Emulsified Asphalt selected shall meet the requirement as specified in

Table [T,
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B-5-C (4-72}
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