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ABSTRACT

The use of>su1fur as a means of upgrading’poorly graded '
mineral aggregates for use fn asphaltic cdncreté mixes has béén
under study by She11‘Canada,under the trade'name of ThermopaVeR
qur approximately fifteen yeérs. Laboratory work has beén‘exten-

’sive and numerous field trials have.been completed 1ﬁ Canada.

‘The Texas Transportation Institute under the cq-sponsorship Qf
The'Sulphur Instifute, and The Bureau of‘Minesvinsfituted a pfo_

~ gram to introduce this concept to the United States. Fo]]owing‘al
4-year laboratory effort a 3,000 lineal foot (914 m), sand-asphalt-
;sulfur,experimenta1 test section was placed aiong a pdrtioh df
u.S. 77 in Kenédy‘County,;Texas. The 3,000-fdot settion was
‘divided into six subsections of various thicknessésAWithbtWO'
sections'purposely‘underdesigned to show}distreés_in‘two to three
years. This was the first demonstfation of tﬁé Shell concept on
a Federa] Highway in this country. |

Following this demonstration a 36-month post-construction
evaluation program was undertaken involving a series of laboratory
tests of cofed samples, Dynaflect deflections, Mays ridability and'
on-site visda] inspections. At the end of this 3-year period the

- sulfur subsections are performing as well a§bthe control sections.
‘Inkthe case of rdtting, the sulfur sectiohs‘are actua]ly,perfbrm—’
ing better than the cbntro]. . |
‘ Recommendations haVe‘been made to continue this post-

,constructioh evaluation for an additional 36 months.
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INTRODUCTION

1.0 Introduction

»Sulfun is unique amdng our nation's'minenaT-reeouroes in that'it
1s one . of the few mater1als which will probably be in abundant supp]y
in the near future. For th1s reason, var1ous 1ndustry, government and
‘un1vers1ty groups have 1n1t1ated efforts to deve]op new uses for su1fur
One of the most promising outlets for sulfur is highway construct1on
in wh1ch interest is current1y be1ng stlmulated by two‘factors: (a)wtne
decreasing ayai1ability or total absence of qnality,aggregates‘ﬁn a,an-
ber of regions around the country, and (b) the current increase in cost
and projected demanda for asphalt. Su]fur‘s uniqne propertiéé'permit'
it to be‘utilized eithen:as a structuringvagent (i.e. p]aying the roTeej

of the aggregate) or as an integral part of the'binder‘or both'(l),

1.1 Background

The project deScribedyin this report addresses itse]f specificaT]y
fto the use of sulfur in sand-asphalt-sulfur (SAS) paving.mixtures.- This
concept was developed and patented by She]] Canada, Ltd undervthé ‘name
‘Thermopave and 1nv01ves the use of sulfur as a structur1ng agent w1th
poorly graded-sands as found in many areas of the Un1tedv5tates and
specifically along the beaches andvinland‘negions of the éu]f'Coast

- States. Through efforté.initiated by The Sulfur Institute and co-spon-
sored by the U.S._BoreaU'of Mines, the TeXas Transoortationblnstitute'
~has, duning the 4 years pnior to the Kenedy County test section; done |
considerable laboratory verification studies of the sand-asphalt-sulfur

(SAS) technology developed in Canada. One of the prime objectives of' ,



this effort was to intrbduce to the United States and adapt to her
conditions‘the utilization of sulfur in asphaltic concrete mixes for
base courses. ’

’ This program culminated during April, 1977 with the successful
placement of a 3,000 lineal foot (915 m) SAS test section on U.S. 77

~ in Kenedy County, Texas. Construction defai]s including materials,v
mix designs, equipment, materials handling, qUaTity control and evo]Véd
gas analyses are described_fu]ly in- the Construction Report prepared by

the Texas Transportation Institute and is available upon request (1.

1.2 Objectives

The objective of this report is to presént the results of a 3-
year post construction evaluation of the in-service performance of a
sand-asphalt-sulfur pavement placed in Kenedy County, Texas. This sand-
asphalt-sulfur pavement is compared to with a conventional hot-mix

asphalt concrete pavement using both laboratory and in-situ test results.

1.3 Scope

This,report encompasses a brief description of the construction

ofFU.S. 77 including materials and suppliers, construction equipment,

"kkthe methods used to meet specifications, and qua]ity control. For a

more detailed presentation see the Construction Report issued April,
1977 by the Texas Transportation Institute (TTI) (1). The laboratory
portion of the testing is briefly described for_the following tests
performed:

1) bulk density‘andfbu1k specific gravity,

2) resilient modulus,



3) Marshal] stability and flow,
4) Hveem stability, and |
5)'ind1re¢t‘(Sp]itting)‘ténsiIe*strength.
| The cbnditidn‘and'performance testing of the,paVement}sectibnskared"
also djS¢U$sed‘and include: | . o )
1) Mays Ride Meter (and correspondlng serv1ceab111ty 1ndex)
2) Dynaf1ect def1ect1on ‘and | |
| 3) visual survey (1nc1ud1ng a cracking survey).
A discussion of the testfresuTts is pnésented as a comparison of
jthé six subsections placed. ‘This combarisbndof the:subsectiOns’shQUId :
,g1ve an 1nd1cat1on as to wh1ch mater1als exh1b1t re1at1ve1y super1or
' ,qua11t1es Further compar1son is made regard1ng the th1cknesses of the,

,subsect1ons w1th each other

- 2.0 _chstruction'ofiu;s, 77 ,
| The location of the SAS pavement section on U.S. 77 is 5 miles
~ (8 km) south of Sarita and 46 miles (74 km) north of Raymondvilie in
Kenedy County,:Texas.’ This area is under the,jurisdicfion,of'Distriét'
21 of the TeanVState Department of.Highways and Public Transportatidn
The exper1menta1 section as shown 1n F1gure 1 is two traff1c 1anes wide
(26 ft = 8 m) and contains six test 1tems each 500 ft (153 m) in |
length. From south to north there are three subsect1ons of SAS base
in thicknesses of 10, 7, and 4 in (25.4, 17.8, 10.2 cm) reSpect1ve1y
~ These are fo]]owed by three sections of asphalt concrete base in th1ck- :
nesses of 4 7, and 10 1n (10 2, 17.8,v25.4 cm) respectjvely. Thé"d
arrangement of the subsectlons is shown in Figure 1. 'All fhe base

-~ courses were surfaced with a 1 in (2.5 cm) wearing course of conven-
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tional Type D hot-mix. This field trial was designed by TTI to compare
the relative performance of an SAS pavement and a deep asphalt concrete

pavement (1).

2.1 Materials

The asphalt was supplied from Gulf States Asphalt Company, Houstong
‘TeXas. The aspﬁa]t was a paving grade complying with the Texas State
»Department of Highways and Public Transpdrtation (SDHPT) for Viscosfiy '
Grade AC-20. The same AC-20 was used in both the SAS and convéntioﬁaT, -
asphalt concrete subsections of the pavement. :

The sulfur was supplied from two sources: Warren Petroleum,>a-
division of Gulf 0il, and Texasgulf, Inc. Deliyery from both sourcé$
was made by 0il Transport Co., Abilene, Tekas, and Robertson Tank Linés;
Houston, Texés. kSu]fur transports were tractor-trailer units of about -
3;400 gallon (12;9_k]) capacities. Each unit was equipped'wifh heating
coils and‘steam Jjacketed discharge valves. | |

The aggregate requirements for the project were based on recbmmend-
ations from Shell Canada'Lfmitéd, 05kvi11e Research,Centre. The’project
specifications were prepared to describe sandé which Shell Cahadavhad
successfully plaCed without appreciable imperfeétions in ﬁhe‘mat. In
their eXperiences, fine éands of near single-size have been difficult,
if hot impossible, to pTacé without ‘teaking' under thé pavér scréed; -
V‘Mo$t of the sands in the vicinity of’the project were either dune sands
of néar’single—size or silty sands W1th appreciable p]asticity.‘ At the
same time, the project sponsors were interested invusfﬁg as mubhlloca]'sﬁ |
Sdnd'as possibfe;' Shell Canada's recommendatibn on gradation togethér‘ :‘

with the grading limits se]ected for the project are shown in Figure 2.
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The mineral aggregate selected by the contractor, Foremost Paving, Inc.,
'consisted of a blend of two sands: 1) a concrete type sand from Wright
Materials Co., 'Bluntzer' pit on the Nueces River near Corpus Chrisfi,
approximately 55 miles (89 km) north of the project, and 2) a fie]d sand
located about 500 ft (153 m) east of the prdjétt right-of-way at the

hot mix plant site, station 2030. The aggregate requirements for the
conventional hot-mix sections were those for a Type D aggregate as

specified by SDHPT (1).

2.2 Equipment and Methods

The SAS pavement mixtures were prepared in a conventional stack-up
iype hot mix batch plant which was equipped with auki]iary systems fof'
handling thev1iquid sulfur. The hot asphalt'and 11qu1d‘su1fuf were |
tranéferred from separate storage into the weighvbuckéts by approved
| pumps. The dried and heated mineral aggregate was then weighed into‘
the pug mixer and required amounts of hot aspha]t»and lTiquid sulfur in -
that sequence were then introduced into the mixer. Mixing was contiﬁued
until a uniform paving material was prepared as required.

"The emission control system consisted of an 8 ft (2.4 m) diameter
cone precipitator and a wet washer supp]emenf. Water for the wet washer,
or scrubber, was truck-hauled to the site and discharged into a membrane
lined pond. The pond doubled for s]udgevdisposal and water storage. A
small pump returned water from}the surfacé of the pond to the‘WASher'
in a continuous circulating system. A schematic of this emissioh control
system is shown in Figure 3. |

The coarse sand and fine sand were stored in separate stockpiles

on the site. A caterpillar front-end Toader was used to transport the



IuLp

|
7o

om0 ?

N o= o

//(/’/,’ =8 Dust and Gases 2

ae from Screens @
=S and Pug-mill - =

Dust and Gases g 8 ® Water Return Line
from Dryer -
[9)
]
=
— = :
n Pump

—_—

Effluent

e s a—————
Fumes to Hot Elevator

Figure 3. Schematic of the Emission Control System.



sands to a portable steel bin of which ohe-ha]f was used for coarse and
fohe-ha]f for fine sand. The aggregate feeder system‘consisted of e‘
Conveyor belt that discharged into a funnel leading to the dryer.

| The asphalt waS stored in a salvaged horizontal railroad tanker
which was equipped with heating coils and recording thermometer. Hot
/oi1 was provided by a Childress 0il Heater and an electric driven |
centrifugal pump was used for circulating the oil. The oil temperature
was maintained at about 400°F (204°C) wh1ch kept the aspha]t in storage
at 290-300°F (143- ]49°C)

The sulfur system was designed by Mr. w.‘H. Richérdson, Sr. Engineer
of Texasgulf, Inc., Newgu]f, Texas, and eonstructed-by Mr. Parker New,
Superintendent Texasgulf provided much of the basic sulfur hand11ng
'equ1pment and transported it to the construct1on site. ' The sulfur
storage facility consisted of a used, horizontal 10 ft (3.1 m) diameter
by 30 ft (9.2 m) long insulated tank heated with hot 611. The sulfur
pump, attached pipe,va1Ves and fittings, receiving hopper, and su]fur’.
transports were steam heated. A schematic of the sulfur system is
~shown in Figure 4. |

Dump trucks with special heated bodies were used to transport fhe
SAS mixture from the hot-mix plant to the rdadway.‘ These bodies were
‘developed by Shell Cahada Limited, Oakville Reseérch Centre to preVent
the formatidn of cold Tumps in the SAS mixture which may produce regidps
of weakness within the finished pavement. vFigupe 5 shows a schematic
of the heated fruck bodies used.' The body, which was aluminum, had a
tub-shaped inner shell and an outer shell insulated on the inside.

The body was heated with propane burners, one on each side at the front
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end. Cold air was forced into pipes above the flames by means of a fan.
The mixture of hot burner exhauét gas and cold air was lead by ducts and
baffles through‘the body and tail gate, then above the mix. The burners
and fan were electrically operated from the‘trutk batteries and controlled
by on-off switches in the control panel on the driver's:side of the cab.

The hot SAS pavement mixtures are very sdft,and plastic at the time
of placement. .They Wf11 nbt usually suppoft fhe weight of the floatﬁng
streed assemb1y on the convehtiona] paver. For this reason the'BarbeF
Greene Company; Aurora, Illinois, in éooperation with Shell Canada Limited;
"Oékvi1]e Research Centre, developed a modified screed which was fully
supported for strike-off, smoothing, and consolidation. No further com-
paction was needed_for the SAS mixture since this would have destroyed
the crystalline strucfure bf the sulfur thereby reducing‘the quality of
the pavement (1).

The subgrade %or all test sections of the pavement was 8" (20.3 cm)
Time-treated soil. In order to preserve}the gkade lines during construc-
tion traffic;vthe subgrade was covered with sevefa] 1nches of flexible
base caliche. This cover was removed before placement of the pavement‘
mixtures and the exposed surface was taéked with emulsified asphalt.

The tack was entire1y inadequate, effecting little or no bond of the
‘paving mixture to the subbase. Some irregularities in thé subgrade
'profile were noted in the 10 inch (25.4 cm) SAS section near stationf -
1988. The construction of the SAS pavemeht was not a smooth operation.
Placment was carried out in Tifts of 3 inches (7.6 cm) maximum thickness.
Some pavement layers, one lane wide and hundreds of feet in ]ength; were

placed true to 1ine and grade without noticeable imperfections. Some

12



segments were ragged with widespread imperfectiohs of checks and tears.
One possible reason for the’tearing and checking may have'been due to

an excess of No. 50 to No. 100 mesh sand in the mixture. Another reason
may have been due to Tumps of cold material passing under the screed.

In some stretches the grade undulated due to a "galloping screed". Two
segments of the SAS test section were rejected by the engineers and
removed with a blade grader. -

A high batch-to-batch variability of the pévement méteria1 proper-
ties was noted during construction. It was suspected that this was due
in part to the age and inefficiency of the hot-mix plant. The contractor
did not have previous experience with SAS mixtures or with the special
equipment involved in the operation. The laydown machine stopped and
started frequently. This inconsistency coup]ed with the galloping

screed tended to produce a poor riding surface.

2.3 Quality Control

The State Department of Highways and Public Transportation, Distfict
2T, prdvided a mobile laboratory for fie]d control of the pavement con-
struction. | |

Inspection persbnne] complied with the following schedu]e:

1. The temperature of each truck load of mix was: checked
and recorded,

2. Slump tests were made as required to monitor the
consistency of the mixtures,

3. The binder content of mixtures--asphalt and sulfur, was
determined,

4. A set of 9 Marshall test specimens was made at least

twice daily with three specimens tested in field at
24 hrs and six specimens taken for TTI,

13



5. Forty pounds of mixture were taken each one-half day of
operation and placed in containers for TTI, and

6. When plant was lined out one 200 1b sample of mixture
was taken for study by TTI (1).

The mix des1gn was selected well in advance of the project commence-
ment. Selection was based on a minimum Marsha]] stab111ty of 2000 1bs
(9,000 N) and a slump of 2 to 6 in (5.1 to 15.2 cm)f

| ‘Variabilfty in thé aggregate proportioning device is the norm on
most highway construétion jobs. This variability may have been respohé
sible fdr the excessive amount’of No. 50 to No. 100 mesh sand that
caused the tearing in the pavement as the mixture was being placed.
For the most part, the operation was such as to result in a fairly
“uniform product.

Temperature control of the SAS mixtures was generally in the 272_to
290°F (133 to 148°C) range at the hot-mix plant. This range Wou]d drop
to 266-282°F (130 to 144°C) 1h the fie]d.k These'temperatures correspond
to the working range considered agceptable for SAS Systéms.’ Temperatures
-Wére measured in the top of the loaded truck at the hot‘plant and in the
paver hopper in the field. Between these two points a rather consistent
loss of about 6°F (-14.4°C) was experienced (1).

Bitumen and sulfur content in the SAS mixture was determined by
the following procedure: |

1. The asphalt content was determined using a TROXLER
Nuclear Asphalt Density Gauge.

2. The asphalt and some sulfur were extracted using a
rotary extractor. .

3. A representative portion or the entire sample from

Step 2 was heated in a crucible to burn off the
remaining sulfur. .

14 /



4. The sulfur content was determined by subtracting the
asphalt in Step 1 from total asphalt plus sulfur,
Step 2 and 3.
This procedure géve the mix design 6.2 w/o asphalt, 13 w/o sulfur, and
-80.8 w/o sand (1).
| ~Specific results of the construction of the project that may havé
consequentia] effects in the post construction evaluation are $ummakized
below: - | |
- 1. Limitétions in thé design ofiihe paver reduired that a 65/35 |
weight percent ratio of coarse to fine (local) sand be used to prevent’
tearing. |
2. Because of the age and efficiency of the hot-mix plant used

in the project, batch-to-batch variability was not as consistent as
would be expected in a more modern plant. Part of the problem in
maintaining a consistent quality paved surface can be attributed to
variables in the hbt—mix plant‘operatidns.
| 3. The heated dump truck bodies furnishéd by She]i'performed’well
 throughout the project. ‘However, this job reconfirmed the need for

iheated dump bodies as an input to the success of this type of’opération.
4. The need for good tenperatureicontrol of the mix at the hot-
~mix plant and at the paver was demonstrated. At one point excessive
temperature at the paver screed produced high emissions of HZS and
'S0, gases. When the temperature was reduced to its proper range, thé“

'emissibns also dropped to their normal, safe levels (1).

3.0 Testing Schemes for Post ConstructionvaaluatiOn

‘Upon completion of the test sections, cores were obtained by -

District 21 personnel and a series of tests was run (2). Data were
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processed and a report was prepéred. This testing period was designated
as initial, (I). At 6-month intervals fo]iowing construction;'TTI
personnel took cores and performed a series of tests on these cores.
During the seme 6-month intervals, SDHPT pereonnei collected field

data in the form of Dynaflect deflections, Mays Ride Meter roughness
measurements, and visual distress eva]uations. Both in-situ testing
“and core testing have been performed in accordance with the Test Matrix

presented in Figure 6.

3.1 Field Core Testing

3.1.1 Rice Maximum Specific Gravity

The maximum specific gravity of each paving materia] was found in
accordance with ASTM Test Designation D 2041-71 (3). In tnis test,'tne
pavement mixture is broken into fragments which are placed in a flask
and covered with water. After this is done, as much air as possible is ‘
driven out of the mixture by a vacuum pump. The maximum specific gravity

is then calculated by the following equation.

A

maximum specific gravity = AD - E

where: A = weight of dry sample in air,
D = weight of flask filled with water at 77°F (25°C)
E = weight of flask filled with water and sample

at 77°F (25°C) (3).

3.1.2 Bulk Specific Gravity

The pavement samples were taken with a core drill and cut into
thicknesses ranging from 2 to 2 1/2 in (5.1 to 6.4 cm). Each prepared

sample was tested for its bulk specific gravity according to ASTM Desig-
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LL

Test Description, Initial* Time Intervals

OLoadometer Survey, 1- Week Duration

AEvaluatwns on Both Sand-Asphalt-Sulphur Mixes and Conventional Asphaltic Concrete Sectwns
* Initial Testing Performed One Week After Pavement Opened To Traffic

*k. Set of 3 Cores (m1n1mum) at Each Test Section Per Samp'hng Pemod (Each Lane)

Figure 6. Testing matrix for SAS Trial , US 77, .Kenedy' Cbunty, Texas

I 6 mo. 12 mo. 18 mo. 36 mo.

1. Traffic Analysis

a. Average Daily Traffic Count - continuous >

b. Truck and Axle Weight Distribution @) @)
2. Visual Evaluation JAN JAN FAN JAN
3. Mays Meter (PSI) L A JAN A A
4. Dynaflect Deflections AN AN A A A
5. Core Samples** -

a. Field Density and Rice Specific Gravity AN AN JAN FAN FAN

b. Stability, Marshall A A A A A

c. Stability, Hveem A FAN A vA | AN

d. Resilient Modulus A A AN A JAN

e. Indirect Tension VA A ANE A A
6. Interim Reports JAN VAN AN FAN A



nation D 2726-72 (4). In this test, the weights of the sample are taken
in air, water, and in the saturated surface-dry condition. The equation

for calculating this property is:
bulk specific gravity = ==

wé1ght of dry sample in air, '
weight of the saturated surface-dry specimen in air, and
weight of the specimen in water (4).

where: A

nnn

B
C
The bulk density of the paving mixture can then be calcu1ated by

mu]t1p1y1ng the bulk specific gravity by 62.4 pcf (999 kg/m3) the unit
we1ght of water at 77°F (25°C).

3.1.3  Marshall Stability and Flow

The bortion of the field cores that were snbjected to the Marshall
stability test was tested according to the procedure established by
’ASTM Designation D 1559-76 (5). This method measurés‘the resistance of
a paving mixture to plastic flow. The measurement, in turn, gives an
indication of a pavement's ability to withstand traffic loads and perma-
nent deformation. |

In’the test procedure, samples of 4 in (10t2 cm) in diameter and
about 2 to 2 1/2 in (5.1 to 6.4 cm) thick are heated to 140°F (60°C).
These specimens are then placed in the loading head of the testing
mechanism and the load is applied at a rate of 2 in/min (5.1 cm/min).y
A strip chart recorder measures the load and plots it against time.

The load required to produce failure is termed the Marshall stability.
The deformation of the specimen from the beginning of the test to the
point of féi]ure is termed the Marshall flow and is expressed in 1/100

in (2.5 cm) (6).

18



3.1.4 Hveem Stability

Although the Marshall method is the most commonly accepted meanél
of measuring the stability of a'pavement, some state and municipal |
agenéies have adopted the Hveém concept which was set forth by F. N.
Hveem, formerly of the California Division of Highways. This test haé ;
 been standardized and may be found under ASTM Designation D 1560-76 (7).
| In this procedqre, a'specimen of the‘same dimension as that used in‘
the Marshall procedure is‘placed in a Hveem stabi]bmeter.: The specimen
is subjected‘to a gradua11y fncreasinq vertical 1oad.l As this 1oad'is o
applied the samp]e attempts to deform 1atera11y This 1atefa1 spread
results in pressure be1ng exerted on an annu]ar 011 cell wh1ch ;s sepa-
rated from the specimen by a rubber d1aphragm. The Tateral pressure is
read from a hydraulic gauge at selected vertical Toads and a reading 6f
-the final disp]acemeht of the sample is taken. The Hveem stability is

cé]cu]ated by the equationf

. 22
- [(p, X D)/(P, - P )T +0.22

stab110meter value

horizontal pressure, for a correspond1ng Py>
displacement on specimen, and

vertical pressure (typ1ca]1y 400 ps1 or
2,800 kPa) (7).

where:

> .
noa nun

oo OWm
<

3.1.5 Resilient Modulus

Young's modulus or the elastic modulus of an elastic material is
defined as the ratio of stress to strain. This same relationship applies
to viscoelastic materials except that the conditions of testing must be

specified. This specification of test conditions is necessary because
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of thé tendency of a viécoelastic material to creep the Tonger it is
loaded. The result of increased creep will be a Tower modu]us value.
Time-dependent moduli are termed "resilient moduli" (8).

| In Schmidt's resilient modulus procédure, a sample of the size used
1h both the Marshall and Hveem procedures is used. A pulsating load is
‘applied across the vertical diameter of the specimen which causes an
elastic deformation across ihe horizontal diameter. This deformation
is measured with transducers which require very little actiﬁating’force
(9). The load duration on the materials from the field trials waé 0.1
second applied every 3 seconds (8). A1l of the samples from the fiéﬁd
trials were tested at 68°F (20°C). |

Théﬁequation used for calculating resilient modulus is:

y = P(u+0.2734)
r At :

resilient modulus,

load,

Poisson's ratio,

total sample deformation, and
sample thickness (8).

| I [ R T |}

For elastic materials, this equationvshou]d apply to loadings in either
the static or dynamic state. This equation app]ies reasonably well to
viscoelastic materials provided that the loading time is short enough

to minimize the viscous effects (9). The 0.1 second load duration is

" considered to meet this requirement.

Schmidt recommends a value of 0.35 for Poisson's ratio. His recom-
mendation is based on experiments which have shown that Poisson's ratio
varies from 0.2 to 0.5 for asphaltic materials. Using a value of 0.35

for u in the resilient modulus equation would result in an error of no
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greater than t 25% (9). Gallaway and Saylak have suggested a value of

0.30 for Poisson's ratio of sulfur-asphalt materials (10).

3.1.6 Indirect Tensi]e Strength

Typically this type of test has been used for.concrete'and mortar.
Recently,'howevef, this test has been applied to'asphalt—stabiliZed:
- materials (11). In this test; a cylindrical specimen is subjected tb'
a compressive Toad from obpbsite sides of its diametral (diameter) plane.
The reéu]t of this loading is a tensile fai]uré which generally occufs
':a10ng the diametral plane (12). a

The indirect tensile test method is standardized for portland cement
concfete in ASTM Designation C 496-71 (12). There are some significant
differences between the way this test is performed on portland cement
~ concrete and the way it is applied to asphaltic concrete. For the pur-
pose of this field trial, the samples were the same size as thoSevused in
the Hveem and Marshall test procedures. ‘The:1oading ra%e throughqut the
course of testing was 2 in/min (5.1 cm/min). A]l'bf the samples were:
tested at 68°F (20°C). The equation used td.calculate the indirect or

splitting tensile strength is:

where: S, = tensile strength (psi or kPa),

P max = maximum load, 1bs
t = thickness of the sample, inches, and
d = diameter of the sample (13).

3.2 Condition and Performance Data

At approximately the same intervals during which cores were taken

from the fier'tria1. condition and perfbrmance data were takén from the
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- road site by the SDHPT, District 21 personnel. These data were ih:tﬁe

fokm of Mays Ride Meter va]ues, Dynaflect deflection, and visual inspection.

3.2.1 Mays Ride Meter (MRM)

The Mays Ride Meter was developed in 1967 by Ivan Mays, Senior Design
Engineer of the Texas Highway Department. The idea was\to provide a
 simp1e ahd useful means for measuring thevride quality of roads (14).
"Studiés conducted'at.TTI concluded that the MRM wés fhe'most apprépriate
device for general fieid use‘When compared to three other popular rough-
| neSs measuring devices (15). Two of thé greatest advantages of .the MRM
are its ease‘of operation and its permanent roughness recording with
respect toylocation (14).

The two main components of the MRM are the transmitter and the:
recorder. The transmitter is located in the trunk of the car directly
over the center of the differential housing. A cable extends from the
'transmitter to’the center of the differentia] housing. This cable gives
the tranémitter a solid drive,mechanism for detecting roughness. ' The
recorder is self-contained and may be either’étrip chart or digita]
read-out. As the vehicle travels on the road, the transmittér detects
relative vertical motion betweén'the automobile and the differential
thsing with a 0.1 in (2.54 mm) resb]ution.} The recorder uses the
‘ e1ectr1c611y transmitted data to provide a continuous indication_of the
road roughness (16).

Measurements taken by the MRM are éonverted to values of service-
ability index (SI). This index was deve]oped during the Américan Associ-

ation of State Highways and Transportation Officials Road Test (AASHTO)
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in an attempt to standardize‘a performance measurement procedure (17)Q‘

In this road teét,kpane1s of beop]e were asked tb rate different conditfons
of pavement ffom 1 (veryvpoor) to 5 (very QOOd), Their evaluations were
termed the present_sérviceabiTity rating. The SI is an estimate of the

present serviceability rating (18).

3.2.2 Dynaflect Deflection

The Dynaflect is a pavement deflection measuring device which was
developed by the’Lane-Wells Divisidn of Dresser Industries, Inc; This
system is composed bf a small two wheel ﬁrai]er,whiCh contains a dynamic
force generator and a set of motion-sensing devices. ‘Def1ections of the
‘material underneath~the trailer, caused by a cyclic doWnWard erCe, éré
measured while the trailer is halted at the test 10catfbn'(19).

The cyclic force is generated by‘a pair of counter-rotating‘unbal-
anced fly wheels which produce a 1,000 lbv(4;450'N)-Ve;tica1'dynamic load.
The vertical diSplacement caused by this load is sensed-by geophones Which :
are lowered into contact with the surface. The geOphohes are'spaced at
1 ft (30.5 cm) intervals for a distance of 5 ft (152.5 cm) from the cehtér
of the loading wheels. A Tifting device places the force generator in
and out of contact with the surface of the road (19).

Since this test is in-situ, expoSure to the elements must be con-
sidered; A study condhcted on the seasonal yariatidhs of Dynaflect
measurements has shown that weather does play an important role in fhe
deflection of pavement materials (20). FOf thfs feason, the deflection
measurements weré corrected to 60°F (15°C) according to a temperature

'adjustment procedure established by‘a study conducted at the Utah
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Department of Transportation (21). This‘procedure takes into account
the pavemeht surface temperature‘and the aVeragevof the previous 5-day
ambient temperatUre in order to arrive at an average full-depth paveheht
temperature. Sihce the pavement surface temperature was rare1y recdrded
during the course of the field trial, the average full-depth pavement
temperature was estimated according to a‘procedure set forth by Witczak
(22). |

Figure 7 shows the results of the Utah Department of Transportatton ‘
.stUQy. .-This graph may be used for conventioha1 asphaltic gbncrete mate-
rials. It is used by entering the graph at a particular paVement |
temberature'and extending a line to the cprre]étion curre. Next a Tine
extended downward vertically to the proper Dynaf]ect'correctionyfaCtor.ﬂ
» The'meaSUred deflection ispmu]tip1ied by the correction factor'te adest
the measurement to 60°F (16°C). | |

Since the temperature dependency of su]fur—asphd]t materials is‘:
- somewhat different than that of conventional asphaltic concrete, a
modified approach to temperature correction was needed. This modfficatibn
- was effected by first plotting the curve of resilient modulus versus
temperature for SEA, SAS, and asphaltic concrete (Figure 8). These
curves give an indication of the stiffness of the materials at different
temperatures.; From Figures 7eand 8, a curve'waéymade of resilient modu]us
versus Dynaflect correction factor for convehtiona1 asphaltic concrete |
| (Figure 9). To use the modified approach, the pavement temperature is
entered on the temperature axis on Figure 8, a line is projected to the
curve of the pavement material being evaluated, and a horizohtal 1inexis

extended to the resilient modulus axis. Next the resilient modulus is
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Figure 7. Pavement Temperature versus Dynaflect Témperature Correction (21).
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Figure 8. Resilient Modulus versus Temperature
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entered on the proper axis of Figure 9 and a line is extended to the
curve. From this point a line is projected to the proper Dynaflect

correction factor for the particular material.

3.2.3 Visual Inspection

Visual inspectioﬁvof bavements has beeh considered one of the mqst
reliable 1ndications of pavement performance (22). In Texas, visual
1nspect10n of roadways has been standardized by the SDHPT for both rigid
and f]eXibie pavements. Ttems which enter into this rating include the
location and type of pavement, amount and degree of distress, conditions
of the shoulder, roadside and drainage characteristics, and traffic‘l |
service features. The Mays Ride Meter is used in conjunction with this
" inspection to establish the riding quality of the pavement,

Visually distinguishable pavement distress was presented literally
kinvthe Kenedy County project. In this case, sketches of the road were

‘made indicating the location of the pavement distress.

4.0 Data Analyses for u.s. 77

The’Kenédy County field trial has now been in place for three years.
The last period for collecting data was scheduled for the thirty-eighth
month. Ihcluding the final testing, there have been six testing periods.
There were three thicknesses of two different materials used in this
tést section. The materials were a sand-asphalt-sulfur (SAS) mixture
with a 6.2:13 weight percent aspha]t to sulfur binder and a conventional
hot-mixed asphaltic concrete (HMAC) with a binder content of 5.8 weight
percent of binder. Of each of these materials, there was a 4 in (10.2 :

cm), 7 in (17.8 cm), and 10 in (25.4 cm) base course thicknesses‘used}
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Direct comparisons of these materials have been made in this study.

4.1 Laboratory Results

Samples were obtained from cores that were taken from U.S. 77 at
specified points in time for laboratory testing. The data from thesev‘
© tests include bulk specific gravity, MarShal] stability and flow, Hveem
, stabi]ity, resilient modulus at 68°F (20°C), and splitting tensile stfength,'
~at 68°F (20°C). These data are presented in Tab]e 1. It may be noted' 
that in all the graphs of 1aboratory~testfng, the initial data point.fer
the 10-inch'(25.4 cm)’HMAC section is missing. This omission was due_fo

difficulty encountered in the initial coring of that section.

4.1.17 Bulk Specific Gravity

Traffic compaction has not had much effect on the bulk specific
‘gravity of the materials as cah be seen in Figure 10. A11 of the SAS
sections have specific gravities of about 2.05. This has remained rela-
tively conStant thkoughout the study with the exception of one ouf]iek‘for
"the 10 -in (25.4 cm)'section at the eighth m9nth. A bu]k‘specificvgrayity
of 2.05 trans]etes to a bulk density of 128 pcf (2,048ykg/m3). The'f |
» maximumvspecffié gravity of the SAS material is 2.28; Therefere,tﬁe air o
-voids in this materialyare about 10 percent of the tota} volume of the
| mixture. This is 2 percent above The Asphalt Institute's recommended
upper 1imit of 8 percent. These voids are not considered to be connected
endfde not contribute to the water susceptibility of the material.

The bulk specific gravity of the HMAC material has 1eVe1ed-out te

‘around 2.29 after 20 months as'seen in Figure 10. This is'the‘equivaleht
e 3)

‘

of a bulk density of 143 pcf (2,290 kg/m The maximum specific gravityv
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Table 1. Field Core Test Results for U. S. 77.

. Resilient s - Sampling .
Sulfur/ Marshall Marshall Hveem ° Splitting g Rice Max.
Base Asphalt Specific Stability  Flow  Stability, Modulus at 88°F, o) ile,”  Ratio " qoecific
Type Ratio” Gravity 1bf 0.01 in. percent psi x 10 psi (Age) Gravity
2.02 1350 17 25 0.46 155 4/77(0)
. 2.20 1445 8 3 0.70 160 12/77(8)
10" SAS'  13/6.2 2.04 2070 10 42 . 0.48 200 6/78(14) 2.29
2.02 1725 9 30 0.73 178 12/78(20)
2.04 1535 9 38 0.57 169 7 6/79(26)
2.02 1500 n 24 0.67 - 158 6/80(38)
, , 2.01 1885 15 - 34 0.44 145 4/77(0)
s 2.04 1740 9 30 0.64 150 12/77(8)
7" SAS 13/6.2 1.99 1210 10 - 28 0.48 205 6/78(14) 2:24
2.04 1975 9 36 0.77 168 12/78(20) .
2.02 1430 9 29 0.52 160 6/79(26)
2.04 1991 11 30 0.68 - 166 6780(38)
2.01° 1890 14 32 0.45 155 4/77(0)
N B 2.05 1875 10 38 0.77 185 12/77(8) ‘
4" SAS” 1 13/6.2 2.05 1450 9 30 0.55 235 6/78(14) 2.31
» 2.05 1785 10 30 0.91 183 12/78(20)
2.05 1190 10 33 0.56 184 6/79(26)
2.03 1408 14 27 0.87 188 6/80(38)
2.13 340 11 36 0.73 215 ~4/77(0)
2.25 580 13 26 1.28 290 12/77(8)
& AC  0/6.2 2.25 930 14 27 1.16 325 6/78(14) 2.38
: 2.29 660 13 25 S 1.52 291 12/78(20)
2.29 730 18 31 1.10 278 6/79(26)
2.26 475 10 27 1.64 218 6/80(38)
2.26 675 18 . 0.81 240 4/77(0) .
2.26 665 11 27 1.23 255 12/77(8)
7" AC  0/6.2 2.25 685 14 2% 0.99 273 6/78(14) 2.33
2.29 520 1 28 1.4 279 12/78(20)
2.31 500 9 29 0.74 247 6/79(26)
2.29 ek bkt 28 0.98 207 6/80(38)
Yeved dedede dedee ek dedede Fehede 4/77(0) .
2.24 705 12 29 1.12 255 12/77(8)
10" AC  0/6.2 2.27 420 12 24 1.02 310 6/78(14) 2.40
2.29 645 1 29 - 1.54 262 12/78(20)
2.32 730 12 22 ~0.75 256 6/79(26)
2.28 522 8 32 1.36 . 215 6/80(38)

*The mix design established for these systems was 6.2 weight percent asphalt and 13 weight percent sulfur

Yede
Pavement age in months

**
1 1bf =
1in =
1psi =

4,458
2.54 cm
6.89 kPa

*Difficulty collecting sample
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of this material is about 2.38. Therefore, the air voids in the mixture
are about 4 percent. This is 1 percent above The Asphalt Institute's o

recommended value of 3 percent.

4.1.2 Marshall Stability and Flow

The Marshall stability and flow characteristics of the SAS and AC
materials are shown in Figures 11 and 12, respectively. In Figu?e']T, it
is shown that the stability for the SAS mixture has been consistently
higher than that of the conventional HMAC material. Pavement thickness
does not seem to be a factor in either of the materials. The variability
of the data for either material is not outside of that which is normally
~ expected for tHis,test. Neither of the materials show a clear trend bf
stiffening with time. This stiffening is normally expected 1h aspha1tic
'materials due to traffic compaction and the increase in the mass viScos{ty
of the asphalt from thermal cycling.

Figure 12 shows the Marshall flow characteristics of the pavement
materials. Ih this figure, it may be noticed that the flow is greater
for the AC mixture than the SAS mixture for any of the testing periods
after the initial period with the exception of the 4" SAS section at
the 38thbm0nth. For the‘SAS mixture, the higher stability and lower flow
values are indicative of a greater mass viscosity for this material.
Figure 12‘also reveals that after the initial testing period, the flow
values decreased for both materials until the 26th month. The reader |
may note that this decrease was of a greater magnitude for the SAS
material. Once again pavement thickness was not a factor in the data

trends.
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4.1.3 Hveem Stability

The Hveem stabilities for the base materials with respect fofbavement
age}are shown in Figure 13; At the initial testing point,>n0‘data_Was
~available for the 7 in (178 mm) or the 10 in (254 mm) HMAC base cOufses.
Howéver, initia]]y,the HMAC material seems to have a higher Hveem stébi]—
ity, 35 percent, -than the SAS material which had an average value of 30
percent. ‘Aftér this point in time, the stability of the SAS mixture
Seems'to average approximately 33 percent and the HMAC stabi]ity at
about 27 percent. This means that the SAS matéria1 has’a greater réSis-

tance to flow than_HMAC mixture.

4.1.4 Resilient Modulus

‘The HMAC mixture has a consistently greater resilient modulus at
68°F (20°C) than the,SAS material as demonstrated in Figure 14. Bbth
materials seem tb be gaining stiffness with age until the 26th month.
The SAS mixture had an initial resilient modulus of 0.40 x 106 psi |
(2.76 x 106 kPa) and a maximum resilient modulus of about 0.80 x 106
bsi (5.51 x 106 kPa) after 20 months. The AC material started with a
value of 0.75 x 106 psiv(5;]8 X 106 kPa) éftér construction which roée

6 psi (10.34 x 10° kPa) at 20 months. Here it

to a value of 1.50 x 10
is be]ieVed that the greater shear capacity of the wé]]-graded, type D
'aggregate in the HMAC mixture produced a material which has a greater

mechanical interlock than the sand and asphalt in the SAS mixture.

4.1.5 Splitting Tensi]e Strength

This same reasoning is applied to the pattern in Figure 15 where

the sb]itting tensile strength of the HMAC material is consistently
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greater than that of SAS. Both the SAS ahd;HMAC materials seem‘to
havevstartéd on a generally upward trend until thefZOth month,wheh they
bbth begén to deé]ine. The SAS material seems to havevincreased in
strength from approximately 150 psi (1,035 kPa) to about 200 pSi |
(1,389 kPa). 'The splitting tensile strength of the‘HMAC material was
initially 220 psi (1,520 kPa) and increased to about 290 psi (2,000 kPa).

4.2 Condition and Performance Results

At approximately the same time that cores were takeh from u.s. 77,
in-situ testing was conducted by SDHPT personnel. These tests include
Dynaflect def]ections; visual inspection, cracking survey, and Mays

Ride Meter readings. -

4.2.1 Maximum Dynaflect Deflection

Figure 16 shows the maximum Dynaflect deflections for the different
‘thicknesses of the two materials. These data are summarized in Table 2.
For the two 10 in (254 mm) base courses, therdef]ections are edua]_at
8 months, 0.44 x 1073 in (11 x 1073 mm). After this point, the 10 in
(254 mm) HMAC section had higher deflections than the équivalent SAS
section. In the 7 in (17.8 cm) base sections, the HMAC had a c§nsis-
tently higher deflection than the SAS material. This tfend'was reversed
in the 4 in (10.2 cm) sections, with the 4 in SAS sections having the |

highest deflections of all‘the sectioné. There may be indications of
some of the pavement sections stiffening with time, although it is too

early to state conclusively.
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Table 2. Maximum Dynaflect Deflections for U. S. 77.

Sampling |

*% .
S/A Ratio : Pavement Maximum Dynaflect x
and Mix Type Station Thickness, in. Deflection, 10-3 in. Date (Age)
6.2/13 sas 1985+00 0.44 12/13/77(8)
' to 11 0.48 . 6/6/78(14)
1990+00 0.40 12/4/78(20)
0.37 6/5/79(26)
0.40 6/25/80(38)
6.2/13 sas 1990+00 0.6 12/13/77(8)
: to ' - 8 0.61 ' 6/6/78(14)
1995+00 0.53 ' 12/4/78(20)
0.46 ' 6/5/79(26)
0.52 6/25/80(38)
6.2/\]3 SAS 1995+00 0.88 : 12/13/77(8)
to 5 0.90 6/6/78(14)
2000+00 0.86 12/4/78(20)
0.67 6/5/79(26)
0.79 _ 6/25/80(38)
0/6.2 2000+00 0.72 12/13/77(8)
to 5 0.73 ~ 6/6/78(14)
2005+00 ~ 0.74 = 12/4/78(20)
0.55 : 6/5/79(26)
0.60 6/25/80( 38)
0/6.2 2005+00 0.68 12/13/77(8)
to 8 0.78 - 6/6/78(14)
- 2010+00 0.75 12/4/78(20)
: 0.59 . 6/5/79(26)
0

.70 : 6/25/80(38)

(Continued)
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Table 2. (Continued).

Sampling

S/A Ratio**' _ 3 Pavement - Maximum Dynaflect o Tk
and Mix Type Station - Thickness, in.  Deflection, 10-3 in. = Date (Age)
o/6.2 2010400 TR 0.4 - 12/12/77(8)
o - to o 11 0.60 U 6/6/78(14)
2015+00 - o 0.44 o - 12/4/78(20)

S o . 0.40 o ; - 6/5/79(26)

0.44 6/25/80(38)

. » o ‘ » _ v N S
A1l sections have 1 inch aspha1tic,concrete wear-course and 8 inch lime treated subgrade.

**6.2/13 = weight percent ofkasphalt and sulfur in the paving hixturé.

*dek , . ' . v s :
Pavement age in months. 1-in. = 2.54 cm
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“Figure 16. Maximum Dynaflett'def1ection versus pavement age for U.'S. 77.



4;5{2 VisuaT Inspectibn 8

| The pavement rat1ng scores for the subsect1ons are shown 1n Tab]et
3. It must be emphas1zed that th1s eva]uat1on 15 1ndependent of the
’ serv1ceab111ty31ndex_and rave11ng;, The serviceab111ty,1ndex will be
considenednseparate1y. Raveiing:ts an indication of-surface course
‘ performance. The surface course is/ndt under consideration in this
‘study. To date, very Tittle visual distress has been noted in the
test pavement.

The SDHPT had decided to use a hot-mix asphalt conerete base as
the control in the segment where SAS was used as a,trial'section,
The,outsﬁde 1ane'of this flexible base section began erackfng s0
_severely that in the summer of 1979, a chip seal was app1ied to the |

Aentire Job inc]Uding_the:HMAC and SAS sections. The COVering of these
v’sectiens was muthal]y agreed to by both the study supervisor andlthe
SDHPT. - Neither the HMAC or SAS sections needed a seal at the time as
' neithertsection-showed any significant distress; |
‘ - The SDHPT noted that‘there.seemsvto be 1essvcraekjng or distress
E _as comnahed‘to the 1979 visua1 rating'f The chip seal applied
prior to June 5, 1979 seems to be very effect1ve ‘In additidn to
ksome crack1ng, however, there is some s]1ght rutt1ng in the 7 and 10 in

(17;8eand 25f4 cm) ‘HMAC sect1ons.

4.2.3_aCracking‘SUrvey

F1gures 17 through 22 show the resu]ts of crack1ng surveys con—

“'°ducted on the subsect1ons after the app11cat1on of the ch1p sea] in

~June, 1979. of the cracking that has taken place in the 7 in (17 8 cm)
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Table 3. Pavement Rating Scores Exclusive of Serviceability Index and Raveling for U.S. 77.

Pavement Rating Score, Percent

Station No. Base Thickness and Type - 12/78 6/79 - 6/80
1985+00 - 1990+00 10 in. (25.4 cm) SAS 100 100 100
1990400 - 1995+00 7 in. (17.8 cm) SAS 9 95 - 83
1995+00 ;'2000+00 : 4 fn. (10.2 cm) SAS ’ 91 100 95
2000+00 - 2005+00 4 in. (10.2 cm) HMAC 100 97 100
2005+00 - 2010+00 | 7 in. (17.8 cm) HMAC 91 93 92

- 2015+00 - 10 in. (25.4 cm) HMAC | 100 - 97 93

2010+00
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Figure 22. Results of cracking survey'for 10 in. (254 cm) HMAC base. -
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and 4 in (10.2 cm) SAS test subsections, sample corings taken from
these cracks have shown that the cracking has occurred on]yyin the

surface course. They are not reflection cracks from the base course

materia]. Figure 23 shows this cracking in- the sdrface course of the

core sample taken in the 7 in (17.8 cm) SAS section.

4.2.4 Serviceability Index

The serviceability indices for the SAS and HMAC pbftions'of the
test section appear in Table 4. Readings were taken with the Mays Ride
Meter vehicle straddling the wheel paths during all the testing periods.
Beginning with the 18th month, readings were also taken with the wheels
bf the vehicle in the wheel paths.- The reédings which wefe taken with
 the vehicle straddling the wheel paths are questionab]e, since these
are not truly ihdicative of the riding’quality of the pavement. The
majority of the road user vehicles stay in the wheel paths.

The readings which were taken in the wheel pathslshowﬁthat both
the SAS and HMAC portions have a higher rating than those which Were
taken from straddling the wheel paths; however, both sections have
decreased in riding quality at the 38th month. It can be noted that
for all of the readings, the SAS portion generally has the Tower ser-
viceability indices than the HMAC portion. For the 38th month with the
Mays Rfde Meter vehicle wheels in the wheel paths, the SAS portion had
~an average serviceability index of 2.9 and the HMAC portion had an
average of 3.9. The reasons for the poorer riding quality of the SAS
sections are be]ieved to be due to inadequate construction cohtro]. 
' 75becifjca11y, the températurejcontro1 was marginél throughout the course

of construction, the pug mill was out of adjustment during the peridd:
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- Mays Ride Meter Test Results for Road'ServiceabiTity Index.

Table 4.

Mays Ride Meter Readings Taken at 264 ft. (80.51in.) Intekvals
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Table 4. (Continued).

. *
Wheel Path No. 3

Mays Ride Meter Readings Taken at 264 ft. (80.5

in.) Intervals

* % ’
6/15/77(0) 2.5 3.2 2.7 2.9 3.1 2.3 - 3.9 3.4 2.8 3.3 3.7
11/15/77(6) 3.0 3.9 3.5 4.1 3.8 3.0 4.5 4.0 4.0 4.2 4.5
6/16/78(12) 3.0 3.2 3.5 3.6 3.3 2.7 4.4 4.1 4.2 4.1 3.9
12/28/78(18) 2.6 3.7 3.4 3.3 3.4 3.0 3.8 3.7 4.0 3.9 3.8
6/01/79(24) 3.3 3.9 3.8 3.9 3.8 3.3 - 4.4 3.9 3.9 3.9 4.3
6/26/80(36) 2.6 2.7 2.9 2.9 3.0 2.7 4.1 3.6 3.8 3.7 3.4
*%k
12/28/78(18) 3.0 3.4 3.8 3.0 3.1 2.8 4.5 4,2 4.1 4.3 4.1
6/01/73(24) 2.7 2.7 3.4 3.6 3.4 3.3 4.2 4.2 3.9 3.9 3.9
6/26/80(36) 2.3 2.6 3.2 2.7 - 3.0 2.3 4.1 3.5 3.9 3.7 3.5
- *
Wheel Path No. 4
6/15/77(0) 2.5 2.9 2.9 2.5 2.9 2.1 3.6 3.9 3.7 3.1 -
11/15/77(6) 3.8 3.7 3.9 2.9 3.0 2.9 4.1 3.9 4.2 3.1 3.9
6/16/78(12) 3.6 3.6 3.6 2.8 2.9 2.7 3.9 . 3.9 4.1 4.1 3.9
12/28/78(18) 3.5 3.0 3.8 3.1 3.3 2.9 4.1 3.9 4.3 3.9 3.8
6/01/79(24) 3.5 3.0 3.6 2.8 2.8 2.6 3.9 3.6 3.7 3.5 3.6
6/26/80(36) 2.7 2.9 3.0 1.9 2.5 2.1 3.9 3.5 4.1 - 3.8 4.0

*Mays Ride Meter

** , .
Pavement age in

* %k
Mays Ride Meter

readings taken with vehicle straddling wheel paths.
months.

readings taken with wheels in wheel paths.



Figure 23. Photogfaph of core taken from cracked area of
7 in. (17.8 cm) SAS section. - Crack stops at
~ SAS base material. » S

51



when the SAS mixture was being produced, and the laydown machine Stopped
and started frequently in the SAS portion causing a rippling effect in

the surface.

5.0 Conclusions

At the close of the three year post construction evaluation period
the SAS base sections'have demonstrated consistently higher Marshall énd
Hveem stabilities than the HMAC base sections. On the other hand, the
HMAC base sectionsvhave shown consistently greater resiTient modu]us
and sp]itting tensile strengths than the SAS base séctions. It appears
that, genera]]y'speaking,'the SAS material has demonstrated'$upérior
stability properties, yet lower strength and stiffneSs characterisfics
than the HMAC mixture.

Deflection measurements have 1ncréased with decreasing paveméht‘
thicknesses qs’would be expected. Outside-of dynaf]ect'def1ectibh'
measurements, pavement thickﬁess has not showh,any influence on the
laboratory test data or other perfbrmanée test observations. The 4 in
(10.7 cm) pavemeﬁt'Sections:designed to show distress in a two to three
year periodvhave not done so. 'The majorify of'cracking and ruttihg
that has been observed has not occurred in the 4 in (10.2 cm) sections.

| It can be stated that the SAS materials are performing comparably
to the HMAC materials at the end of three years in service. In some
instances (particularly with respect to rutting); it is superior to

HMAC.
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6.0 Recommendations

The results of the 3-yéar pbst-construction‘eva]uation presented
in this report do not permitfany predictions to be mdde qbout projectéd
service life of the test sections. Performance to date of the sand-
aspha]t-$u1fur pavements have actdaliy'been better than originally
anticipated}as ref]ected in the excellent condition of the section
which was designed to fail in two yeafs.

Therefore, the recommendation has been made to the sponsors to
continue this evaluation but, with less frequent samp]ings,vfor an

additiona] 3-year period.
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