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CHAPTER I
INTRODUCTION
Statement of Problem

F]exib]e paveménts comprise a major porfion of 0k1ahoma;s highway
system and cracking of these pavements is widespread throughout the
state. Many factors, such as'excessive and repeated load deflectionﬁ,
thermal expansion and contraction, moisture changes, consolidation,
freeze-thaw action, and brittleness of the pavement may contribute to
or be directly responsible for the occurrence of cracks.

At the time of occurrence, cracking has relatively lfttle effect
on pavement performance and riding quality. However, further deteriora-
tion of the pavement surface usually follows in the form of additional
cracking, spalling, pefmanent deformation and faulting. Consequently,

"~ the desired pavement performance and serviceability afe adverse]y affected
and fhen reduces the useful life of the pavement structure.

Modification of current asphalt mix design procedures and pavement
construction practices will .be neceésary to help prevent flexible pave-
ment cracking. Cracks in existing pavements should be satisfactorily
' sealed to prevent or at least postpone the development of secondary
deterioration and the need fdr more elaborate énd costly repair. _
| A wide variety of sealing materials has been used in many states
with different degrees’of success. These include asphalt cements, emul-

sions, cutbacks and asphalt cements plus additives such as rubber, L
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synthetic polymers, epoxys, and sulphur in various proportions. There
is an apparent need to develop practical laboratory testing procedures
that can be utiiized to evaluate the expected performance of different

crack sealing materials under actual field conditions.
Method and Scope of Study

Thé primary objective of this research was to evaluafe and/or
develop laboratory test procedures for flexible pavement crack sealant
_materia]s that wou'ld reasonably predigt their field pérforﬁance. After
estab]ishfng the desirable characteristics and propertieSIOf an effective
long lasting crack'séaling material, these tests can be used to ascerfain
whéther a prospectivé sealant conforms to the selected criteria.

A‘secohdary‘objective was to conduct a field study of’crack move-
ments and behavior under varying load and temperature conditions. This
study was considered necessary to help establish reasonable criteria
- for sealant perfofmance based on average conditions in Ok]ahoma pavements.
The first phase of the study'was devoted to concern.aboﬁt cohducting
: a complete review of 1iterature on the materials and methods of insta]-"
lation used in sealing:fTexible pavement cracks. Conducting an ih-state
‘and Surrounding state survey to determine the'effectiVeness,of curreht]y
uﬁed sealing materials and practices was a part of this‘phase.

The second phase of the proposed research involved a créck dynamics
study. The purpose of this study was to obtain measurements of the re1a-
tive horizontal and vertical movements of adjacent pavement sections at
transverse cracks in the roadway surface. |

This study was limited to transverse type cracks, since the re}ative

movements of the adjacent pavement sections were expected to be greater



‘than for other types of cracks. Measurements of the width of crack
opening and the ambient temberatures at several cracked sections of'v
Oklahoma highway were made at monthly intervals err a period of one
year. Vertical def]ectibns at the selected cracks uﬁder a loaded dump
truck were measured at three month intervals during the same period.
The influence of certain environmental factors (pavement temperature,
geological type of subgrade material, and spacing of adjacent cracks)
on the relative horizonta] and vertical movements at these test sites
cracks was determined. .

Standard or tentative standard ASTM tests have been developed for
rigid paQement;crack and joint sealing materials. Due to d1fferences
in'the_type of sea]ahts and performance requirements,:mény.of these
tests are not directly applitable_to flexible-pavemeni seaTers; Howgver,
a group of tests based'on these standard procedures were seiected énd
app]ied with minor modifications to fhe type and grade of'materiéls used
for seé]ing asphalt pavement cracks in Oklahoma. These tesis were
selected to evaluate both performance characteristics, i.e., adhesion
and ductility atslow temperature and compatibility with the pavement.

- binder, and certain physical and rhealogical properties, i.e., consis-
tency, flow, resilience and shrinkage, of the asphalt sealing materia]s.

Twoyaspécts were considered in evaluating the results of this
bseries of laboratory tésts.‘ First, an attempt wds-made'to a;sign siénif—
icancé to the respective tests with regard to their value as an indicator
of either material quality or expected field performénce of a’sea]ant,
:Second1y, tﬁe'aspha]t materials used in the tests were appréiséd'as to
their effectiveness as craék sealers. However, the true criterion, in

this case, is how well a sealant performs under actual field conditions.



This will be true until a correlation between laboratory test results
and field performance has been established.

In order to eétab]ish this correlation and to determine the most
effective application procedures for flexible pavement crack sealants,
a field test program Was planned. An experimental design for this

proposed progfam has been included.



CHAPTER I1
LITERATURE SURVEY
Sealants

The brob]em of sealing cracks in flexible pavements is, pérhaps,
more formidable than that of sealing joints in rigid pavemehts.‘ Flex-
ible pavement cracks have no regular or uniform interfacial space in
whiéh preformed gasket material can be placed, the irregular and often
tfmes contéﬁinated (dust and moisture) interfacial surfaces prevent
gobd adherence o% é;1&-boured elastomeric type sealants, and there is
the possibfTity of lack of compatibility between the sealant material
and the asphalt binder in the pavement.

The.matefia1s currently being used for sealing cracks in flexible
pavements can’be separated into two broad categories, hot-poured seal-
ants and cold-poured materials. An investigation conducted by Cook (1)
showed that the hot-poured materials were used for this purpose more

frequently.

Hot-Poured Materials

Hot-poured sealants are either straight-run asphalt cements or
asphalt cements that have been modified by the addition of mineral fill-
ers and/or rubber (1) (2) (3) (4) (5). The use of paving-grade asphalt

cements seems to be limited to certain types and widths of cracks (4),



e.g., ih the Case of very narrow crack openings, these asphalts tend to
bridge over the crack and do not penetrate deep enough to provide an
effective seal. | -

It has been reported that the addition of rubber improves the flex-
ibility, dUcfi]ity, adhesion and cohesion properties of asphalt cement
(6) (7). The beneficial aspects of using rubberized-asphalt, containing
20 to 35 percent rubber by weight, as a crack sealing material have been
demonstrated by many investigators (1) (3) (5) (8) (9) (10). 1In some
reports, the rubber additive used was ground recycled tire_rubbef and

‘this materiaT'may also ﬁave both economical and ecological advantages
in‘view of the‘rising cost of asphalt cement. |

| Sulphur has also been used as an additive to improve the resilience
of asbha]t cement used as a joint filler. Also, many kfnds of pulver-
ized mineral fillers, e.g., talc, limestone and silica, have been used

to harden or inverse the viscosity of asphalt cements (5).

Cold-Poured Materials

Cold-poured sealants include liquid asphalt materials such as cut-
backs, standard emulsions, and rubber-asphalt emulsions (1) (2) (4) (6).
Apparently, little or no'use of co]d-poured‘e]astomeric-ﬁaterials for
sealing flexible pavement cracks has been reported (1). Most of the
liquid asphalt products that have been used for sealing cracké are in-
‘cluded in the following list recommended by the Asphalt Institute (4):

Cutbacks...........coeeininnin RC-70
Emulsions.; ........ (Anionic)... RS-1
(Anionic)... $S-1, in s]ufry mix

(Anionic)... SS-Th, in slurry mix



Emulsions.......... (Cationic)... CRS-2
(Cationic)... CSS-1, in slurry mix

(Cationic)... CSS-ih, in slurry mix
Laboratory Investigations of Sealants

Tons (11) summarized the major factors influencing thevperformance
of a sealant as (1) the characteristics of the crack to be sealed, (2)
properties of the sealant to be used, (3) properties and conditions of
: the.seglan£~crack interface, (4) quality of workmanship (related to
application of the sealant), and (5) types of service to which the
~ sealed crack is subjected. Under various field conditions the sealants
may fail in adhesion, cohésion, extrusion, or a copbination of these
three types of failures (see Figure 1).

Adhesion failure is simply a loss of bond between the sealant and
the crack wall under a tensile load. This happens during contraction of
the pa§ement when the sealant builds up tensile stresses at the bond |
interfaces and it has no inherent ability for stress relaxation (11).
‘Such sealants may also cause tensile failure (parallel cracking) of the
$urfacing if the bond strength exceeds the tensile strength of the bitu-
‘minous concrete adjacent to the sealed crack. Adhesion failure was re-
ported as the type most'frequent]y observed under field conditions
despite the féct that the sealants showed no signs of adhesion weakhess
in laboratory tests (2) (11).

Cohensive faiiure is a tearing or pulling apart of the sealant
material and is a manifestation of a weakness of the forces binding to-
getheé the molecules of the material. This failure also occurs during

- contraction of the pavement and is caused by stresses that exceed the
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“inherent tensile strength of the sealant. Observation of sealed crack
test sections indicated that most materials that successfully passed
laboratory tests deéigned to check this characteristic showed little or
no cohesion type failure in the field (2).
| Extrusion failure occurs during hot weather as the pavement expands

and thé sealant is compressed. A portion of the séa]ant material is ex-
truded above the pavement surface and, under the action of vehic]e'
wheels, is flooded or flattened onto the adjacent pavement surface. The
flattened portion of the material cannot recover and no longer serves
its intended function. |

Based on the aforémentioned factors affecting sealant performance
and the respective types of sealant failure, some idea as to the prop-
erties and characteristics of a good sealant can be obtained. Tons
(12, p. 20) outlined what he called "the established criteria for a
satisfactory crack sealer" as follows:

1. The sealer should possess a good adhesion property that will
- enable it to adhere firmly to the cracked surfaces to seal it effective-
1} under any Conditions.

2. The sealer should withstand repeated stretching and compression
over long periods, i.e., it should have good cohesion characteristics.

3. The sealer should neither flow out of the crack nor change its

properties when exposed to hot weather.

4. The sealer should not shrink excessive1y due to cooling or evap-
oration of solvents éo as to eliminate the need for repeated pouring.

5. The sealer should not extrude or become tacky on its exposed
surface during high summer temperatures.

6. The sealant should not react with asphalt, salt, oil, etc.
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7. The sealant material should be durable and should neither
harden nor soften with age.

‘The ASTM tentative specification, D 3405-75T (13), for hot-poured
| crack sealant materials stipulates almost the same requirements and
1i$ts an additional one pertaining to compatibi]ity of the sealant with
‘the asphalt binder in the pavement. That is, there should be no forma-
ltion of an oily exudate at the interface between the sealant and the
asphalt concrete nor any softening or other deleterious effects from

'the sea]ant..
Selected Laboratory Tests

Bond-Ductility Test

This égbéars to be a basic test used by many investigators (1) (12)
(13) (14) (15) (16) (17) to evaluate a sealant material aé to its bond
or adherence to the cracked surfaces and to its Stretchabi]ity or duc-
tility at 1ow,temperatures. Essentially, the fest consists of.pouhing
§ea1ants between spaced specimen blocks and then pulling the blocks
apart at a specified rate on an extension machine. The temperature and
amount of extension of the sealant are controlled. After a certain |
amount of extension is reached, the test samples are recompressed to
“their initial width at lab temperature and this constitutes a cycle.
Table I 1ists the major féatures of bond-ductility tests used by several
investigators and the ASTM tentative test procedure. Cook (1) has de-
scribed a number of extension machines developed for this type of test
by various agencies.

In this type of test, the sealing material, because of its Timited
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MAJOR FEATURES OF BOND-DUCTILITY TESTS
USED BY INVESTIGATORS AND ASTM

Test Features

Agency or I[nvestigators

ASTM. D3407-75. (13)

Egon Tons. (12)

Wiltiam Kuenning. (16)

Block Material Used

Mortar bBlocks

Bituminous concrete cut from
an old resurfacing

Concrete Blocks

Block Dimensions (in,) 1x2x3 M x 2 x 2y s x4 x8
Initial Block Spacing (fn.) 1/2 1/8 aund 1/2 1/8, 1/4, 3/8 and 1/2
Final Block Spacing (in,) a. 3/4 3/8 -
h. L
Rate of [xtension (in./hr.) 1/8 1/8 1/32
Extenston Percentage (1) a. 30 300 Vary from 60 to 160
b. 100
Extension Temperature (°F% a. =20 s Yary from 0 to 73
b, O

Recompression

Specimens warmed to room tempera-
ture & compressed to initial width
by placing one block over the
other.

Specimens warmed to 80°F for two
hours & compressed to initial
width by hand at rate of 0.1 in./
minute.

Number of Cycles

Until failure

Failure Criteria

Development of crack, separation,
or other opening in the sealer or
between the sealer and the block
during the test.

1. Separation at any place of more
than 1/4 in. deep.

2. Opening of more than 1/2 in. ati
any dirvection in the sealing
material.

3. Opening of more than 1/8 1in,
in the exposed surface connect-
ed with votds inside specimen.

Cohesion or adhesion failure.

Ganeral Description
of fxtension
Machine

An extension machine that can
axpand 1/2 in., at a uniform
rate of 1/8 in./hr., suitable
for testing three specimens
simultanecusly. Requires
environmental chambar

Conststed essentially of two
screws, rotated by an electric
motor. Uniform stretching rate
of 1/8 in./hr. Capsble of test-
ing two specimens at the same
time. Requires environmental
chamber.

transfar.

Built tn PCA laboratories,

Rate of stretching = 1/32 in./hr.
Mounted on casters for ease of
Requires anvironmental
Chamber.
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dimensions, accommodates to the stretching action by becoming concave
on all four of its exposed surfaces (14) (15). In an actual crack, the
‘sealer becomes concave only on its top and cottom surfaces due to its
gfeatef Tength. Thus, any given amount of crack opening w111 impose a
greater strain on the sealing material than the same amount of exten-‘
sion of a laboratory specimen. This problem was realized by a number
of investigators (1) (12) (14) (15) (17) (18) and they recommended the
use of fairly ldng test specimens. Cook (18) determined that a six
inch specimen length was probably the optimum based on reducing the
amount of error between field and laboratory results and the bractical-

ity of the test specimen dimensions.

Peneiratioﬁ Test

This test is performed on hot-poured materials to obtain a measure
of the consistency of the sealant. The test procedure is outlined in
ASTM D 3407-75T (13) and employs a penetration cone instead of the stan-
dard needle. Tons (12) tested the penetration of the sealers that he
employed according to the procedure of Federal Specification 55-5-164

(19).
Flow Test

The flow test is designed to show the mobility or amount of flow
exhibfted by the sea]ant'(hot and cold-poured mastic type materials) at
elevated temperatures. A specified size of sample is poured onto a tin
pane1; a11owed to cool, and then placed at a 75 degree angle of inclina-
tion in a 140°F oven for five hours. The change in length of the sample

in millimeters is reported as the flow. The test procedure is outlined
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in ASTM D 3407-75T (13) and in the Federal Specification 55-5-164 (19).

Resi]iencé Test

This test procedure is detailed in ASTM D 3407-75T (13) and meas-
ures the capability of a sealant specimen to recover its size and shape
after being deformed. A minimum recovery of 60 percent for a sealant is

specified in ASTM D 3405-75T (13).

Compatibility Test

The,compatibi]ity test is used to determine if a sealant is com-
patible with the asphalt in the paVement, i.e., does the sealant have
any kind of deleterious effects on the asphalt concrete. The test method

and failure criteria are outlined in ASTM D 3407-75T (13).

Pour-Point and Safe Heating Temperature Tests

These tests apply primarily to hot-poured type sealants. The pour-
point test determines the range of temperatures in which the sealers can
be poured in both narrow and wide cracks. The safe heating temperature
is the highest temperature to which the sealant can be heated without
the dénger of catching fire or damage to the sealant. These tests are

outlined in Federal specification 55-5-164 (19).
Other Tests

Some additional tests on sealants have been devised and reported
by Tons and Roggeveen (12). The "volume change test" was used to check
the shrinkage of the sealants (primarily cold-poured materials) during

a specified curing time after pouring in order to determine whether
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repouring would be necessary in the field. The "tackiness test" was used
as an indication of the amount of adhesion or pick-up of the sealant on
rubber tires that could be expected. The "age hardening test" provided
a relative measure of the hardening and skin forming tendencies of a

sealant after a 28 day exposﬁre to the elements.
Field Application Experience

Many.different crack sealing procedures have been reported in the
literature. The essential repair techniques for sealing and/or correc-
tion of various forms of cracking are discussed in the Asphalt Insti-
tuteis Manual Series No. 16 (4). According to the Asphalt Institute,
these sealing procedures have proven to yield neat long-lasting results.

Field studies by many agencies have been conducted to evaluate
various crack sealing techniques. The investigators concluded that the
amdunt of failure noticed depended largely on the crack preparation
procedures that were used, and that the extra care exercised in cleaning
'and'preparing.the cracks prior to sealing was justified by the results
obtained (2) (8) (20).

Adhesion failure was reported to be the major and most frequently
‘observed type of failure that occurred in the sealed cracks (2) (8) (1])
(20). Several approaches were tried to improve the bond between the
sealer and the pavement. Cleaning the crack by some mechanical means,
i.e., brooming or brushing, removed dust from the crack walls and loose
paving materials. This provided cleaner and more stable crack surfaces
and bromoted'better adhesion of the sealant. Excellent results were
reported in a Minnesota fié]d study (8) where a wire twist brush was

used for this purpose.
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Air-b1owing and priming of the crack surfaces have also been used

~ with conflicting results reported by various investigators. Apparently,
air-b]owihg of thé crack alone did not noticeably improve adhesion but
it did allow the sealer to.penetrate deeper into the crack. The report-
ed results vary as to the effectiveness of priming cracks with a thin
cutback or emulsion prior to sealing. Tons (2) believed that the prime
penetrated and coated the dust on the crack walls, softened the pave-
ment binder, and promoted better adhesion of the sealer. However,
Wolter's (8) field tests of three different prime materials indicated
that they should not be used. Also, slight overfilling of the sealed
'cracks, i.e., an overlap of sealant along the ckack edges, seemed to
prevenf adhesion failures and provide longer service life.

Routing of cracks to relatively uniform grooves (apprdxjmate]y
0.5 in. wide by 1.0 in. deep) that hold more sealer than do narrow,
ragged edged cracks was recommended to enhance the service life of the
sealed crack (2) (8). Also, sealers in 0.25 in. or wider cracks showed
considerab]y less failure than sealers in cracks under 0.25 in. in
‘width. Apparently, the larger the volume of sealer in the crack, the
smd]]er the stresses in the sealer as the adjacent pavement sections
moVe horizontally and vertically. This conclusion corresponds with
theoretical calculations (14) concerning the effect of width to depth
ratio on the amount bf‘strain in the sealer.

The sealant in a crack is similar to.a-short single-span bridge
fixed to twb abutments that move back and forth in opposite directions
with temperature changes. The advantages of having the sealer become
concave or '"curve-in" on the top and bottom surfaces during extension

was discussed by Tons (14). He indicated that, contrary to common
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assumptions, a relatively shallow sealed crack is better than a deeply
sealed one. The shallow seal permits concavity to occur in both top

and bottom surfaces and this reduces the total strain. In deeply sealed
cracks, the sealant bond at the bottom of the crack pervents this. Con-
sequently, a paper rope "bond breaker" was used to Timit the penetration
of the sealant in deep cracks in a field test program (8). ~The results
of these tests were very_poof, however. Nothing was found in the liter-

ature concerning the use of sand or crusher screenings for this purpose.
Crack Dynamics

Pavements are subjected to various environmental and service effecté
| which can cause horizontal and vertical moveménts of adjacent sections at
cracks or joints. Many studies have been made of gross pavement move-
ments (1) (8) (11) (20) (21) (22) but most of these have been concerned
with localized conditions and the résu]ts may not be applicable over é
wider range of climatic conditions, subbase types, load-transfer systems
and crack spacings. Determination of the magnitude of the relative hori-
Zonta] and vertical movements at cracks that occur seasonally and under
traffic loads in a particular geographic locality would be extremely

beneficial to a crack sealing study.

Vertical Movement

Little data on vertical movements at both cracks and joints was
found. An approach to determine the average vertical shear strain in
.joiﬁt,sea]ahts has been used in Massachusetts (11). In this study of
figid paQement joint.movements, verticaT displacements at 1.0 in. wide

non-doweled joints under a 20,000 1b axle load were measured. The
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average shear strain of 0.01 in. was‘about five percent of the tensile
strain experienced by the sealant and it was concluded that the effect
of vertical movements on joint sealers was negligible. They did, how-
ever, indicate that further study was needed.

A method of measuring vertical movements at cracks in flexible
pavements has been reported in a Virginia study (22), which was con-
cerned with reducing reflective cracking of over]ayé on rigid pavements.
A Benkelman beam was p1aced on the shoulder of the road with its point
near the edge of a crack. ‘A dump truck with an 18,000 1b rear axle load
was positiohed on the opposite side of the crack as shown in Figure 2.
With the loaded rear axle at point 1, an initial beam reading was taken.
The truck was then driven slowly across the joint gnd beam readings
taken as points 2 and 3 were traversed. The beam reading with the axle
at point 2 indicated the deflection caused by the load on that side of
- the crack and comparison of the readings made with the axle at points 1
and 2 indicated the differential deflection or load transfer capability
of the crack. The reading made with the axle at point 3 was uéed to
ensure that the beam was no longer within the area of influence of the

axle load.

Horizontal Movement

The horizontal displacements of roadway sections adjacent to cracks
or joints in flexible pavements is much more complex, i.e., is more vari-
db]e and depends on more factors, than in rigid pavements. This probably
accounts for the scarcity of information on this phenomenon relative to
'bftuminous surfaced roads. Many references were found concerning field

measurements of the horizontal movement at Portland cement concrete
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joints (1) (8) (11) (20) (21) (23). These studies showed the promihence
of temperature effects. By plotting the amount of joint opening per
degree change in temperature against the slab length, a straight 1line
relationship was obtained and this relationship was used for practical
estimation of the amount of joint opening to be expected. Unfortunately,
this relationship does not apply to bituminous concrete pavements be-
cause of the difference in behavior of the kespective materials. For
example, thebaverage thermal coeffieient of ekpansion of asphalt con-
crete betweeﬁ 0 F and 80 F is about four times higher'than that of
PortTand cement coﬁcrete. Also, the variation in thicknesses and the
leck of material uniformity in the respective layers of flexible pave-
ments make it difficult to reliably predict crack widths for any given
temperature cﬁange.
However, an approach that indicated the relative amount of horizon-

tal movement at transverse cracks in flexible pavements was developed in

a Minnesdta.study (8). This was accomplished through the use of an
"effective crack spacing" concept which was defined as "the distance to
the first transverse crack on both sides of the crack in question.”
Transverse cracks with different "effective crack spacing" were se]ected,
stee1 nails were driven into the asphalt surfaeing on eaeh side of the
_'crack 10 in. apart, and the amount of‘opening.and closing of the crack
was determined on subsequent dates as the temperature fluctuated. The
results indicated that the relative horizontal movements at cracks in
Minnesota flexible pavements was approximately equal to 0.01 in. per

10 ft of effective crack spacing.



CHAPTER III
QUESTIONNAIRE RESULTS

In order to obtain additional information oh flexible pavement -
crack sealing practices, a mail surVey was conducted. This survey
consisted of a questionnaire (see Appendix A) which requested infor- |
mation on current]y»used sealants and methods of application, as well
as the experience and opinions of fié]d personnel relative to the
magnitude of cracking as a maintenance problem and the general effect-
iveness of sealing cracks. These queStionnaires were sent to the Main-
tenance Engineers of all eight Oklahoma Department of Transportation
divisions and similar ones to the State Maintenance Engineers of Ark-
ansas, Colorado, Kansas, Missouri, New Mexico, Tennessee and Texas.

Replies were received from all Oklahoma divisions and the selected
states that were asked to complete the questionnaire. Abbreviated
information contained in these replies has been tabulated andvis pre-
sentéd in Tables II and III. The results of the survey are also dis-

cussed briefly under the following subject headings.

Sealing Materials

The sealing materials currently used in Oklahoma and surrounding
states are predominantly standard types and grades of asphalt products,
i.e., asphalt cements, cutbacks and both anionic and cationic emulsions.

Some use is made of latex additives in emulsions and special products

20



TABLE II

SUMMARY OF QUESTIONNAIRE RESPONSES FROM OKLAHOMA
DIVISION MAINTENANCE ENGINEERS

What kind of sealeat material ts
used fa:
A, Lomgitediagl

3. Tramsverss
€. Alligator

Division Ao ldcation Are saterfals used now dofng an {s flexible pavement cracking 3 Triter!s wsed to deterwine Type of crack oreparation prior
fusber Material Rethod effective job? mjor maintenance problem? necessity for sealimg cracks? to sealing operetions. Suggestions and Comments. Nethod of perfodic crack surveyting.
ABC. NC-3X0 pouring
B, RS-2, wide
1. cracks powring Yes LJ Attenpt to miiatain 2 water- None, umless cracks are full of Tone Visua) fnspection, bi-weekly,
T 351 soraying provt surface. foreign materials. guarterly and annwally.
A2, WC-250 powring
2. S3-1 powring Ko Yes Bamber of cracks per mile and Blowing, brooming, routing and Sealeat must be ecowasdcal and ¥isual tnspection, day-to-day
¢ 581 sprayieg crack must be open 1/16 18, priming when needed. eisy to wply. besis, during driving.
or more.
8. K E-T0 peuring Visual inspection, pericdic,
3. Emylsions POwEing No Yes, time consuming &nd costly. Agmber of cracks per mile and Cleaning--blowing and brooaing NKeed tnexpensive sealamt with o check for development s
C. Emlsions spraying crack must be open 1/16 in. are required. wore plasticity. water {nfiltration.
or mere.
N K670 pouring .
- 800 powring Crack myst be open /36 in. for Visua) inspection, dafly
s, §s-1 pouring %o No pouring. fxtent of surface Blowing and/or brooming are Noss cbeervation for surface and
c. Ss-1 spraying cracking for foy seals. required.. base fatlures.
MC,  NC-800 tagection ' v Good results \it‘:;n‘ with SS;Y fisal § o ter besd
5. $8-1 Yes, time neaded for evaluation. ‘es . Blowing and brooming {f needed. blotted witk tone SCreenings sual fnspection, regular desis,
$5-1 with powring Uhen cracks become spparent " " which work their why isto cracks | 3 to 4 times sonthly.
Pliopave speaying and formed & sturry-type seal.
AB.  MC-B0C 4
6. ors-2 ’.5.".22;’ Yes Yes, because most rosd beses are| Mamber of cracks per wile and None Sealing cracks ts a mever endtng ¥isuel inspection
C. M-800 spraytng ) soil asphatt. width of crack {not specificed). Job, tut is effective fa this
CRS-2 g Division,
.M 70
1. e AL &mo m: Yes L) Namber of cracks per wile. Blowing is required. Nome None
HC-800, 3000 pouring
CRSZN, §5-1 pouring
A. AC 60-70 spraying .
[ X ﬁ’o}?’w !ﬁ:ﬁ:’; ) Yes Number of cracks per aile (500) None Sealants with Good resi}iance Visual inspection, every 60 days
’ 3, KC-800 spraying and crack must be open 1/22 e by driving.
$5-1 spraying in. or more.

L2



TABLE III

SUMMARY OF QUESTIONNAIRE RESPONSES FROM
SELECTED STATE MAINTENANCE ENGINEERS

Wt kisd of sealaat materfal is
wsed i
A Lemcitudisel

3. Tramsverse
€. Alligator

Application Are materisls wsed now doing an Is flexible pavement cracting Criterta sed to detormine Type of crack preparations prior
State ateriel Rethed effective job? 4+ major maintenance prodles? »ecessity for sealing cracks. to sealing operatioas. Suggestions d Comments. + Kethod of periodic crack surveying.
—
NC. 20, (52 powring !
3-90, Liom 011 pauring Crack mest be open 1/8 tn. or hoperally. 3 geterial O'ine ]
Arkansas Co. Yes Yes, sealing should be dome oo | mere. Spalling and deterioratiom | Brooming 1f crack is wide ) an snheated elastomeric
i . ny ng s wide enough,
(m0 distinctios mede a5 to ¢ 2 regular basis. of adjacen ’ il epoir iy mdoptiRal o 77 %ol Visual tmspection, veekly by
f d Grade of miteris] wsed z: res serface t to crack and blowing are required. a detter jeb and last for 20 years. ! area foremea. *
l[ sealing cracks.) '
H
1
e "rniu lh' bemetits of m {
Colorasdo | ABC. RC- powrt L) [ st broomt sealing operations cumpared te the |
- FOI": :‘:ﬂm‘“‘ of ace Mjacent m':g;ltl‘:m) and " cost. In areas like Colerado with . Nome
. <15 of raisfall, the mefstwe |
car't be (.slq-a of 2 mla N
Prier to letting & resarfact |
. comtract, & formsl hwoctk- o o formelized inspection for
Kansas ADC. (RS- (2) souring Yes L] Crack mrst be open 3/16 in. oOr Blowing with air is required. roshay is conducted and the -mr cracks. Crack serveillance is
acre. of cracks and crack powring a routine function of field
factors cesstdersd iz this hutc i personnel.
tiom. 1
By far, the sajority of crack
Crack mest be opea 1/8 in. or Nome, Nork is done in latter part tealing is done with RC-800. The l
Rissowrt AB.  RC- 8O0 pouring Yes 1 ) mere. Spaliing amé deterforation | of the year when temperature is AC 13 Aot wsed when pavesent s i Nome
ms-2 pouring of serface sdjacent to crack. below 40°F and cracks are open. wet and (RS-2 15 mot vse‘ below
c seal or reserface fronzing. .
AC., RC-25%9 pouring Crackt mwst be open 1/8 to |/z None, If crack is deep, Have experimentsd with mamy com
New Mexico - 3000 and Yes Yes ia. or more. partially filled with suﬂ rvcx merciz] crack ssslamts, but found Yisual hnwcﬂou. mumsly
plus Gilsomite pressure (174 to 3/8 in.) that an MC/Gilsontte sixture works | by msintenance f
infection | best. Use 50-758 Gilsemite by
weight.
N0, scheduled resurfacing tends Blowing and temperature rence .
Tennessee! ABC. RC-250 pouring Yes tc keep this from becowing 2 Crack must be open 3/16 in. or 30° to 77°F for applyina Nore Visual inspection, daily.
major problem. more. sealant 1s required.
ABC. AC-250, WWRS  pouring Sealants currestly behq used are
with and withewt nd/or Crack must be open 1/8 in. or Blowing, routing, brooming are effective but cam be Yisual inspection, perlodicany
Texas Tatex, cat-dblomm spraying Yes Yes more. Deterioration and sometimes used, but not required. Curreat methods are very expensive. foreman and annwally by

penetratiom.

excessive alligator cracking.

by
Have 2150 used hot-poured rubber, tn!ud reting teams.
but due to cost aad heating probdlems,

1t has been discomtimued.

ée
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(exact type unknown) were reported used in Arkansas and Texas. New
Mexico reported using Gilsonite as an additive in medium curing cutbacks
with the percentage by volume of the Gilsonite varying from 25 percent
in the summer to 50 percent in mixtures used during colder weather.

Apparently, there is no standard sealant for treating longitudinal
and transverse cracks in Oklahoma. Four divisions use 60-70 and/or
85-100 penetration asphalt cements as well as medium curing cutbacks
and emulsions for this purpose. The other divisions uée medium curing
cutbacks (250 to 3000 grades) or anionic and cationic emulsions for
these types of cracks. The majofity of the surrounding states favor the
use of rapid curing cutbacks (250 and 800 grades) or cationic rapid set-
ting emulsions for sealing all categories of cracks. Texas reported
using asphalt cements that had been catalytically blown to penetrations
of 42 and 75.

In Oklahoma, slow setting anionic emulsion (SS-1) is used predomi-
natly for sealing alligator type cracking and in some divisions it is
also employed on longitudinal and transverse cracks. Division 5 reported
excellent results obtained by filling the wider cracks with SS-1 and then
blotting the surface with limestone screenings to form a slurry-type seal.
The surrounding states that use emulsions prefer the cationic type for
sealing alligator cracks, and Divisions 1, 6, and 7 also employ CRS-2 and

CRS-2h emulsions for this purpose.

Criteria Used to Determine Necessity for Sealing

The majority of the Oklahoma divisions use some number of cracks
per mile of roadway and crack widths, varying from 1/32 in. to 3/16 in.

or more, as a basis for deciding the need for sealing operations.
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Other divisions simply try to maintain a waterproof surface on the
roads or begin sealing when the cracks become apparent. Most adj-
acent states utilize crack width (1/8 in. or more) and/or deterior-
ation of the surface adjacent to the crack as the determining

criteria for applying sealants.

Crack Preparation

The replies from the respondents to the question concerning the
types of crack preparation made prior to sealing operationé can be
grouped into fhree catagories:

1. Crack preparations are required. These preparatiohs include
brooming, 510wing, routing, priming and partial filling of large deep
cracks with fine aggregate, in various combinations.

- 2. No crack preparation required. Various combination of the
above treétments are used when needed. The decision is apparently left
‘to the experience and judgement of the maintenance personnel. Time
and availability of equipment probably influence the ultimate decision.

3. No crack preparation at all prior to sealing operatibns.

Application Methods

Application metHods used by the respondents seemed to be rather
uniform. That is, hand pouring of the sealant is used on the more 6pen
or wider types of cracks and spraying on the more narrow and closely
.spaced cracks. Distributor truck spraying with hand wands or from the
spray bar depends on the extent of the crack system. Pressure injection
of séa]ants into the cracks was listed by one division and one of the

selected states.
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Specialized Mechanical Equipment Used

The questionnaire requested information on special mechanical equip-
ment used for crack preparation and sealing work. None of the respon-
dents indicated any experiénCe with or use of apparatué beyond that Which
Wduld be considered normal equipment for maintenance crews engéged in

sealing cracks.

Pavement Inspection and Crack Surveying

A1l replies indicated that visual inspection was the only method
used to survey flexible pavements in order to determine crack develop-
ment and extent of surface deterioration at the cracks. This typé of
‘1nspection is probably carried out largely from s1bw‘moving vehicles and
in some cases by walking observers. Seven of the Ok]éhoma divisioﬁ and
five of the states repofted that they made periodic crack‘surveys with
this'technique. Generally, these surveys or inspections on a given
section of road are carried out by the maintenance peréonne] responsible
for that section. Texas indicated that specially trained rating teams

performed such surveys annually in some of their districts.

Is Cracking a Major Maintenance Problem?

| In the opinion of the Oklahoma respondents, 62 percent considered
fiexib]e pavement crackihg a major maintenance problem, while 38 perceht
did not. :In contrast, only 43 percent of the respondents.from»the sur-
rounding étates thought it a major problem and 57 percent did.not. It is
difficult to interpret these replies and the énswers, apparently, are

feTated to a number of factors such as:
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1. geographic location, i.e;, temperature ranges and annual rain-
fall amounts;

2. type of base materials employed;

3. type of subgrade soils;

4. traffic volumes and wefghts;

5. efficiency of sealants being used;

6. philosophy of the agency as re]ated.to the cost-benefit ratio
pf sea]ing operations, i.e., it may be more economical in some cases to
ignore cracking and schedule complete resurfacing as surface conditions

deteriorate beyong a tolerable Tlevel.

Are SeaTants Effective?’

Replies from 50 percent of the Oklahoma divisions states that the
presently used sealant materials were not doing an effective job of seal-
ing the cracks, while 86 percent of the surrounding states considered
their sealants to be effective. Again, these replies are considered to
depend on some of the above mentioned factors, as well as the type of
crack preparations and sealants employed and the timing of the sealing
operdtions. Intuitively, sealing cracks as soon as possible after they
occur will help to preserve the integrity of the total pavement system

and extend cdnsiderably the useful life of the surface.

Suggestions and Comments

The comments and suggestions received on all of the questionnaires
are briefly summarized as follows:
1. A sealant should be economical and easy to apply.

2. Crack sealing is time consuming—need some type of inexpensive
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sealant that has more p]ésticity.

3. Good results achieved this season with SS-1 emulsion blotted
with good limestone screenings. Screenings work their way into cracks
“and appear to form a slurry-type seal. Time needed for further evalu-
ation. .

4. Crack sealing is a never ending job, but is effective.

5. In second year after application the sealants have no resil-
ience and the crack re-opens.

» 6. A materjal of the nature of an unheated elastomeric polymer
is needed that Wi]] last 15-20 years.

7. We question the benefits compared to cost of craék filling
operations in areas with less than 15 in. of annual precipitation.

8. The majority of our crack sealing is done with RC-800 when
témperatufe is below 40 F and cracks are open.

9. Scheduled resurfacing tends to keep cracking from becoming a
major problem.

10. Sealants currently being used are effective but could be im-
proved. Current methods of application are expensive. We have also
used hot-poured rubber (asphalt cement with rubber additive) but discon-
tinued this due to cost and problems with heating equipment.

11. We have experimented with a great many commercia1‘crack sealants

but have found that an MC/Gilsonite mixture works best.



CHAPTER IV

CRACK DYNAMICS FIELD STUDY
EXPERIMENTAL DESIGN

Aﬁ experiment is a planned inquiry to obtain new facts or to confirm
or deny the results of previous experiments (24). The design of an ex-
periment is the complete sequence of steps taken ahead of time to insure
that the appropriate data will be obtained in a way which permits an ob-
jective analysis leading to valid inferences. The crack dynamics field
study was set up as a statistically designed experiment to obtain and
analyze data on the relative horizontal and vertical disp]acehents of the
pavement surface adjacent to full width transverse cracks. “

As previously discussed, test sites were esfab]ished on transversely
cracked state- highway sections in the central, north-central and north-
east areas of the state. Se]ecfed transverse cracks at each test site
were monitored for their horizontal movements with varying temperature
and for their vertical displacements under a specifiedvloading condition.

The Research and Development Division of the Oklahoma Department of
Transportation (0DOT) asked specifically that the study include cracks
located on certain ged]ogica] formations of interest.  This along with
some limitation on travel distance aided in the search for suitable test
site locations on the state highway system.

Various highway sections exhibiting different degrees of transverse

cracking in a number of maintenance division areas were visited. Some

28



29

of these sections were suggested by the maintenance engineers and others
were located by research personnel during field trips to different loca-
"tions in Oklahoma for another research program. Preliminary site visits
»fpr these locations were made to: (1) locate the cracks and determine
their suitability for the intended‘study, and (2) check the geometric
alignment and adequacy of shoulder parking at the prospective sections.
This latter aspect was given great consideration to assure that the safety
of research personnel could be maintained during future field operations.
The final selection of suitable test sites was based on the results of
this initial survey and the planned time schedule. The selected sites
were situated so that data could be collected at several sections during
a single trip. Each of these sites was identified for the respective
Maintenance Division so that sealing or overlaying operations would not
be carried out at these locations during the study per{od.

; Identification of the test sites was made by attaching a 10.0 in. x
11.0 1n.'(25.4 cm x 27.9 cm) red painted metal plate to the right-of-way
fence at each test site. These markers were located at a meésured odom-
eter distance from the nearest intersection, bridge or the boundary line
of the county in which the test sites were located. At each test site,
a 0.25 mile (0.40 km) length of pavement was chosen for detailed crack
surveyiﬁg and measurement of the crack spacing. To keep the amount of
experimental work within practical research capabilities, a total of
nine test sites was finally selected. The selected sites included five
sections located on the Wellington-Admire geological unit, two on the
Boone unit, and one on both.the Senora and the Garber units (25). Table
XIII in Apbendix B shows the exact locations and the corresponding geo-

logical formation unit for these sites.
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Horizontal Movement Study

The primary objective of this study was to determine the amount of
horizontal movement at transverse cracks during a specified period of
time (one year) and relate this movement to seasonal temperature fluctu-
" ations and Effective Crack Spacing (ECS). ECS (8) is the average of the
distances between adjacent transverse cracks on either side-of a crack
being studied. It was considered that the pattern of crack movement
for various ECS's with respect to temperature variation might lead to a
suitable method for predicting horizontal crack movements.

The study started with counting and measuring distahces_between the
cracks within the chosen length of pavement (a Rolatape, Model 200, was
used for these measurements). Five cracks were selected at random from
among cracks that extended across the full width of'pavement. Two
steel concrete nails were driven into the bituﬁindus pavement, one on
each side of a selected crack. These nails were driven flush with the
surface of the pavement to assure no damage from traffic and/or snow
removal equipment. A small indentation was placed in the head of each
| nail to'provide reference pbints for the subsequent measurement of the
crack movements.

At the time of their installation, initial measurement of the dis-
tance between the two nails was made. This distance was recorded along
with the air temperature, the pavement surface temperature and the pave-
ment temperature at a depth of 2.0 in. (51 mm).

At monthly intervals as the temperature fluctuated, the sites were
Visited and the spacing of the five pairs of nails in each site were

measured. Air, surface, and subsurface temperatures were determined at
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‘the time of the spacing measurement. The amount of movement, i.e.,
opening or closing of the crack, was calculated by comparing the initial
or origina] spacing meésuremént with subsequent ones.

Elements of the statistical design for this study are: (1) Experi-

mental units, includes the geological formation, pavement éurface and

subsurface types, the average width and degree of cracking and the ECS
of a given crack; (2) Treatment, the factor applied to the experimental
units or, in this case, the environmental temperature [Note: It is
known that the air temperature and the surface and subsurféce pavement |
temperatures are closely related (26) (27), but in this study it was
necessary to monitor each to determine which had the greatest influence
on crack width]; (3) Reﬁponse, the amount of movement that takes place
'vat éach crack.

A regression analysis method was adopted for analyzing the data of
this‘multivariate experiment,'and to develop a mathematical functional
relationship between the variables. Some precautions or reservations
had tb be made in the inference part of the analysis to account for the
fact that the ECS element was not chosen at random every time the read-
ings were taken. For practical reasons the ECS was randomly selected

initially and then fixed during the remainder of the experiment.
Vertical Movement Study

Based on findings of a Masséchusetts study (11), in which shear
strain in expansion joints on Portland cement concrete (PC) pavements was
found to be relatively small compared with the tensile strain, it was
speculated that this might also hold for‘aspha1t pavement cracks. This

study was directed toward finding the range of relative vertical
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displacement of the opposing pavement edges at a transverse crack and
comparing this with the maximum expected horizontal movement. It was
hoped that the results would substantiate that the sheér stfain haé a
limited effect on the failure of sealants. The seasonal effect on both
the total and relative deflection was also investigated.

The method used for measuring vertical crack movements was adopted
from the previously cited Virginia study (22). Vertical deflections
caused by a truck with an 18,000 1b (8,165 kg) rear axle load were deter-
mined using a Benkelman beam. The Research Division of ODOT trained the
project personnel in the use of the Benkelman beam and provided the load-
ed truck for these measurements. They also furnished an ekperienced man
to assist with the beam oﬁeration when these measurements were made in
the field. |

The measurements were made at the same five cracks at each site used
in the horizontal movemént étudy. The Benkelman beam was placed on the
left side of the loaded truck, which moved in the traffic direction, to
maké it easier for the driver to locate the rear tire exactly on a paint-
ed mark (Figure 3). Hand signals from the measuring crew assisted the
driver iﬁ positioning the truck. This procedure insured that the load
would be applied to the same area each time. Dial readings were taken
~ at three tire positions (Figure 3) with the truck moving forward and, as
a chéck, three more reédings with the truck moving backward5

Statistically the experiment can be defined as a "split-plot in
time" (24) where crack deflections represented the experimental units.
The units secured from each crack (créck No. 1 to crack No. 5) were di-

vided according to their Tocation into eight "main plots", sections 1

- through 8. Each main plot was subdivided into four subplots for the

winter, spring, summer and fall measurements.
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CHAPTER V
BOND-DUCTILITY TEST EQUIPMENT

" The bond-ductility test is an attempt to duplicate field conditions
at pavement cracks with regard to the tensile strains imposed on sealants
as the temperature of adjacent pavement sections decreases. It is a
basic.test used by many previous investigators (1) (12) (14) (16) (17).
A]though the testing procedures and equipment may differ, the essential
features of this test, as described in Chapter‘II, are the same.

The extension machines used by the respective agencies or investi-
gators cited were not commercially available, not reasonably priced, or
not considered suitable for the intended investigation. Therefore, it
was decided to design and construct such a device to‘fit the needs and
constraints of the subject research project.

Many factors were considered during the design of this machine.

The primary ones were thosé dealing with the size, capacity, and cost

of the device. Other design considerations included the capability of
‘handling multiple test samples of specific length and the need for
precision controls to regulate the operational speed. The size con-
straint was'impdsed by the need to house the machine in an available Tow-
temperature cabinet, whfch was to provide the contro]]edbtemperature
environment for the tests. The machine had to fit into the cabinet with

some leeway for operational manipulation and adjustment.
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Design Features

The bond-ductility machine developed for this project was designed
fo test multiple samples of sealant materials poured between spaced
specimen blocks of asphalt concrete. These blocks are clamped in the
machine and pulled apart at a controlled rate of tensile strain under
]ow temperature conditions. The machine has several other noteworthy
features: (1) it is portable and compact in size; (2) its rate of exten-
sion of the sea]ant samples can be varied and controlled precisely; (3)
the machine controls can be reversed to provide compressive stress on
the test samples; and (4) it can accommodate test specimen blocks up to
6.0 in (152 mm) in length. These features provide the machine a consid-
‘erable amount of versafi]ity relative to testing other types of sealants,
e.g.,vPC contrete crack sealing and joint filler materialé, and to use
in more comﬁrehensive research investiéations involving extension and

compression tests in an environmental chamber.
Testing Equipment

" The bond-ductility machine consists of the following components:
(1) electric motor, (2) speed reduction and drive assembly, (3) support-
ing table, and (4) two clamping frames. Auxiliary equipment includes
two two-temperature cabinets or freezers and temperature and displace-
ment rate monitoring de?icés. Figure 4 shows some of the basic design
features of the machine and its position in the freezer. Figuke 5
illustrates the details of one of the clamping frame assembliés. The
respective components and their basic specifications are also listed in

Table XVI, Appendix C.
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Motor

Based on an assumed stiffness modulus of 441 psi (3040 kPa) for an
asphalt material (28) and a unit strain, the.force required to Taterally
stretch six sealant samples, 6.0 in. (152 mm) long and 2.0 in. (51 mm)
deep, was determined to be 31,745 1b (14,399 kg). The design of the
machine called for this force to be transmitted through two 1.0 in. (25
mm) diametek pulling shafts rotating at 1/60 rpm. Design calculations
(29) (30) using this information, indicated that at least a 1/168 Hp
motor was required.

A 1/3 Hp Zero-Max electric motor with a speed of 1725 rpm was se-
lected as the power source. The motor and speed reduction components of
the equipment were ultimately located outside the freezer compartment
with a connecting shaft through the freezer wall to the machine's gears
(see Figure 4). Operational convenience, space limitations, and heat

from the motor made this a practical arrangement.

Speed Reduction and Drive Assembly

The speed reduction and drive components of the machine are illus-
trated in Figure 4. The schematic arrangement and data for these parts
is presented in Table XVII, Appehdix C. The basic parts of the assembly
are: a variable and a fixed gear head connected to the motor outside
the freezer; a 0.5 in. (13 mm) diameter connecting shaft with couplings;
and two 8.3 in. (211 mm) pitch diameter cast iron and brass worm gears
with two 1.0 in. (25 mm) pitch diameter steel worms. Two 1.0 in. (25 mm)
diameter steel shafts through the center of the brass worm gears pro-

vided the drive or pulling force on the moveable bed of the clamping
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frames. Both ends of each of these shafts were threaded (four threads
per inch) and turned in similarly threaded 1.38 in.(35 mm) diameter brass
connecting heads on the clamping frames.

Functionally, the gear heads and worm gears reduce fhe operating
speed of the motor and rotate the pulling shafts. The threaded connecting
heads transform the rotation or turning motion of the pulling shafts to
the desired rate of horizontal displacement for testing purposes.

Several alternatives for the '"gear train" or drive assembly to
transmit force to the moveable clamping beds were considered in the
design. One of these was a chain drive arrangement. However, the worm
gears with a 100 to 1 reduction ratio eliminated the need for an addi-
tiqna] gear head, reduced the amount of "play" in the system, and cost
less than the other alternatives. After the machine was constructed and
operational, only one design modification was necessary. This involved
placing a steel pin through the brass worm gear hubs to preveﬁt slippage

of the pulling shafts with unbalanced loading of the clamping frames.

Supporting Table

The supporting table or platform of the machine consists of a
rectangu]ar 1.0 in.(25 mm) thick aluminum plate mounted on four adjus-
tab]e_pipe legs. The dimensions and height of this table were controlled
by the necessity to use an available low-temperature cabinet or freezer
to provide the desired temperature for sealant testing. The supporting
table had to fit into this freezer.

The center of the table was slotted to receive and support the worm
gear assembly. Clamping frames for securing the test specimen blocks

were positioned on the table on each side of the brass worm gear drives.
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The adjustable pipe legs for the table were necessary to level the ma-
chine and to support the clamping frame assemblies at a convenient work-

ing height when the machine was in the freezer.

Clamping Frames

The clamping frames have two parts, a fixed bed and a moveable bed.
The fixed bed is bolted to the aluminum supporting table and the move- -
able bed is actuated by the pulling shafts rotating in the threaded
'connecting heads (see Figure 5). The threading directions of the ends
of the pulling éhafts and the connecting heads on one side of the machine
were opposite to those on the other side so that the turning motion of
the shafts was transformed into opposing directions_of travel for the
two moveable clamping beds. Two puT]ing shafts were used'to insure
even pulling on the test specimens and parallel alignment of the clamp-
ing frame beds.

The design speed of travel of the moveable beds is 0.125.1n./hr
(3 mm/hr) horizontally. This desired speed can be regulated precisely
wfth the Zero-Max variab]e speed drive which is equipped with a screw
control. Other speeds ranging from slightly over zero to 0.75 in./hr
(19 mm/hr) can a]so”be achieved. These same controls have the capa-
bility of reversing the diréction of travel of the machine so that
compressive forces rather than tensile force can be applied to test
specimens in the clamping frames.

Each clamping frame holds three test samples of sealant. The
sealant sample is poured between two asphalt concrete blocks. The
approximate block dimensions are: 6.0 in.(152 mm) Tong by 2.0 in.

(51 mm) wide by 3.0 in, (76 mm) high. The test sample blocks are
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secured to the beds of the clamping frame as illustrated in Figure 5.
The double joint configuration of the frame's top permitted some varia-

tion in the height of the blocks used.

Low-Temperature Cabinets

A Lab-Line freezer was used to house the bond-ductility machine and
provide the low-temperature énvironment for testing thebsealant samples.
The inside dimensions of this freezer are: 1length, 31.0 1h.(79 mm) ;
width, 21.0 in.(53 mm); depth, 27.0.1n.(69 mm). As previously mentionéd,
these dimensions largely controlled the size and configuration of the
testing machine.

| Previous investigators used a test temperature of 0 F (-17.8 C) and
this temperature was adopted based on a study of climatological data.

This tEmperature could be achieved and maintained within + 0.5 F (+ 0.3 C)
in the freezer. |

It was projected that approximately ninety samples of various sea-
lants would have to be tested and that in most cases, several cycles of
extension would be required to obtain failure. To reduce the time
required for testing, an additional low-temperature cabinet was provided
to store the ready-for-testing samples and cool them to the testing
temperature. After pre-cooling the samples could be placed in the
machine housed in the QEper freezer and the test started immediately.
This process e]iminatéd aAwaiting period for the samples to cool to the

test temperature after placing them in the machine.

Monitoring Devices

The horizontal displacement rate or travel speed of the moveable
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'c1amp1ng beds was periodically checked using two dial gages and an
electric stop watch. The dial gages were mounted on aluminum angles
attached to the supporting table.

Both the cabinet temperature and the test sample temperatures
were monitored during the testing process using special temperature
probesv(thermistors). The wires from these thermistors were connected -
to a YSI scanning tele-thermometer unit located outside the freezing

compartment.



CHAPTER VI
STUDY PROCEDURES
Crack Dynamics

The field study portion of this investigation was divided into two
parts. The first part consisted of measuring the horizontal movement or
displacement at transverse cracks due to expansion and contraction of
the adjacent pavement sections. The second part of the study involved
determination of the relative vertical disp]acemenfs of the transverse
crack sides under application of a heavy wheel Toad. Knowledge of the
magnitude of these respective movements was considered essential to the

study and evaluation of crack sealant materials.

Horizontal Movements

§gfg§x, The planning and conduct of all field work on the high;
ways was controlled to a considerable extent by the necessary precautions
to insure the safety of the research personnel. Se]ection of the test
sites was based primarily on the availability of adequate sight distance
and good shoulder parking conditions for the research vehicle. Field
work was not conducted if there was any form of precipitation on the
roadway.

No traffic control was provided for the horizontal measurements.
The research vehicle, a quarter-ton pickup truck equipped with flashing

caution lights, was parked on the shoulder in advance of a test site
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location to warn oncoming traffic. Research personnel wore high visi-
bility safety vests and hats and one man served as a "lookout", observ-

ing traffic, while the other man made the necessary measurements.

Initial Installation and Measurements. After selecting a trans-

versely cracked section of pavement for study, measurements of the spac-
ing between full width cracks was made and the ECS (8) was calculated
for each crack. Five cracks were randomly selected and their location
marked with spray paint on the pavement.

At the selected cracks, steel concrete nails with indentatﬁons in
the heads were driven into the pavement on each side of the crack approx-
imately 10.0 in. (254 nm)vapart. A 24 in. (610 mm) vernier caliper
equipped with points to fit the indentations in the nail heads was used
to measure the distance between nails (Figure 6). The initial as well
as the subsequent monthly measurements weré made to the nearest 0.001 in.
(0.025 mm).

A 0.25 in. (6.4 mm) diameter hole, 2.0 in. (50.8 mm) deep, was
drilled near the edge of the pavement at a location central to the five
cracks in a test site. A temperature probe or thermistor was inserted
fn this hole to obtain the subsurface pavement temperature. A steel
bolt and caulking compound were used to seal this hole between the month-

- 1y temperature readings. These readings were made using a remote sensing

tele-thermometer (YSI Model 47) with separate thermistor probes for
gaging thé subsurface and surface pavement temperature and the air tem-
perature. Power for the tele-thermometer unit was obtained from a 12

volt battery through a 200 watt inverter.



Figure 6.

Placement of Reference Nails
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Monthly Measurements. Each test site was visited once a month over

a one year period. The test sites were grouped according to their loca-
tion into three areas. A1l of the sites in a particular area could be
visited, the respective measurements taken and the return trip made with-
in one day. Thus, only three trips per month were required'to collect
the necessary data from all the test sites.

The nails at the trénsverse cracks and the temperature probe hole
were marked with white painted rings for eaﬁe in relocation. After
reaching a test site, the truck was parked on the shoulder with Tights
flashing and the temperaturé monitoring equipment was set up at the pave-
ment edge (Figure 7). Traffic cones were used to delineate the working
area. The subsurface probe was inserted in the prepared hole aﬁd the

‘surface probe taped to the pavement surfate. The air temperature probe
was placed on top of the te]e-thermometer unit, approximately 10.0 in.
(254 mm) above the pavement surface. The probe temperatures were allowed
to stabilize and the readings were recorded.

The distance between the nails at each of the five cracké were then
measuréd with the ca]ipers} Two separate measurements were made at each
crack to reduce the chance of error in reading and record1ng the values.
Following these measurements, the various temperatures were again read
and recorded to check for variations.

The data collected from each site visit was punched on computer
cards using the Statistical Analysis System (SAS) code (31). A card
similar to that shown in Figure 8 was made for each transverse crack with
the spacing and temperature measurements and other pertinent information
punched in the card.

Initial examination of the data obtained after the first few months



Figure 7.

Temperature Monitoring Equipment
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| indicated a need for more information on the affect of crack spacing.

Thus, test site No. 9 with a total of 46 cracks was added to the study.

Lost Nails. A major problem during the one year observation period
was the loss of some of the nails or gage points at the cracks. Although
the nails were drivén flush with the pavement surface, snow removal equip—
ment aTso removed a few of these nails. The nails at one test site loca-
tion were covered with an asphalt overlay. As soon as the losses were
discovered, the nails were replaced and new initial measureménts made

but all previous data at these locations were invalidated.

Vertical Deflections

Safety. The vertical deflection measurement procedure required more
elaborate safety precautions. One lane of the highway was kept open to
traffic while the other was blocked for the measuring operations. At
sites with high traffic volumes, appropriate warning signs were p]aced
at Teast 880 yd (805 m) in advance of the work area. The warning signs
were followed by directional markers (traffic cones) and flagmen. The
advanced warning signs were not required at test sites with Tow traffic
volumes. After comp]eting'the deflection measurements in one lane, the
directional markers were ﬁwitched to permit work in the other lane. All
traffic cdntro] was handled by ODOT personnel from the Research and De-
velopment Division and/or the respective Maintenance Divfsion in which

a test site was located.

Site Visit Schedule. Due to the difficulty in arranging cooperative

field work as required for the vertical deflection measurements, a dif-

ferent schedule was adopted for these tests. Instead of the monthly
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schedule used for the horizontal displacement measurements, the vertical
deflections at the respective test sites were measured only four times—
during the winter, spring, summer and fall seasons of”fhe year. These
measuring operations were scheduled in advance with the Research and
Development Division. Table XIV in Appendix B shows a copy of the ten-
tative schedule that was sent to the ODOT. Measurements at the eight
sites during a pérticu]ar season were made within a one week period.
This was an attempt to obtain the data under approximately the same

environmental conditions at all the test sites.

Deflection Measurements. Having blocked the test lane to all vehi-

cular traffic, the Benkelman beam was p1a¢ed near the center line 6f the
road with the beam boint on top of one of the nails used for the hori-
zontal displacement study (Figure 9). A dumb truck loaded to 18,000 1b.
(8,165 kg) on its rear axle was positioned with its left rear dual tire
about 3.0 in. (76 mm) from the beam point (Figure 10). The dial indi-
cator on the beam was set to zero, as the initial beam reading (point 1
in Figure 11a). The first set of measurements was taken with the truck
moving in the traffic direction. As the truck was driven slowly across
the crack, readings were taken as it reached points 2 and 3. After the
reading with the tfuck tire at point 3 was'recorded, the dia] iﬁdicator
was again set to zero and a second set of readings were taken with the
truckbmoving backward to check the initial set of readings (Figure 11b).
The "B" and "D" readings indicate the total amount of deflection of
fhe pavement on one side of the crack under the loaded truck. The dial
reading with the truck tire at point 2 is a measure of the amount of

relative deflection between the crack sides as the load moves from one



Figure 9.

Starting Position For Deflection
Measurements
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Figure 10.

Tire Position for Vertical Movement
Measurement
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side of the crack to the other. The relative deflection was obtained
using an expression .that averages three different measurements. -~ From
Figure 11, the total and relative deflections can be expressed as:

B+D
=
B+D

Relative Deflection, (R) = 1/4[(=5— - C)+(D-C)+2A]
2

n

Total Deflection, (T)

Deflection measurements were made at each of the five cracks at a
test site. Temperature readings were also observed at the time of the
deflection measurements in order to compare them with averaje tempera-
tures from climatic records for a particular season of the year.

Deflection measurements with a Benkelman beam are normally made with
the beam positioned between the dual tires of a loaded truck (Figure 12).
To facilitate measurements during backward motion bf the truck;vthe beam
was placed to the side of the dual tires rather than in the usual posi-
tion. A preliminary study at test site No. 3 indicated a negligible
difference in readings with the beam placed between the dual tires and
"~ those with the beam p]aced to the side of the tires. This latter tech-
nique simplified the measurement procedure and required considerably

less time to obtain the data.
. Laboratory Test Procedures

vSix sealing materials were initially selected for evaluation of the
proposed laboratory tests. These materials included two asphalt tements,
two cutback asphalt productsvand two asphalt emu]sions.' The selection
“was based on the more effective or more widely used sealants reported in
the in-state survey. Two more sealants were added‘to the study in its

latter stages. One of these was a special type emulsion which was



Figure 12.

Deflection Measurements with the
Benkelman Beam Positioned
Normally
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1nc]uded at the request of the ODOT, and the other added sea]ént was a
rubberized asphalt produét. Sufficient quantities of these sealants

were obtained from sources recommended by the Research and Development
Division of ODOT. Table XVIII in Appendix D lists the types of sealants |

tested and their source.

Curing and Setting Studies

A basic problem involved in testing the 1iduid asphalt produéts was
that of removing a major portion of the 1iquifying agent, i.e., the cut-
back solvent and/or the emulsifying water. While the fluid consistency
of these materials facilitates their application in cracks, the material
cannot function as a sealant until "curing" or “se;ting" has occurred.
Also, results of tests on the liquid cold-poured products could not be
directly compared with the results for the hot-poured materials. Thus,
it was necessary to test these materials fn a condition approximating

that of the base asphalt cement from which they were formulated.

‘Severa1 ancij]ary investigations were made to study thé cUring and
setting process of these liquid sealants. One of these studies involved
placing the cutbacks in simulated cracks and oven drying the specimens
at an expected maximum environmenta]ltemperature to ascertain the time
required for field curing. The 6 in. (152 mm) long simulated cracks
were made from lucite plates (Figure 13). Spacers of different thick-
nesses between the plates were used to form sealant specimens with a
variety of widths and depths. After filling these "crack" molds with
sea]ant, the molds were weighed and then placed in an oven at 150 F |
(65;56 C) for extended periods. The weight loss of the specimen was

checked periodically. The same approach was emp]oyed but iwo asphalt



Figure 13.

Lucite Plates Simulated Cracks Used for
Liquid Sealants Curing and Setting
Study
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concrete blocks were used to form the sihu]ated crack molds. Because
leaking of the sealant from the blocks during oven exposure was a major
problem, new test samples were cured at Taboratory temperature and sub-
jected to a draft from an osqi]]ating fan. |

~ Additionally, samples of the two cutback products (MC-800 and MC-
3000) were placed in shallow, 5.55 in. (141 mm) diameter pans. These
samples with a large surface area to depth ratio were oven cured at
150 F (65.56 C). The weight Toss with time of curing for these samples
was ﬁonitdred and the results used to establish a relationship between
‘this rapid curing procedure and the curing behavior of the cutback pro-

ducts in the simulated cracks.

Sample Preparation

Standard test procedures (13) for cold-poured type concféfe joint
sealers and the preliminary curing and setting studies indicated that
test specimens of the Tliquid sea]ants be preparedvfrOm materials from
whiéh a major portion of the solvents had been evaporated. This neces-
sitated the development of equipment and procedures for accelerating
this evaporation process. This equipment is shown schematically in
'Figure 14 and Figure 15 is a photograph of the equipment;
| Approximately 600 g of the liquid sealing materials were-placed in
a metal beaker 4.5 in. (114 mm) in diameter and 5.5 in. (140 mm) in’

height. ‘The beaker was inserted in the oil bath maintained at a high
.temperature by an electric heater. During the heating period, the seal-
ant was stirred cohtinuousiy at the rate of 120 rpm with a .small metal
paddle attached to a 110V mixer. The cutback products were heated to a

temperature of 225 F (107 C) for a period of 12 hr. To avoid foaming of



/—MIXER, 1HOV.
] N

4

THERMOMETERS-NQN

SEALANT —~_

s
-

3.0 IN°~, 1 —METAL
STIRRING BEAKER
HEAD
(120 RPM) | —0OIL
_—ELECTRIC
/F HEATER
I ] ]

Figure 14. Sealant Evaporation and Heating Equipment



Figure 15.

Sealant Evaporation and Heating
Equipment (photo)
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the emulsions, these products were heated to 190 F (88 C) for a period 
of 15 hr. This procedure was carried out with the heating equipment
housed in a fume hood. A major portion of the cutback's solvents (8.5
percent for MC-3000 and 11 percent for MC-800 by weight) and all the
emulsifying water was removed from the Tiquid sealants by this process.
The same heating unit was used for heating the cured sealants and
the semi-solid sealing materials to the required pouring consistency.
A11 sealants, except the rubber asphalt product, were heated to 326 F
(163 C), the temperature specified for heating concrete joint sealers
(13). Upon reaching this temperature the container was immediately
removed from the batﬁland portions of the material were poured into
molds and cans for testing. The supplier of the rubberized asphalt
sealant recommended that the materia]ibe slowly heated to approximately
175 F (79 C) but a higher temperature, 250 F (121 C) was necessary to

obtain suitable pouring consistency.

Bond-Ductility Test

The Bond-Ductility test was considered the most 1mportant of the
]aboratofy tests performed. Specimens of the sealers were p]atéd be-
.'tween two bituminous concrete blocks (Figure 16). - These teéf specimens
were cooled to a temperatufe of 0 F (-17.8 C) and the blocks were slowly
moved apart, using an extensometer device designed and developed for
this study (Chapter V). This test temperature was based on a study of
Oklahoma climatological data (32). An extension rate of 0.125 in./hr
(3 mm/hr) which had been used by many previous investigators (12) (14)
(16) was applied to the sealants by the extensometer.

The 6 in. (152 mm) length of the test blocks was based on Cook's
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recommendation (18). Several widfhs and depths of sealant were tested
to study the effect of shape factor on sea]ant performance (15). Dimen-
sions of the test samples of sealant between the asphalt concrete blocks
were:
| 1 - 0.125 in. width x 2.0 in. depth (3 mm x 51 mm)
2 - 0.25 in. width x 2.0 in. depth (6 mm x 51 mm)
3 -0.25 din. width x 1.0 in. depﬁh (6 mm x 25 mm)

Asphalt-Block Preparation. The blocks used in this study were pre-

pared from reheated type 'C' asphalt concrete surface course mixture ob-
tained from a hot—mix‘p1ant in Oklahoma City. The mixture contained 5
percent by weight asphalt cement and the gradation analysis of the ex-
tracted aggregate is shown in Figure 39, Appendix D. The hot mixture
was hauled from the p]qnt‘to the Taboratory in insulated drums.and then
divided into 6,000 g batches which were placed in paper bags. After
cooling, the sacked batches were stored to await compactioni

A 6000 g batch of mix was heated to 250 F (121 C) and then compacted
jnto rectangular bars 12 in. long, 4 in. wide and 3 in. thick (305 x 102
x 76 mm). The compacted density of these bars was about 94 percent. A
kneadihg compactor conforming with ASTM D-1561 (13) was used. The com-
paétor was modified to mold the rectangular bars. A 2 x 4 in. (51 x 102
mn) steel tamping foot was mounted on the booster ram and a specially
designed cranking carriage with a rectangular mold replaced the turntab]e.
on the machine. The procedure used for fabricating the aspha]t concrete
bars and details of the compacting machine are shown in Figures 40, 41,
42, 43 and 44, Appendix D. Compacted specimens were removed from the

mold and transferred to a smooth flat sheet of plywood where they were
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allowed to stand for one day at room temperature. The bars were then
cut into four equal size blocks using a masonry saw (Figure 45, Appendix
D). These blocks were then washed, dried and stored prior to assembly

and pouring of the sealants.

Test Specimens. Two blocks were assembled with rough (uncut) sides
facing each other to form a test specimen. An aluminum spacer was placed
betweén the two blocks to create an open space approximately 6 in. (152
mm) long. Spacers of different thickness and height were used to obtain
the required sealant dimension between the blocks. Masking tape was
used to hold the blocks in position and to prevent any leakage (Figure
17). The hot sealant was poured into the space. between the blocks in
sufficient quantitieé to fill the simulated crack flush with the surface .
of the b]oéks. A 50 cc (5 x'10’5m3) glass sykinge was‘emp1oyed in
p1acing‘the sealant into the 0.125 in. (3 mm) wide crack specimens. The
rubberized asphalt sealant had to be placed in the specimehs‘with a
heated spatula. Three tést specimens for each of‘the three sample dimen-
éions were prepared from the respective sealant materia]s; The specimens
‘were allowed to stand at room témperature for 48 hr, then any excess

material was trimmed and the spacers were removed. The specimens were

then stored in a low-temperature cabinet at 0 F (-17.8 C) for testing.

Extension at Low Temperature. Six specimens having the same width
and depth of sealant were remﬁved from the low-temperature storing cab-
inet and immediately mounted in the c]aﬁping frames of the extension
machine (Figure 18). These sealant specimens were then extended to 100
percent of their original width at a uniform rate df 0.125 in. (3 mm)

per hour. During extension the temperature surrounding the test



Figure 17.

Specimen Preparation for Bond-
Ductility Test
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specimens was maintained at 0 + 1 F (-17.8 £ 0.5 C). The condition of
the specimens was checked and recorded periodically during extension and

c]ose]y'examined at the end of each test cycle for any signs of failure.

Compression. After extension, the specimens were removed from the
c]amping frames of the machine and the original width spacers were placed
between the blocks. The speéimens were turned on their sides and allowed
to warm for two houfs at room temperature. The warmed'spetimens were
then inserted in a jacking frame and slowly compressed to their original

width. Figure 19 shows a specimen being compressed in the jacking frame.

Failure Criteria. An extension followed by compression constituted

one complete cycle for the specimens used in the BPnd-Ducti1ity test.
Testing cycles were repeated until failure occurred in the specimens énd
the results were recorded as the number of cycles to failure. After re-
| moviﬁg the specimens from the extension machine, they were thoroughly
‘examined for}separation.within the sealant (cohesion failure) and between
thé sealant and the blocks (adhesion fa11ufe). Development of surface
crazing or cracking, opening in the sealant or any separation between the
" sealant and the asphalt blocks extending for 15 percent (approximately
25 mm) or more of the specimen length constituted failure. Although dif-
ficult to distinguish, Figure 20(a) shows a typical cohesive failure in

a specimen ahd Figure 20 (b) shows a brittle type of cohesive failure

that was frequently encountered.

Penetration Test: (ASTM D 3407-75T)

This is a tentative test (13) used to provide a measure of sealant

consistency. It is similar to the standard penetration test except that



Figure 19.

Jacking Frame for Specimen
Recompression
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Figure 20. Sealant Failures in
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Test Specimens
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a specially dimensioned cone is used instead of the penetration needle
(Figure_21).' Other consistency tests were also conducted on the selected
sealants. The kinematic and absolute viscosity values of these materials

were reported along with the cone penetration values.

Resilience Test: (ASTM D 3407-75T)

“This test was performed as described in the ASTM Standards (13).
The test is performed using a ball penetration tool and the results are
reported as the recovery percentage or percent of recovered depth of
penetration.v Resilience values provided an indication of the elasticity

~of the sealant materials.

Flow Test: (ASTM D 3407-75T modified)

Tﬁfs test is designed to show the mobility or flow characteristics
of a sealer at a temperature of 140 F (60 C). The test was initially
performed as outlined in ASTM standards (13). Results could not be re-
ported due to rapid and extensive flow of the selected sealants on the
75 degree inclined panel (Figure 22). Some modifications had to be made
to make the test more suitable for the variety of sealant types used in
the study.

‘A new«supporting frame with a 15 degree angle of inclination was
’used (Figure 23). The panels on the supporting frame were placed in a
140 F (60 C) oven and the Change in length of the sample with time was
monitored. A plot of the change in length of sample versus time was
made and the flow value for a sample was taken as the slope of this

curve.



Figure 21.

Penetration Test for Sealants
using a Penetration Cone
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Figure 22.

Figure 23.

Flow Test at 75 Degree
after 10 Min.

Standard and Modified Flow
Test Panels
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Volume Change Test

The purpose of this test was to determine the approximate amount of
shrinkage or reduction in volume of the cold-poured sealants that oc-
curred during the curing or setting process. Two different methods were
used for this test. The procedure used with the cutbacks was not suit-
able for the emulsions due to the difficulty in determining the volume

change in the emulsions.

Cutbacks (Federal Specification SS-S-195B - modified. The change

in volume for'the cutback sealants was determined using a procedure sim-
ilar to thaf stipulated in Federa1.Specifications for cold applied con-
crete joint materials (19). A 1.5 ounce (44x10'6m?) calibrated glass jar
is filled flush to the top with fhe sealer. After determining the mate-
‘rial's original volume, the jar is placed in a 158 F (70lC) forced draft
oven for 170 hours. The sealant is then cooled in air for 1 hour. The
change in volume is compared with the original volume and the result is
reported in percentage as the shrinkage value of the sealant.

The specified test procedure was slightly modified so ayai]ab]e
equipment in the 0.S.U. Civil Engineering Asphalt Laboratory.cou1d'be
used. A 0.5 gallon (1.9x10_3m3) jar with rubber gaskef, conical cap,
and a hose connection was used instead of the suggested weightfper—
gallon metal cup. To evacuate entrapped air which might influence
accuracy of the results a vacuum pump was used. For comparative pur-

poses, volume changes in both the asphalt cements and the rubberized

sealant were determined using this testing procedure.

Emulsions. The loss of water in the setting process is the prime

reason for shrinkage in asphalt emulsions. Weight was monitored during



74

the preparation process in the heating unit. When all the water was
driven out, the weight loss was compaked to the original weight of the
materia]Q This was reported in percentage as the material-volume change,
assuming the specific gravity for the tested emulsions to be 1.0. This
was considered a very reasonable assumption on the basis that the major
éomponents of these materials (asphalt cement and water) both have a

specific gravity near 1.0.

Compatibility Test: (ASTM D 3407-75T)

Asphalt products from different sources may not be compatible with
each ofher. That is, their different chemical compositions are such
that they cannot be placed together without the occurrence of harmful
reactions, primarily exudation of fluxing. Thus, crack sealants can
react with the asphalt binder in the pavement to reduce the effective-
ness of the seal. The test consists of pouring the sealants in a groove
cut into the top surface of asphalt concrete test specimens. The speci-
ﬁens and applied sealants are placed in a 140 F (60 C) oven for 72 hours,
removed and allowed to cboT and then examined for any deleterious effects.

- Results were reported on a pass or fail basis.



CHAPTER VII
RESULTS AND DISCUSSION
Horizontal Movement

The measurements of horizontal movement at transverse cracks were
used as input data for a statistical regression analysis. The Statistical
Analysis Systems (SAS) computer program (31) was used to develop several
mathematical functional relationships between the horizontal moyement
and the influencing variables. The following model form was used to

study the general effect of the temperature and ECS factors on crack

movement:
Y = £(T, ECS, ECS).
where Y = crack movement, in.x1073.
T = temperature, F.
ECS = Effective Crack Spacing, ft.

Also, several models of the form:

Y = £(T,ECS, ECSZ, GFU)

It

where GFU = geological formation unit.
were deve]dped to analyze the effect of the geological formation underlying
a cracked section of the pavement.

The SAS program Was also used to conduct tests for evidence of real
differences in the observed values. The results of these tests indicated

the observed significance level and acceptance or rejection of the null-

hypothesis (no-difference) was based on a reasonable significance level
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value of 0.05. Because measurements were taken from the same cracks
during the study and not from randomly selected cracks each time, it

was suspected that the magnitude of the experimental error would be
reduced. Smaller experimental errors give smaller observed significance
1evéls'ahd a tendency to reject the null-hypothesis. This usually becomes
critical when the observed significance level is close to the rejection
level. Fortunately, the observed significance levels in this study were
either very high or very low, and this problem was not encountered. The
results of this analysis and the correlation studies with the three
affecting factors (temperature, effective crack spacing and geological

formation unit) are discussed below.

Temperature

Based on a preliminary study of the relationship between the crack
movement and the recorded temperatures, the analysis of the temperature
affect was made using only the subsurface pavement temperature. This
study indicated that corre]atfon with subsurface temperature was higher
than with either air temperature or the pavement surface temperature.

This had been expected because temperature measurements for both air

and pavement surface were influenced by ambient conditions not considered,
i.e., wind velocity and solar radiation. Also, there is an inherent lack
of reliability in measured surface temperatures due to factors discussed

by Straub (27).

Point of Curvature: Inspection of the scatter diagrams for sub-

surface temperature versus movement suggested the possibility of a skewed

relationship for the data obtained during the warming cycle of a given
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pavement section (Figure 27). The heating line appears to have an inflec-
tion point at some particular temperature. This phenomenon was reported
by Littlefield (33) in his investigation of the thermal expansion behavior
of asphalt concrete materials. He also found that differences in grade
and source of asphalt cement yielded different temperatures for the
beginning of the curved portion of the plot which he called the point

of curvature (PC).

It is thought that the following factors, either separately or
jointly, are responsible for this phenomenon. (1) Because asphalt is a
viscoelastic material, it has the characteristics of a solid at Tow
temperatures. At high temperature it responds as a viscous liquid and,
since asphalt concrete is a mixture of asphalt cement and graded aggre-
gate, the transition point between these two states in the mi*ture is
not sharp. At low temperatures, the length of a sampTe varies linearly
with temperature. At high temperature, the asphalt acts as a liquid
and does not transmit the expansion forces but rather tends to flow
from points of high pressure towards lower pressure areas. In doing so,
it extrudes Taterally and the longitudinal expansion of a sample is
greatly reduced. Thus, the expansion in the longitudinal direction
would be primarily due to expansion of the aggregate in the sample. Even
though the absolute volume does increase with temperature, at high temper-
ature it fs accompanied by a different rate of change in length. (2) Par-
ticulate materials (sand, spawl from crack sides, etc.) partially fill
the opened crack and then provide compressional resistance when the adja-
cent pavement sections expand and the crack begins to close. This
reduces the rate of change of crack width during a warming cycle.

The PC points were determined for each site using a computer
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program to solve equationé derived by Holbert and Broemeling (34). Results
were obtained in the form of a probability associated with each of the
measured temperatures corresponding to the PC in a given test site. The
‘average PC temperatures are given in Table Iv, which lists the points with
the highest probability. Table III in Appendix B shows a summary of the
computer results.

The average amount of crack movement that takes place between O F
(-17.8 C) and the PC temperatures are shown in Table II. Approximately
80 percent of the total movement at a crack occurs between these two
temperatures. This percentage of movement is very close to what Little-
field found in his study (33). This strongly implies that the temperature
of the PC is closely related to the properties of Fhe asphalt concrete
material.

Only measurements associated with subsurface temperatures colder
than at the PC of each site were used to fit the regression models for
the study. Measurements at temperatures higher than at the PC were not
included, because the movement behavior of the cracks were completely

different in these two regions.

Temperature Effect: Temperature had a very significant affect on

crack movement. The regression lines, coefficient of determination (RZ)
and observed significance level (&) for the temperature affect are
illustrated in Figure 25. Extrapolating the regression lines to O F
(-17.8 C), based on Oklahoma climatic data, the average amount of opening
is about 0.25 in. (6 mm).

It is interesting to note that measurements taken during the cooling

period (September through January) were smaller than the ones taken at



TABLE IV

TEMPERATURES AT THE POINT OF
CURVATURE FOR TEST SITES

Temperature at Point of

Site No. Curvature, °F

1 63

3 88

4 88

5 74

6 75

7 78

8 67

9 79
Average 77
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TABLE V

AVERAGE AMOUNT OF HORIZONTAL CRACK
MOVEMENT BELOW PC TEMPERATURE

Crack* Crack %
Movement Movement 0f Movement Average
Site No. at 0°F at PC Below %
: in.X10-3 in.X10-3 PC Temp.

1 143 28 80

3 105 16 85

4 367 0 100

5 235 49 79 83

6 221 8 96

7 266 ‘ 23 91

8 142 0 100

9 198 129 35

*Estimates based on Mathematical Model
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comparabTe temperatures during the heating period (January through August).
This is illustrated in Figure 24. The existence of two lines was highly
significant (a=0.0001). Also the lines were significantly not parallel
to each other (0=0.03). These results indicate that the opening
"potential" is greater than the closing "potential". That is, a crack
will not close to its orﬁgina] widthbof opening. A permanent increment
in crack width will remain after each yearly cooling and heating cycle.
The average'amount of the permanent opening during a one year cycle was
found to be about 0.03 in. (0.8 mm).

This concept of a permanent increment of crack width helps to explain
why cracks that usually start as unseen hairline cracks develop with the
years into relatively wide ones. Littlefield (33) reasoned that this

was the result of densification .in the asphalt concrete material due to

the cooling and heating cycles.

Climatic Data: Recorded temperature information (32) from stations

1ocafed close to the test sites were averaged for a five year period_td
Corre]afe the model temperatures with respective months of the year.
Figure 26 shows that temperature change; uniformly from its highest in
Juiy to its lowest in January. This figure also indicates that minimum
air temperatures experienced during January and February may be maintained
Tong enough for the pavement to cool to O F (-17.8 C).

Figure 27 shows the resu]ts'of applying the average monthly temper-
ature daté to the general movement model. Since the usual time for
.app]ying crack sealants is in the fall, this 'plot 1ndicates that the
applied seaiants are subjected to almost equal amounts of extension and
éompression. This important fact was not taken into consideration in

any of the cited laboratory bond ductility testing'procedures.
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Effective Crack Spacing (ECS)

As can be seen in Figure 28, the amount of crack movement increases
with increasing values of ECS (0=0.0001), till it reaches a peak between
100 and 125 ft (31 and 38 m) and then the movement decreases. The
ECS2 term in the model was highly significant with an observed signifi-
éance level equal to 0.0001.

Since the road surface is more or less bonded to the underlying
base course, these results indicate that the freedom of movement of the
. asphalt concrete surface is reduced by frictional forces. These fric-
tional forces will increase as the length of paved surface increases
until horizontal movement is stopped. The average amount of movement
per inch of surface length per degree F was calculated for each test
site and these values are presented in Table VI. Comparable figures
of the coefficient of thermal expansion for bond free asphalt concrete
surfacing (33), were about three times higher than the tabular values.
The difference is due to the developed frictional forces, which depend
on the bond between surface and base as well as the stability of the base
course.

The resistance to expansion movement will produce compression
stresses and the resistance to shrinkage movement will produce tensi]e
stresses in the surfacing material. In cold weather ff the effective
crack spacing is large, these stresses will be great enough to cause
another crack atvapproximate1y the midpoint between adjacent cracks.
This new crack will reduce the ECS and the tenéi]e stresses. However,
if the reduced stresses are still greater than the tensi]e‘strength of

the asphalt concrete surfacing, additional midpoint cracks will develop.
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TABLE VI

AVERAGE HORIZONTAL CRACK MOVEMENT PER INCH
OF PAVEMENT LENGTH PER DEGREE FARENHEIT

Average Movement at Average

Site ECS, 0°F, Movement/°F=in.,
No. ft. in.X10-3 in.X10-6
1 ' : 35 143 5.206
3 | 40 105 2.270
4 105 367 2.496
5 63 235 3.020
6 55 221 3.889
7 81 266 2.295
8 25 142 | 12.470
9 40 198 2.204
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Results of a correlation study to investigate the general trend of
the crack movement with test site average ECS values from Table VI in-
dicated a coefficient of determination (RZ) equal to 0.89 (Figure 29).
This is a very strong relationship. The amount of crack movement at O F
was found to increase as the pavement section average ECS increased.
This result emphasizes the previous discussion about the additional

crack development mechanism to reduce movement stresses.

Geological Formation Unit (GFU)

The variation between the study sections or test sites was highly
significant (a<0.0001). This variation is thought to be due to differences
in one or more of the following: 1) location or climatic affect, 2)

“initial crack widths, 3) surface and base type and thickness, 4) con-
struction and maintenance history; and 5) geological formations under-
lying the cracked sections. The influence of only the latter of these
factors was investigated in this study.

Site No. 3 and four other test sites were located on the Wellington
geological formation. The asphalt éurface at this site was an overlay
on an o1d section of Portland cement concrete pavement. The analysis of
‘variance showed that this section differed significantly from other sites
on the Wellington formation and also from all other sites on flexible
bases‘(&<0.0001). The results of this analysis indicate that site No. 3
should not be grouped with the other Wellington sites but given a classi-
fication of its own with no regard to geological formation.

Geological formation unit terms were introduced in the model to
study their effect on the behavior of the cracks. Each GFU was given a

separate designation term. Test site No. 3 on the Wellington formation
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was assigned a designation term of its own. The observed significance
level for this grouping was <0.0001.

The differences between the model describing variationé among study
sections and the one for geological formation units were significant
(a<0.005). This result indicates that a great portion of the variation
among the sections was unexplained by the GFU's effect. Determination
of the exact amount of variation explained by the GFU is not possib]e
from the study data. However, such a determination could be made through
a comparison of the analysis of variance of several models. The results
showed that adding the test site terms to the model had increased‘its
capability to describe the data by about 34 percent above the general
model. Adding the geological formation group terms increased it only
28 percent above the general model capability.

The interaction between temperature and GFU was highly significant
(a = 0.0001), indicating that temperature has a different effect on the
behavior of cracks located on different geological formation units. The
regression lines, coefficients of determination and corresponding ob-
served significance levels (a) are illustrated in Figures 30 and 31 for
. opening and closing cyc]es respectively.

Average values for the slopes of these regression lines are shown
in Table VII. These values are a measure of the temperature effect on
crack movement, i.e., the greater the slope, the greater the amount of
crack movement and, thus, greater stresses applied to a sealant material.
Study site No. 4, located on the Garber formation, had the greatest
' slope value and was followed by the sites on the Wellington, Senora and
Boone formations respectively. The regression 1ine slope for the con-

crete overlay study site was on the average about three times smaller
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TABLE VII

AVERAGE REGRESSION LINE SLOPE (TEMPERATURE VS
MOVEMENT) FOR GEOLOGICAL FORMATION UNITS

Regression Line
Slope, Corresponding
in.X10-2/°F GFU

3.32 Garber

1.87 Wellington
1.67 Senora

1.22 Boone

0.7 Con. Overlay
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‘than the rest. Since the average thermal coefficient of expansion between
0 F and 80 F (-17.8 C and 26.7 C) for bituminous concrete is about four
times than that of portland cement concrete (11), this result substantiates
that an underlying concrete pavement has a different and predominant
effect on crack movement.

The analysis of variance indicated a high significance Tevel for
the interaction between ECS and geological formation unit (a = 0.005).
Figure 32 shows the ECS effect for sites Tocated on different geological
formations. The ODOT Research Division reported cracking problems with
pavements located on the Boone Chert formation. Figure 32 shows that on
this formation, reducing the ECS by the development of additional trans-
verse cracks greatly reduces the amount of pavement‘expansion and con-
traction. Subgrade conditions apﬁéar to intensify the horizontal move-
ments of the pavement and when transverse cracks develop they multiply

more rapidly than on the other geological formations.
~ Vertical Movement

Effect of Beam Position on Measurements

In this study a Benkelman beam was used to measure the vertical
movement of the crack sides. The beam probe was placed to the‘side of
the truck's dual tires rather than in the usual between the tires position.
A factorial experiment was designed to determine what difference this
placement of the beam probe had on both the relative displacement and
tHe total deflection of the cracks.

Comparable measurements were made at site No. 3 during the four -

season period of the study. The average vertical movement values are
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given in Table VIII. The analysis of variance did not show evidence of
significant difference between the two measuring methods in the case of
relative dﬁsp]acement (&<0.103). However, a strong evidence of difference
was found in the case of total crack deflection (& = 0.0001). Results of
the correlation analysis are shown in Figure 33. These results indicate
that the method of beam placement had 1ittie or no effect on measurements

taken to determine the relative displacement of the crack sides.

Relative Displacement and Total Deflection

Deflection measurement data were analyzed by the Analysis of Variance
Procedure (ANOV.PROC.) SAS computer program. Analyses were made for both
relative and total deflections. The analysis of variance showed that
the seasons has a significant effect on both.def1ection values (a=0.0001).
Although the 1nteract10n between seasons of the year and study sites were
significant (a=0.0001), in general, the highest deflection values were
observed during the winter-spring period. Average values for relative
and total deflections are given in Table IX.

A correlation study was made to investigate the relationship between
the relative disp]acehent and the total deflection. Data Wasbfed into a
“Hewlett-Packard Calculator Plotter (Model 9862A) to determine the appro-
priate fitted curve and the coefficient of determination (RZ) was then
computed by the SAS computer program. As can be seen in Figure 34, a
strong relationship exists between the relative disp]acemenf and total
deflection with an observed significance level 6<0.0001.

Relative vertical displacement of opposing crack edges is a measure
of the shearing strain to which a sealant would be subjected. A previous

investigation (171) indicated that the effect of vertical movements on



TABLE VIII

AVERAGE VERTICAL DEFLECTIONS

FOR SITE NO. 3
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AVERAGE RELATIVE DISPLACEMENTS AND TOTAL

DEFLECTIONS AT THE STUDY SITES

Relative Displacement,

Total Deflection,

) in.X10-3 in.X10-3
Season S&te Site Season Site Season
0- Avg. Avg. Avg. Avg.
1 15.588 24.040
3 17.364 25.250
4 20.750 28.500
Winter 5 14.728 15.353 18.600 22.184
6 15.900 20.900
7 9.902 16.800
8 13.424 21.200
1 11.464 18.550
3 2.076 14.000
4 17.288 27.550
Spring 5 10.750 13.837 18.100 23.999
6 15.938 28.050
7 14.600 28.800
8 24.740 32.942
1 7.350 11.700
3 0.526 11.600 .
4 15.426 21.550
Summer 5 8.276 11.419 15.400 20.736
6 13.100 24.400 ’
7 14.638 28.550
8 20.614 31.950
1 9.400 15.000
3 10.036 20.650
4 11.514 21.650
Fall 5 10.202 10.533 17.700 20.000
6 10.962 20.050
7 8.690 20.850
8 12.926 24.100
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joint sealers was negligible in comparison to the effect of horizontal
movements.

In order to check this finding, an estimate of the horizontal crack
movement that might be expected during the four seasons of a year was
calculated using the regression model and a five year average temperature
(32) for the respective seasons. The computed horizontal crack opening
values were compared with the measured relative vertical displacements
at each test site for the corresponding season (Table X). On the aver-
age, the vertical or shear strain was 10.4 percent of the horizontal or
‘tensile strain. As expected, this percentage value was about double
that obtained in the study of portland cement concrete expansion joints
(11). However, the shear strain is still small enough to not be consid-

ered a major factor in sealant failure.
Laboratory Tests

Curing and Setting Study

Duplication in the laboratory of the actual environmental conditions
that exist at cracks‘in a roadway pavement would be virtually impossible.
However, it was desired to know more about the curing behavior of quan-
tities of 1iquid sealants in dimensionsv(vo1ume énd shape)‘Simi1ar to
those-they might assume when poured in pavement cracks. The curing
studies of sealants installed in simulated cracks made it possible to
determine a reasonable end point weight Toss to use in preparing samples
of these materials for the other tests used in this investigation.

As previously discussed, some of these simulated cracks were formed

from lucite plates and others from blocks of asphalt concrete. Some of

the "crack" samples were cured at room temperature under an oscillating
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TABLE X

AVERAGE RATIO OF RELATIVE VERTICAL DISPLACEMENT
TO HORIZONTAL CRACK OPENING

Ratio of Relative Vertical Displacement
Site to Horizontal Crack Opening*
No Season Site-Season Study Site | Average,
) Average Ratio Average, % %
Winter _ .104
1 Spring A 116
Summer .097 9.60
Fall .067
Winter .180
o Spring .037
Summer .013 8.6
Fall .115
Winter .059
4 Spring .073
Summer .079 6.2
Fall .035 '
Winter .068 10.4
5 Spring .075
Summer .075 6.7
Fall .051
Winter .078
6 Spring .126
Summer . 147 | 10.3
Fall ‘ .059
Winter .036
7 Spring .075
Summer o .089 5.9
Fall .035
Winter .088
8 Spring .323
Summer ~.504 25.3
Fall .096

*Estimates for horizontal crack opening
calculated using regression model and
‘average 5 yrs. seasonal temperature.
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fan and others in an oven at 150 F (65.6 C). The major problems encoun-
tered in the study were the extremely slow weight loss of the samples
and leakage of the sealant from some of the simulated cracks and subse-

quent loss of data from the leaking samples.

Cutbacks. Figure 35 shows the relationship between weight loss and
time of curing at 150 F (65.6 C) for the cutback sea1ants.1n lucite |
cracks. The width to depth ratio of the sealant samples in these simu-
lated cracks had a marked effect on the rate of curing of the materials.
The wider and more shallow samples were initially cured at a greater
rate.

Predictably, the MC-800 samples exhibited the higher initia]vrates
of curing and the greater total weight loss. After about 600 hours of
exposure at the curing temperature, the slope of each of fhe curves
approached zero. Some weight loss in the samples was still occurring
after 900.hours of curing. |

The curing curves for samples of thé cutbacks séa]ants.in shallow
pans are shown in Figure 36. These plots are similar to those in the
previous figure but show that evaporatibniof the di]uehtAfrom these
samples occurred much more rapidly than from the samples in the simu-
lated cracks. This illustrates the influence of amount of exposed
sealant surface area on the time of curing.

These results indicated that curing of the cutback products under
prevailing field conditions would require ektended periods of time. If
is quite 1likely that it could take as long as several years for complete
evaporation of the volatile constituents from cutback sealants in pave-

ment cracks.

It appeared however, that for all samples of a particular cutback
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the rate of curing (slope of the weight loss versus curing time curve)
was drastically reduced at about the same percentage of weight loss.
This Toss was about 11 percent for the MC-800 material and about 8.5
percent for the MC-3000 material (see Figures 35 and 36). These arbi-
trary weight loss values were taken as the end points for the respective
cutbacks in the evaporation process used to prepare samples of the seal-

ants for the Bond-Ductility and other tests.

Emulsions. Several problems developed in the study of the setting
or breaking behaviqr of emulsions in the simulated cracks. One of these
was 1éakage of the sealants from the crack molds that were oven dried.
Then, the liquid tight crack molds seemed to inhibit the breakihg process
since the dn]y way for the emulsifying water to escape was through evap-
oration at the surface of the crack.

Data was obtained on samples placed in asphalt concrete crack molds
and air dried at room temperature. The setting curves for these samples
are shown in Figuré 37. These curves were'plotted using the "Curve
Through Points" program in a Hewlett-Packard Calculator Plotter (Model
9862A). Again, the effect of width to depth ratio of the sealant sémp]e
is evident in the three types of emulsions.

The weight Toss versus curing tihe curves exhibit a plateau effect
with periods of rapid weight loss followed by periods of slow weight
loss during a two month drying time. Coalescence of the dispersed
asphalt droplets in both the anionic and cationic types of emulsion
created a film at the surface of the crack specimens. These films pre-
vented evaporation of the emulsifying water from the samples and pro-
longed the setting process. However, during.periodic examination and

weighing of the crack molds these films were disturbed enough to permit
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additional evaporation to take place and this resulted in the rather

erratic setting curves. Complete setting of the emulsions in the simu-
lated cracks required several months, but under actual field éonditions
where drainage can take place thorough breaking and e]imination of the

water should occur much faster.

Bond-Ductility Test

Although this test was'performed in accordance with a planned sta-
tistical design (detail of the design is outlined in Appendix E), a sté—
tistical approach could not be used to analyze the‘data. Several of the
selected sealants failed during the first cycle of elongation and, thus,
there was no measurable response fof statistical ana]ysis (see Table

‘XI). The Tlack of data also precluded a planned statisfica] correlation
study between the Bond-Ductility test and the othér tests that weré con-
ducted. This development was not anticipated since each Qf the materials

- was selected on the basis of reported effectiveness as a crack sealant.

Sealants. Table XII presents a‘summary of the laboratory test re-
sults. Tabular values are averages of the results obtained from three
tested samples. Brittle type failure occurred in the asphalt cement and
emulsion test samples during extension in their first cycle.. The nature
. of these failures indicated a high stiffness modulus of these asphalt
products at 0 F. The cutback sealants better performance can be related
to a higher penetration base asphalt cement having a Tower stiffness
modulus.

The rubberized asphalt sealant was defihite]y superior to the'othéf
sealants in the B.D. (Bond-Ductility) test. An average,of'ovér eight

cycles was required to fail the test samples of this material.



TABLE XI

BOND-DUCTILITY TEST RESULTS
ON SEALANTS

No. of Cycles to Failure*

Sealant }Crack Dimensions, in.
2 X 0.125 2 X 0.25 1 X0.25
AC. 60-70 — — —
AC. 85-100 — -— —
CRS-2 — —_ —
SS-1 — — _—
4004 — — _
MC-800 3.33 2 2
MC-3000 1 2 3.67
MS-LV 7 8 10

*Average of three samples
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TABLE XII
SUMMARY OF LABORATORY TEST RESULTS

Sealant AEQP'NZ?ng Penetrétion, . Resilience sﬁlgg Shrinkage
Material Cycles Cone Std. Needle % mm/min % Compatibility
AC.60-70 —_ 40 57 11 0.79 1.26 Pass
‘ AC.85-100 - 66 80 | 1.7 1.13 1.13 Pass
CRS-2 —_ 80 82 1.0 1.77 29.54 | Pass
VSS-] — 81 88. -1.5 1.57 29.25 Pass
4004 —_ 68 72 7.75 0.98 42.8 Pass
MC-800 2.44 A‘v144 >250 —1315 4.27 12.76 Pass
MC-3000 - 2.é2 ; 182 >250 ) -36.5 6.35 8.22 Pass
MC-LV | 8.33 45 55 A 39 |6.67x1073 0/45 ~ Pass

LLL
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Shape Factor. The shape factor of the crack, i.e., width to depth

dimensions, has an effect on the capacity of a sealant to withstand ex-
tension and compression. In spite of the limited data obtained in this
test, the results indicate that a higher number of cycles was obtained
when the sealant width was increased from 0.125 in. to 0.25 in. (Table
XI). A similar improvement was found when the depth was reduced from

2 in. to only 1 in. This result coincides with the findings of both
Tons (14) and Schutz (15) in that, with other conditions being the same,
the greater the minimum width of the crack and the sha]Tower the crack

is sealed the less the sealer will be strained when the crack opens.

Penetration Test

As expected, the cone penetration values for éspha]t materials run
considerably less than the standard penetration test values (Table XII).
Cone penetration values ranged from a low of 40 for the 60-70 penetration
asphalt cement to a high of 182 for the partially cured MC-3000. SS-1
and CRS-2 products are usually made from asphalt cements having a stan-
dard penetration of (100-200). Test results on residue from distillation
of these materials (Table XIX, Appendix D) indicate that théy were made
_frdm asphalt cements having standard penetration on the low end of the
above range.

From the Timited data, it appears that penefration values below
about 100 would indicate a sealant with undesirable stiffness properties.
This coincides with Manke and Noureldin's (35) finding based on the
1imiting stiffness concept that the 85-100 penetration asphalt is consid-
ered too hard a grade at 0 F (-17.8 C). Such an asphalt cement would

exhibit very low ultimate tensile strains. Thus, failure at the first
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B.D. extension cycle for the asphalt cement and the emulsion sealants is
not surprising. However, this does not apply to the rubberized sealant
and strongly suggests the need for direct evaluation of a sealant's

stiffness modulus.

Resilience Test

The resilience test provides a measure of the elasticity of the
sealant materials. The negative resilience values in Table Il were ob-
tained because the 0.675 in. (17 mm) diameter ball penetration head used
to conduct the test (13) continued to penetrate the sample when the
clutch was released.

Rubberized asphalt had the highest recovery percentage followed by
the 60-70 penetration asphalt cement. For the rubberized asphalt, there
seems to be a good corre]ation of the test results with performance in
the B.D. test. This may suggest that the test is an important indicator
of the sealant performance but a more definitive series of tests are

needed to establish this.
Flow Test

A linear relationship between time (in terms of minutes) and flow
distance (in terms of millimeters) was found for all sealants at a 15
degree angle of inclination of the flow plane. These relationships
shown in Figure 38 were plotted using the Hewlett-Packard Calculator
Plotter (Model 9862A).

In previous research work (12) and in standard tests for sealants
(14) (19) limits of flow are established and the test results reported

as passing or failing based on whether these limits are exceeded. Based
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on results of the modified test, the slope of the 1line for a particular
sealing material was considered more descriptive of its mobility or flow
characteristics. Thus, the slope of the plotted Tines in Figure 17 were
reported as the flow values for the sealants. These values ranged from

3 for the rubberized

6.35 for the partially cured MC-3000 to 6.67 x 10~
sealant. The latter result is close to the 3.0 mm (after 4 hours) tenta-
tive specification flow limit (14). However, there was no apparent rela-

tionship between results of this test and those of other tests performed.

Volume Change Test

Average shrinkage or reduction in volume (in terms of percentage)
of the;respective cold-poured sealants is shown in Table XII. Emu]sions
exhibited the higher shrinkage values with maximuﬁ of 42.8 pekcent for
the 4004 special emulsion. The MC-3000 had the minimum shrinkage va]ﬁe
of 8.22 percent for the cold-poured materials. Va]ues.for'the hot-
poured sealants are also reported for comparative purposes. These
materials showed very little volume change using the standard test pro-
cedure. |

The test results indicate the approximate amount of shrinkage to be
expected in‘the field. It is thought that a volume reduction of more
than 30'percent in the field would require a second application of the_
séa]ant in order to assure good performance. The extra costs involved
in additional applications would naturq]]y 1imit the use of such seal-

ants. Thus, a reasonable shrinkage Timit of 30 percent could be used as

an acceptable value.
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Compatibility Test

A11 sealants passed this test with no visible sign of incompat-
ibility (formation of an oily exudate at the interface between the seal-
ant and the asphalt concrete). Although standard test procedures use
laboratory specimens of asphalt concrete, the test should be performed

using core samples from the cracked pavement to be sealed.

Evaluation of the Test Program

Test such as resilience, flow, compatibility, and the various hard-
ness and penetration fests can serve to indicate sealant materials with
inferior physical propertiesf These tests do not, however, have the
capability of simulating aétua] crack conditions as does the B.D. test.
This was demonstrated in the Louisiana study (36), where correlation be-
tween the sealants test properties and fhe observed field performance
was found only with the results of a similar B.D. test.

Although the use of longer specimens made the conducted B.D. test
conditions in this study more severe, the results of this test should
permit reliable prediction of sealant field performance. In view of the
findings of the crack dynamic study (16), it might be well to modify
this test to include both extension and compression cycles under closely
controlled cbnditions.

No direct relation was found between the penetration results and
the number of B.D. cycles for the tested sealants. Several studies on
the stiffness modulus of asphalt materials at Tow temperature have agreed
that high stiffness modulus values are associated with low ultimate
straihs for the materials (37) (38) (39). Thus, it seems that a better

indication of the sea]ant‘s required strain capacity might be obtained
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by determining its stiffness modulus.

No definite relationship could be established between the results
of the resiliance test and those of the other tests that'wefe conducted.
Additional testing and evaluation is needed to determine fhe value of
this test as an indicator of sealant performance.

A]though’a better-measure.of the flow property of standard asphalt
sealing materials was developed in this research, the sealant mobility
is thought to have no direct bearing on performance and this test could
be eliminated as an evaluative procedure. Also, the volume change test .
is considered to have no critical value as e measure of performance, but
.it does have some practical value. _

The compatibility test as conducted is a subjective test. It de-
pends on a visual evaluation of fhe samples and the accuracy of the re-
sults depends on the skill and training of the peréonne] examining the
test specimens. This requires the development of good examples (test
-Specimens) showing incompatibility-oil exudations, etc., at the inter-
fece between the sealant and asphalt concrete samp]es.to estab]ish
criteria for the pass-fail classification of results. The 1mbo¥tance .
of this test is often overlooked by paving asphalt techno]ogfsts. This

,test; with possible modifications, should be retained to evaluate pros-
. pective sealants.

~ Adverse reactions between dissimilar asphalt materials might best
be determined using Oliensis' procedure (40) instead of the standard
compatibility test. Using this procedure, a recovered sample of asphelt
cement (ASTM D—1856)‘froﬁ theveracked pavement to be ‘sealed ie plaeed in
a shallow pan and dusted wfth fine talc. Several drops of the sealant

are placed on the talc-covered surface and the assembly is heated at
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110 F (43.3 C) for 72 hours. The results are reported as the width to
the nearest 0.1 millimeter of the dark ring in the talc-covered surface
surrounding the crop of sealant. A very narrow ring (less than 0.5 mm)
would be classed compatible. I]]ustrations‘for contact compatibility

and incompatibility for such a test are shown in books by 0liensis (40)

and Traxler (41).



CHAPTER VIII
CONCLUSIONS AND RECOMMENDATIONS
Conclusions

Crack Dynamics Study

Based on the information compiled during the one year (Septembek
1977 to September 1978) study of transversely cracked f]exib]e'pavement
sections on Oklahoma highways, the following conclusions are made:

1. Under typical Oklahoma climatic conditions, the average maximum
amount of horizontal crack movement observed at the test sites was
estimated to be 0.25 in. (6.125 mm).

2. About 80 percent of the total horizontal crack movement dccurred
between subsurface pavement temperatures of 0 F and 77 F (-17.8 C and
- 25.0 C).

| 3. The relationship between horizontal crack movement and subsur-
face pavementltemperature for the monitored cracks differed cdnsiderab]y
during the annual heating and cooling periods experienced by the pave- -
ment during the one year study period.
o 4. A permanent incremental increase in crack width remains after
each yearly cooling and heating cycle. This tends to support an earlier
study of asphalt concrete expansion behavior. For the cracks studied,
the average increase in crack opening was 0.03 in. (0.762 mm) per year.

5. The information shows that sealants applied during the fall

119
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season are subjected to about equal amounts of extension and compression
following their installation.

6. It appears that the amount of horizontal crack movement in-
creases with increasing values of ECS up to approximately 120 ft (36.6 m).
Frictional resistance to this movement during cooling of the pavement
produces tensile stresses that can cause additional cracks at‘the mid-
point between adjacent transverse cracks.

7. The geological formation on which the study sites is constructed
appears to have some effect on subsequent cracking of the pavement and ’
crack behavior but this relationship could not be exact1y determined. -
The greatest amount of crack movement was observed at test sites located
on the Barber formation and there was indication of a high cracking
potential in pavement site located on the Boone chert formation.

8. The largest vertical deflections at transVerse cracks were ob-
‘served during the winter ahd spring seasons.

9. The relative vertical displacement of the crack sides, undéf an
18,000 1b (8,165 kg) axle load, was approximately 10 percent of the esti-

mated horizontal crack movement.

' Labokatory Tests

The laboratory investigation was directed towards eva]uating and/
or deveToping test procedures for sealant materials that would reasonably
predict their field performance. Based on this work, the following con-
clusions are made:

1. The bond-ductility machine developed for this project provides
‘a reliable means of testing asbhalt sealing materials for their bonding

characteristics and ductility behavior under conditions similar to
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those experienced in the field.

2. The machine and its ancillary equipment can test multiple
samples of sea]ant.at precisely controlled rates of tensile strain under
a wide range of temperature conditions.

3. The machiné is versati]é and can be employed to closely simu-
late seasonal crack movements through cyclic application of tensile and
compressive strains to sealant specimens.

4. The rubberized asphalt was superior to the other sealants in
- the bond-ductility test. The results indicate that the asphalt cemenfsv
and the emulsions are too stiff, i.e., they fail in adhesion and/or co-
hesion under_ténsi]e stréin at Tow temperature, and wf]l not fﬁnction
adequately as a "sealing" material. The performanfe.of the cutback
‘asphalts was only slightly better in this regard.

5. As conducted, the‘bond-ducti1ity test may be too rigorous from
the standpoint of extending the sealant specimens to 100 percent of
their original width.

6. There was little or no correlation between the results of the
respective tests performed on the sealants.

7. The penetration, resilience, flow, shrinkage'ahd compatibility
1 fésts have some value as indicators of qué]ity and other desirab]e seal-
Hant properties but denote little concerning expected field berformanée-

of - a sealant.

Recommendations

Dynamics Study

In view of the observations and conclusions made in this investi-

gation, the following recommendations are presented:
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1. Additional crack dynamics research should be conducted to deter-
mine the influences of (a) initial crack.width, (b) type and thickness
of surfacing material, (c) type and thickness of base material and (d)
underlying geological formation on horizontal crack movements. Special
considerations should be given to the inexplained behavior of cracks
Tocated on the Boone formation.

2. Relative to the above recommendation, detailed field measure-
ménts of crack movements at temperatures below 20 F (-6.7 C) should be
made to study the hysteresis in crack width.

3. Modifiéations in the "Bond-Ductility" 1aborat6ry test procedure
(see Interim Report II) to include both extension and compression cycles

should be considered.

Laboratory Tests

1. The bond-ductility test should be adopted as the basic evalua-
tive proéedure for crack sealing materials. It is suggested that the
test be modified to include both extension (at 0 F) and compression (at -
77 F) of the séa]ant specimens. The applied tensile and compkessive
- stréihs'should be limited to about 50 percent of the'original specimen
width.

2. Beforé testing 1iquidvaspha1tvproducts for deéirable sealant
characteristics, all water from the emulsions and at least 95 percent of .
Ithé diluent or solvent in the cutbacks should be removed.

3. A’determination of the stiffness modu]us of standard asphalt
products should be iﬁcluded in evaluative test procedures‘for sealant
materials. In previous work, this parameter has been shown tolsatis-f

factori]y'characterize the Tow-temperature response of asphalts.
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4. A Timited fie]d test program to evaluate the effectiveness of
various sealant materials and application techniques should be conducted.
The results of such a study will assist in determining the value of
laboratory test procedures and in establishing reasonable criteria for
sealants based on actual service conditions and performance. A proposed

statistical design for such an investigation is outlined in Appendix E.
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QUESTIONNAIRE

Flexible Pavement Crack Sealing Study

1. What type of sealant materials Have been used successfully in your Division of

sealing the following types of cracks in flexible pavements?

Longitudinal Cracks:"(Please check one or more and supply additional information)

Asphalt cements; penetration grade used

Rubberized A.C.'s penetration grade and % rubber

Cutback asphalts; type and grade

Asphalt emulsions; type and grade

Other. sealants; please specify

Transverse Cracks: (Please check one or more and supply additlonallinformation)

Asphalt cements; penetration grade used

. ; |
________ Rubberized A.C.'s penctration grade and % rubber _ ] .

_ Cutback. asphalts; type dand grade

__Asphalt emulsions; type and grade

Other sealants; please specify

.
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Alligator or Map Cracks: (Please check one or more and supply additional information

Asphalt cements; penetration grade used

Rubberized A.C.'s penetration grade and 7 rubber

. Cutback asphalts; type and grade

____ Asphale enulsions; type and grade

___ Other sealants; p]@ase‘specify

2. In your Division, ‘what criteria ave used to determine the necessity for sealing

flexible pavement cracks?
_ Number of cracks per mile of roadway.

__ Width of €rack; please specify width

Spalling or deterioration of surface adjacent to crack.

~ Other; please specify

3. Does your Division reﬁuire any type of crack preparatlon, i.e., blowing,
‘brooming, routing, priming, étc., prior to application of the sealant?
If so, please specify treatmernt
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In your Division, what is the predominant method of applying sealants to the
respective types of cracks (e.g., pouring, spraying, pressure injection, etc.)?

Longitudinal cracks . .
Transverse cracks .
Alligator or map cracks .

Does your Division utilize any specialized mechanical equipment for crack .
preparation and sealing 7 . If so, please list the names of this
equipment and their purposes.

Does your Division conduct periodic inspections or surveys of its flexible
pavements to ascertain crack development and/or extent of surface deterioration
at. the cracks? . If so, please describe briefly the method of survey
used and the frequency of the surveys.

In your opinion, is flexible pavement cracking a majormaintenarce problem in your
Division?

Tn your opinion, are the presently used sealants doing an effective job ?

Additional comments and suppestions

Name . Division No. .

TNANK'Yoﬁ:for your time and efforts in completing this questionnaire !!!!
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TABLE XIII
_ TEST SITE INFORMATION

u.s. 177

1.0 imile North of U.S. 62 Jct.

~ Test - - Geological Maintenance
Site Highway Formation Division
Number - Number Location ~ Unit Number
1 S.H. 20 1.0 mile West of Spavinaw Dam Boone Chert 8
2 S.H. 20 = 12.6 miles East of i 44 Jct. Boone Chert 8
3 S;H.‘ISI 2.0 miles West of I 354Jct.' Wellington-Admire 4
4 U.S. 64 1.5 miles West of S.H. 74 Jct. Garber 4
5 U.S. 177 0.7 miles-South of U.S. 66 Jct. We1ington-Admire 4
6 U.S. 177 4.5 miles South of U.S. 66 Jct. Wellington-Admire 4
7 3-3- 51- 0.4 mi]éSEWest of S.H. 18 Jct. Wellington-Admire 4
8  U.S.75 4.0 miles North of Hughes County South Line  Senora 3
9 | Wellington-Admire 4

cel



TABLE XIV

TENTATIVE SCHEDULE FOR VERTICAL CRACK MOVEMENT
o FIELD STUDY

County south line.

1:00 P.M.

1:00 P.M.

1:00 P.M.

Test | Main- SUGGESTED DATE .
i;:e :Bgcggce ‘Site Description Winter Spring Summer Fali
S ,No.‘ s Lo Feb. May Aug. Nov.
1. 8 ’ S.H. 20, 1.0 mi H. of Spavinaw Dam | Feb. 6, 1978 | May 10, 1978 | Aug. 14, 1978 | Nov 14, 1978
_ _ 1:00 P.M. at | 1:00 P.M, at |[-1:00 P.M. at | 1:00 P.M. at
2 S-M. 20, 12.6mi E. of T 48 Jct- | cite No. 1 | Site No. 1 | Site No. 1 | Site No. 1
3 S.M. 15, 2.0 mi W. of I 35 Jct. Feb. 13, 1978 June 9, 1978 | Aug. 15, 1978 | Nov. 15, 1978
‘ 4 . A 2:00 P.M. at | 9:00 A.M. at | 9:00 A.M. at | 9:00 A.M. at
4 U.S. 64, 1.5 mi W. of S.H. 74 Jet. | site Mo. '3 | Site No. 3 | Site No. 3 | Site No. 3
5 U.S5. 177, 0.7 mi S. of U.S. 66 Jct,| Feb. 15, 1978} June 9, 1978 | Aug. 15, 1978 | Nov. 15, 1978
6 4 | U.S. 177, 4.5 mi S. of U.S. 66 det | Lio0 oM at | After Sites | After Sites | After Sites
7 | S.H. 51, 0.4 mi W. of S.H. 18 Jct. | 1:30 P.M. at
. ' s Site No. 7 |
8 3 U.S. 75, 4.0 mi N. of Hughes Feb. 14, 1978 | May 12, 1978 | Aug. 16, 1978 | Nov. 16, 1978

1:00 P.M.

£l



TABLE XV

COMPUTER RESULTS FOR POINT OF CURVATURE
TEMPERATURE PROBABILITIES

Test Site No.

Temp., °F | 39 |43 59 63 68 75 76 100 118 122

Prob., % |. 31 23 34 9.8 331 .36 O 0 0

Temp., °F | 25 |38 40 50 50 76 80 81 88 94 100 121
Prob., % — 10 .01 .06 | 3.6 3.6 3.8 | 32.6 | 38.7 | 17.1 0 0
Temp., °F | 28 |29 58 82 88 92 98 110 123

Prob., % —_ .56 .b8 | 2.2 169.1 [17.9 9.6 0 0

Temp., °F | 24 |39 58 62 74 87 94 98 103 108 110 115
Prob., % — |14.9 7.9 133.1 |37.7 4.4 .58 .30 .48 .56 0 0
Temp., °F | 26 |39 60 65 75 87 89 95 98 105‘ 107 {109
Prob., % — 123.2 |10.1 5.9 {10.5 3.9 5.6 {20.1 6.4 | 14.3 0 0
Temp., °F | 39 {42 58 59 61 66 75 78 89 103 104 129
Prob., % — | 4.6 2.2 5.3 3.6 [26.4 |18.1 | 35.8 2.1 1.87, 0 0
Temp., °F | 51 |67 77 85 86 98 104 107 115 124

Prob., % — |67.1 |31.6 .84 411 0 0 -0 0 0

Temp., °F | 35 |40 45 46 71 79 86 98 100 100 113 {114
Prob., % — | 5.9 3.5 8.6 8.9 (22.4 | 20.1 |12.7 3.5 | 14.4 0 0

veL
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TABLE XVI

BOND-DUCTILITY TESTING MACHINE COMPONENTS -

No. ~ Components Quantity

6 Bearings t

7 Steel-worms

8 Worm Gears

9 ° Clamping Frame

10 Supporting Table

1. Low-Temperature}Cabinet

12. Dial Gages-
13 Stop-Watch

14  Temperature Probe -
(thermistors)

15 Tele-Thermometer

Specifications
1 Motor* 1 Zero-Max. M3, % Hp. power 115/1/60
2 Variable Speed Drive* -~ 1 Zero-Max. JK3, speed range 400-0-400-Torque Rating 25 in.-1bs.
3 Gearhead*t_ 1 Zero-Max. W4, Right angle, Gear Ratio 40:1-Torque Rating 300 in.-1bs.
4 Extended Screw Control = 1 . Zero-Max. : .
5 Cou'p]-.ing‘sfr 1 Boston Coub]ihgs, FC 12, Max Torque 200 in.-1bs.

Boxton Couplings, FC 15, Max Torque 500 in.-1bs.

Boston Pillow Blocks, Split Cast Iron, : Catalog #34450SRP16
Boston Pillow Blocks, Split Cast Iron, Catalog #34438SRP8

Boston Worms, Lead Angle = 4°46', Cat. #L1056

Boston Worms, Bronze, pressure angle = 14 1/2°, Cat. #GB1055
0.6 in. thick aluminum, Figure 5.

1.0 in. thick aluminum with 4 adjustable legs. Figure 3.

For-Extensometer, Lab-Line Cat. #3922, power 120/1/60
For Samples Storing, So-Low Inc. Cat. #PR50-G, power 230/1/60

Eléctric - Lab-Line Timer, 120/60

General purpose, imbeded in A.C. block, YSI Series 401.
Air-Temperature, YSI Series 405.

Scanning Tele-Thermometer, YSI Model 47

* Obtained as one unit, JK3-W4-M3

T Boston Gear Catalog

9t



TABLE XVII
SPEED REDUCTION ARRANGEMENT

J FREEZER
LOCATION OUTSIDE FREEZER ) -
-
7
EQUIPMENT™ ) -
USED DOUBLE
CONNECTING WORM GEARS PULLING | "2
MOTOR VARIABLE | . o\ o0 SHAFT SHAFTS  |CONNECTING
GEARHEAD HEAD
- - - - - 1

o HP 13 25
o RPM, IN - i725 66.8 167 1.67 % =5
® REDUCTION - 26: 1 40:1 - 100 1 - -

RATIO
e TORQUE, Ib.in. - 2.9 116.0 116.0 - 7936 7936
e RPM, OUT 1725 66.8 1.67 167 —&5- = -
® SHAFTDIA., in, - — 075 0.50 - 100 1.00
® NO.OF THREADS - - - - - - 4

PER in.
o TRAVELLING -~ - - - - - +

SPEED, in/hr ‘ 8
® FORCE, 10°Ib. - - - - - 2% 1.0 -

*TABLE 1. APPENDIX A SPECIFIES IN DETAIL THE EQUIPMENT USED.

LEL
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TABLE XVIII

TESTED SEALANT INFORMATION

Sealant
No. Type Grade Source
1 Asphalt Cement AC 60-70 Kerr-McGee Corporation Refinery, Wynnewood, OK.
2 Asphalt Cement AC 60-70 Kerr-McGee Corporation Refinery, Wynnewood, OK.
3 Cutback MC-800 Champlin Refinery, Enid, OK.
4 Cutback MC-3000 Champlin Refinery, Enid, OK.
5 Emulsion SS-1 Nu Way Emulsions, Oklahoma City, OK.
6 Emulsion CRS-2 Nu Way Emulsions, Oklahoma City, OK.
7 Emulsion Spical Product 4004 Allied Materials Corporation Refinery, Stroud, OK.
8 Rubberized Asphalt dverf]ex MS-LV* Sahuaro Petroleum & Asphalt Co., Phoenix, Arizona

*LV stands for Low-Viscosity

6€1
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Procedure for Fabricating 12 by 4 by 3 in. Asphalt Concrete Bars.

1. Place approximately 6,000 g of asphalt concrete mixture in a
250 F (121 C) oven for at least 2 hr.

2. 1Into a 12 by 5 by 4 in. steel mold (Figure 19) preheated to
200°F, place sufficient asphalt concrete mix to fill the mold one-half
full.

.3. Rod the mix 20 blows with a 3/8 in. diameter bullet-nosed rod
(Figure 20).

4. Compact Specimen.for 5 min at 250 psi pressure'on the dial of
the kneading compactor (Figure 21). The carriage crank is rotated one-
quarter turn, back and forth, for each stroke of the tamping'foot.

5. Add sufficient material to fill the mold.
_ 6. Rod second 1ift 20 b]oWs.v (Be sure mix %s well rodded around
"the periphery of the mold). |

7. Compact specimen for 5 min at 250 psi pressure as before.

8. Continue compaction for an additional 5 min at a pressure of
500 psi on the dial of the compactor (Figure 21).

9. Place a steel leveling plate (11.85 by 3.86 by 0.98 in.) on the
specimen and compact for 2 min at 500 psi pressure to 1gve1 the compacted
specimen (Figure 22). |

10. Remove mold and place compacted spécimen on smooth sheet of

plywood (Figure 23).



Figure 40.

Kneading Compactor
with Bar Mold
and Carriage

Figure 41.

AC Mixture Being Roded with 3/8-in.
Bullet-Nosed Rod

el



Figure 42. AC Bar Being Fabricated.
Crank Turned 1/4
Revolution for Each
Stroke of Compactor
Foot

Figure 43.

AC Bar
Load

Receiving Leveling

el



Figure 44.

Metal Mold Being Removed
From AC Bar

Figure 45.

AC Bar Being Cut With
Masonry Saw

124}



INFORMATION ON SEALANT MATERIALS

TABLE XIX
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Asphalt Liquid Asphalt
Tests Cement Cutback Emulsion
60-70 |85-100 | MC-800 | MC-3000 | CRS-2 | SS-1 }4004
Specific Gravity | 1.0058 |.9956 .9509 .9567 — - -
Pentration 25°C _
100 g, 5 sec 52 86 —_ - — — —
Viscosity 60°C 3012 (1128 — — —_— —_ —_
Viscosity 135°C| 519 | 347 — - — - _
Kinematic Visc.
@ T140°F — — 1525 3495 —_ —_ —_
Furol Visc. at
17°F - — - — 374 38 28
Distillation,
(% to 680°F)
To 437°F —_ — 0 0 —_ — —
To 500°F — — 30.3 21.7 —_ —_ —
To 600°F — — 75.8 73.9 — —_ —
Residue 680°F — — 83.5 88.5 -— — —
Residue from
Distillation - — — — 62. 62.5 | 62.
Tests on_Residue:
Absolute Visc.
@ 140°F — — 529 501 —_ —_— —
Pen., 77°F
100 g., 5 sec. 35 55 180 185 99 105 79
Ductility at
77°F 150" 150" | 105 112 150" | 150" | 65
Visc. 60°C 7410 | 2473 — — — — _
Visc. 135°C 758 4N —_ — —_ — —
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Experimental Design for Bond-Ductility Test

The test was statistically designed as a classical split-plot
experiment (22) where tested samples represented experimental units.
The two factors, sealant types and sealant dimensions, were considered
as treatments. The levels of the dimension factor were applied randomly
to the exberimenta] units to end up with three "main plots". Each main
plot was then subdivided into six subplots to which the aforementioned
sealant levels were randomly app]ied. To increase the precision of
the experiment, each sealant 1eve1 (subplot treatment) was appiied to
three samples (replicates). The number of‘test cyc1e$ the sealant

experienced before failure was taken as the test response.
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Experimental Design for Proposed Field Test Program

The'proposed test program is designed to study and develop informa-
tion on the field behavior of selected flexible pavement crack sealing
materials over a period of several years. The field performance of
crack sealing materials in expected to be influenced primarily by: 1)
the type and quality of the sealant, 2) the method of preparing cracks
for sealant installation, 3) the amount of horizontal crack movement
(related to the pavement temperature and effective crack spacing) and,

4) temperature extremes, particularly the minimum low temperature éxperi-
enced by a pavement section. A1l of these factors have been considered
in the experimental design.

In order to correlate the results of this investigatfon with those
from the crack dynamics study (Interim Report 1I), the field test program
will be limited to transverse type flexible pavement cracks. Three trans-
versely cracked pavement sections have been located during previous work
and appear suitable as study sites for the proposed field test program.
These pavement sections are located as follows:

U. S. 177, 4.5 miles south of U. S. 66 junction

I. 35, 4.0 miles north of Perry

U. S. 64, 1.5 miles west of U. S. 74 junction
'These recommended sites have enough full width transverse cracks to
satisfy the experimental requirements and are located near Stillwater
so that they can be conveniently monitored during the study period. At
Teast two of these sites will be included in the field test program.

A detailed crack survey w111 be conducted at each of the selected

study sites. This will include counting, mapping and measuring'the
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distance between adjaéent cracks to determine the effectivé crack spacing
(ECS). Subsequently, the cracks at a site will be categorized as to
small, medium or large ECS's. A small ECS will range between 10 and 25
feet, a medium ECS, between 25 and 55 feet, and a large ECS will be over
55 feet in length. Based on the established relationship between hori-
zontal crack movement and ECS, the expected sealant strains will be
approximately equal for each of these spacing categories.

Selection of the sealants used in the fie]d test program will be
based primarily on the laboratory test results presented in Interim
Report III. It is suggested that the selected sealants include the
rubbérized asphalt, one of the cutback asphalts and one of'the asphalt
emulsions used in the iaboratory study. One or tyo additional sealing
materials cou]d be added but this would necessitafe additional labora-
tory testing.

Cleaning and preparation of cracks prior to sealing have been
reported to promote good adhesion between the sealant and the crack
Sides. Methods of crack préparation include air b]owing,'brushing the
surfacé and/or crack sides, priming the crack sides, routing of the
crack to a set width and_depth,‘and p]aceﬁent of a fbond breaker" or
filler material in the crack to Timit the depth of penetration of the
sealant. Based on reporfed results in the'1iterature, it is suggested
that only the first three of these crack preparation methods, i.e.,
air-blowing, brooming or brushing, and priming, be used in the proposed
field test program.

An equal number of cracks will be selected for sea]ing‘at each study
site. The total number of cracks selected will depend on the number of

sea]ants, crack preparation methods, and rep]1cat10ns desired in the
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study. The length of each crack to be treated will be determined and
coded numbers painted on the pavement will identify the treatment to be
applied to each crack.

The preparation and sealing of the transverse cracks at the respec-
tive study sites will be performed by experienced 0ODOT maintenance crews
under the direction of research project personnel. Sealing of the
cracks will be completed by October 31, 1979, or as soon as possible,

_thereafter. Pavement temperatures at the time of the sealing operations
will be recorded. It is also suggested that the pavement température be
recorded at the tfme of subsequent surveys of sealant performance. ‘

These surveys or inspections of the sealed cracks will be done on a
periodic basis. During the first year after séa]?ng the cracks wi]] be

inspected for evidence of failure appfoximately six times. Failures will
be classified as to type, i.e., adhesive or cohesfve, and the extent of

- failure determined by Tinear measurement. Evaluation will be based on
the percentage of total length thét faiied for any combination of sealant
type, crack preparation method and ECS. Final statistical evaluation of
the'respectiVe treatment will be made after exposure to field conditions
for a full year.

Statistically the deSign of this field test pfogram can be classified
as a “"factorial experiment" with the treatments_érranged in three factors
Héving various levels. The sealant tybe factor will have up to five
levels and both the crack preparation method factor and the ECS factor
will have three levels. This design results in apprbximate]y 45 treat-
ment combinations that will be applied randomly to the selected cracks in
_ each study site or "block". To increase the‘precision, each treatment
will be épp1ied to at leést two (preferably three) cracks in the same

blocks.
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