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FOREWORD

The first three papers in this RECORD will be of interest to researchers, designers,
specification engineers, and contractors concerned with the design and construction of
portland cement concrete pavements. The paper by Scholer and Olateju, extracted
from an earlier report, reviews in detail the currently available methods for mechani-
cal placement of steel for continuously reinforced concrete pavements constructed
using the slip-form method. A time-lapse photography technique was utilized to eval-
uate the various placement methods.

Various texturing methods were explored by Chamberlin and Amsler to determine
their effects on the depth, uniformity, and durability of the texture in addition to the
effect on skid resistance. The study indicates a definite correlation between texture
depth and skid resistance. An unconventional fluted float was found to provide a deep
texture that had high skid resistance, was more uniform, and appeared to wear at a
lower rate than other textures studied.

A 900-ft section of 2-lane highway constructed of precast, prestressed concrete
panels being tested in South Dakota is reported by Larson and Haug. The paper gives
a brief account of the technique utilized in the construction of the pavement. The 6 -ft
wide, 24-ft long and 4%-in. thick panels were overlaid with a bituminous mat and are
being evaluated for structural performance. A cost summary of this unique pavement,
which may have potential for future highway use, is reported.

The remaining papers in this RECORD deal with pavement joint seals and will be of
interest to researchers, designers, materials engineers and contractors concerned
with improving the performance of concrete pavement joint seals. Gaus cites the need
for a long-term performance type of sealant for new construction and maintenance of
joints in concrete pavements. He reports on experiences beginning in 1963 with the
use of PVC elastomeric hot-poured sealants.

Brown reports the observations made during a survey of neoprene compression seals
and other joint sealing systems in five states. The report concludes that only the neo-
prene seals, by keeping incompressible materials and liquids from the joints, provide
satisfactory performance and extend the life of the pavement. Neoprene seals have
also prevented blowups in the pavements surveyed.

The development of a simple viscoelastic model to simulate the time-dependent
behavior of elastomeric seals is reported by Vyas. The response of the model is
compared with that observed for the seal to verify the adequacy of the model. It was
found that viscoelastic models can be effectively used to represent elastomeric seals.

—John C. Dixon



MECHANICAL METHODS OF STEEL PLACEMENT FOR

SLIP-FORM CONSTRUCTION OF CONTINUOUSLY
REINFORCED CONCRETE PAVEMENTS

C. F. Scholer and O. T. Olateju, Purdue University

e TRADITIONAL methods for the incorporation of steel in concrete pavement slabs have
included the use of chair supports, "two-lift" placement with the reinforcement sand-
wiched between two layers of concrete, and movable sled devices that are used to hold
the steel at predetermined heights and are rolled away as the concrete is poured. The
rate at which steel could be placed by any of these methods was not compatible with the
inherent production capabilities of the slip-form paver. Consequently, during the past
several years, major efforts have been directed toward the development of mechanical
methods for placing mesh or reinforcing bars or both in conjunction with slip-form pav-
ing. Today, because of these improved devices, contractors can lay 6,000 ft or more
of reinforcement in less than 10 hours.

The mechanical devices for steel placement in pavement slabs can be categorized
into two general groups: the mesh depressors and the bar placers.

MESH DEPRESSORS

The mesh depressor was the first breakthrough in the search for machines to place
reinforcement in one lift. It was used in Oregon (1960), Louisiana (1961), and Indiana
(1962). The early version of this unit rode on forms and used vibration and pressure
to depress the steel. The unit depressed the steel while standing stationary, which pre-
cluded the lateral displacement of the mesh during depression. The machine was self-
propelled and carried four hydraulic rams under which was suspended a lattice steel
frame. On the frame at each ram was a vibrator. Limit chains were used to halt the
frame at the correct depth for mesh embedment. The rams then retracted the frame
in preparation for the next sinking cycle. Another version, used in Indiana in 1962, con-
sisted of a giant screen or grid that vibrated and depressed the sheet of mesh fabric to
its proper depth. The steel placement unit was fitted with large depressing units that
left a waffle pattern on the concrete. Its pressing depth was governed by adjustable
locknuts on threaded guide rods instead of by limit chains.

At the time of this study, the manufacturers of mechanical mesh depressors were
Heltzel Steel Form Co., Rex Chainbelt Co., and CMI, Inc. Each of these companies
produces a single model that can be used either with side-form or with slip-form pav-
ing. The machine made by the Heltzel Co. is a self-propelled unit, whereas the other
two machines are attachments to slip-form pavers, spreaders, or finishers.

The Heltzel Co. unit is adjustable in width from 12 to 24 ft and carries four grids
with vibration runners on 20- by 23-in. centers Each grid consists of four blades
welded to the vibrator housing. The basic length of the grid is 10 ft.; it can be extended
to 15 ft by using detachable end sections. The machine depresses steel from the sur-
face of the full depth slab. Mesh is placed on the surface of the wet slab, and the ma-
chine moves forward to position directly over the mesh. As the mesh depressor comes
to a full stop, its operator actuates the vibration grids and the hydraulic pressure. Vi-
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bration and pressure are the major factors responsible for sinking the mesh. Vibra-
tion helps to move the aggregate particles agide while the wire moves down into the
mix. After the mesh has been depressed to the proper depth, hydraulic cylinders lift
the grids from the concrete and the machine moves to the next position. The operation
of depressing the steel takes between 10 and 18 sec and leaves a waffle pattern on the
slab. Although the machine stands squarely on the mesh that is being depressed, a
length of 1 ft or more of the next mesh section at the point of overlap is also depressed.
This eliminates the possibility of the next sheet being dragged as the machine moves
forward. It also eliminates the need for more extensive vibration of the concrete after
the initial depression cycle.

The current model of the Rex Chainbelt unit was introduced in 1965. This unit rides
on crawler tracks as an attachment to the front of a placer or slip-form paver. It con-
sists essentially of a set of blades, in two banks, that are attached to a frame. A mech-
anism of gears and springs within this frame produces an eccentric movement with an
amplitude of % in. This arrangement imparts an oscillatory motion to the blades, and
the resulting tamping and tucking action makes continuous steel placement possible
without vibration. The final depth for the steel depends on the setting of the rear ends
of the blades. Both the blades and the slopes can be adjusted to meet the paving condi-
tions encountered. The depressor blades are evenly spaced across the full slab width
and can depress mesh to depths of 6 in. The depressor units are hydraulically lifted
to pass over dowel brackets, and crown adjustments are made from the slip-form or
placer console.

The unit manufactured by CMI, Inc., also attaches to the front of a slip-form paver.
It depresses the mesh into the mix by using high-frequency vibration and low amplitude.
The blades are vibrated at 2,000 to 4,000 cpm with an amplitude of % in. Vertical baf-
fles are responsible for pushing the steel into the concrete. The machine rides on
pneumatic tires and is hydraulically powered from the slip-form unit. It is equipped
with side forms to keep the mix within the paving boundaries while the steel is being
depressed.

BAR PLACERS

Where bar mats and mesh are used, most of the labor is performed in the shop, and
velatively few wWorkers are reguired in wie field. Wheire reinforciig vars are used, Luw-
ever, workers are required to load and unload the steel and to distribute and tie it.
Contractors have therefore developed machines that help to speed the lapping and tying.
They have also developed machines that will hold the tied steel in the desired position
for pavement construction. Either this position can be the final one, in which case the
concrete is placed through and around steel, or the steel can be placed on the surface
of the fresh concrete and then depressed to its final position. Three distinct types of
equipment can be identified within the bar placer group.

Bar Vibrator Machine

The bar vibrator unit is decreasing in popularity because it is not adaptable for use
with the slip-form paver. It is similar in design to the mesh depressor of the Heltzel
Co., except that notches are used under the grid to hold the steel bars in their proper
position.

In 1964, two Illinois contractors used two machines to place reinforcing bars by a
method that eliminated chair supports and permitted single-lift paving. The first ma-
chine was a riding platform, 45 ft in length, that traveled behind a concrete spreader.
This unit was manned by workers who took bundles of 30-ft long bars from delivery
cranes and strung them out in position, spliced and wire tied them, and fed the bar
lines into a set of spacing cups. The steel drew itself off as the rig advanced. Trans-
verse bars were placed on 25-in. centers by two reels mounted in front of the machine.
These transverse bars were positioned on the longitudinal bars.

The second machine, which performed the actual depressing of the steel, consisted
of two 12- by 15-ft assemblies of large vibrating grids. After the machine was moved
into position over the slab, a hydraulic ramp depressed the bars a distance of 15 ft.
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Grooved surfaces distributed the ram pressure over the steel and ensured its even sub-
mergence without local distortion or major disturbance of the fresh concrete.

Tube Assembly

The assembly holds the reinforcement in position while the concrete is deposited,
spread, and consolidated. It consists of a form-riding frame that contains flared tubes
for receiving and positioning the steel just ahead of the concrete spreader. Two modi-
fications of this machine are currently in use. In the first, 44 or 48 lines of reinforce-
ment are fed through the tubes. In the second, the middle 6 bars are not positioned but
instead are supported with tie bars on chairs. The first type has recessed tubes,
whereas the second type has tubes of equal length.

The first step in the paving operation is to lay the lapped and tied steel reinforce-
ment out on the subgrade. The steel is then fed individually through flared tubes that
are 16 to 30 ft in length. There are either 44 or 48 tubes, depending on the design
spacing of the longitudinal bars. The outside diameter of the flares is about 3 in. and
the inside diameter of the tubes is 2% in. After bar feeding has been accomplished, the
unit is attached to the front of the concrete placer where it is held at the proper eleva-
tion while the concrete is placed and consolidated. The height of the tubes can be ad-
justed with the aid of double nuts and bolts that are located in the top of the attaching
beam in the rear; another set of double nuts at the bottom can be used to adjust the tubes
horizontally. The unit itself is controlled from the operator's console. One version
now in use has hydraulic cylinders at each corner to control the height. The frame
holding the tubes is hinged on the bottom at the centerline of the roadway with a hydrau-
lic cylinder on top of the hinged portion. This center cylinder raises the tubes to the
desired straight-line crown. Tie bars, depending on their position, can be inserted by
hand or by rotating the notch drum at the back of the placer. They can also be sup-
ported on chairs.

Rebar Installer

The installer was introduced by the Rex Chainbelt Co. in 1969. It was designed to
be compatible with the company's belt placer although it can be used with the slip-form
paver. It consists of four drums. On each drum is mounted a set of helical rows of
teeth like those on a mower sickle bar. The drums span the entire width of the slab
and are mechanically operated. They are designed to slowly rotate while the individual
bars are gradually tamped downward to the desired position. The drums operate in-
dependently of each other and are hydraulically controlled from the slip-form console.

The paving operation is started by laying, lapping, and tying continuous lengths of
reinforcing rods on the subgrade. There is no need to line up the rods accurately.

The steel is then raised above the subgrade by a roller in front of the spreader and is
threaded to the belt placer in two separate sets. The steel goes over the belt spreader
and out through the back. A rubber-tired unit attached to the trailing forms of the
spreader brings the two sets of steel together and roughly spaces them across the width
of the pavement. This unit has two horizontal pipes between which is a series of short
vertical rollers, placed at either 6 or 6% in. depending on the number of lines of steel
bars (usually 40 or 48 lines). The rods are fed through these rollers for proper spacing.

Another spacing unit, similar in design to the other spacer, is attached to the slip-
form paver. Here, all the bars are properly spaced and held in position by the set of
vertical rollers. This unit is followed by track-mounted, saw-toothed rotary tampers
that are attached to the front of the slip-form paver. As the machine advances, the
drums revolve, and the serrations slip over the rods and force them down into the fresh
concrete. Because the rebar installer is attached to a slip-form paver and takes its
grade from the paver wires, it installs the steel precisely to the desired elevation.

SUMMARY OF FINDINGS

The extent of the use of mechanical steel placers in this country was evaluated
through questionnaires directed to selected highway officials, correspondence and in-
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terviews with contractors and other highway officials, and observations of actual jobs.
‘I'he procedures foliowed on selected jobs were recorded on film wiih the aid of a lime-
lapse camera, and the photographs were later used in the analyses of the placement
methods and techniques. From the observation and the subsequent analyses, the fol-

lowing summary comments are made:

1. The number of states that have turned to the use of continuously reinforced con-
crete pavements is rapidly increasing.

2. Machines are now available that can place steel faster, at less expense, and with
less labor than the manual operations formerly employed. These machines have been
used to the general satisfaction of the state highway officials.

3. Several states have modified their specifications so as to accommodate place-
ment tolerances that are compatible with the mechanical methods.

4. Many states have eliminated the use of transverse bars in the construction of
continuously reinforced concrete pavements.

5. Through adequate planning and the use of mechanical methods for steel place-
ment, contractors have demonstrated that they can improve the efficiency of their steel
laying operations.

6. Currently available mechanical devices for depressing steel are not yet fully
perfected, but additional improvements can be expected in the future,

7. The savings that can currently be realized from the use of mechanical steel plac-
ers cannot be specifically identified because of limited experience. However, the po-
tential savings can be sufficiently attractive to warrant the interest of highway officials.

ACKNOWLEDGMENT

The information contained in this paper was extracted from a report entitled Tech-
niques in Slip-Form Paving and Continuously Reinforced Concrete Pavement Construc-
tion (Joint Highway Research Project Report No.6). This report is available through
the School of Civil Engineering at Purdue University.



PILOT FIELD STUDY OF CONCRETE PAVEMENT
TEXTURING METHODS

W. P. Chamberlin and D. E. Amsler, New York State Department of Transportation

The effect of different texturing methods on texture depth, initial skid re-
sistance, texture uniformity, and texture durability was studied through a
designed field experiment installed at five different locations. The textures
studied included those produced by three conventional methods (burlap drag,
natural-bristle broom, and wire broom) and one unconventional method
(fluted magnesium float). The latter method produced uniform, parallel,
Ye-in. deep, semicircular ribs on %-in. centers. All textureswere placed
perpendicular to the centerline of the pavement. Textures produced by the
fluted float were found to be deeper and to provide greater skid resistance
than textures produced by the burlap drag or the natural-bristle broom.
They were equivalent in these respects to those produced by the wire broom
but were found to be more uniform and to wear at a slower rate. It was
concluded that more consideration should be given to the merits of such
geometrically definable textures and that the relationships among texture
geometry, skid resistance, and abrasion resistance should be the subjects
of more research.

eTHE skid resistance of a concrete pavement—defined for this discussion as tire-
pavement friction in the locked-wheel mode (1, pp. 11-13)—results from a combination
of intrinsic and extrinsic factors. Of principal importance among the former is the
texture of the pavement surface itself, which results from the distribution of asper-
ities of various sizes and shapes over the surface. It has been accepted that pavement
designed for high-speed travel should have a texture composed of both fine and coarse
asperities because both contribute—although differently—to tire-pavement friction. [A
comprehensive discussion of the mechanism of this friction is given elsewhere (1).]

Coarse asperities, which are responsible for what has been called macrotexture or
macroroughness, can be controlled by the engineer because they are primarily a func-
tion of the method used to texture the pavement surface. In addition to contributing
directly to tire-pavement friction, coarse asperities (macrotexture) provide channels
for the drainage of water trapped between a pavement and a moving tire. Hydrostatic
pressure and skid resistance are dependent on the extent to which water is prevented
from draining during the tire-pavement contact period. If hydrostatic pressure devel-
ops to the extent that the tire is supported entirely by water film, hydroplaning (the
complete loss of interfacial friction) results.

Because of the increasing volumes of high-speed traffic and the growth of interest
in the skid resistance of pavements, there has been a tendency to use texturing methods
that create deep textures. Not only do these textures have great inherent resistance to
skidding, but also they drain well.

The purpose of this paper is to describe the partial results of a pilot field study of
four different concrete pavement texturing methods. Data are presented regarding the
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initial texture and skid resistance of the experimental pavements, and the relative du-

v-cﬂ'n'hhr of the textureg thoemeelveg are te ohvnlw evaluated
XUUreg tnemeelvee are teniatl vaiuatlea.

STUDY SCOPE AND PROCEDURES

During the 1969 construction season, a designed experiment was built in new pave-
ments at five different sites in New York State. Two specific objectives of the experi-
ment were to determine the initial depth and skid resistance of textures produced by
different texturing methods under conditions of field control and to evaluate the relative
durability of the textures under the abrasive action of traffic. A third objective was to
determine whether a measure of texture depth could be correlated with locked-wheel
skid resistance for a variety of texturing methods combined.

The four texturing methods employed were as follows:

1. Burlap drag—typical of that commonly used in the United States and in New York
State prior to 1969;

2. Natural-bristle broom—typical of that used in New York State since 1969 and
gaining popularity throughout the United States;

3. Wire broom—widely used in England and elsewhere in the British Commonwealth;
and

4. Fluted magnesmm float—a device that produces a uniform surface of parallel,
semicircular ribs on /3-11’1 centers with /s-m penetration.

The first three are conventional methods and were selected to represent the range
of current practice in the United States and abroad. The fourth is an unconventional
method; i.e., to the authors' knowledge, it had been used only experimentally on two
bridge decks in New York State. The details of each method are given in the Appendix,
and profiles of representative textures are shown in Figure 1.

Each of the four methods was used on two 120-ft long test sections (A and B) thatwere
placed in the driving lane of pavements at five different sites. The sites selected
included a variety of concrete materials and traffic characteristics. All experimental
textures were manually placed perpendicular to the pavement centerline at all sites by
the same personnel. Details of the sites are given in Table 1, and the data collected
at the time of placement are given in Table 2.

LCALU.I.C UCPLIL auu. Dl\l.bl LCDJ.DL:U.I\;C lll Lllc Wlleelp&tllb welc 1icadul cu .uuxucu;a.u:l._y
after construction and periodically since then. Texture depths were measured by the
sand-patch method (g) after the residual curing compound was removed. Skid tests were
performed at speeds of 40 and 55 mph with a locked-wheel trailer in accordance with

ASTM Designation E 274-65T. Trailer tires conformed to ASTM Designation E 249-66.

TEST RESULTS

The experiment involving initial textures was designed for a two-factor, four-level
(texturing methods) by five-level (sites) analysis of variance with single replication (3).
Independent analyses were made for initial texture depth and initial skid resistance at
speeds of 40 and 55 mph. In each case, the method of texturing was found to produce
a significant effect. Similarly, mean texture depth and skid resistance at speeds of 40
and 55 mph were found to differ significantly from site to site for the same texturing
method. No significant interaction was found between methods and sites. Analysis for
the components of variance (Table 3) indicated that 68 to 79 percent of the total variance
encountered in texture depth and skid resistance was associated with site-to-site and
method-to-method effects combined. The results of all initial measurements on the
experimental textures are given in Tables 4 and 5.

Subsequent measures of texture depth have shown that the experimental textures
wear at a rate dependent primarily on the level of traffic, the initial texture depth, and
the method of texturing employed (Table 6).

Variations in the level of texture depth and skid resistance that occurred from site
to site for the same texturing method have not yet been fully studied and thus are not
included here. Their importance, however, should not be minimized.



Figure 1. Transverse profiles of study
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A
M ————— — e ———
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Table 1. Study sites.
Driving Lane
AADT
Estimated
Trucks Speed Studded
{per- Limit Tire Use*
Site Total cent) (mph) (percent) Remarks
1 1,410 1.0 50 30 Most vehicles gradually accelerating or
decelerating
2 1,200 5.0 55 40 Pavement snow-packed up to 3'/; months
each year
3 1,710 4.0 80 40 Most vehicles gradually accelerating
4 5,160 1,0 65 35 -
5 1,870 10.0 60 30 -

®Legal between October 15 and May 1

Table 2. Weather conditions and concrete properties at time of test

Table 3. Percentage of contribution of

section placement. components to total observed variance.
Weather Conditions at Site Concrete Properties Dependent Variable
Rela- ] Mean Skid Skid
tive Air Num- Num-
Tem- Humid- Wind Con~ Tex- ber ber
Test  Date pera- ity Clouds Veloc- Mean tent ture at 40 at 55
Sec-  Placed ture (per- {per- ity Slump (per- Proctor Source of Variance Depth ~ mph mph
Site  tion (1969} (F) cent) cent) (mph) (in,) cent)  Penetration*
Texturing methods 54.2 2K 40.1
1 A 8/14 86 47 0 0-5 2.5 5.1 500 psi at 2% hr Sites 24,3 55.9 28.0
B 9/24 67 32 50 0-5 2.4 5.4 - Site-method interactions 10.2 5.6 8.1
. Sampling error 11,2 8.3 13.7
2 A 7/81 75 70 o 0-5 15 4.3 500 psi at 3% hr Testing error 0.1 8.5 101
B 8/1 78 64 or 0-5 1.5 5.2 500 psi at 3 hr : m I_CE m
3 A 8/11 82 50 50 16-25 1.8 6.3 500 psi at 3 hr Jote - E ’
B 8/12 8 45 0 16-25 L5 5.9 460 psi at 2% hr
4 A 9/25 55 67 100 0-5 2.5 6.0 160 psi at 6% hr
B 9/29 50 52 50 0-5 2.5 6.0 -
5 A 10/30 46 36 0 0-5 2.3 5.3 -
B 10/30 46 37 0 0-5 2.4 7.7 -
"ASTM Dwsignation C 403657,
®Haze.
Table 4. Summary of initial texture depths.
Initial Texture Depth (in. x 10°) Initial Texture Depth (in. x 10%)
Test Within- Test Within-
Sec- Burlap DBristle Wire Fluted Site Sec- Burlap Bristle Wire Fluted Site
Site  tion Drag Broom Broom Float Avg Site  tion Drag Broom Broom Float Avg
1 A 13.3 26.3 53.3 30.3 Avg 124 20.0 36.4 37.2 26.5
A o S 4 A 123 480 200 455
' : : L 15.5 26.3 38.8 53.7
B 17.0 46.7 53.5 27.3 11.2 38.7 36.8 38.7
e B Pl e B 165 302 343 475
. : ’ : 17.7 41.8 2L7 41,0
Avg 249 2.1 45.2 39.5 35.4 14.3 24.5 35.0 44,8
2 A 18.3 23.8 40.0 4.7 Avg 14.8 34.9 3L.1 45.2 315
L 5 A 257 465 805  53.3
! . ) : 25.7 46.8 83.3 51.5
B 15.0 23.2 49.7 48.0 37.0 46.3 61.3 68.5
14.3 24.5 30.2 49.2
: " 5 B 19,5 49.8 98.7 44.3
14.8 20.0 17.8 50.5 20.8 39.0 183 7.5
Avg  16.5 24.3 32.8 48.6 30.5 29.8 45.0 58.0 48.2
3 A 12.2 24.3 37.5 34.8 Avg  26.4 45.6 65,0 52.2 47.3
12.6 18.5 46,7 34.2 Withi
14.0 13.7 38.5 34.8 L
texture
B 113 27.2 31.5 44.0 avg 19.0 31.4 42.1 44.5
15.8 213 24.2 26.5
8.0 15.2 39.7 49.3

Note: Each value is the average of six tests (two tests each by three tachniciam), Tests were performed at three different wheelpath locations for each
test soction and mathod combination.
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Effects of Texturing Method

Figure 2 shows the effect of texturing method (based on average values for all five
sites) on both initial mean texture depth and mean skid resistance at speeds of 40 and
55 mph. The fluted float and wire broom methods produced the deepest textures and
the highest skid resistances. The results of statistical significance tests between pairs
of these data are given in Table 7. The fluted float and wire broom methods produced
virtually the same results.

Texture Depth Versus Initial Skid Resistance

The entrapment of water between a sliding tire and a wetted pavement surface is
responsible for the development of hydrostatic pressure. Pavement-tire friction de-
creases as hydrostatic pressure increases. The low skid numbers attained at the test-
ing speed of 55 mph (Fig. 2) reflect this principle. Similarly, the greater sensitivity
of skid resistance to characteristics of the macrotexture at higher testing speeds is
shown by the greater slope of the relationship at a speed of 55 mph (Fig. 2).

The primary pavement characteristic related to drainage is the mean hydraulic ra-
dius, i.e., the ratio of the cross-sectional area of the average drainage channel to its
wetted perimeter (4). Because the wetted perimeteris sodifficult tomeasure, Gillespie
(_§) worked with the drainage area alone and was able to show that it correlated with the
skid characteristics of six actual pavements. Goodman (6) reasoned, therefore, that
a measure of mean texture depth based on drainage area is equivalent to measuring the
drainage area itself and cited ""'mean texture depth' derived from the sand-patch test
as an example.

It is not surprising, therefore, to find the good correlations between texture depth
and skid resistance shown in Figure 2. This is particularly true for the three conven-
tional texturing methods, which all produce irregular patterns that vary primarily in
depth. The fact that the texture produced by the fluted float method fits this same rela-
tionship suggests that its depth and drainage area are related to one another in the same
way as in the textures produced by the other three methods. This suggestion is sup-
ported by the data shown in Figure 3. This figure shows the relationships between tex-
ture depth and drainage area and texture depth and skid resistance for one of the exper-
imental sections. Drainage areas were measured from microprofiles by using a pla-
nimeter—a method similar to that used by Gillespie (5).

The relationship between skid resistance and texture depth in pavements, as mea-
sured by the the sand-patch test, has been demonstrated elsewhere (7, 8). This is the
first time, however, to the authors' knowledge that the relationship has been shown to
hold for a variety of textures produced in concrete by different methods. This tends to
reinforce the significance of texture depth as a determinant of skid resistance.

Texture Depth Versus Coefficient-Speed Gradient

A paramater equally important as texture depth to skid resistance (as measured at
a particular testing speed) is the rate at which skid resistance changes with testing
speed—the so-called coefficient-speed gradient (9). The decrease in this gradient can
be inferred from the convergence of the 40- and 55-mph lines with increasing texture
depth as shown in Figures 2 and 4. The data shown in Figure 4 are based on average
values of mean texture depth and coefficient-speed gradient for the 20-texture method
and site combinations. The relationship is curvilinear—asymptotic on one end to a
texture depth of 8 to 9 in. x 10™° (representing no texture at all) and approaching zero
gradient on the other as texture depth increases. This relationship has been demon-
strated elsewhere (5, 10).

Uniformity of Texture Depth

Standard deviations of texture depth corresponding to each of the texturing methods
are shown in Figure 5. Each standard deviation was computed from 30 values that rep-
resent mean texture depths measured at three points in the wheelpath of each of the 10
experimental sections. Figure 5 shows that, for the conventional texturing methods,



Table 5. Summary of initial skid

Initial Skid Number at 40 mph*

Initial Skid Number at 55 mph*

numbers. Test Within- Within-
Sec- Burlap Bristle Wire Fluted Site Burlap Bristle Wire Fluted Site
Site  tion Drag Broom Broom Float Avg Drag Broom Broom Float Avg
1 A 63 64 63 61 43 55 55 61
55 63 60 63 37 55 52 61
B 55 63 58 66 52 60 57 54
49 60 60 64 52 60 54 52
Avg  55.5 62.5 60.3 63.5 60.4 46.0 57.5 54.5 57.0 53.8
2 A 59 55 66 70 38 44 52 61
49 43 59 66 38 40 56 57
B 49 50 62 62 39 38 61 63
52 59 66 66 29 31 56 57
Avg 52,3 53.3 63.3 66.0 58.7 36.0 38.3 56.0 59.5 47.5
3 A 58 72 72 72 43 58 70 69
63 70 2 72 42 57 70 66
B 61 66 67 72 52 55 64 63
64 72 T0 2 49 51 61 61
Avg 615 70.0 70.3 72.0 68.4 46.5 55.3 66.3 64.8 58.2
4 A 38 46 51 51 26 41 44 46
38 46 53 51 24 41 42 46
B 41 58 55 40 31 50 48 47
37 63 58 48 31 52 50 47
Avg 38.5 53.3 54.3 49.5 48.9 28.0 46.0 46.0 46.5 41,6
3 A 49 54 61 61 46 49 60 58
48 55 58 58 46 51 60 58
B 52 52 57 51 42 48 55 46
51 49 60 51 42 45 48 43
Avg  50.0 52.5 59.0 55.3 54.2 44.0 48.3 55.8 51.3 49.9
Within-
method
avg 51.6 58.3 61.4 61,3 40.1 49.1 55.8 55.8
®Each value (excepl averages) represents one skid test.
Figure 2. Effect of texturing method on initial texture depth and Table 6. Mean texture depth wear rates.
skid resistance.
65
Mean Texture Depth (in, x 10”)
Burlap Bristle Wire Fluted
Site Drag Broom Broom Float
| ]
B0 1 (opened 7-70)
Initial 24.9 32.1 45.2 39.5
A 9-70; 0.414 VP 20.9 25.7 37.0 37.4
4-71; 1.862 VP 8.5 10.0 16.5 15.0
" 8-71; 4.376 VP 8.0 9.2 15.0 17.0
% . 2 (opened 10-69) 16.5 24,3 32.8 48.6
s 55 [nitial 11.6 18.4 24.5 43.7
2 5-70; 2.880 VP 9.8 16.0 213, 40.4
8-70; 4,323 VP 8.8 15.5 22.0 40.9
= 40 MEH 9-70; 4.320 VP 9.0 14.4 22,5 39.2
= 4-71; 6.840 VP
z . 3 (opened 12-170)
50
5 . Initial 12,4 20.0 36.4 37.2
= 5-71; 2.565 VP 8.0 9.7 19.3 17.4
8-71; 4.104 VP 8.0 9.2 18.7 15.4
® Heavy Burlap Drag 4 (opened 8-70)
—RBri i Initial 14.6 34.9 311 45.2
a5 A u‘;’:r_"é IB;',S;'EB Paying Brogm 9-70; 1.888 VP 9.8 22.7 217 38.6
re-or room 5-71; 13.215 VP 8.0 10.5 115 10.0
M Fluted Magnesium Float 8-71; 22.654 VP 8.0 8.2 8.9 8.5
5 (opened 12-70)
55 MPH Initial 26.4 45.6 65.0 52.2
3-71; 1.503 VP 15.4 19.7 31.5 27.0
4ol . : : : X =7 8-71;3.506 VP 8.3 15.8 27.0 24.2
15 20 25 30 35 40 45
MEAN TEXTURE DEPTH, IN.x |03 Note: VP = estimated cumulative number of vehicle passes x 10 %; mean tex
. ture depth measured by using the sand patch method
Table 7. Results of tests for significance of differences Texturing Skid Resistance
i Methods
among texturing methods. Compared Texture Depth At 40 mph At 55 mph
Burlap drag
Bristle broom  Significant Significant Significant
Wire broom Significant Significant Significant
Fluted float Significant Significant Significant
Bristle broom
Wire broom Significant Not significant  Significant
Fluted float Significant Not significant  Significant

Wire broom
Fluted float

Not significant

Not significant

Not significant

Note: Test conducled by using the student t-test at the 0.90 confidence level.
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Figure 3. Relationships between texture depth and drainage
area and texture depth and skid resistance, site 4, section B.
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uniformity decreases with increasing mean texture depth. However, the texture pro-
duced by the fluted float method is one of the deepest, and its uniformity is relatively
high. Apparently, this is because the fluted float (when manually operated) is less sen-
sitive to variation in the stiffness of surface mortar at the time of texturing than are
the other methods.

Durability of Texture and Skid Resistance

Because of the abrasion that results from increased traffic volume and speed, winter
maintenance, and the use of tungsten carbide studs by a large portion of the driving pub-
lic in New York State, even the deepest textures have little chance of surviving for more
than a few years. At the most heavily traveled experimental location (site 4), for in-
stance, all of the textures had been worn to mean depths of from 0.008 to 0.009 in. after
the first year of service. This is equivalent to the complete removal of all macrotex-
ture and corresponds to reductions in skid number of between 31 and 40 at a speed of
40 mph and 22 and 32 at a speed of 55 mph. From this experience, it could be argued
that many high-volume, high-speed concrete highways may require maintenance to
restore skid resistance long before they require it to level wheelpath ruts.

The range of decay in texture depth encountered in this study is shown in Figure 6.
Sites 2 and 4 respectively show the least and the greatest wear after 1 year of service.
Site 2 has the lowest driving-lane AADT and is snow-packed for 3’ months each year;
thus, it does not receive nearly the volume of studded-tire traffic one would otherwise
expect. Site 4 is a heavily traveled commuter route that is located outside of Rochester.
It has the highest driving-lane AADT of the five sites.

The data shown in Figure 6 lead to the conclusion that the amount of pavement tex-
ture remaining at any particular time will depend primarily on the volume of traffic that
has passed over it and on the texture's initial depth. Methods that produce deep tex-
tures, such asthe wire-bristle broom and the fluted float, have an advantage in this re-
spect.

If the texture wear data from site 2 are projected at the same decay rate and the
traffic volume figures are corrected to account for the period of snowpack, the follow-
ing generalization could be proposed:

Under conditions where 35 to 40 perceat of vehicle operators use studded tires for periods up
to 6% months of the year, a texture with an initial mean depth of 0.045 to 0.050 in. would be
expected to last for 6 years or more if the AADT over the textured surface does not exceed 850.
On the other hand, if the AADT over the surface exceeds 5,000, the texture would probabty
disappear in less than 1 year.

No consideration has been given in this discussion to the effect of the quality of the
mortar in which the textures were actually placed on the rates of wear experienced.
Although the importance of this factor is recognized, the authors believe that the dura-
bility of texture on a high-speed, high-volume highway such as that at site 4 depends
primarily on total traffic volume.

The levels of skid resistance corresponding to texture depths at site 4 after 1 year
of traffic have been noted. Figure 7 shows average depths and skid resistances, both
initially (before opening to traffic) and in the summer of 1971, for textures at all exper-
imental sites. As expected, the reduction in texture depth has been accompanied by a
decay in skid resistance, and the textures have maintained the same order with respect
to one another in both depth and skid resistance.

Texture Wear Rates

In an effort to look more closely at the effect that texturing methods have on the rate
of texture wear, we computed average wear rates for the textures produced by each
method after an average of only 200,000 vehicle passes. The results (Fig. 8) represent
wear characteristics during the early service life of the textures. Two points are worth
noting:



Figure 5. Effect of texturing method on uniformity of texture depth.
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Figure 8. Early rates of texture wear.
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Table 8. Vehicle noise generated on study

textures.
Mean Sound Pressure Level*
Texture (dB)
Texturing Depth -_
Methad (in, x 10%) At 50 mph At 60 mph
Bristle broom 39 96.0 97.5
Wire broom 48 96.0 98.0
Fluted float 48 90.5 96.0

Note: Sound measured by using a sound level meter (Realistic Model No, 33-
1028, operated in the “fast”’ response setting) with the 0 to 180 deg axis of
the micropl perpendi to the edge.

*Reference 0,0002 p bar




14

1. As with uniformity, the early rate of wear appears to be a function of initial tex-
ture depth, atleast for textures produced by the conventional methods; i.e., deeper tox-
tures wear faster. There may be two reasons for this. First, the deeper textures have
higher "'peaks' and ''ridges,' which are inherently more vulnerable to abrasion than are
shallow textures because they carry higher unit loads than the pavement surface as a
whole. Second, the rougher the textureis, the more vulnerable it may be to improper
curing and abrasion. This would occur because of (a) the increased surface area and,
therefore, thinner films for the same rate of membrane curing compound application;
(b) the probable tendency for curing compounds to run off the "peaks' and collect in the
"valleys'"; and (c) the inaccessibility of certain surfaces to sprayed curing compounds.

2. In contrast to textures produced by the conventional methods, the relatively deep
texture produced by the fluted float has an unexpectedly low rate of wear. This is prob-
ably because of the inherent abrasive resistance of its relatively smooth surface and the
fact that it does not embody many of the features of more irregular surfaces that may
inhibit proper curing.

It appears that the typical wear curve for any texture is one of decreasing negative
slope (Fig. 6). Initially, the texture probably wears rapidly as the tips of the vulnerable
peaks are abraded. With the passage of traffic, however, wear (decrease in texture
depth) occurs at a progressively lower rate that corresponds to the increasingly larger
surface available to carry tire loads. Textures produced by the fluted float method ap-
pear to have an advantage in this respect as well. Not only should the textures produced
by the fluted float last longer because they are initially deeper than the textures produced
by the other methods, but also they should wear at a more uniform rate and thus provide
a greater average texture depth during their service life. The latter point is illustrated
by Figure 9, which is a hypothetical wear curve for two textures having the same initial
texture depth and life expectancy but different geometric configurations.

Sound Generation

Sound pressure level measurements were made of the passage of a 1968 Ford Fair-
lane passenger car, at cruising speed and with regular-tread tires, over three of the
experimental textures at one of the sites. These measurements, summarized in Table
8, were made from a point 2 ft above ground and 2 ft outside the edge of pavement. No
measures of spectral content of the sound were made. It appears from these limited
observations that an increase in texture depth, within the range observed, is not asso-
ciated with a significant increase in sound, as measured by sound pressure level. Also,
for equivalent texture depths, the texture produced by the fluted float method may gen-
erate less sound than those produced by more conventional methods. No differences in
sound pressure level were detectable from inside the automobile.

CONCLUSIONS
From the foregoing, the following specific conclusions can be drawn:

1. Textures produced by the different methods investigated varied significantly in
both mean texture depth and initial skid resistance at speeds of 40 to 55 mph. Textures
produced by the wire broom and fluted magnesium float methods were generally equiva-
lent in mean texture depth and initial skid resistance and were superior to those pro-
duced by the natural-bristle broom and burlap drag methods.

2. Textures produced by the same method varied significantly from site to site in
both mean texture depth and initial skid resistance.

3. Mean texture depth, as measured by the sand-patch method, correlated to a high
degree with mean skid resistance for the variety of texturing methods studied both before
and after exposure to traffic.

4. A high degree of correlation was also found between mean texture depth and the
coefficient-speed gradient at speeds of 40 and 55 mph.

5. For the conventional texturing methods, uniformity of initial texture depth was
found to vary inversely with mean texture depth. In contrast, the comparatively deep
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texture produced by the fluted float method was nearly as uniform as that produced by
the burlap drag method (the shallowest texture).

6. The amount of pavement texture remaining at any particular time varied consid-
erably from site to site, depending primarily on cumulative traffic volume, initial tex-
ture depth, and wearing characteristics of the particular texture. With the 30 to 40 per-
cent studded snow-tire use estimated for the experimental sites, the deepest textures
were observed to last for less than 1 year under the heaviest traffic encountered and
projected to last for 6 years under the lightest traffic.

7. The rate at which the textures produced at the same site by different methods
were worn depended on initial texture depth and texturing method. Wear rate increased
with increasing texture depth for the conventional texturing methods. In contrast, the
texture produced by the unconventional fluted float method, which was one of the deepest,
wore at a relatively moderate rate.

8. For equivalent texture depths, the texture produced by the fluted float method
generated no more sound than did those produced by conventional methods.

SUMMARY

As a result of this work, fundamental and practical information has been obtained
regarding the characteristics and performance of textures produced in concrete pave-
ments by different methods. Because texture depth appears to be a reliable determinant
of skid resistance, particularly at high speeds, it appears that the deeper the texture is,
the safer the riding surface is. This, of course, must be consistent with considerations
of tire wear, noise generation, and riding quality. Noise generation and riding qual-
ity do not seem to be problems within the range of texture depths now under considera-
tion.
There appear to be some disadvantages in using deep textures, at least those pro-
duced by methods that might be considered conventional. It may be more difficult, for
instance, to control the uniformity of deep textures. Of greater significance, though,
is the tendency of deep textures to wear more rapidly during their early service life,
which would rapidly nullify their initial advantage.
One possible route to producing an optimum texture is to design its geometry as other
components of the highway are designed. Some possibilities are suggested by the per-
formance of the texture produced by the fluted float method. This method not only pro-
vided deep textures with high skid resistance and low coefficient-speed gradients, but
it also produced textures that were more uniform and that appeared to wear at a lower |
rate. The texture produced by this method rides well and may generate less noise than |
textures of equal mean depth that are placed by other methods. Further study of the '
parameters of texture geometry and how they relate to the characteristics of texture
performance is suggested.
If, as is widely accepted, studded tires are responsible for accelerated pavement
wear, many of the considerations discussed here are probably largely academic, at
least in those regions of the country where studded tires have attained a substantial
degree of public acceptance. The most compelling argument against the use of studded
tires may not be rutting, hydroplaning, or the ultimate repair bill, but the drastic re-
duction of skid resistance that may be occurring on many new, high-speed, high-volume
concrete highways as the result of accelerated wear of textures.
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APPENDIX

DETAILS OF EXPERIMENTAL TEXTURING DEVICES

Burlap Drag

The burlap drag consists of four layers of 10.4-oz burlap that are 5 ft long and 4 ft

wide. The device is used in a damp state.

Natural-Bristle Broom

The natural-bristle broom has a 3.7-1b broom head consisting of a 16-in. long by

4-in. wide by 2-in. deep wooden block with 6-in. long, 100-bristle tufts in five rows on

3 T

in. centers; individual bristles are % to %s in. wide and approximately %, in. thick,

5 ROWS
o o o o o a4t cc |4

OOOOOO?QO -

2" I "
TYPICAL TYPICAL

Wire-Bristle Broom

The wire-bristle broom has a 4.5-1b broom head consisting of a 28-in. long by 3-in.

wide by 2-in. deep wooden block with 5-in. long, 10-bristle tufts in two rows on Ye-in.



centers; individual bristles consist of %s- by Yi00-in. steel tapes.
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Fluted Magnesium Float

The fluted magnesium float has a 10.4-1b float head 40 in. long and 7% in. wide,

which is fluted to produce a nominal pattern.
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CONSTRUCTION OF A PREFABRICATED
HIGHWAY TEST SECTION

Lorys J. Larson, South Dakota State University; and
Wayne R. Haug, State Highway Commission of Kansas

A unique section of highway is beingtested under regular traffic conditions
on the US-14 bypass near Brookings, South Dakota. It consists of a 900-ft
stretch of two-lane highway constructed of precast, prestressed concrete
panels 6 ft wide, 24 ft long, and 4% in. thick. The panels are overlaid with
a bituminous mat that ranges in thickness from 3 in. at the centerline to 1Y%
in. at the edges. The prefabricated panels are designedto replace conven-
tional pavement more than 10 in. thick that may be required for the heavier
loads of the future. Evaluation of structuralperformance is continuing and
will be made available at a later date. This paper is a brief account of the
procedures utilized in the construction of this test section. A cost sum-
mary is also included showing that this type of pavement costs about $15
per sq yd. The cost isnot competitive with current conventional pavements.
However, the precast, prestressed concrete panel concept was visualized
as a possible solution for future highway loads that may require increased
thickness for conventional pavements. At that time, this type of prefabri-
cated highway could become economically feasible.

®BECAUSE of the increase in heavy-truck traffic, stronger pavements are needed to
carry the increasing wheel loads. This has resulted in the development of thicker pave-
ments that cost more. In some parts of the country the aggregates needed for such
pavements are scarce, which makes it necessary to transport the aggregates over long
distances to the construction site. Long haul transportation increases the pavement
cost further; therefore, it is necessary to investigate other methods ot construction.

During the past three decades, research has resulted in the development of pre-
stressed concrete pavements that are composed of concrete prestressed with high-
strength steel (1,_2_, 3,4,5,6). As aresult of prestressing, both the high compressive
utilization of the compressive strength, the prestressed concrete slab can be thinner
yet have the same load-carrying capability as ordinary concrete pavement. Such a re-
duction in thickness means a saving in aggregate as well as a possible saving in con-
struction time. As the size of vehicle loads increases, the use of prestressed concrete
pavements should become economically competitive with current methods of construction.

In 1962, the Civil Engineering Department at South Dakota State University, in co-
operation with the South Dakota Department of Highways and the U.S. Department of
Transportation, Federal Highway Administration, initiated a study to determine the
suitability of precast, prestressed concrete panels for use in highway pavements.

In 1962, Gorsuch (7) constructed a laboratory test to determine the structural be-
havior of precast, prestressed concrete panels. He used half-scale test panels 12 it
long, 2 ft wide, and 2 in. thick. The panels were laid in a transverse direction and
were post-tensioned in the logitudinal direction. From a structural standpoint, the
panel sections held promise for use in highway pavements.

Further laboratory testing was made by Kruse (8) in 1966 to evaluate the feasibility
of using prestressed and post-tensioned concrete panels and to make recommendations
for possible field studies. The test panels were each 24 ft long, 4 ft wide, and 4%/, in.

Sponsored by Committee on Rigid Pavement Construction.
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thick. These panels were pretensionedin the longitudinal direction by five steel cables,
each of which was %s in. in diameter. Each cable consisted of 7-wire steel strands.
The panels were also post-tensioned in the transverse direction. A repetitive wheel
loading was used. This study showed that the pavement (4'/> in. thick) was structurally
adequate for heavy-duty highway service and that pumping of the subgrade was a prin-
cipal factor. Kruse suggested that further laboratory studies be made with heavier
loads under adverse conditions that would be conducive to subgrade pumping. The sug-
gested field studies included the testing of the precast panels, direction of pretension-
ing, expansion joints, distance between joints, total panel movement, subgrade fric-
tion, and the investigation of methods by which the panels are transported and handled.

In 1967, a study was conducted by Jacoby (9) dealing with thermal expansion and
contraction in a pavement consisting of prestressed concrete panels. This study was
divided into a laboratory study and a small-scale field test section. Half-scale panels
were used in the laboratory study, whereas full-scale panels were used in the field
study. The field study panels were 24 ft long, 6 ft wide, and 4"/, in. thick. Nine 7-
wire steel strands (*/s in. in diameter each) were used to develop a prestress of 350
psi in the longitudinal direction. No prestress was used in the transverse direction.
The 96- by 24-ft field test section was located near the South Dakota Department of
Highways' maintenance yards near Brookings, South Dakota. It was subjected to high-
way department vehicles moving at speeds of less than 25 mph.

The findings of the studies at South Dakota State University have resulted in the
continued study of a special test section constructed with prestressed concrete pave-
ment panels overlaid with asphalt concrete and located on the US-14 bypass north of
Brookings, South Dakota, adjacent to South Dakota State University.

The present paper is a brief account of the construction procedures and costs in-
volved in the construction of the precast, prestressed composite pavement test section
now in public use near Brookings, South Dakota. Research now in progress involves a
5-year study of the cost and performance of this pavement under actual traffic condi-
tions. The study began in 1967 for the South Dakota Department of Highways in cooper-
ation with the U.S. Department of Transportation, Federal Highway Administration.

PANEL. ARRANGEMENT AND CONFIGURATION

The 900-ft long by 24-ft wide test section was divided into two parts. In the east
part of the test section (504 ft), the panels were laid in the longitudinal direction; in
the west part (396 ft), the panels were place in the transverse direction (Fig. 1).

After consideration of design loadings and lifting stresses, it was found that lifting
and handling stresses were critical. Accordingly, all panels were designed to accom-
g}})date the stresses while holding the panel thickness to the considered minimum of

2 1n,

Four steel loops were precast into the panels for lifting and handling. For each
panel, the loops were located 5 ft from each end and 1 ft from the side. The stresses,
which resulted 5 ft from each end due to lifting, were 612 psi of compression at the
top of the panels and 196 psi of compression at the bottom.

The panels were constructed at Gage Brothers Concrete Company in Sioux Falls,
South Dakota. All panels were 24 ft long, 6 ft wide, and 4/ in. thick with the exception
of 4 end panels that were 12 ft long, 6 ft wide, and 4%/ in. thick. A uniform prestress
of 405 psi was obtained in the longitudinal direction by using ten % in. diameter, 7-
wire steel strands, high-strength steel cables having a yield stress of 270,000 psi.

The panels were all reinforced in the transverse direction with No. 3 reinforcing bars
spaced at 1-ft centers (Fig. 2).

Tapered grout keyways were constructed on all adjoining sides of the panels. These
were subsequently filled with portland cement mortar grout to provide a shear transfer
from one panel to another (Fig. 3).

For the east portion of the test section, the panels were constructed with protruding
reinforcing bars that provided for a welded connection (primarily for holding the panels
in place during construction) at a distance of 6 ft from the panel ends. At these points,
access for welding was furnished by widening the grout keyway 2 in. for a distance of
4 in. (Fig. 3).
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Figure 1. Test section plan. Figure 2. Typical panel details.
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The panels for the west portion of the test section were designed without the welded
connections between the panels.

SUBGRADE PREPARATION

The subgrade was constructed by undercutting through cut sections and shallow fill
sections, 3 ft below the proposed earth subgrade, to ensure that there was a minimum
fill height of 3 ft. The subgrade embankment was compacted to 8- to 10-in. lifts to
meet specified moisture and density criteria by using sandy silt fill material from a
nearby borrow pit. Crushed gravel subbase was then added and compacted to produce
the necessary transverse slope and thickness, with a 3-in. minimum thickness provided
at the centerline after fine grading.

An autograder was used to fine grade the base course to the correct elevation. The
base course and subbase were then compacted with a pneumatic self-propelled roller,
and the paver track forms were installed at the correct elevation.

Prior to placing the precast panels, a /z-in. layer of bedding sand was added. A
tail blade, operating on track forms, leveled the bedding sand and established the cor-
rect elevation.

A typical cross section of the finished pavement is shown in Figure 4.

PLACEMENT OF PANELS

The panels, which had been transported to the construction site by trucks, were
unloaded on the shoulder of the road by a hydraulic crane. The panels were lifted by
using the four steel loops that were precast into each panel. Before the panels were
laid in place on the highway, a bond breaker (RC 250 asphalt) was applied along one
edge of the panels to prevent the grout (placed in the joints later) from bonding along
one edge of the keyway.

The placement of the panels began at the east end of the site, where they were placed
in the longitudinal direction (Fig. 5). The track forms were utilized for alignment.
The panels were later connected by welding together the steel reinforcing bars provided
at each connection point.

The panels in the west section of the test site were placed in the transverse direc-
tion (Fig. 6). These panels were not provided with welded connections.

After the panels had been placed on the base course, the steel loops, which were
used in handling, were burned off with an acetylene torch. Wooden planks were then
placed on the in-place panels, and a vibrator type of roller was used to ensure that the
panels were firmly placed in the bedding sand.

Initially, the contractor attempted to use an air-pressure grout machine to fill the
grout keyways; however, this machine proved inadequate, and a piston-driven grout
machine was used to complete the grouting operation. Immediately after the grouting
had been completed, the panel assembly was covered with polyethylene for curing.

A tack coat of RC 70 asphalt was applied prior to covering the panels with a Class G
asphaltic concrete mat. Mat thickness ranged from 3 in. at the center of the roadway
to 1'% in. at the edges. The mat provided a crown for the highway as well as a smooth
riding surface.

A summary of equipment, labor, and material costs of the test section is given in
Table 1.

CONVENTIONAL CONCRETE PAVEMENT COSTS

Current construction costs of conventional pavements were obtained from several
states within the same geographical area (Table 2). These states were chosen because
they had similar climatic and terrain features. Construction methods and practices
were about the same throughout the area. The costs cited are averages and refer to
portland cement concrete pavements 24 ft wide. The cost per square yard varied from
$5.21 for nonreinforced pavement to $7.89 for continuously reinforced pavement. The
cost of earthwork, subgrade, or base construction is not included because it does not
vary with type of pavement used.



Figure 4. Fine grading the subbase.
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Figure 6. Placing panels in the west section.

Figure 5. Placing panels in the east section.

Table 1. Test section costs.

Total
Cost
Per
Equipment Equipment Square
Rental Equipment* Total Labor Material Total Yard
Ttem (dollars) (dollars) (dollars) (dollars) (dollars) (dollars) (dollars)
Precast panels - - - —  32,698.00 32,698.00 13.62
Transportation 1,262.13 412.60 1,674.73 305.73 —  1,980.49  0.83
Unloading panels 324.68 244,23 568.91 132.44 - 701.32 0.29
Fine grading subbase 414.60 - 414.60 167.63 - 582.23 0.24
Bedding sand 552.91 64.35 617.26 326,35 126.90 1,070.51 0.45
Placing panels 752.82 186,83 939.65 534.62 - 1,476.27 0.62
Grouting panels 2,940.29 238.96 3,179.25 536.84 343.35 4,059.44 1.69
Asphalt mat - - — - 2,232.,24 2,230.24 0.93
Total 6,247.43 1,146.97 7,394.40 2,003.61 35,400.49 44,798.50 18.67
®Equipment on project but not in use.
Table 2. Conventional concrete pavement costs.
Pave- Cost
ment Per
Thick- Square
Type of ness Yard
State Year Reinforcement (in.) (dollars)
South Dakota 1968  Nonreinforced 8 6.50
North Dakota 1966  Continuously reinforced vh 6.65
North Dakota 1967  Continuously reinforced 8 6.55
Wyoming 1968  Nonreinforced 8 5.53
Minnesota 1968  Reinforced 9 6.30
Iowa 1968  Nonreinforced 8 5.21
Towa 1968  Reinforced 10 7.89
Towa 1968  Continuously reinforced 8 7.20
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CONSTRUCTION PROCEDURES AND COSTS

The 1967-1968 cost of the precast, prestressed concrete pavement is considerably
higher than that listed for conventional pavement construction. However, it is believed
that the $18.67 per sq yd cost of the prefabricated test section can be appreciably re-
duced. Mass production and familiarity with this type of highway construction would
materially reduce overall construction costs. Because this is a new type of construc-
tion, considerable time was spent by personnel in learning the technique of placing the
panels. Similarly, the cost of unloading the panels at the site could be reduced if an
experienced crew were used to move the panels directly from the trucks to their place-
ment on the highway. This would eliminate dual handling.

Costly experimentation with two types of grouting machines resulted in unnecessary
expense to the contractor. Proper planning and experience with this type of operation
could reduce grouting equipment costs by as much as $1.00 per sq yd.

The contractor made excellent use of the paver track forms to reduce the time and
cost of construction. The forms were used by the tail blade to smooth the bedding sand
and to obtain the correct elevation after the base course had been fine graded with the
autograder. The forms also served to confine the bedding sand, and they were used as
alignment guides during placement operations.

The panels could be produced at central casting yards on a year-round basis with
quality control, which would provide concrete of high durability. The precast panels
could then be trucked to places having weather conditions that might not be suitable for
conventional pavement construction. This flexibility could have the same effect as
lengthening the construction season.

The asphalt mat provides a smooth riding surface as well as a protective covering
over the concrete panels and joints. Reflection cracking prevails over the panel joints
during the winter months; however, these tend to seal themselves with the advent of
warmer weather.

If a section of this pavement needs repair, the panels can be removed and replaced
with new panels in a short period of time, thus lowering maintenance costs.

Conventional pavements are being constructed with greater thicknesses to carry the
increasing loads required of current highways. Thus, greater quantities of high-quality
aggregates are required. As a result, good aggregates are becoming scarce, and their
price continues to rise, which makes conventional pavements increasingly more ex-
pensive.

It is felt that the total cost of this pavement could be reduced to somewhat less than
$15,00 per sq yd. This figure is still not competitive with the current price of conven-
tional 7- to 10-in. thick pavements. However, the type of pavement under consideration
was visualized for use with heavy loads of the future that may require conventional
pavements of 15 in. or more in thickness. Under these requirements, the precast
panels would become economically competitive.

In addition to highway pavement use, precast, prestressed concrete panels could be
stockpiled and used in the construction of parking lots and driveways. The U.S. Corps
of Engineers has also expressed interest in the use of this type of panel for boat landing
ramps.

CONCLUSIONS
This investigation to date has produced the following conclusions:

1. With increased expreience and the development of new construction techniques,
the cost per unit area for precast, prestressed concrete composite pavement could be
reduced to a price somewhat below $15.00 per sq yd.

2. The use of central casting yards would result in quality production in fabricating
the concrete panels.

3. Precast, prestressed concrete panels could be placed during weather conditions
that are not conducive to the placing of conventional pavements, thus lengthening the
construction season.

4. As aggregates become more scarce, the precast panel system should become
more competitive with conventional pavements.
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5. As the thicknesses of conventional pavements increase because of heavier loads
in the fuiure, this type of precast panel construction would become more feasible.

6. Precast panels could be used for construction of parking lots, driveways, and
boat landing ramps.

7. Subject to structural performance, precast, prestressed concrete composite

pavement suggests a possible solution for future highway construction.
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LONGEVITY OF HOT-POURED ELASTOMERIC
JOINT SEALANTS

Frank D. Gaus, Superior Products Company

eTWENTY years ago, Federal Specification SS-S-164 (AASHO M-173) was issued for

a hot-poured joint sealing compound. It stated that the compound should be ""a mix-
ture of materials which will form a resilient and adhesive compound capable of effec-
tively sealing joints in concrete against the infiltration of moisture throughout repeated
cycles of expansion and contraction and which will not flow from the joints or be picked
up by vehicle tires at summer temperatures." According to figures issued by the Fed-
eral Highway Administration in September 1970, 42 state highway departments still use
a sealing compound that meets the requirements of this specification.

In 1968, an up-dated specification was issued by the United States Air Force as Fed-
eral Specification SS-S-1401A. The major changes included in this specification were
a resiliency requirement and a requirement for a longer cooking period of material
prior to its preparation for testing. It did not include tests for longevity or resistance
to weathering.

There has long been a need for an improved hot-poured sealing compound. This
topic has been discussed frequently at many national and international symposia (l, 2,
3,4, 5). Inresponse to this need, we have developed a polyvinyl chloride (PVC) hot-
poured elastomeric sealant that will give long-term performance.

THE RESISTANCE OF HOT-POURED SEALANTS TO WEATHERING

During the early stages of PVC sealant development in 1963, tests were conducted
on a newly developed PVC elastomeric hot-poured sealant by using a Weather-Ometer.
The artificial-weathering test method contained in Interim Federal Specification SS-S-
00200c for polysulfide-coal tar extended sealants was used to compare weathering
properties. We learned that the PVC sealant was much more resistant to weathering
than was the polysulfide-coal tar sealant.

During the past 8 years, our consultants have purchased various types of hot-poured
sealants and have tested every hot-poured sealant that conforms to Federal Specifica-
tions SS-S-164, SS-S-167b, and SS-S-1401A, AASHO M-173, and the so-called Minne-
sota up-graded type. The materials were tested for resistance to weathering and flow
characteristics by using the artificial-weathering test method. The testing program
disclosed that certain hot-poured sealing compounds start to blister and bubble after
just 1 hour; the SS-S-00200c specification requires that the full test be run for 160
hours. When it was learned that the 1401A sealing compound used in 1968 had very
poor resistance to artificial weathering, we initiated a program to correlate laboratory
artificial-weathering test results with field installation results. The 1401A materials
and the PVC sealants that were installed in 1963 were compared.

Cook (6) was absolutely correct when he stated, in reference to the new 1401A,

"The 164 specification had, for years, been the standard specification. The 1401 spec-
ification is a recent amendment. The addition of the resiliency requirement forces the
manufacturer to upgrade the rubber content of the material. The materials which meet
this newer specification look good, but require long-term field verification."

Sponsored by Committee on Sealants and Fillers for Joints and Cracks.
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Artificial-weathering test panels were used at various installations such as the
Kangag City International Airport and military air bases and were tested by the high-
way departments of Minnesota, Louisiana, Texas, and California. All of these partic~
ipants reported that the materials eventually oxidized, bubbled, blistered, hardened,
and flowed or pumped out of the joint, as had been predicted by the laboratory artificial-
weathering tests. The findings of the program are reported in detail elsewhere (g).

At the same time, the PVC installations showed no signs of blistering, bubbling,
cohesive failure, adhesive failure, or hardening after 9 years in areas subject to all
types of weather conditions such as Detroit, Michigan; northern and southern California;
Nevada; and Texas.

The positive correlation between the results of the field study and the artificial-
weathering research in the laboratory is the basis for the development of a new spec-
ification for a hot-poured sealant for highways and airfields. This sealant will satis-
factorily seal a joint watertight, resist intrusion of dirt and aggregate by maintaining
resiliency, without adhesive or cohesive failure or blistering, bubbling, or hardening,
for a period of from 15 to 20 years.

Field surveys of sealants over the past 4 years indicate that long-term performance
is being obtained by using preformed neoprene compression seals in new construction,
provided a premium adhesive-lubricant is used to place and hold the seal in the joint.
A recent report based on 22 years of investigation by the state of Michigan (Z ) indicates
that the neoprene compression seal loses as much as 70 percent of its initial compres-
sion in only 2 years, which substantiates that a premium adhesive-lubricant is manda-
tory for long-term seal performance. PVC hot-poured elastomeric sealants are pro-
viding the same long-term performance in new construction as well as in maintenance
work.

RESEALING MAINTENANCE OF JOINTS

It is evident that funds for the maintenance of joints are becoming more and more
scarce. Because of the increase in traffic volume, more and more of the maintenance
dollar is being spent on "traffic control."”

The increase in population and traffic makes it mandatory that a long-lasting sealant
be used initially, whether it is a premolded neoprene compression seal or a PVC hot-
poured elastonieric s€alait, in new constructicn in concrewe pavement. This type of

sealant should also be used in resealing existing highway joints.

Rissel (8) points out that labor costs are rising faster than any other aspect of
maintenance work, and he concludes that the best material should be used in the

resealing of joints.

PVC elastomeric hot-poured sealants can be used for resealing highway joints and
can provide long-term performance. The cleaning operation is fast: A plow can be
used to remove old material; diamond concrete saw blades can be run through the joint
to clean and shape it; the joint can be cleaned by a fast, thorough sandblasting; and
then the sealant can be applied rapidly to the joint. Traffic may be opened immediately
after the sealant has cooled in the joint. The sealant is applied at the low temperature
of 250 F to 280 F. This low temperature does not deteriorate the polymer ingredient
of the sealant.

For new construction or resealing of joints, the joint shape factor is an accepted
and proven fact. The joint should be 1% in. in depth with the sealant applied to % in.
below the pavement surface.

A nonproprietary performance specification is available for the highway PVC elas-
tomeric polymer hot-poured sealant and for the JFR type for use in critical areas of
airfield pavements subject to jet fuel spillage and jet blast®’

"The original manuscript of this paper included an appendix, Specification for Sealing Compound Elastomeric,
Polymer-Type, Hot-Applied One Component, for Portland Cement Concrete Pavements. The appendix is avail-
able in Xerox form at cost of reproduction and handling from the Highway Research Board. When ordering,
refer to Xerox Supplement 40, Highway Research Record 389.
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The general requirements of the performance specifications state,

The sealing compound when in place shall form a resilient and adhesive compound which
is highly resistant to weathering, shall effectively seal joints in concrete against the infiltra-
tion of moisture throughout repeated cycles of expansion and contraction, and shall not
flow from the joint or be picked up by vehicle tires at an ambient temperature of 70 F with
full impact of solar radiation. The sealing compound before placement shall be stable at the
safe heating temperature for up to three hours. The filled joints shall be free of large inter-
nal voids due to placement or voids which develop subsequently in service.
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EFFECTS OF VARIOUS SEALING SYSTEMS ON
PORTLAND CEMENT CONCRETE JOINTS

Delmont D. Brown, The D. S. Brown Company, North Baltimore, Ohio

eNEOPRENE compression seals are becoming recognized as the most effective means
of sealing expansion and contraction joints in concrete pavements, bridges, and other
projects where joints are needed for the expansion and contraction of the structural
mass. The question has arisen of whether the use of compression seals actually in-
creases the life of the joints with a corresponding increase in the life of the structure.
The purpose of this study is to answer this question with regard to the use of compres-
sion seals in concrete pavements.

The evaluation of joint conditions after years of exposure required that we find proj-
ects or adjacent projects that were structurally the same. The joint sealant would be
the only variable. We were fortunate in finding five locations where direct comparisons
could be made. Each of these projects was more than 2 miles in length and contained
neoprene compression seals. Each project contained numerous joints, which made it
easy to reach conclusions concerning relative joint conditions. All of the seals were
made by the same manufacturer.

Photographs were taken of joints at random to verify their general conditions. Thirty
to 40 pictures were taken of each state's installation; the photographs shown in this
report generally summarize the conditions that were found.

SEALING SYSTEM SURVEY

Minnesota

The first commercial neoprene compression sealed joints used in Minnesota high-
ways were placed in the late fall of 1964 on I-90 in the westbound lanes starting at the
west side of the Mississippi River Bridge and extending to Dresbach, Minnesota. The
seals were installed manually. Both 'Y- and '¥e-in. materials were placed in
¥-in. joints at 46%-ft spacings. Figure 1 shows a typical joint in the eastbound lanes
sealed with two-component polysulfide material; Figure 2 shows a typical joint sealed
with neoprene. All of the polysulfide-sealed joints show spalls where the faces of the
joint break away (Fig. 3) because, although adhesion of the joint material is excellent
in places, the extensibility of polysulfide joints is limited. The neoprene-sealed joints
show slight raveling of the joint edges, particularly where the seal is installed deeper
than ' in. below the pavement surface (Fig. 4).

Figure 5 shows that polysulfide sealant material becomes embedded with incompress-
ible stones and debris. Adhesion to the faces of the joint was nonexistent in most areas.

Figure 6 shows a neoprene seal after 7 years of service. The seal was of a tapered
design and was replaced in later installations by a parallel-sided design that gave
greater surface contact for holding the seal in the joint. Note that the joint below the
seal is clean. The ruptured lubricant film has been forced to the bottom of the joint
by the insertion of the seal in squeegee-like fashion.

Care must be exercised in the placing of neoprene to prevent stretching of the seal.
Figure 7 shows a typical break that was caused by excessive stretching of the seal
due to manual methods. These openings allow incompressible debris to enter the joint.

Sponsored by Committee on Sealants and Fillers for Joints and Cracks.
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Figure 2. Neoprene-sealed joint.

Figure 1. Polysulfide-sealed joint.
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Figure 4. Neoprene-sealed joint with ravels.

-sealed joint with spalls.

Figure 3. Polysulfide
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Figure 5. Polysulfide seal with embedded debris.

Figure 6. Neoprene seal.
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North Dakota

The first project to utilize neoprene compression seals in North Dakota was com-
pleted in 1964. The seals were installed by hand; B/6-in. materials was used at 45-ft
spacings. The sections, more than 1 mile each, were placed in westbound I-94, west
of Sweet Briar Dam. Three types of sealants were used in each: hot-poured asphalt,
coal-tar epoxy, and neoprene compression seals. After 1 year, the neoprene was the
only seal still working. Because of the extreme temperature range experienced, how-
ever, the seal size was increased to a width of 1% in. to facilitate large joint movement.

Figure 8 shows a hot-poured asphalt-sealed joint after 7 years of service. Figure 9
shows a neoprene-sealed joint of like service. Figure 10 shows a coal-tar epoxy joint
that has spalls at intermittent points. Figure 11 shows a 1-in. wide liquid-sealed joint.
# large sponge insert was used to gain a shape factor. Figure 12 shows a hot-poured
joint that is full of incompressible material. This material contributes to the rapid
deterioration of the joint faces.

Figure 13 shows a neoprene seal pulled after 7 years of service. The joint faces
are clean and smooth, and the seal is fully resilient.

Figure 8. Hot-poured asphalt-sealed joint. Figure 9. Neoprene-sealed joint,
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Figure 12. Hot-poured joint. Figure 13. Neoprene seal.

Michigan

Prior to adopting neoprene compression seals as the standard seal for all jointed
pavement in 1965, Michigan specified hot-poured rubber asphalt as the standard mate-
rial. Figure 14 shows a typical asphalt joint that has been resealed with SAQ asphalt;
Figure 15 shows a section of pavement sealed with neoprene. A seal 1% in. wide was
used in %-in. styrofoam-formed joints at 71-ft joint spacings. This was the first major
neoprene project in the state. It was accomplished by machine in the fall of 1964. Ma-
chine placement provides uniform depth control and eliminates stretching. It is defined
as the placing of a seal from a roll or strip automatically into the pavement slab with-
out manual or outside assistance (force).

Figure 16 shows the ability of a neoprene compression seal of proper design and size
to conform to small irregularities in the joint face. The pavement surface in this figure
chows the effect of ctudded-tire wear  Fignre 17 shows a ioint with the compression
seal removed. The joint is clean, and the plane-of-weakness crack is closed. There
is no infiltration of debris.

Figure 18 shows a hlowup that was repaired in the asphalt-sealed section immediately
adjacent to the neoprene-sealed section. No blowups have occurred in the neoprene-
sealed sections.

Figure 14. Resealed asphalt-sealed joint. Figure 15, Neoprene-sealed joint.
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Figure 16. Neoprene conforming to irregular joint. Figure 17. Clean joint with plane-of-weakness crack
closed.

Ohio

Ohio's first project using neoprene compression seals was built in the spring and
summer of 1965 on US-23 around Upper Sandusky. An "“/i-in. compression seal
was used in %-in. joints on 60-ft centers for the transverse contraction joints. The Vs~
in. longitudinal joint was sealed with %)¢-in. neoprene.

Figure 19 shows a liquid-sealed joint in the section of pavement adjacent to the
neoprene-sealed section. Figure 20 shows a typical neoprene-sealed joint. The liquid-
sealed section of pavement is approximately 1 year older than the neoprene section.

An inspection of the liquid-sealed joints shows a considerable amount of compacted
debris in the joints, which causes substantial edge spalling of the joints (Fig. 21).
Figure 22 shows that such an accumulation of debris in the neoprene-sealed joint is
impossible because of lack of space. A longitudinal joint was sealed with neoprene; the
joint shows no signs of spalling or deterioration (Fig. 23).

The longitudinal joint was sealed with neoprene on this project and shows no signs of
spalling or deterioration, as shown in Figure 23.



34

Figure 19. Liquid-sealed joint with spalls. Figure 20. Neoprene-sealed joint.

Figure 21. Incompressible materials causing spalls.

Figure 23. Longitudinal joint sealed with neoprene.

I
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California

In 1964, a 4-mile section containing neoprene compression seals was placed in I-80
in the Donner Summit area. In addition, within this area 3 sections, containing 12 joints
each, were sealed with a two-component polysulfide type of material that is used at
elevations above 3,500 ft. Three sections, containing 12 joints each, were left unsealed
as is standard below elevations of 3,500 ft (commonly referred to as valley areas).

All of the joints were sawed on a skew of 4 ft in 24 ft. They were sawed Y4 to %,
in. wide and placed at an average of 15-ft spacings. In the case of the neoprene joints,
seals s in. wide were used. They were hand installed by the roller tool method.

Of all the joints surveyed in this study, these were the worst. At this installation,
there is excessive pavement wear and subsequent joint abrasion because the use of
chains is required for nearly 3 months following periods of snowfall.

Figure 24 shows an unsealed joint in a truck lane. Figures 25 and 26 show
polysulfide-sealed and neoprene-sealed joints in a truck lane. The loss of material at
the joint edges exposed the neoprene to traffic that abraded the seal to the extent that
the upper portions were shredded off. The polysulfide was completely pulled from the
joints in places.

Figure 27 shows an unsealed joint in a passing lane. Although the joint edges are
not rounded and worn, considerable damage has occurred to the joint as a result of
compaction of incompressible material into the joint. The width of the joint, originally
Ys in., is now at least % in. Without exception, all unsealed joints were twice the width

Figure 24. Unsealed joint Figure 25. Polysulfide-sealed Figure 26. Neoprene-sealed
(truck lane). joint (truck lane). joint (truck lane).
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Figure 33. Unsealed joint Figure 34. Close-up of core Figure 35. Damaged plane-of-
prior to coring. area (unsealed joint). weakness crack (unsealed joint).

Figure 36. Polysulfide-sealed Figure 37. Close-up of core Figure 38. Plane-of-weakness
joint prior to coring. area (polysulfide-sealed joint). crack (polysulfide-sealed joint).
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Figure 39. Neoprene-sealed Figure 40. Close-up of core Figure 41. Undamaged core

inint wwith raunlad adnoe araa (nannrana.caslad inint) {naonrana-caalad inint)
joint with raveied sdges. areaihgonrona-canlod tointl. yReonrang:soxian. ointa,

of the neoprene-sealad joints. A comparison of polysulfide-seiled and neoprene-sealed
joints in passing lanes is shown in Figures 28 and 29.

Figures 30, 31, and 32 show three types of joints in truck lanes: open or unsealed,
nolvanlfide  and neonprene  The 3-in  rule arrnss the neonrane-sealed inint indicates
the extent of edge wear.

The California Division of Highways conducted core tests of the different types of
ioints. The following pictures are the results of the test program.

Figure 33 shows an unsealed joint prior to coring; Figure 34 shows the core area.
Incompressible material can be seen in the joint; however, much of this material was
washed away during the coring operation. Figure 35 shows the core hole and the
damage caused by the compaction of incompressible material at the bottom of the sawed
joint following the plane-of-weakness crack. This accounts for the excessive width of
the unsealed joints.

Figure 36 shows a polysulfide-sealed joint prior to coring. Figure 37 shows the core
area, and Figure 38 shows the hole with the core removed. Again, there is consider-
able infiltration, and the plane-of-weakness crack has been forced open.

Figure 39 shows a neoprene-sealed joint that is raveled along the joint edges. Al-
though the upper edges of the seal are shredded (Fig. 40), the seal is still effective
because incompressible material has been kept out of the plane-of-weakness crack
(Fig. 41). The fact that the neoprene-sealed joints were tight and that the plane-of-
weakness crack was able to close completely raises the question of whether much in-
filtration occurs from the bottom of the joint, especially with cement-treated subbases
such as were used here.

Although only one joint of each type is shown here, cores were taken from several
joints of each type, and the results were comparable in each case.

CONCLUSIONS

Neoprene seals, by keeping incompressible materials and liquids that carry fine
debris and silt from the plane-of-weakness cracks, can prevent functional damage to
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joints and thereby extend the life of a structure. This statement cannot be made for the
other systems observed in this study. In the five states surveyed in this report, the
joints sealed with neoprene were in better overall condition than those sealed with other
systems. Minnesota research engineers stated that 98 to 99 percent of their problems
with joints have been eliminated since they started using neoprene seals.

No blowups have occurred in the neoprene-sealed sections of pavement under study;
however, blowups have occurred in the adjacent sections.

The joints in California that contained no sealant of any type are now at least twice
their original width.

Unsealed and liquid-sealed joints showed considerable degradation and damage
through the infiltration of incompressible material into the joints. After 6 or 7 years of
service, repair or rehabilitation of the joints would be impossible because of the in-
filtration of incompressible material into the plane-of-weakness cracks. Further dam-
age might be stopped by adequate sealing. A survey should be made in 2 to 3 years to
determine the extent of the damage to the slabs. Slab damage is currently minimal

with all systems.
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VISCOELASTIC MODEL FOR ELASTOMERIC
PAVEMENT JOINT SEALS

Ravindra K. Vyas, University of Utah

This paper describes the development of a simple viscoelastic model to
simulate the time-dependent behavior of elastomeric seals. The model
chosen for demonstration is the 3-parameter solid. Standard responses
of this model are briefly described and are followed by appropriate ana-
lytical expressions. The analytical expressions are given in a general
form and refer to three particular cases: (a) response to a fixed level of
deformation that has been held for a specified length of time, (b) response
on release from such a fixed level of deformation, and (c¢) load-deflection
response in an experiment at a constant rate of displacement. The re-
quired parameters of the model are evaluated by using the experimental
values obtained for an actual seal. The performance of the seal is then
compared with that of the model. The model enables us to make some
important acceptable predictions: (a) residual deformations immediately
on release from a fixed level of compression, (b) the subsequent recovery
of the seal as a functionof time, (c) the decay of the effective force exerted
by the seal, and (d) the effect of the displacement rate on the load-deflection
characteristic. Suggestions for further refinement of the model are
also given.

e AN efficient pavement joint seal should at all times be in contact with the sides of the
joint opening and should maintain adequate pressure on the seal-pavement interface to
prevent the intrusion of water and incompressible materials into the joint opening (6 T,
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ing created by slab movement. At the same time, it must also maintain effective con-
tact with the sidewalls and exert adequate pressure to meet the requirement previously
described.

A variety of solid and liquid pavement sealers are commercially available and have
been discussed in adequate detail elsewhere (1 _?: E § 8). Ina recent study, conducted
resilience and's seem to be well suited for effectively sealing pavement joints.

The principal items of interest to the highway engineer are the maximum tensile and
compressive stresses in a given seal and the effective pressure exerted by the seal on
the sidewalls of the joint opening. The maximum stresses in a seal can be evaluated
analytically (7, 8) or experimentally by using the photoelastic method (3). The effective
pressure exerted by the seal is usually assessed by short-time load-deflection experi-
ments conducted in the laboratory. Although these experiments give a fair idea of the
strength of the seal, it is important to recognize that the basic seal material is visco-
elastic (1 2, 17, 8). Consequently, the effective pressure exerted by the seal on the in-
terface will vary with time. Little is known about the correct constitutive relationships
that relate the stresses and strains in the basic seal material. It is possible, however,
to develop tentative working models that give a better understanding of the product and
its performance.

Sponsored by Committee on Sealants and Fillers for Joints and Cracks.
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The results of the experimental studies on the recovery of preformed elastomeric
seals emphasize two salient features of the seals. When released from a fixed level
of deformation that has been held for a specified duration of time, the seals show a
definite (but not complete) recovery immediately on release. As a result, all seals
tested show a residual deformation that is temporary in nature and that, in most cases,
is fully recovered with lapse of time. These findings indicate that the behavior of the
product is comparable to that of a viscoelastic solid (8). The simplest possible vis-
coelastic model that can simulate this behavior is the 3-parameter solid (é) shown in
Figure 1.

The main objective of this paper is to simulate the behavior of a seal by means of
the viscoelastic model previously mentioned. The necessary mathematical expressions
for the 3-parameter solid are developed for three different situations: (a) response to
a fixed level of deformation that has been held for a specified duration of time, (b) re-
sponse on release from such a given level of deformation, and (c) response of the model
in a load-deflection experiment conducted at a fixed displacement rate. The mathe-
matical results are presented in a general form suitable for repeated use. The actual
response of the model (Fig. 1) will depend on the values of the parameters ki, kz, and ¢
associated with the springs and the dashpots shown in the figure. In a more general
form, these parameters are designated by the symobols 8., B2, and . For practical
predictions, the parameters are evaluated from the experimental results obtained for
an actual seal. The performance of the corresponding model, so constructed, is then
compared with the actual response of the sample. The model is used, subsequently, to
predict the effective force exerted by the seal with lapse of time when it is held at a
fixed level of deformation. Further, the same model is used to construct the load-
deflection curves for a similar seal when tested at different displacement rates.

DESCRIPTION OF THE MODEL

The model for the 3-parameter solid (Fig. 1) is composed of a linear spring k, in
series with a Kelvin solid (4). The latter consists of a linear spring k. in parallel with
a dashpot whose constitutive constant is ¢. The symbol ¢ is meant to indicate that the
resistance offered by the dashpot is equal to the product of this constant and the time
rate of displacement in the dashpot. We may, for the sake of convenience, refer to a
dashpot with a high value of ¢ as a stiff dashpot and a dashpot with a low value of ¢ as
a weak dashpot. Further, we designate by ¢ the distance between terminals A and B,
when the model is completely free of stress. When such a stress-free model is sub-
jected to a load P(t), the spring k, and the Kelvin element undergo displacements ,(t)
and §2(t), as shown in Figure 1. These displacements are governed by the following
relationships:

kisit) = P(t) (1)
ka6a(t) + cp2(t) = P(t) (2)

where
() = d/dt() (3)

Equation 3 defines the dot notation for designating the time derivative of a function.
The total displacement &t) in the model is given by

8(t) = 61(t) + 62(t) 4)

As implied in Eqgs. 1 through 4, forces and displacements are treated as functions of
time t. We introduce, next, dimensionless displacements as follows:

xi(t) = s1(t)/¢ (5)
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Figure 1. The 3-parameter solid.
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Figure 3. Effective load P(t) when
model is subjected to a fixed
deformation x.
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Table 1. Recovery results for a sample at 0 F and 40
percent nominal deformation.

Time t
(min)

1

QU W N - O

Observed Values of x(t) = x2(t) on Release From
Deformation x

7 = 24 hours 7 =48 hours T = 168 hours
x° = 0.424 x =0.398° x = 0.398°
0.154 0.156° 0.193

0.124 0.097 0.150

0.092 0.087 0.139

0.088 0.077 0.130

0.082 0.069 0.115

0.082 0.066 0.110

0.076 0.053 0.099

*Duration 7 in hours.
PFixed deformation x in the duration 7
“Values were used in evaluating the required parameters of the viscoelastic

model

Figure 2. Deformation under a step load of
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Figure 4. Response of model on release from

deformation x, held for a duration of time 7.
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x2(t) = 62(t)/2 (6)
x(t) = 5(t)/¢ (7)
Further, let
B = tki (8)
Bz = tke 9)
y = 4c (10)

By using Eqgs. 5 through 10, Egs. 1, 2, and 4 may be rewritten as

gixi(t) = P(t) (11)
32Xg(t) + ‘y).{z(t) = P(t) (12)
x(t) = xi(t) + x=2(t) (13)

In Egs. 11 through 13, x is related to the total percentage of compression in the
model; x; and X, are related to the contribution from the two components of the basic
model. We may look on these expressions as providing a description of the performance
of the normalized model shown in Figure lc.

The 3-parameter solid is a basic viscoelastic model and is very adequately described
elsewhere (4). Some salient features of the model are as follows. When the model is
subjected to a unit step load, the linear spring g: responds immediately with an initial
displacement x = 1/8;, which is followed by viscous creep (Fig. 2). If, on the other hand,
the model is subjected to a fixed displacement xo, the force required to maintain this
displacement diminishes exponentially as shown in Figure 3. The response of the model
on release from such a fixed displacement x,, held for a duration of time 7, is shown in
Figure 4. As this figure shows, the elastic component x;(7) is recovered immediately,
whereas the Kelvin component x.(7) is recovered exponentially with lapse of time from
release. The eventual recovery of this Kelvin component is an important feature of the
response and is responsible for the designation of the model as a viscoelastic solid.

ANALYTICAL EXPRESSIONS FOR THE THREE CASES

The behavior described in the preceding section compares favorably withthat observed
experimentally for elastomeric seals. The expressions given in this section will be
helpful in finding a working 3-parameter model for a given seal. All of the expressions
are derived from Eqs. 11 through 13 by using appropriate conditions for each particular
case.

Case One

Displacement X%, held for time r.

Conditions:
X(O) = Xl(o) = Xo (14)

x2(0) = 0 (15)
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Solutions:
() = [1/(81 + B2)] %o [1- et] (1
xit) = [ B/ (B + B)] %o [(B/B) + €] (18)
P(t) = [ B/(Br+ 8] %o [ g2+ pre™] (19)
where
a = (gi+Be)fy (20)
Case Two

Response on release from a displacement X, held for time r. In case two we have to
proceed from the information obtained from case one. From the basic character of the
model, we recognize that as soon as the displacement X, is released, after it has been
held for duration 7, there will be an immediate recovery equal in magnitude to x:(r). The
displacement x:(r) will appear as a residual deformation, which will be recovered even-
tually with lapse of time. Then, for this case, we have the following situation.

Conditions:
t > 0, (measured from the instant of release) (21)
Plt) = 0 (22)
%2(0) = xa(7) (23)
wherewys iochiained from Fo, 17
Solutions:
x(t) = x(t) = Xz(r)e'(’gz/y) ¢ (24)
Case Three

Load-deflection response in a test at constant rate of displacement o.

Conditions:
o = imposed displacement rate (units of length/units of time) (25)
x = o/t (26)
x(0) = x1(0) = x2(0) = %2(0) = 0 @n
Solutions:
X1(X) = (ﬁloz/yaz’b) [1 + (ﬁz/ﬁl) (W o) X - e—(wa)x] (28)

x2(x) = (Bra/ya™) [e‘(a’“/“)x+ (ar/a) % - 1] (29)
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&) - (8 /2%y [1+ (8/B) @) x- -3/ ¥] (30)
or
) = all+ /8y (e x - e PV X] (31)
where
ux) = [P(x)azwc]/ﬁf (32)

APPLICATION TO ELASTOMERIC SEALS

The expressions derived in the preceding section are useful in predicting the time-
dependent response of a unit length of an actual seal. For the purpose of such a predic-
tion, however, we need the appropriate numerical values of the constants gi, Bz, and v
or the ratios Bz/Bi, B/ (81 + Ba), (B1+ B2)/y, and B>/y. These ratios can be easily eval-
uated from the results of recovery experiments for an actual seal.

In a recent study conducted by the author (8), a number of seals were tested at 0, 75,
and 120 F for their recovery as a function of time on release from fixed levels of defor-
mation that had been held for specified durations of time. The recovery of all the seals
tested was found to be weakest at the low temperature of 0 F. Some results for one of
the seals, tested at 0 F, are given in Table 1. These results are used in the numerical
example that follows to evaluate the ratios mentioned previously. It should be noted
that the corresponding model applies to a rather stringent practical situation.

When the sample is held at 39.8 percent deformation (Table 1) for 48 hours, or 2,880
minutes, and then released, it has a temporary residual deformation of 15.6 percent.

By using this information in Eq. 17, we get

[ B1/(Br+ )] [ 1 - e*°*] = 0.156/0.398 = 0.392 (33)
Similarly, from the results of the 168-hour (1-week) test
[ B/ + 8] [1- €] = 0.193/0.398 = 0.485 (34)

In Egs. 33 and 34, we have two equations and two unknown quantities, g1/(g: + Bz) and
a. These equations can be solved quickly by the following iterative scheme. We first
solve Eq. 34 for g./(B. + B2), assuming that the contribution from the exponential term
is negliglible. Then, we use this value in Eq. 33 to evaluate a. Next, we substitute the
value of a in Eq. 34 to reevaluate g:/(8: + B2) for the second iteration. This iterative
process is continued until satisfactory convergent values are obtained for the two un-
knowns. Inthe present example, we converge to the following values at the end of two cycles

[(8: + B2)/B1] = 2.06, go/B1 = 1.06, a = 0.571 10~ (35)

Next, we consider the response of the seal on release from 39.8 percent compression
(held for 48 hours). From the value at t = 0 (Table 1, column 3) and Eq. 24, we get

X(t) = x(t) = 0.156 e‘(Bz/V)t (36)

where t = time in minutes from release. From these results (Table 1, column 3), we
obtain the following average value for gz/y:

Bx/y = 0.202 (37)
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It may be pointed out here that the model parameters are assumed to be temperature-

dependent. The numerical values obtained in this example refer to a model that may be

used to represent the particular seal considered at a temperature of 0 F.

DISCUSSION OF RESULTS

It is important to verify whether the model we have constructed is satisfactory. For
this purpose we compare the response of the model with that observed for the seal. The
comparison is shown in Figure 5 and Table 2. The plots in Figure 5 were constructed
by using the model parameters already evaluated in Egs. 35 and 37 and the observed
values given in Table 1. From the plots, it is evident that the 3-parameter solid satis-
factorily predicts the performance of the actual seal. The model predicts a more favor-
able recovery than that observed, but the differences are not large.

An important value from a practical standpoint is the residual deformation that occurs
immediately on release. A comparison of these values for the model and the actual
seal is given in Table 2. The last row in this table gives the largest deviation between
the observed and the predicted values. The observed residual deformation in this case
is 36.8 percent, whereas that predicted by the model is 29.3 percent, a difference of
7.5 percent. All the other values in this table show a deviation of less than +4 percent.
In view of the large deformations involved, the prediction made by the model is quite
satisfactory.

As mentioned in the introduction, if the seal is to function effectively, it must main-
tain adequate force on the sidewalls of the joint. In this context, the results of the short-
time load-deflection experiment and the use of the viscoelastic model yield some im-
portant information. From the load-deflection curve obtained by laboratory testing, the
force P(0) exerted by the seal at a given percent deformation x can be readily obtained.
When the seal is compressed to this same level of deformation in the pavement joint, it
may be assumed that it exerts the same force P(0) on the interface at the time of in-
stallment. If the compression is maintained at all times, the seal, according to the
model, will relax. Correspondingly, it will show a loss in the effective force exerted
at the interface. From Eq. 19, the effective force P(t), after a lapse of time t from in-
stallment, is obtained as:

P(t) = P(0) [ (B/8:) + e**] /[ (8/B) + 1] (38)

The foregoing relationship is showin in Figure §. The effective force decays exponen-
tially and reaches 51.5 percent of its initial value. This limiting value of the effective
force is obtained by using g2/g: (from Eq. 35) in Eq. 38 and proceeding to the limit as

t »oco. It is interesting to note that the expression in Eq. 38 is independent of the im-
posed step displacement. We also notice that, for this seal, at the end of 3 days the
effective force reduces to 52 percent of its initial value, which is very close to the
limiting value. The result, in this particular case, supports the ASTM recommendation
of a 72-hour recovery test at low temperature. However, the ASTM recommendation
may be confirmed or revised only after the model parameters are carefully evaluated
for a large variety of seals.

An important test used in assessing the strength of a given seal is the short-time
load-deflection experiment. Most testing machines that are used in experimental work
load the specimen at a constant rate of displacement. As indicated by Eq. 31, the dis-
placement rate at which the specimen is tested does affect the load-deflection response.
The seal for which we have evaluated the model parameters seems to have a very stiff
dashpot. For such a model, the load-deflection response is not appreciably affected by
a practical rate of loading. However, this characteristic curve will be significantly in-
fluenced by the rate of loading if we use a very weak dashpot in the model (Fig. 7). The
curves in this figure are plotted for a model with a = 0.0571 (very weak dashpot). Other
model parameters are assumed to be the same as those evaluated in the preceding sec-
tion. When the model is tested at a displacement rate of¢ = 0.5 in./min, the viscous
effects are almost imperceptible. However, as shown in Figure 7, the load values de-



Figure 5. Predicted and observed recovery of a
seal at O F on release from 40 percent nominal
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Table 2. Comparison of the actual immediate
recovery of a seal and the recovery predicted

by the model.
Nominal Values of x
Test Delformation Immediately on Release
Duration  x Before
T Release Actual Model
(hour) (percent) Seal Prediction
24 20 0.079 0.061
40 0.154 0.116
60 0.206 0.167
48 20 0.101 0.073
40 0.156 0.156
60 0.210 0.232
168 20 0.102 0.096
40 0.193 0.193
60 0.368 0.293

Figure 7. Load-deflection response in tests at

different displacement rates.
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crease with a decrease in the loading rate. For example, for ¢ = 0.05 in./min, the load
at 40U percent compression will be 91 percent of its value when tested at ¢ ='0.5 in./min.
If the loading rate is reduced to 0.01 in./min, the corresponding load value will be re-
duced to 71 percent.

CONCLUDING REMARKS

Viscoelastic models can be effectively used to represent elastomeric seals. The 3-
parameter solid described in this paper gives a good prediction of the time-dependent
response of the product considered. It is worthwhile to note that we have used one of
the simplest possible models to simulate the actual behavior of a given seal. Further
refinements can be incorporated in the analysis by adding more Kelvin elements to the
3-parameter solid. With such complicated models it may be possible to simulate the
time-dependent behavior of elastomeric seals much more accurately. A considerable
additional amount of well-planned experimental work is necessary for the development
of these more sophisticated models.

It has been pointed out elsewhere (7) that the short-time response of the seals can
be predicted by a nonlinear analysis of the seal section as a structure. A corresponding
modification can be incorporated in the viscoelastic model by using nonlinear springs.
The analysis of the resulting model may become much more complicated; however, such
a model may lead eventually to an optimum design of the product.
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