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CHAPTER 1

INTRODUCTION

1.1 General

Many highways constructed during the 1960’s and 1970’s have reached

the end of their design life and some are now deteriorating rapidly due to lack of

effective rehabilitation programs. Present rehabilitation programs are consum-

ing a very high percentage of available funds and are seriously affecting future

development programs for the expansion of the existing road network.

Asphalt concrete (AC) overlay is the most commonly used method for reha-

bilitating deteriorated pavements. However, many times this doesn’t perform as

satisfactorily as is desirable. One major type of distress affecting the life of AC

overlay is reflection cracking, in which an existing crack in the old pavement

propagates up through the newly constructed overlay. Reflection cracking is

caused by one or more cycles of thermal contraction, by repeated traffic loads, or

by a combination of these two mechanisms.

Reflection cracking in the overlay not only allows the water to percolate into

the pavement structure and weaken the sub base but also contributes to rapid

roadway deterioration. Existing methods of overlay design do not address this

problem well. A number of studies have, however, been conducted and effort has

been made to devise the means to minimize or delay the occurrence of reflection
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cracking( 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12). Various techniques such as increas-

ing the thickness of overlay, cracking and seating the existing pavement, modifi-

cation of asphalt properties, and pre-overlay repair with placement of crack ar-

resting interlayers (geotextiles) and stress absorbing membrane interlayers (SA-

MIs) have been used. None of these techniques have completely eradicated the

problem of reflection cracking. Some of these treatments have shown positive

results under certain conditions but most have given poor performance once sub-

jected to the range of field conditions(l, 2,3,4,5,7, 8).

1.2 Research Objectives

The goal of this study is to develop a composite material system which can

effectively alleviatehnitigate the problem of reflection cracking in an AC over-

lay. This complex task was approached systematically and a series of research

tasks were identified as follows:

a) Literature Review.

b) Identification of properties of the materials needed for the composite material

system using various thermal/structural models and laboratory testing proce-

dures

c) Fabrication of the system, using the materials found appropriate.

d) Checking the fabricated system against slippage by using structural models

and laboratory testing procedures.

e) Development of a laboratory pavement system for testing and evaluation of

the composite material system for its effectiveness against reflection cracking.
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1.3 Study Approach

To fully understand the problem, an in depth study was conducted by review-

ing various case histories, problem areas were identified, reasons for failure of

various techniques were established, and useful conclusions were drawn. Based

on these conclusions a new composite material consisting of two geotextile lay-

ers containing a thin viscoelastic rubber asphalt layer named, “Interlayer Stress

Absorbing Composite (ISAC)” was proposed. Although in the literature review,

reflection cracking was attributed to both vertical and horizontal movement of

the slab at the joint/crack, most of the researchers concluded that major damage

to an overlay occurs because of the horizontal movement of the slab due to tem-

perature variance (2, 6, 13). To achieve simplicity, it was proposed to initially

design and evaluate the ISAC system by considering only the horizontal move-

ment of the slab due to thermal effects. The effect of traffic load will be seen later

in a separate study in the laboratory and in the field.

To effectively approach the design problem of an ISAC system, it was consid-

ered necessary to identify the properties of the materials intended to be used in

the system. Various thermal/structural models and laboratory testing procedures

were used for this purpose. A Climate–Materials-Structural (CMS) pavement

model (model developed at the University of Illinois) (14) was used to establish

the pavement temperature range. A number of woven and non woven geotextiles

were selected and tested for their engineering properties. Several samples of rub-

ber asphalt were prepared by blending various ratios of crumb rubber with differ-

ent types and ratios of asphalt cements. These materials were tested at different

–3-



temperatures and the effects of temperature and rate of deformation on stiffness

were investigated.

After having selected the materials suitable for the ISAC system, based on

their properties, a prototype ISAC system was designed. The ISAC layer was

fabricated in the laboratory and was then checked against slippage under an

overlay with a vehicle making a sharp turn or applying sudden brakes. The com-

puter program “CIRCLY” (15) was used for this purpose. Testing equipment

was developed to evaluate the interracial shear strength and laboratory testing

was performed to determine the shear strength of the fabricated ISAC layer un-

der an AC overlay. Required stiffness was achieved in the ISAC core material by

adding hydrated lime in the rubber asphalt.

After completion of the component property testing program, the ISAC layer

was fabricated and prepared for laboratory evaluation. A testing device was de-

veloped in the laboratory that simulated field conditions to evaluate an AC over-

lay over a cracked PCC slab with and without an ISAC system. The performance

of the ISAC system was evaluated by comparing crack growth in the overlay of a

control pavement section with that in an overlay over the ISAC treated PCC slab.
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CHAPTER 2

MECHANICS OF REFLECTION

CRACKING

2.1 General

The reflection cracking problem can be effectively addressed if the mecha-

nism is fully understood and performance and behavior of the treatments cur-

rently in use are critically analyzed. A detailed literature review was thus com-

pleted, various case histories were studied, problem areas were identified, rea-

sons of failure of various techniques were established, and useful conclusions

were drawn with the objectives of developing a material system which could ef-

fectively alleviatehnitigate the problem of reflection cracking in an AC overlay.

2.2 Phenomenon Of Reflection Cracking

When an overlay is placed on an existing pavement, physical tearing of

the overlay takes place as a result of temperature cycles and a crack reflects up

Figure 1: Reflection Cracking in an Overlay
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into the new pavement surface just above the “joint/crack” that is already pres-

ent in the underlying pavement layer. This phenomenon, shown in Figure 1, is

called’ ‘Reflection Cracking>>.

Reflection cracking has occurred in nearly all types of overlays, but it is

more common in AC overlays placed on rigid pavements. When an asphalt con-

crete overlay is placed on a rigid pavement, the former is fully bonded with the

later. Any movement taking place in the underlying pavement at its jointicrack

Mode 1: Horizontal Mov~ment

Mode 3: Parallel Movement

Figure 2: Modes Of Crack Displacement. (Ref 10)

will produce stresses in the overlay and can cause physical tearing if the stresses

in the overlay exceed its tensile strength. There are three common modes of fail-

ure associated with joint/crack movements. These three movements at the crack
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interface are shown in Figure 2. Horizontal movement of the slab is the most

common mode of reflection cracking. It is usually temperature associated and

causes tensile stress in the overlay. Vertical movement is load induced and

causes shear stress in the overlay. Parallel movement is less common and occurs

only under laterally unstable conditions. The causes of the modes of failure are

discussed in the remainder of this chapter.

2.3 Causes Of Reflection Cracking

2.3.1 Seasonal Temperature Changes

Low temperatures in winter cause the existing pavement to contract and

open the existing joint/crack. Since the overlay is fully bonded with the under-

lying pavement, tensile stress is created in the overlay directly above the jointi

crack, Figure 3a. This induced stress is proportional to the movement taking

place in the joint which in turn is proportional to the slab length, seasonal tem-

perature variance, and the coefficient of thermal expansion of the PCC slab.

The overlay material also contracts in response to low temperature. The

reduced length of the overlay, in the area directly above the joint/crack, pro-

vides further resistance to the joint opening and induces additional tensile

stress in the overlay, Figure 3b. Such stress is proportional to the contraction

taking place in the overlay directly above the joint/crack. The contraction in

turn is directly proportional to the seasonal temperature change, slab length,

coefficient of thermal contraction of the AC overlay, and the length of the

overlay directly above the jointicrack which is unbended with the underlying

pavement. The unbended portion of the overlay above the joint/crack creeps
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in response to the tensile stress being developed. Some relaxation in the stress

takes place due to the creep. This stress relief is directly proportional to the

length of overlay immediately above the jointlcrack and inversely

Tensile
Stress

----- ----- -

P
--------------- --

(a)

Overlay contracts
due to low tern

\ Lower temperature

Thermal
Tensile
Stress

[—==j===F’’’”
(b)

Tensile stress Tensile stress Relief in tensile Cumulative
due to jointi due to overlay stress due to tensile stress
crack opening thermal contraction creep relaxation

n+ + D+ + El =
D
+

(c)

Figure 3: Stress Developed in Overlay Due to Temperature Changes
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proportional to the stiffness modulus of the asphalt concrete. The combined

effect of the above three phenomenon causes considerable tensile stress in the

overlay, Figure 3c. When the induced tensile stress exceeds the tensile

strength of the overlay, cracking in the overlay will take place.

2.3.2 Daily Temperature Cycles

Daily temperature cycles produce tensile stresses in the overlay in the

same manner as seasonal temperature changes, Figure 3. The only difference

is that in this case temperature variance is less but frequency of occurrence is

much higher. In addition daily temperature cycling also produces temperature

gradients in the PCC slab. Often when the temperature drops in the evening,

the upper portion of the slab becomes cooler than the lower portion. The upper

surface of the slab contracts more than the bottom and causes the slab to curl

upward. This process causes increased opening of the jointicrack at the inter-

face, Figure 4. The increase in opening is over and above that produced

Original Position
Tensile Stress Deformed Position

------- ------- --

----- !--- ----

Figure 4: Reflected Crack Due to Daily Temperature Cycle

-----

by thermal contraction of the slab. The cumulative increase in the opening at

the joint/crack induces tensile stress in the overlay. Daily temperature stress,
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though comparatively less severe, occurs more often than that produced by

seasonal temperature changes.

2.3.3 Traffic Loads

Moving loads can cause differential vertical settlement of the PCC slab

across the joint / crack, Figure 5. Vertical movement of the slab occurs when

there is a void under the jointlcrack, the load transfer is poor, or there is over-

load. Such vertical movement can induce shear stress, Figure 5a, and/or

A

/ACOverlay

Figure 5a: Shear Stress Caused by Moving Load

Figure 5 b: Flexural Stress Caused by Moving Load
(Ref 8)

flexural stress, Figure 5b, in the overlay which ultimately causes reflection

cracking. The largerthevoid underthejoint/crack andpoorerthe loadtrans-

fer, the more rapidly and severely the crack will reflect and cause deterioration
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in the pavement.

2.3.4 Moisture

After the crack has reflected through the overlay, water is able to infd-

trate through it and cause further pavement deterioration as the crack propa-

gates. Water, infiltrating through the crack, accumulates under the slab and

weakens the base. If the load transfer at the joint/crack is not very efficient,

pumping will take place and avoid will be created under the slab in the vicinity

of the joint/crack. Voids will cause vertical settlement of the slab as traffic load

is applied and the crack will propagate further, Figure 5a and Figure 5b.
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CHAPTER 3

DESIGN AND CONSTRUCTION PROCEDURES

TO RETARD REFLECTION CRACKING

3.1 General

The problem of reflection cracking has existed since the 1930’s, when

highway engineers started using overlays for rehabilitation purposes. Since then

various design and construction procedures have been used to find a permanent

solution to the problem. These techniques have shown varying degree of success

on different projects. The following procedures have been used in the past to al-

leviate or retard the reflection cracking problem:

a) pre-overlay repair.

b) Increasing overlay thickness.

c) Sawing and sealing joints in AC overlay above the joints of underlying

pavement.

d) Cracking and seating.

e) Rubblizing

f) Crack arresting interlayer (granular layer).

g) Bond breaker.

h) Stress absorbing membrane interlayer (SAMI).

i) Geogrid or geotextile reinforcement.

3.2 Design and Construction Procedures

The various design and construction procedures presently being used to con-
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trol reflection cracking will be discussed in the following paragraphs and eva-

luated through the use of case histories.

3.2.1 Pre Overlay Repair

A key to eliminating reflection cracking is to control the deformation and

reduce the stress produced in the vicinity of the jointicrack. pre-overlay repair

is directed towards minimizing horizontal and vertical slab movements at the

joint/crack and sealing the joint against water infiltration. Cement grout is in-

jected under the slab in order to fill any voids that have developed. This is

completed to prevent any rocking/vertical deflection of the slab which is one

of the major causes of progressive deterioration of a crack. The idea is good,

but if not executed properly it can bring disastrous results. There is a tendency

to pump grout at very high pressure and ovetilll the void. This causes the slab

to be lifted with creation of a void elsewhere under the slab. This may increase

the deflection instead of reducing it. Pressure applied to the injected grout

should not exceed the pressure exerted by the self weight of the slab which is

about 1 psi for a 12 in. thick slab.

Pre–overlay repair is not a complete cure for reflection cracking. However

it provides good results when used in conjunction with other methods and

techniques to retard reflection cracking.

3.2.2 Overlay Thickness Increase

Thickness of an overlay can be increased to retard reflection cracking. Gul-

den and Brown (16) conducted a study in Georgia and presented their results

which are shown in the Figures 6,7, and 8. From these figures it is noticed
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that with increase in overlay thickness reflection cracking decreases

considerably. They recommended that for conditions in Georgia a minimum

overlay thickness of 4 in. is required when no other treatment is used. Knight

(17) also supported these findings.

The NEEP-10 final report in 1984 (9) concluded” No feature delays

the development of reflection cracking more than thick (greater than 4 in.)

overlays made with high aualitv dense ma ded asDhak mix. utilizirw lower

viscosi~ asDha.lt.”

The New York DOT experience (2, 18) with thicker overlays, however,is

different. It stated tha~’ ‘Thicker overlays are highly uneconomical with little

benefit. Even 7 in. thick overIays completely cracked after 5 years. Its further

r~7 x — Control

o HP /
Stl $1 &

Figure 6:

calendarYear

Reflected Crack Length Vs Overlay Life For 2 in.
Thick AC Overlay, Georgia DOT (Ref 9)
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deterioration was,however, less in the next 14 years due to its thickness”.

Failure of thick overlays in New York may have occurred because of long-

er slabs (78 ft to 100 ft) and high seasonal temperature variation ( 100 F). Plac-

ing thicker overlays is easier but usually the most uneconomical alternative.

Cost evaluation should be completed to see which procedure is the most eco-

nomical alternative. If the cost of placing a thicker overlay is equal to that for

thin overlay with any of the present interlayer systems, then the thicker over-

lay should be selected.

3.2.3 Sawing and Sealing Joints in AC Overlay

Joints in the old pavement can be marked prior to overlaying and then the

overlay sawed at the joint, Figure 9. The new saw joint is later filled with a

sealant. The concept is to provide a straight clean joint in the overlay which

/

Sealed saw cut joint

Figure 9: Sawing & Sealing of AC Overlay

can be effectively sealed and provide a plane of stress relief instead of a zig–

zag crack. Besides preventing water and other incompressible into the joints/

cracks such a procedure reduces spalling and crack deterioration

In one of the New York studies (2) saw cuts were made in the overlay and
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sealed. Soon after completion of the work many cracks appeared adjacent to

the saw cuts. The cores taken through the overlay showed that most of the saw

cuts were not over the concrete joints. Only 174 out of 683 joints were proper-

ly located. The remainder were 3 in. to 30 in. away from the joints. None of the

174 saw cuts properly located over transverse joints developed reflection

cracking even after 7 years. Later another trial was conducted in which 77

joints were marked with the help of pins. Forty three joints were saw cut and

the remaining were left as control. Later these saw cuts were found more or

less accurately located. Some cracks appeared over a period of time close to

several joints. The results of this trial are shown in Table 1.

Table 1: Reflection Cracking On Overlays With Sawed Joints (Ref 2)

~pe
of
Treat-
ment
Given

Control

Sawed

No
of
Total
Joints

I Reflection Cracking Observations I
After 1 Year

Joints Joints % of
with With Total
No 100% Length
Crack- Crack- With
ing ing Crack-

ing

34 4 22 78

43 15 2 21

Join@ Join@+ % of
With with Total
No 100% Length
Crack- Crack- With
ing ing Crack-

ing

4 23 79

13 2 22

The overlay joint sawing and sealing method has also been tried by a few

other states including New Jersey and Connecticut with fair amount of suc-

cess (19). The following observations were made from these studies:
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a) The method is successful only on the long jointed reinforced pavement

sections which have no mid slab cracking. The joint can be saw cut only above

the joint existing in the underlying pavement and not the crack.

b) For shorter jointed pavement (15 ft joint spacing), a large amount of

sawing is required and may not be cost effective.

c) Extreme care has to be taken to saw cut the AC overlay exactly above the

existing joint. Mismatched joints may reflect another crack adj scent to a saw

cut joint reservoir.

3.2.4 Cracking and Seating

Old pavement slabs can be broken into smaller sections (2 ft to 6 ft long/

wide) and then seated with the help of a roller before placing an overlay. The

concept is used to reduce the effective length /width of the slab so that the

change in length due to temperature change is small and the joint opening re-

mains within acceptable limits.

A New York study (2) was conducted in 1970 in which 9 sections (each

1000 ft long) were tested for cracking and seating performance. Each section

had different combinations of fragment sizes and overlay thicknesses. Com-

binations of three fragment sizes, 3 ft, 6 ft, 10 ft, and overlay thicknesses of 2.5

in., 3.5 in., and 4.5 in. were studied. After 12 years, the control sections were

found completely cracked, whereas the cracked and seated sections showed

much better performance. In the cracked and seated sections, the one with

smallest fragment size (3 ft) and maximum overlay thickness (4.5 in.)showed

the best results with negligible amount of cracking. Cracking was found to in-
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crease with increase in fragment size and decrease with overlay thickness.

Many states like Georgia, Minnesota, California, South Dakota, and

Wisconsin (20) have reported excellent results with cracking and seating as a

method to control reflection cracking. Several others (20) stated that the re-

sults of cracking and seating were quite promising during the first few years

but overlay performance during the later years (4 to 5 years later) was not very

different from the control section. The stated overall success rate was not more

than 40%. Some of the possible reasons for different observations areas fol-

lows:

a) Cracking and seating provides excellent results if the foundation is firm

and the broken sections (2 ft to 6 ft) are properly seated and compacted with

the help of a pneumatic roller so that no voids are left under the slab. In cases of

a weak foundation or underlying voids, the cracked sections may rock or

settle due to the traffic load and may cause severe cracking in the surface.

b) If the slab is broken into too small sections (less than 2 ft) aggregate

interlock is lost and a very firm foundation is required to ensure that minimum

vertical movement of the cracked section takes place. In such a case fatigue

cracks can develop in the AC overlay after two to three years. A study by the

University of Illinois (21) recommends that to achieve best results, the area of

the broken slabs should be 4 sq ft to 6 sq ft and the length and width of the

broken sections should be roughly equal. It was noticed that reflection crack-

ing was more severe when the length of the cracked sections was less than the

width. For best results, the length of the broken sections should be equal to or
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slightly greater than the width. In warmer regions the length and width of a

broken sections could be increased but should not exceed 6 ft in any case.

c) Cracking and seating has shown better results in plain concrete pave-

ments as compared to jointed reinforced concrete pavement (JRCP). In JRCP

the steel, if not cut, creates problems and the seating operation does not take

place properly. Rocking and settlement of pavement sections take place due

to traffic load and may increase the severity of reflection cracking.

d) Cracking and seating reduces the structural integrity of the existing

pavement and may require a much thicker overlay. A thick overlay not only

increases the cost but also creates problems with clearances and shoulder

elevations. This method should be preferred only when the pavement is se-

verely cracked/ faulted, no longer behaving as a structural section, or needs to

be reconstructed.

3.2.5 Rubblizing

The joint and crack pattern of the existing PCC pavement is completely de-

stroyed by rubblizing or pulverizing the slab into small pieces ranging from

aggregate size of 12 in. to 6 in. The depressions and week spots are filled with

coarse aggregate and the rubblized material is then compacted with the help of

steel roller before placing an overlay.

A nationwide research study was conducted (22) by PCS/Law Engineering

(PCWLAW) for the National Asphalt Pavement Association (NAPA) and the

State Asphalt Pavement Association Executives (SAPAE). In this study Crack

and Seat, Break and Seat (breaking the slab in case of continuous reinforced
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concrete pavements), mbblizing and saw and sealing techniques were eva-

luated. The study concluded that rubblization of the existing pavement fol-

lowed by HMA overlay provided excellent results and graded it as the best out

of all the four techniques evaluated. It was also determined in this study that a

properly seated rubblized layer is between 1.5 to 3 times as effective as dense

graded aggregate base course in terms of contributing to structural capacity of

the rehabilitated pavement.

3.2.6 Crack Arresting Granular Interlayer

A granular layer containing large air voids to arrest cracking can be placed

on the old pavement before placing an overlay. Such a layer, due to its large

interconnecting voids,relieves the stresses caused by the underlying pave-

ment movement before it causes stress in the overlay. It absorbs the crack en-

ergy and arrests crack development in the overlay. Arkansas and Tennessee

Figure 10: Crack Arresting Granular Interlayer
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(23) have pioneered this procedure and have used bituminous stabilized 3.5

in. size aggregate with low fines content and with 2570 to 30 IZOair voids, Fig-

ure 10.

Although the crack arresting granular layer has been somewhat effective.

It can experience problems if not installed properly. The following problems

may occur with this method:

a) If care is not taken during construction, larger size of aggregate and large

void space can lead to instability in the mix and result in rutting problems.

b) Due to larger aggregate size, total overlay thickness is usually 6 in. to 10

in. This thick overlay can cause clearance and shoulder elevation problem.

3.2.7 Bond Breaker

Materials such as wax paper, aluminum foil, roofing paper, or a thin layer

of sand/ stone dust have been placed on the pavement surface adjacent to the

pavement joint/crack before placing an overlay in order to prevent reflection

cracking. The width of such a bond breaker strip usually varies from 2 in. to 24

in. on either side of the joint/crack. The concept is to prevent a bond from

forming between the old pavement and the overlay in the vicinity of the jointl

crack. This extends the area of stress in the asphalt overlay from about 0.25 in.

immediately above the concrete joint to a length of several feet. The procedure

is used in order to reduce the strain in the AC overlay to a level that reflection

cracking does not take place.

Virginia (1) used this technique on three projects. One project did not de-

velop any cracking for 9 years whereas the other two, initially performed well,
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but developed sever cracking after 3 years. Kentucky (1) also tried this meth-

od but reported it to be effective only for a short time. A trial was also con-

ducted in New York (2) to determine the effectiveness of this method. Stone

dust, 1/4 in. thick was spread at 40 different locations adjacent to the joints

before placing the overlay. It was found that after 4 years all of test sections

showed 1/4 in. to 1/2 in. cracks. When cores were taken it was noticed that no

free stone dust was present. Some asphalt flow had occurred causing the stone

dust, AC overlay, and the PCC slab to bond together. This method experiences

problem because of the following reasons:

a) It breaks the bond only in the immediate vicinity of the joint./crack and

provides limited degree of relief in the stress because of the small width of the

unbended portion.

b) Use of Wax paper or aluminum foil breaks the bond but does not transfer

enough shear force to the underlying pavement. Slippage may occur under the

wheels of an accelerating, decelerating, or sharply turning vehicle.

c) Stone dust does not remain an effective bond breaker for a long period of

time. Some asphalt usually intermixes and creates bond with the stone dust

and the underlying pavement. It is also difilcult to spread a uniform thickness

of the stone dust around the joint/crack.

3.2.8 Stress Absorbing Membrane Interlayer (SAMI)

SAMI is a layer of soft material which is applied on the old pavement sur-

face prior to placing the overlay. The function of this interlayer is to absorb

any type of movement taking place at the jointlcrack opening and thus dissi-
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pate the stress before it reaches the overlay. Usually a blend of vulcanized rub-

ber and asphalt is prepared at 400 F and a 1/4 in. to 3/8 in. thick layer of the

rubber asphalt mix (0.4 gal to 0.6 gal per sq yd) is applied to the old pavement

surface. Heated 3/8 in. aggregate chips are then spread over the mix to prevent

bleeding and flushing. The aggregate chips are placed on the rubber asphalt

layer at a rate of 35 lbs / sq yd to 40 lbs / sq yd. The AC overlay is later placed

on the layer of rubber asphalt and aggregate chips. The purpose of this layer is

to reduce the tensile stress in the overlay in the vicinity of the joint/crack in the

underlying pavement by absorbing the stress. SAMI can either be placed over

the entire surface or placed only in the vicinity of joint/crack like a bond

breaker.

SAMI was tried by Arizona DOT on 1-40 in 1974 (24, 25). It was prepared

with 75 % AR-1000 asphalt and 25 YO ground rubber tire tread. The asphalt

was applied at the rate of 0.6 gal/ sq yd and followed by 3/8 in. aggregate chip

placed at the rate of 35 lbs/sq yd. The control section developed reflection

cracking during the first year. The sections having SAMI did not show any

cracking even after 8 years.

Peredoehl (4) carried out a study in California on 29 flexible pavement sec-

tions. He used SAMI along with other treatments. He reported mixed results

and indicated poor to good overlay performance in the SAMI sections.

Coetzee andMonisrnith(11) and Monisrnith and Coetzee (12) studied the

effect of placing SAMI between a PCC pavement and an AC overlay with the

help of finite element analysis. Their findings showed that the stress at a crack
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tip is reduced considerably by decreasing the stiffness of the SAMI, Figure 11.

Since the stiffness of SAMI is inversely proportional to its thickness, crack tip

stresses also decrease once a thicker layer of SAMI is used. The effect of over-

lay thickness on performance was quite significant when SAMI was not used,

Figure 12. A small thickness increase in the overlay considerably reduces the

stress at the crack tip, Figure 12. With use of SAMI the variation in overlay

thickness did not have as much effect on the overlay performance. The effect

of crack width on the stress at the crack tip was negligible when the SAMI was

used. However, it had some effect when no SAMI was used. Wider crack in-

creased stress at the tip of the crack in the case of no SAMI. In the absence of

SAMI, increase in the stiffness of AC overlay reduces the crack tip stress.

Even in the absence of SAMI the crack tip stress decreases significantly with a

decrease in original pavement stiffness.

According to the NEEP– 10 report (l), of the seven states that used SAMI

to retard reflection cracking, four states ( Alabama, Arizona, Arkansas, and

New York) reported better performance. The other three (Colorado, Pennsyl-

vania, and Nevada) reported it to be a complete failure. After going through all

these reports it is concluded that SAMI has given mixed results in the past. The

following summary of results is presented from the case history studies:

a) Cracks continue to propagate through the SAMI and the overlay but

traveled at comparatively slower rates than in control sections.

b) Performance of SAMI has been better in the overlays on flexible pave-

ments with fatigue cracking as compared to rigid pavements having thermal
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cracking.

c) Treatment applied on the full width and length of pavement has pro-

duced better results than treatment applied only above the jointicrack area

d) A thicker SAMI is more effective. Usually the thickness varies from

0.25 in. to 0.375 in.

e) A SAMI with lower stiffness was more effective. However, it should not

provide such low stiffness that slippage occurs because of vehicle movement.

f) Stiffness of the SAMI used in the past has varied from 6500 psi to 7500

psi at temperatures of 70 F to 75 F when no aggregate is used.

3.2.9 Geogrid or Geotextile Reinforcement Studies

Woven or non woven geotextiles made of polypropylene, polyester, nylon,

or a combination of these materials have been placed at the bottom or within

the AC overlay. The geotextile is added to act as a reinforcing layer for the AC

overlay and it is intended to resist the tensile stress being produced in the over-

lay due to horizontal movement taking place in, the underlying pavement. A

few of the most common geotextiles currently being used are, Petropave, Pe-

tromat, Mira.t3, Typar, and Roadglass.

Usually a leveling course is applied to the existing pavement on which a

tack coat is sprayed before placing the geotextile interlayer. The geotextile

layer is then placed and covered with a tack coat. Finally, a surface coat is

placed on the geotextile and compacted. Application of the correct amount of

tack coat ensures proper bond between geotextile, overlay, and the underlying

pavement and also makes the pavement impervious. Instead of placing the
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geotextile at the bottom of the overlay, it is often placed either in the center or

in the lower third of the overlay.

3.2.9.1 Study Conducted in New York

A study was conducted in New York (2) in order to evaluate the perfor-

mance of geotextiles. Four pavements were selected for this purpose. A 1

in. thick overlay with geotextile reinforcement was placed on one of the

pavements and a 2.5 in. thick overlay with geotextile reinforcement was

used on the three remaining pavements.

Figure 13 shows the results for one of the pavements having a 2.5in.

thick overlay. In a total of 200 traverse joints, 100 were monitored as con-

trol joints and 100 were covered with geotextile. Out of the 100 transverse

joints covered with geotextile, 50 joints used 7.5 ft wide geotextile strips,

and 50 joints used 15 ft wide geotextile strips prior to placing a 2.5 in. thick

overlay. The overlay was completed in January 1974. By December 1974

Figure 13 Reflection Cracking on a Test Pavement in New York (Ref 2)
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the control joints developed significant cracking whereas the joints with 15

ft wide geotextile strips showed little cracking. By January 1975,80 YO to 89

% cracking developed on all the sections and by February 1975, all the sec-

tions had developed more than 95 ?ZOcracking. The performances of the oth-

er three pavements were similar.

b) On another pavement an AC overlay with paving geotextile was

placed over the PCC slab and performance of 40 joints was monitored. On 3

joints, Bituthene (Polypropylene sheet coated with rubberized asphalt on

one side) was used and on 5 others Petromat (non woven polypropylene

geotextile) was used. The remaining 32 joints were left as control joints.

The overlay was completed in May 1974 and the first sign of cracking ap-

peared in November 1974. The results obtained from this study are tabu-

lated in Table 2.

Table 2: Reflection Cracking on a Test Pavement in New York (Ref 18)

% of Joint Length Reflected
Joint
fipe Nov 1974 Jan 1975 Apr 1976

Control 82 100 100
Petromat 30 100 100
Bituthene 8 86 100

c) The study concluded that geotextile reinforcement did not work when

the joint movement was more than 0.25 in. This was similar to the case in

New York, since the slab lengths in New York varied from 78 ft to 100 ft and
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the seasonal temperature variation was about 100 F.

3.2.9.2 Geotextile Performance Study in California

Predoehl (4) conducted a study in California on 29 flexible pavement

sections using an AC overlay with a geotextile interlayer. The overlay

thickness varied from 0.7 in. to 4.2 in. He also used a rubber asphalt layer on

some of the pavement sections. The test sections were monitored for long

term performance of the overlay (up to 13 years) and evaluation was com-

pleted based on these results. Some of the results are listed in

Table 3: Performance of Overlays With Geotextiles in California (Ref 4)

Overlay Average Years ‘1’oCracking

Thickness Initial Cracking Significant Cracking
(ft) Control Geotextile Control Geotextile

0.20 1 3 1 5
0.25 6.3 7 7.3 7.2*
0.30 2.5 5.5 5 8.1*
0.35 9.5* 9 10* 9.2*
0.40 7* 8.1* 7* 8.4*
0.45 8.8* 8.6* 8.8* 8-8*
0.50 7* 8.5* 7* 8.5*

* 0.1 ft surface course of open graded AC added

Table 4: Average of The Results For Geotextiles in California (Ref 4)

Type of
Treat-
ment

Control
Geotex-
tiles

Average Years to Cracking

Average No of
Thick– Sections Initial. Moderate SignMcant

ness Cracking Cracking Cracking

0.24 ft 29 5.8 7.2 8.5
0.18 ft 30 6.4 7.8 9.4
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Table 3 and Table 4. Performance of overlays using a geotextile interlayer

ranged from clear success, such as the one shown in Figure 14, to complete

failure in which an overlay with a geotextile interlayer showed poorer per-

forxnance than the conventional overlay of the same thickness. The discrep-

ancy in the performance was considered to be due to the following factors:

a) The type and extent of existing pavement distress, including the crack

width.

b) Amount of preoverlay repair carried out on the old pavement such as

crack sealing/illling, pot hole repair, replacement of rocking slabs, etc.

c) Overlay design thickness.

d) Variability in strength/material properties of the PCC slab.

e) Temperature variability and climate.

The success rate of geotextiles for controlling reflection cracking in Cali–

,--
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x — EngineeringGeotextile
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Figure 14: Percent of Reflected Cracks Vs Overlay Life
I -70, Clifton Colo, California (Ref 33)
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fornia was estimated to be 60 %. In cold climates this

3.2.9.3 Experimental Projects in New Mexico

Four test projects were studied in New Mexico in

rate could be less.

1989 (3) in which

overlays of various thicknesses were placed on badly deteriorated concrete

pavement sections using different types of interlayers. The interlayers used

for this study consisted of Mirtil 140, Petromat, rubber asphalt membranes,

and the Arkansas mix which are described as follows.

Mirafi 140

Mirafi 140 is a non woven geotextile (3) uniquely constructed from

two types of continuous filament fibers which includes homo filament

polypropylene and hetro filament polypropylene covered with a nylon

sheath. During the manufacturing process the hetro filaments were heat

bonded or fused together at their intersections.

Petromat

This is a non woven geotextile, manufactured by Philips Fibers Corp. A

needle punching process is used to make polypropylene geotextile with

low strain properties (3).

Rubber Asphalt Membranes

Sahuaro SAMI This material is a blend of 25910 vulcanized granu-

lated rubber and 75% 120 to 150 penetration asphalt cement prepared at

350 F (3). This blend was diluted with Kerosene at 5.5 % to 7.5 % by

volume. The blend is applied at the

then placed on the membrane at an

rate of 0.6 gal/ sq yd and chips are

average rate of 38 lbs/sq yd.
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Arizona SAMI The Arizona Refining Company produced a SAMI (3)

by blending 20 % replasticized rubber, 2 % extender oil, and 78 % of 85

to 100 penetration reclaimed asphalt cement and heatingat410 F. The

blend is applied at the rate of 0.63 gal/ sq yd and chips are spread over the

membrane at an average rate of 38 lbs/sq yd.

Arkansas Mix

This mix consisted of an open graded bituminous pavement material

with a coarse graded aggregate less than 2 in. size and with 3 ?ZOAC–20

(3).

The performance of the overlays were monitored for 5 years and var-

ious treatment procedures were evaluated. The results of this study are

shown in the Figure 15 through Figure 18.

35 X s~o~i Conml ~ fi~ 4 ~. AC ov~~y

w ● seCtiOIFii Mirafi with 2.5 in. AC Ovday
g30
o

+ &XiOIFiii ~tromat with 25 in. AC (k.diiy

z ● Sectio%iv Control with 25 in. AC Overlay
~ 25 + section-v control with 25 in. AC Ch3rkly

n
~ 20
Q

?! ‘5

%
Q 10

b

5

0
4 2 A 4

No of Years After overlay Constmction

Figure 15: Reflective Cracks Vs Overlay Life On
I-27, South of l?ato~ New Mexico (Ref 3)

–33-



50-
X Section-i Sahuaro SAMI with 5.5 in. AC Overlay

A SectioEii Arizona SAIvlI with 5.5 in. AC Overlay
+ sectioIEiii M.imfi with 5.5 iu. AC overlay

~ 40- + Secliorkiv Petromat with 5.5 in. AC Overlay
o . Sectiowv ControlSecwith 5.5 in. AC Overlay
z ■ Section-vi SahuaTOSAMI with 4 in. AC Overiay
●

830-
:
m
G* 20-
0
$

10-

0
i 2 $ 4

No of Years After Overlay Constrnc!ion

Figure 16: Reflective Cracks Vs Overlay Life On
1+0, East of Clines, New Mexico (Ref 3)

100
x Section-i Heater+carify with 5.5 h AC Overlay

go-A Section-ii SahuaroSAMIwith2 in.AcOvday
+ Section-ivPetromatwith2 in. AC Overlay

60- + Section-iii mm Sm with 2 in. AC OVeltly
● Section-vM&afi with 2 in. AC Ckday

~ To 9 section-vi Control Sec with
% 2 in. AC Overlay

#
20

10
I
I

.
No of Yea& After Overlay Constriction

Figure 17: Reflective Cracks Vs Overlay Life On
I-25, North of TrutlL New Mexico (Ref 3)
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35I X Section-i (Arkansas Mix) 2.5 in. AC Overlay
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30 /

/
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Figure 18: Reflective Cracks Vs Overlay Life On
1+ West of Grants, New Mexico (Ref 3)

The following conclusions were drawn from the New Mexico study

a) Interlayers do not necessarily prevent reflective cracking. They do

retard the rate considerably and can produce savings in maintenance cost

b) Petromat geotextile performed the best of all the geotextiles tested.

c) The performance of the Aizona SANII and Sahuaro rubberized as-

phalt membranes was comparable to that of Petromat.

d) A thicker overlay appears to reduce crack propagation, but it would

not be as cost effective as the geotextile or rubberized asphalt membrane.

3.2.9.4 Experimental Projects in Texas

In Texas a study was conducted from 1979 to 1981 to evaluate the per-

formance of different types of geotextiles in overlays (26). Two projects

were constructed in 1979, one in 1980, and another in 1981. The AC over-
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lay was installed over the PCC pavement using various types of geotextiles.

The descriptions of the different types of geotextiles used in this project are

given in Table 5. Performance of the test sections (0.25 miles each) was

monitored for 9 years and provided results as shown in Figures 19 through

28.

Table 5: Physical Description Of Geotextiles Used in Texas Study (Ref 7)

Geo-
textile
Type

Bidim
C-22

Bidim
C-34

Old
Petromat

New
Petromat

Petromat
8 OZ

Bidim
C-28

Reepav
3 Oz

Reepav
4 Oz

Crown
Zellerbac

Mirafi
900 x

Yomina
Weight
~z/sq yd

4

8

4

4

8

6

3

4

5

5

Nominal
hickness
nils

60

90

—

—

—

75

15

17

60

—

Material

Polyester

Polyester

Polypro-
pylene

Polypro-
pylene

Polypr*
pylene

Polyester

Polyester

Polyester

Polypro-
pylene

Polyester,
Polyprop
ylene
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Construc
tion
Type

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Nonwoven

Woven

Filament
Type

Continuous

Continuous

Staple

staple

Staple

2ontinuous

Continuous

Continuous

Continuous

Continuous

Fiber
Bonding

Needle Punc–
hed (N. P.)

N.P.

N.P. & Heat
Bonded 2 side

N.P. & Heat
Bonded 1 side

N.P. & Heat
Bonded 1 side

N.P.

Spunbonded &
heat bonded

Spunbonded &
heat bonded

Spunbonded &
N.P.

Woven
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Figure 19: Transverse Reflective Cracks Vs Overlay Life—
I H- 10 Near Ozona Westbound, Texas (Ref 7)
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Figure 20: Longitudinal Reflective Cracks Vs Overlay Life
I H- 10 Near OZOnaWestboun@ Texas @ef 7)
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Figure 21: Total Reflective Cracks Vs Overlay Life
I H- 10 Near Ozona Westbound, Texas (Ref 7)
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Figure 22: Total Reflective Cracks Vs Overlay Life
I H- 10 Near Ozona Eastboun& Texas (Ref 7)
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Figure 23: Transverse Crack Length Vs Overlay Life
I H- 40 Near Amarillo Eastboun& Texas (Ref 7)
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Figure 24: Longitudinal Crack Length Vs Overlay Life
I H- 40 Near Amarillo EastbounQ Texas (Ref 7)
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Figure 25: Total Crack Length Vs Overlay Life
I H- 40 Near AmarilIo Eastboun~ Texas (Ref 7)
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Figure 26: Transverse Crack Length Vs Overlay Life
I H- 40 Near Amarillo Westbound, Texas (Ref 7)
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Figure 27: Longitudinal Crack Length Vs Overlay Life
I H- 40 Near Amarillo Westboun& Texas (Ref 7)
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Figure 28: Total Crack Length Vs Overlay Life
I H- 40 Near AmariUo Westboun@ Texas (Ref 7)
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The following conclusions were developed from this study:

a) Geotextiles may significantly retarded the reflection cracking, partic-

ularly in the first three to four years.

b) Very thin overlays (less than 1.5 in. thick) placed over Geotextiles on

high volume roads resulted in premature failure of the roads.

c) Asphalt impregnated Geotextiles remained intact even after moderate

cracking. This will reduce the flow of surface water into the base and reduce

pumping.

3.2.9.5. US Army Corps of Engineers Study

In 1977, the US Corps of Engineer’s Cold Regional Research and

Engineering Lab (CRREL) (27) conducted a study on the performance

Table 6: Performance of Overlay on Greenland Runway (Ref 27)

Overlay % Of Cracking

Thickness After 1 Year After 2 Years

Less than 2 in. 71 % 100 %

More than 3 in. 46 % 57 %

of Phillips Fibers Corporation 4 oz/ sq yd to 6 otisq yd Petromat and the

Monsanto 6 ozJ sq yd to 8 oz/ sq yd Bidim Geotextiles. Three Geotextiles were

used on a severely cracked runway with varying AC overlay thicknesses

constructed with AC-2. 5. The runway was located in Greenland and was

subjected to extremely cold climatic conditions. The results of this study are

shown in Table 6. The pavements were severely cracked due to
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thermal contraction and it was considered that this study would be a confir-

matory test for the performance of geotextiles in cold climates. The results

of the study indicated the following:

a) Thick overlays (more than 3 in.) showed better performance than 2

in. overlays. It took longer for cracks to propagate in the thicker overlays.

b) Some difference was noticed in the performance of different types of

geotextiles. A small pavement area study (20 ft by 40 ft) showed that 4 oz/

sq yd geotextile had 34 % more cracking than the 8 oz/sq yd geotextile.

c) After cracking developed in the overlay, the geotextile still remained

intact and served as a water proofing membrane.

3.2.9.6 NEEP-10 Study

In 1970 the Federal Highway Administration initiated the National

Experimental and Evaluation Program Project # 10, NEEP-10 (1) for re-

ducing reflection cracking in AC overlays. Fourteen states participated in

this program. In addition to many other treatments, performance of six dif-

ferent types of geotextiles was also evaluated. According to the NEEP–10

report the geotextiles showed promising results on some projects and poor

results on some the others. Their performance was better for fatigue crack-

ing as compared to thermal cracking.

3.2.10 Major Variables Affecting Geotextile Performance

Geotextiles have produced poor to excellent results on various projects.

The discrepancies in their performance can be attributed to such variables as

jointlcrack displacement, jointicrack width, and displacement rate.
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3.2.10.1 Effect of Horizontal Movement at the JointlCrack

3.2.10.1.1 Total displacement at the Joint/Crack

It has been observed in the past that performance of geotextiles has

been poor in regions having extremely cold climate and on those pave-

ments having longer slab lengths. Lower temperatures and longer slabs

result in higher thermal contraction, thereby resulting in greater hori-

zontal displacement at the joint/crack. It can be inferred that geotextiles

have shown poor performance for greater horizontal displacement at the

jointicrack. Various trials were performed to see the effect of horizontal

joint movement.

Joseph and Haas (10) studied the performance of different geotex-

tiles against reflection cracking in the laboratory. They designed their

equipment to simulate conditions as close as possible to the field. They

studied the following conditions:

a) Cooled the specimen to –30 C ~ 2 C, until the temperature gra-

dient reached a steady state.

b) Subjected the specimen to a uniform cyclic load at a pre deter-

mined displacement level, under controlled strain, until fracture

propagated through the full depth. They used two displacement lev-

els for the experiment called, “low level displacement (0.2 1 mm)”

and “high level displacement (0.26 mm)”.

c) Used 0.0399 mm/rnin displacement rate.
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The results from the study of Joseph and Haas (10) are shown in

Figure 29. It is seen that both Geogrid and Glass Grid show much

better performance at low level displacement (0.21 mm) than at high

level displacement (0.26 mm). The performance of Glass Grid was

not very different from the control section and the performance of

Geogrid was slightly better.

McGhee (6) concluded that horizontal joint movements greater than

0.04 in. have significant effect on reflection cracking. He further said

that AC specimens could not withstand deformation greater than 0.05

in. without cracking. Bone et al (28) agreed with his findings.

Based on his lab overlay studies, Lytton (5) defined three ranges of

thermal openings as follows:

a) From Oin. to 0.03 in. – No geotextile is needed.

b) From 0.03 in. to 0.07 in. – An effective range for geotextiles.
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c) Greater than 0.07 in. – An opening movement, which geotex-

tiles normally can not withstand.

3.2.10.1.2 Rate of Horizontal Displacement

The rate of horizontal movement is also very important for overlay per-

formance. It is generally observed that an AC overlay subjected to slow

pulse load can offer more resistance to cracking than the one subjected to a

fast pulse load (5, 34).

3.2.10.2 Effect of Initial Joint/Crack Width

Geotextiles have performed very well on pavements having load related

fatigue distress such as AC pavements with closely spaced alligator crack-

ing. Geotextiles used on fatigue cracks, less than 1/8 in. wide, have given

the best results. Fatigue cracks more than 3/8 in. wide require a rigid filler.

Pourkhosrow (29) concluded that paving geotextiles could not bridge

over cracks more than 3/8 in. wide.

3.2.10.3 Effect of Vertical Deflection Across the Joint/Crack

As discussed in Section 2, vertical deflection at a joint is a function of

traflic volume, amount of load transfer across the jointicrack, and differen-

tial subgrade support under the existing pavement. Geotextiles have per-

formed reasonably well for horizontal joint/crack movement, but their per-

formance for vertical deflection has been questionable. Numerous studies

have been conducted to evaluate the effectiveness of geotextiles against

such distress.

Results from a study conducted by McGhee (6) in Virginia are shown in
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Table 7.

McGhee (6) concluded that paving geotextile delayed reflection crack-

ing better than the control section if Bankleman beam vertical deflection

across the jointicrack is less than 0.002 in.

Table 7: Effect of Vertical Deflection on Overlay
Performance in Virginia (Ref 6)

Vertical Deflection % of Joints Reflected Through

Across the Joint
(in.) Control Joints Geotextile Treated Joints

o 44 0
0.002 54 29

>0.008 100 100

Predoehl (4) concluded that overlays on pavements having less than

0.003 in vertical deflection gave crack free service for 10 years even when

no geotextile was used. The effective range of pavement geotextiles is for

vertical deflection between 0.003 in. and 0.008 in. For vertical deflections

more than 0.008 in. a geotextile interlayer has been found ineffective and a

minimum of 4 in. of overlay is needed to retard significant cracking within

the first 10 years. The Asphalt Institute (13) recommended that for good

performance of an overlay differential deflection should not exceed 0.002

in.

Smith (8) developed an apparatus to simulate a moving wheel load on an

AC beam. On top of a plate he applied a tack coat and then placed an AC

beam which simulated an overlay. He made a 0.125 in. wide and 1.25 in.
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deep cut at the bottom of the beam. The magnitude of moving load was ad-

justed so as to apply a radius of curvature of 125 ft, which induced a realistic

strain level in the beam. He then monitored the propagation of cracking

against number of moving load passes and concluded the following:

a) Paving geotextiles did not reduce beam deflection and were not effec-

tive as structural reinforcement in flexible pavements.

b) Paving geotextiles generally delay reflection cracking due to their

presence as a soft layer.

3.2.10.4 Effect of Overlay Thickness

The performance of an overlay is directly related to its thickness. A

overlay alone can effectively retard reflection cracking. This
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Figure 30: Estimated Geotextile Equivalency as a Function—

of AC Pavement Thickness, California (Ref 4)

alternative, however, is not always cost effective. To decrease cost, geotex-

tiles are often placed under the overlay and the required thickness of over-

lay is reduced. Predoehl (4) conducted a study to find equivalency factors
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between the paving geotextile and the overlay thickness, Figure 30 (also

see Table 3 and Table 4). For the control section, the benefit of increasing

the overlay thickness reduces rapidly for overlay thicknesses greater than 3

in. Once a geotextile is used, the advantage of increasing overlay thickness

significantly reduces after 2 in. to 2.5 in. In Figure 30 it is observed that 1.2

in. to 1.8 in. overlay thickness gave the greatest change in reflection crack-

ing control. Predoehl (4) found that the geotextile interlayer is equivalent to

about 1 in. of asphalt concrete.

Sherman (30) observed the performance of Petromat geotextile under

AC overlays on three projects and concluded that the geotextile was equiv-

alent to 1.25 in. to 1.5 in. of asphalt concrete.

3.2.10.5 Effect of Tack Coat Quantity

A vehicle while turning at high speed, changing speed on curves, ac-

celerating (while starting), or decelerating (while applying brakes) trans-

fers horizontal shear stress to the overlay. Ultimately this stress is to be

transferred to the underlying pavement and finally to the subgrade. Any in-

terlayer introduced at the bottom of the overlay should provide sufficient

shear resistance in order to effectively transfer the shear stress to the under-

lying pavement. Application of too much tack coat reduces the shear resis-

tance at the interface and may result in slippage and tearing at critical loca-

tions. On the other hand too little tack coat will result in poor bond between

a geotextile, overlay, and PCC pavement and will reduce the stress reliev -
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ing ability. The correct amount of tack coat is important for best results.

Smith (8) recommended the following relationship to estimate the amount

of tack coat needed:

RTC = o.05(7w)0”30 Equation 1

Where:

RTC=Recommended tack coat rate (gal/sq yd)

T=Geotextile thickness (roils)

W=Geotextile weight (oz/sq yd)

The recommended tack coat in Equation 1 includes an allowance of 0.05

galhq yd for absorption by the underlying pavement (surface hunger).

Smith (8) recommends rounding up the calculated quantity to the next

Table 8: Recommended Tack Coat Rates For Different
Paving Geotextiles (Ref 8)

Serial Type of Geotextile Minimum Tack coat Required
(gal/sq yd)

1 Amoco 4545 0.30
2 Bidim C–22 0.25
3 Bidim C–34 0.35.
4 True Tex MG75 0.30
5 True Tex MG1OO 0.35
6 Trevira T1 115 0.30
7 Nicolon 50 0.30
8 Petromat 0.25
9 Dupont T376 0.15
10 Q-Trans-50 0.35
11 Fibretex 200 0.30

higher 0.05 gal/sq yd. Using Equation 1 the tack coat application rates have

been calculated for different geotextiles as shown in Table 8. Dykes (31)
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recommended that the quantity of tack coat should be reduced by 20 % if

used on steep grades, in speed changing zones, and on relatively impervi-

ous surfaces. On highly porous surfaces, the quantity should be increased

by 20 %.

3.2.10.6 Geotextile Stiffness

To act as reinforcement the geotextiles must have sufficient thickness

and its modulus of elasticity should be greater than that of the AC overlay.

Barksdale et al (32) classified geotextiles based on their stiffness as shown

Table 9: Tentative Stiffness Classification Of Geosynthetics (Ref 32)

I Secant
Stiffness

Stiffness @ s%
Descrip- straln~
tion Sc (lbs/in.)

Very Low <800
.Ow 800–1500
Stiff 15004000
Very Stiff 4000–6500

Elastic
Limit
(lbs/in.)

10-30
15-50
20400
>300

Tensile
Strength
(lbs/in.)

50-150
50-200
35-1000
350-5000

Failure

{

Typical

Elongatio Cost
(% Initial Range
Length) ($fsq yd)

1o-1oo 0.30-0.50
10–60 0.40-0.50
10–35 0.50-3.00
5–15 3.00–7.00

in the Table 9. A geotextile with a high modulus of elasticity does not ensure

that it will act as a reinforcement. To act as a reinforcement, a geotextile

must have high stiffness, which is defined as its modulus of elasticity times

thickness. In his study, Barksdale (32) concluded that for an AC overlay, a

geotextile stiffness of at least 4000 lbs/in. is required before a geotextile

starts acting as reinforcement, i.e., it has to be “very stiff’ according to the

classification given in Table 9. Only “Polygrid”, “Glassgrid” and “very
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heavy weight geotextiles” provide the required stiffness at present. Geo

grids, due to large opening between its reinforcing members, provides

good aggregate interlock. The performance of Geogrid is therefore compa-

rable with the woven geotextiles although the stiffness of woven geotex-

tiles is usually 2 to 2.5 times greater than the stiffness of Geogrid. Some

very stiff, high modulus, heavy duty membranes have been used under

overlays and it has been observed that the crack moved from immediately

above the joint to away from the joint. (5).

Most of the geotextiles used in the past had stiffness, less than 4000

lbs/in. and yet many of them retarded reflection cracking to some degree.

Geotextile with low stiffness probably acted as a stress relieving interlayer

(like SAMI) and reduced the stress at the tip of the joint/crack. The follow-

ing geotextile properties are important to perform as a stress relieving inter-

layer:

a) Sufficiently soft and thick geotextile. Non woven geotextile is more

suitable for this purpose because of low stiffness properties. Needle

punched, spun bonded or woven geotextile can also be used.

b) Polypropylene or Polyester geotextiles are the most common. Glass,

Nylon, or combination of Nylon and Polyester/Polypropylene have also

been used.

c) In recent years, asphalt impregnated low stiffness geotextiles have

also been used as a stress absorbing membrane interlayer (SAMI). These

geotextiles are usually from 0.05 in. to 0.15 in. thick.
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3.2.10.7 Climatic Conditions

Geotextiles have performed best for load associated distress (alligator

cracking) and have been found generally ineffective against thermal crack-

ing. It can therefore be said that their performance in cold climates has been

less favorable. Ahlrich (33) summarized geotextile performance for vari-

ous pavement locations and plotted a performance map. He found that gen-

erally the performance of geotextiles in northern states (having colder

(’l

Zone l—Most favorable area for
use of geotextiks

Zone ~Less favorable area for
use of geotextiles

Zone >Least favorable area for
use of geotextiles

Figure 31: Climatic Zones as a Guidance To Geotextile
Performance With AC Pavements (Ref 9)

climate) was poor. He then divided the United States into three climatic

zones, shown in the Figure31. He classified Zone 1 to be the most favorable

area for geotextiles, Zone 2 a little less favorable, and zone 3 being the least
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favorable area. Ahlrich (33) recommended that geotextiles should not be

used in areas where the freezing index is more than 500 Degree Days (Zone

3). Acceptable performance has been observed in cold climates on two

projects in Pennsylvania and one project in Michigan (33).

3.2.11 Possible Modes of Failure of An AC Overlay With SAMI/

Geotextile Interlayer

Lytton (5) and Button and Lytton (34) observed three modes of failure

in an AC overlay with SAMI/geotextile interlayer. In mode 1 failure the crack

propagates rapidly upward from the old crack and after reaching the interlayer

it stalls for a while before it propagates from the top of the interlayer and

moves upward towards the surface of the overlay. The presence of an asphalt

rubber interlayer or soft geotextile impregnated with asphalt results in large

amount of deformation and alters the energy balance at the tip of the jointi

crack. Due to low stiffness of the stress relieving interlayer large strain occurs

at low stress level. This does not prevent the crack but definitely retards it.

This mechanism of crack stalling is called, “crack blunting” by some authors.

Mode 2 failure was observed by Lytton (5) in the laboratory, when he

placed a 0.75 in thick leveling course on a PCC slab. A low stiffness paving

geotextile was placed prior to the overlay. The stress relief mechanism was

observed in this type of failure. The crack started from the bottom of the level-

ing course and after reaching the interlayer, it temporarily halted. The crack

then began from the top of the overlay and propagated downward towards the

geotextile interlayer.
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Mode 3 failure occurred when a high stiffness geotextile (stiffer than sur-

rounding material) was placed beneath the overlay. In this type of failure the

reinforcement mechanism took place. The crack propagated upward towards

the reinforcing interlayer. The crack then made a 90 degrees turn to the hori-

zontal direction and moved along the interface between the reinforcement and

the underlying material. This crack traveled laterally until insufficient energy

was left to move any further. Majidzadeh et al (35) described this type of fail-

ure as a buffer zone concept. It has been noticed that this mode of failure only

occurs in an asphalt concrete overlay if the stiffness of the geotextile is more

than 4000 lbs/in.

3.3 Summary of Reflection Cracking Control Procedures

3.3.1 Mechanism

There are several reasons for the initiation and propagation of reflection

cracking and the associated pavement damage. Past experience of various re-

searchers leads to the following conclusions :

a) Horizontal movement in a concrete slab due to thermal contraction and

resulting joint/crack opening is the major cause of reflection cracking. Such

movement causes tensile stress in an AC overlay.

b) Daily temperature cycles occur more often but produce very little dam-

age per cycle. Most of the damage caused by joint opening can be attributed to

the seasonal temperature variation.

c) The factors that aggravate reflection cracking due to joint opening
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include:

1) Longer slab.

2) Low temperature in winter.

3) Rate of temperature decrease during the day.

4) Higher coefficient of thermal contraction of PCC slab.

5) Higher coefficient of thermal contraction of AC overlay.

6) Wider gap between the joint/ crack.

7) Higher stiffness modulus of AC overlay.

d) The Asphalt Institute recommends that for the best performance of an

overlay, the maximum opening resulting from low temperature should not ex-

ceed 0.02 in.

e) Differential vertical movement at a j oindcrack due to traffic load causes

shear stress in the overlay. Such movement contributes little towards initiation

of reflection cracking if the vertical movement is less than 0.002 in. It can,

however, cause further deterioration of asphalt along the existing crack in the

overlay.

f) Traffic load causes considerable damage to the pavement if the vertical

movement of slab across the joint/crack is more than 0.002 in.

g)Vertical movement of a pavement slab across the joint/crack depends

upon the size of the void present under the slab and the load transfer efficiency

at the jointicrack.
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3.3.2 Summary of Design and Construction Methods To Retard

Reflection Cracking

3.3.2.1 Pre-Overlay Repair

Pre–overlay repair used in conjunction with any other method/tech-

nique to retard reflection cracking, brings positive results and should be ac-

complished.

3.3.2.2 Increasing Overlay Thickness

Thick overlays constructed with a high quality dense graded asphalt

mix and low viscosity asphalt considerably delays reflection cracking. It is

the easiest but usually the most expensive alternative.

Usually an overlay more than 4 in. thick causes clearance and shoulder

elevation problems. Expenditures incurred on all the related changes added

to the cost of a thick AC overlay may make it an uneconomical option.

3.3.2.3 Cracking and Seating

A PCC slab broken into small sections (2 ft to 6 ft fragments) and

properly seated with the help of a roller effectively reduces reflection

cracking. To achieve the best results in Illinois the size of the broken sec-

tions should be 4 sq ft to 6 sq ft and the length of such fragments should be

equal to or slightly longer than its width. In warmer regions length/width of

a broken sections could be a little greater but should not exceed 6 ft in any

case.

The cracking and seating procedure is not recommended for jointed re-
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inforced concrete pavement which performs as a structural section. The

cracking and seating operation reduces the structural integrity of the exist-

ing pavement and it requires a much thicker overlay. A thick overlay not

only increases the cost but also creates problems of clearance and shoulder

edge drop off. This method involves more money, more time, and heavy

equipment and should only be used if the pavement is severely cracked/

faulted and no longer behaves as a structural section.

3.3.2.4 Sawing and Sealing Joints in AC Overlay

Sawing and sealing joints in an AC overlay is an effective way to

avoid further deterioration of a reflected crack. It only works well if the saw

cut is accurate in relation to the underlying concrete joint. Mismatched

joints may reflect as another crack adjacent to the saw cut joint. It is best

suited for JRCP with longer slab length. On slabs with mid crack or slabs

having small slab length, it becomes uneconomical due to the amount of

saw cut work.

3.3.2.5 Crack Arresting Interlayer (Granular Layer)

Large aggregate size and large void space can result in rutting prob-

lems because of mix instability. Due to larger size of aggregate, total over-

lay thickness is usually 6 in. to 10 in. The thick overlay causes clearance and

shoulder elevation problems.

3.3.2.6 Bond Breakers

A bond breaker in the immediate vicinity of the joint/crack and pro-

vides limited degree of stress relief in the overlay. It is not very effective
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because of the following reasons:

a) Use of Wax paper or aluminum foil may break the bond but do not

transfer enough shear force to the underlying pavement. Slippage may oc-

cur under the wheels of an accelerating, decelerating, or sharply turning ve-

hicle.

b) Stone dust does not remain an effective bond breaker for a long period

of time. Usually some asphalt cement flows to create bond between the

stone dust and the underlying pavement. It is also difficult to spread a uni-

form thickness of the stone dust around the joint/crack.

3.3.2.7 Stress Absorbing Membrane Interlayer (SAMI)

Cracks do propagate through the SAMI and the overlay but travel at

comparatively slower rate than in control sections. The performance of

SAMI under the overlays on flexible pavements with fatigue cracking has

been better than those under overlays on rigid pavements with thermal

cracking. A treatment applied to the full width of the old pavement has pro-

duced better results than the one only applied around the jointicrack.

A SAMI with lower stiffness is more effective than the one with

higher stiffness. The stiffness should not be so low that slippage could oc-

cur under the wheels due to a suddenly stopping or sharply turning vehicle.

Stiffness of the SAMI without aggregate varies from 6500 psi to 7500 psi at

70 F to 75 F.

Since stiffness of SAMI is inversely proportional to the thickness of

the SAMI, a thicker SAMI will be more effective. Usually the thickness of
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SAMI varies from 0.25 in. to 0.375 in.

3.3.2.8 Geogrid or Geotextile Reinforcement

Geotextiles have performed poor to excellent in the past. In most

cases they effectively retarded the growth of reflection cracking. This is

particularly true in the first three to four years. Use of such interlayers has

enhanced the life of overlays and reduced their maintenance cost in some

cases.

Geosynthetics can improve the overlay performance by the follow-

ing mechanisms:

a) Act as reinforcement.

b) Act as stress relieving interlayer.

c) Reduce surface water infiltration.

To act as reinforcement, the geosynthetic must have a minimum of

“Very Stiff” classification (Table 9) and it should have more than 4000 lbs/

in. secant stiffness. (Stiffness is equal to modulus of elasticity times thick-

ness of the geotextile.)

A reinforced interlayer only delays and does not completely stop the

crack. It tries to dissipate the stored energy by changing the direction of the

crack from vertical to horizontal along the interface between the reinforce-

ment and the underlying material.

Geotextiles with lower stiffness will act as a stress relieving interlayer in

the pavement and reduce the stress at the tip of the joint.lcrack. Most paving
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geotextiles used in the past fall into this category and display less than 4000

lbs/in. stiffness. They actasastress relieving interlayer instead ofarein-

forcement. Softer and thicker geotextiles can perform best as stress reliev-

ing interlayers.

Asphalt impregnated geotextile interlayers will remain intact even after

moderate cracking occurs in an overlay. Such interlayers also act as im-

permeable layers and do not let surface water flow into the base. This will

eliminate pumping, reduce differential vertical settlement, and lower the

moisture gradient which is a major cause of warping in the slab.

Geotextiles have performed better in the pavements with load

associated distresses (alligator cracking), than those with thermal cracking

in cold regions.

The performance of geotextiles has been greatly influenced by the

amount of horizontal displacement at the jointicrack. It has been experi-

enced that:

a) For less than 0.02 in. horizontal displacement, geotextiles are not re-

quired.

b) Geotextiles are most effective on the pavements with 0.02 in. to 0.07

in. of opening movement at the joint/crack.

c) Geotextiles normally can not withstand an opening movement more

than 0.07 in. wide.

Geotextiles have performed very well on pavements with fatigue dis-

tress such as closely spaced alligator cracking. Their performance is af-
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fected by the initial crack width. Geotextiles used over fatigue cracks, less

than 1/8 in. wide have produced the best results. Geotextiles placed on

pavements with more than 3/8 in. wide fatigue cracks did not performed

well. Cracks wider than 3/8 in. should be filled with rigid filler prior to geo-

textile placement.

Though geotextiles have performed fairly well in cases of horizontal

joint/crack movement, their effectiveness against vertical joint/crack

deflection has been questionable. Pavements with less than 0.002 in. verti-

cal deflection usually don’t require geotextiles. Geotextiles are partially ef-

fective in the range of 0.002 in. to 0.008 in. vertical joint/crack movement.

For the pavements having more than 0.008 in. vertical joint deflection a

geotextile interlayer is ineffective and a minimum of 4 in. thick overlay is

needed to effectively retard the reflection cracking.

A thicker overlay quite effectively reduces crack propagation but it is

not as cost effective as the geotextile interlayer. Use of geotextiles can re-

duce the required overlay thickness and decrease cost. From past experi-

ence it has been noted that most geotextiles are equivalent to 1 in. to 1.5 in.

of AC in relation to reflection control.

The correct amount of tack coat is important for best performance of a

geotextile interlayer. Application of too much tack coat reduces the shear

resistance at the intetiace. This may result in slippage and tearing at critical

locations where vehicles accelerate, decelerate, or make sharp turns. On the

other hand too little tack coat will result in poor bond between the geotextile
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and overlay/PCC pavement and will reduce the stress relieving abilit y. The

following relationship is recommended to estimate the correct

amount of tack coat:

N-c = o.05(n’v)O”M Equation 1

Where:

RTC=Recommended tack coat rate (gal/sq yd)

T=Geotextile thickness (roils)

W=Geotextile weight (oz/sq yd)

Equation 1 includes an allowance of 0.05 gal/sq yd for absorption by the

underlying pavement (surface hunger).

Wrinkles in the paving geotextiles can be a source of premature crack-

ing in an AC overlay. Heavier or thicker geotextiles (8 oz/sq yd or more)

develop less wrinkling during construction as compared to thinner geotex-

tiles (4 oz/sq yd or less). Stiffer geotextiles also develop less wrinkles than

softer geotextiles of equal weight.
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CHAPTER 4

PROPOSED ISAC SYSTEM

4.1 Introduction

After carrying out indepth study of the causes and phenomenon of reflec-

tion cracking and the behavior and performance of overlays with interlayers, it is

felt that neither SAMI nor geotextile can completely stop the initiation of crack-

ing. A stress relieving interlayer (rubber asphalt or thick geotextile with low

stiffness) allows for some deformation and reduces stress at the crack tip but

often some stress still remains undissipated and a crack will form in the overlay

if the tensile strength of the asphalt concrete is exceeded. When a high stiffness

interlayer is used, it provides reinforcement to the AC overlay and temporarily

retards the movement of the crack. Since it does not allow any relative move-

ment between the overlay and the underlying pavemen~ the upward moving

crack changes direction and starts moving laterally along the interface between

the reinforcement and the underlying material (failure mode-3, in Section

3.2.9.3). The crack movement can be effectively controlled if a composite layer

consisting of geotextile and SAMI is provided in such a way that it relieves

stress at the crack tip and at the same time provides reinforcement to the overlay.

Such a composite layer could contain the upward propagation of a crack and

dissipate the stress at the tip of the joint/crack. To take advantage of the ob-
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served performance characteristics of these applications a composite geotextile

and rubber asphalt material named ‘‘Interlayer Stress Absorbing Composite

(ISAC)” is suggested to be introduced between the overlay and the underlying

pavement. ISAC will be designed to effectively stop the upward propagation of

a crack in the AC overlay and to also adequately reinforce the AC overlay.

4.2 Interlayer Stress Absorbing Composite (ISAC)

The proposed ISAC system is shown in Figure 32a and Figure 32b. ISAC

consists of a low stiff%ess geotextile a rubber asphalt membrane, and a high stiff-

ness geotextile.

Ss

\
G LOW stiffness geotextile

Figure 32a: Interlayer Stress Absorbing Composite (ISAC)

t

Ss

=C Slab

Figure 32 b: ISAC Placed Between PCC Slab &AC Overlay

4.2.1

A

Low Stiffness Geotextile

low modulus, low stiff%ess geotextile will be provided at the bottom of
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the composite interlayer. This layer will serve the following three functions:

a) Contain the rubber asphalt membrane.

b) Fully bond with the existing pavement with the help of a tack coat.

c) Because of low stifihess, it will accommodate sufficiently large strain at

the jointicrack so as to allow horizontal movement of the underlying pave-

ment without breaking its bond with the slab.

4.2.2 Rubber Asphalt Membrane

A blend of vulcanized rubber (25% to 30 %by weight) and appropriate

viscosity asphalt (70 ‘ZOto 7570 by weight) will be prepared at temperature of

300 F to 400 F to form a rubber asphalt core of desired viscosity and stiffness

for ISAC. It will be cooled to a temperature range of 250 F to 300 F and then a

0.125 in. to 0.375 in. thick layer of this blend (rubber asphalt)will be placed

between the two layers of geotextile. This sandwiched rubber asphalt mem-

brane is intended to serve the following two functions:

a) Provide flexible bond between two geotextiles.

b) Act as a stress absorbing membrane interlayer (SAMI) and allow rela-

tive horizontal movement between the two geotextiles and between the over-

lay and the underlying pavement so as to reduce the stress at the tip of the

jointlcrack.

4.23 High Stiffness Geotextile

A high modulus, high stiffness geotextile will form the upper layer of

ISAC. According to the class~lcation given in Table 9, it will be a “very

stiff’ geotextile and it will have a stiffness greater than 4000 lbsh This layer
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is intended to serve the following three functions:

a) Contain the rubber asphalt membrane.

b) Fully bond with the overlay.

c) Provide high stiffness and reinforcement to the overlay. Even at high

stress value, it should allow very little strain in the overlay and therefore pre-

vent propagation of any crack.

4.3 Installation of ISAC

An appropriate quantity of tack coat (quantity recommended in Equation

1 Section 3.3.2.8) should be applied on the existing pavement surface prior to

placement of ISAC. ISAC is placed with the low stiffness geotextile towards the

bottom and the high stiffness geotextile towards the top, Figure 32 b. A tack coat

is again applied on the upper surface of the ISAC layer and the overlay is then

placed.

4.4 Anticipated Operating Mechanism

Once thermal contraction takes place in the underlying pavement as a re-

sult of seasonal/daily temperature drop, horizontal displacement of the underly-

ing pavement takes place and the existing jointicrack spacing increases.

The low stiffhess geotextile, which is fully bonded with the underlying

pavemen~ except at the joint/crack (between points a and b, Figure 33 a) allows

large strain in the unbounded portion. The increase in length is equal to the ex-

pansion taking place at the jointicrack caused by the thermal contraction taking

place in the slab, Figure 33 b. Since the two geotextile layers are bonded with
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Figure 33 b: Pavement Conditi~n A; Low Temperature – Stage 1
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Viscoelastic rubber asphalt strains to
the movement of the crack/joint and the
tension in the upper geotextile relaxes.

Figure 33 c: Pavement Condition At Low Temperature - Stage 2
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each other through the rubber asphalt membrane, horizontal movement of the

lower geotextile (low stiffness geotextile) will induce some tensile stress in the

upper geotextile (high st.ifhess geotextile), in the area immediately above the

jointicrack ( Figure 33b). The upper geotextile due to its high stiffness will expe-

rience very little strain and will limit the stress in the overlay which is bonded to

it. The two geotextile layers are bonded with each other with the help of a rubber

asphalt membrane, which is a viscoelastic material. Due to its viscoelastic prop-

erties the rubber asphalt will gradually relax and consequently the tensile stress

in the upper geotextile (high stiffness geotextile) will be minimal, Figure 33 c.
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CHAPTER 5

ISAC DEVELOPMENT AND

EVALUATION PROCEDURES

5.1 Introduction

The goal of this study is to design an “Interlayer Stress Absorbing Com-

posite (ISAC)’’which can effectively alleviate/mitigate the problem of reflection

cracking in AC overlays. This involves development, fabrication, and finally the

evaluation of ISAC. Techniques used in the past to mitigate reflection cracking

have shown positive results under certain conditions but have given poor perfor-

mance once subjected to the range of field conditions. ISAC will be tested and

evaluated in the laboratory by keeping in mind the findings in Chapter 3 and by

simulating field conditions as close as possible.

Although in the literature review it is observed that reflection cracking is

attributed to both vertical and horizontal movement of the slab at the joint/crack

it has been noticed that major damage to the overlay occurs from the horizontal

movement of the slab with temperature variance. To achieve simplicity the effect

of traffic load has not been considered in this study.
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5.2 lSAC Development and Evaluation Procedures

The following procedures have been used to develop and evaluate the ISAC

system:

a) Through the use of various thermal/structural models and laboratory

equipment, determine the properties of materials needed for an “Interlayer

Stress Absorbing Composite (ISAC) system.”

b) Fabricate one or more ISAC systems which will mitigate reflection crack-

ing in AC overlays.

c) Conduct laboratory testing and evaluate the performance of one or more

ISAC systems by comparing them with a control section.

5.3 Research Approach

In order to develop and evaluate the ISAC system the following research ap-

proach was taken:

5.3.1 Phase 1- Preparation Testing and Classiilcation of Materials

The Climate–Materials-Structural (CMS) pavement model (model de-

veloped at the University of Illinois) (14) was used to establish the operating

temperature range in multilayered pavement systems for typical Northern Illi-

nois climatic conditions.

Several samples of rubber asphalt were prepared by mixing the crumb

rubber with different type of asphalt cements at different asphalt to rubber ra-

tios at a particular temperature. Properties of the materials intended to be used

in the ISAC system were established by carrying out various tests. Materials

were then selected based on their properties.
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5.3.2 Phase 2- Fabrication of Prototype ISAC System

After all the materials intended to be used in the ISAC system have been

selected based on their properties, several prototype ISAC systems will be

fabricated. these ISAC systems will consist of different type of materials with

varying rubber asphalt thickness.

5.3.3 Phase 3- Laboratory Testing and Evaluation of ISAC System

ISAC will be placed over a cracked or jointed PCC slab, prior to placing

an AC overlay. Field conditions will be simulated in the laboratory to evaluate

the behavior of an AC overlay placed on a cracked or jointed PCC slab treated

with an ISAC layer. Thermal strain in the slab will be simulated by use of a

mechanical device and the overlay will be monitored for reflection cracking.

The performance of ISAC will be evaluated in relation to simulated thermal

cycles. The performance of the ISAC system will be compared with a control

pavement without ISAC.

5.4 Assumptions

Testing will be carried out with the following assumptions:

a)

b)

Slab length =15 ft.

Coefficient of them-d contraction of concrete/

asphalt concrete =6E–6 in. /in. /F.

c) ISAC is fully bonded with the underlying pavement

as well as with the overlay.

d) Northern Illinois climatic conditions.

e) No moisture gradient exists in the pavement.
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f) Pre overlay repair has been carried out and all the slabs with voids underneath

and with poor load transfer, showing Benkleman Beam vertical deflection across

the jointicrack more than 0.002 in., have been either repaired or replaced.

Since the vertical deflection across the joint/crack is very low (less than 0.002

in.) contribution of traffic towards the initiation of reflection cracking is very

small. The effects of trai%c load is neglected in this study to achieve simplicity.

However trafiic loads will be considered at a later time during field evaluation.
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CHAPTER 6

MATERIALS SELECTION AND

PREPARATION OF ISAC

6.1 Introduction

To effectively approach the design problem of an ISAC system it is considered

necessary to identify the properties of the materials intended to be used in the sys-

tem. Woven and non woven geotextile samples need to be tested for their engi-

neering properties and their behavior needs to be studied under simulated field

conditions. Several samples of rubber asphalt have to be prepared by blending

various ratios of crumb rubber with different types and ratios of asphalt cements

and its behavior has to be studied at varying temperatures and rates of deforma-

tion. Use of various thermal/structural models has been made to determine the ex-

treme temperatures likely to be encountered in the field and various laboratory

testing procedures have been developed to duplicate field conditions in the labo-

ratory.

6.2 Temperature Effects

A major cause of reflection cracking is seasonalldaily temperature variation in

the pavement. It is thus imperative to know the range of temperatures which influ-

ence pavement behavior. This temperature range will not only provide the maxi-

mum seasonal/daily thermal variation required to calculate movement in the PCC

slab, but will also give the average maximum and minimum temperatures to

which ISAC will be exposed. Durability and performance of the materials in-

–74-



tended to be used in ISAC can thus be tested within this range of temperature.

6.2.1 Maximum Seasonal/Daily Temperature Variations in the Pavement

The Climate–Materials–Stmctural (CMS) pavement model ( 14) was used

to find the maximum and minimum daily temperatures in the pavement for an

average year. The CMS model was used to provide the temperature in a pave-

ment at a particular depth and at a particular time of the year in Northern Illi-

nois area. A pavement section consisting of a 10 in. thick PCC slab, 0.25 in.

thick ISAC layer, and 2.5 in. thick AC overlay was assumed in the CMS model.

Maximum and minimum daily temperatures at four different points in the

pavement including at the surface, mid depth of AC overlay, interface (center

of ISAC), and at mid depth of the PCC slab as shown in Figure 34 were com-

puted for atypical year. Details of these results are shown in Appendix A. The

results are presented in Figures 35,36,37, and 38. The maximum seasonal and

daily temperature variations are also shown in Appendix A as well as in Fig-

ures 35 through 38

Surface=

-75-



1Oc

60

60

~

2

~

40

20

0

‘1
------.--------------.--/ Max Daily Temp

Max Seasonal Variation ) Y
=89F f Max Daily Variation L

/

= 43.5 F

/

v

/T
‘“l

/ ~

~D.Y..m) \

J ------.-

Jan Feb Mar Apr May Ju.n July Aug Sep oct Nov DeC

Time of the Year

Figure 35: Yearly Temperature Variation At
the Overlay Surface

–76-



10(

6(

60

~

;

t?

a

20

0
111111111 II

u Feb Mar Apr May Jun July Aug Sep oct Nov D(?C

Time of the Year

Figure 36: Yearly Temperature Variation At Mid Depth
of the AC Overlay

-77-



100

60

. . . . . . ------ ------ ---

Max Daily Temp

1 /;~

\

Max Daily Variation
=1 .5 F

Max Seasonal Variation
=58F

,// “-h\
An I [ If” Min Daily Tem# { \w

/

LJ7’120‘wJt____

“1 (
\\

‘L

I

0
I I I I I I I I I I I

Jan Feb Mar Apr May Jun July Aug Sep &t Nov DeC

Time of the Year

Figure 37: Yearly Temperature Variation At Interface
(Center of ISAC)

-78-



101

8(

6C

~

?

~

40

20

0

Max Seasonal Variation
=48F

I I I I I I I I I I I

n Feb Mar Apr May Jun July Aug Sep Ott Nov Dec

Time of the Year

Figure 38: Yearly Temperature Variation At Mid Depth
of The PCC Slab

-79-

lp



Some of the important climatic parameters from Figure 35 through Figure 38

are presented in Table 10.

Table 10: Temperature Range and Temperature Variation
in the Pavement

Point of Interest
Maximum Seasonal Variation

;/No (F) Maximum
Daily

in Min Max Variation
Temp Temp Max (F)

The Pavement During During Seasonal
The The Variation
Year Year

1. At the surface 10 99 89 43.5
(Top of the overlay)

2. At mid depth in 13.5 90 76.5 31
the overlay

3. At Interface 16.5 74.5 58 13.5
(Center of ISAC)

4. Mid Depth in 19 67 48 8.5
PCC slab

6.2.2 Temperature Study Results

Based on the summary of important climatic parameters in Table 10 the fol-

lowing temperature variations are observed:

a) The jointicrack opening due to slab contraction could be calculated,

based on maximum seasonal variation of 58 F for slab contraction and 76.5 F

for AC overlay contraction in Northern Illinois.

b) The maximum daily temperature variation at the center of the slab is 8.5

F which is relatively insignificant for jointlcrack opening calculations.

c) The ISAC materials will be exposed to extreme temperatures in the range
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of 16.5 F to 74.5 F.

6.2.3 Joint/Crack Opening Calculations

Low temperatures in winter causes a PCC slab to contract and open the

existing joints/cracks, Figure 39 a. Since the AC overlay is fully bonded with

the underlying pavement, tensile stress is created in the overlay directly above

the joint/crack. Overlay material on the other hand also contracts in response to

low temperature. Reduced length of the overlay, in the area

Unbended portion of overlay
above the joint contracts
due to low temp \

(a)

Tensile Stress due to jointi Tensile stress due to overlay
crack opening caused by thermal contraction
slab contraction

D +

Figure 39:

directly above the jointicrack,

D =
(b)

Joint/Crack Opening

Cumulative tensile
stress in the overlay

D

provides further resistance to the joint opening

and induces additional tensile stress in the overlay. The total stress in the AC
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overlay is proportional to the net relative movement being resisted by the over-

lay, Figure 39 b.

6.2.3.1 Net Relative Movement Resisted by The Overlay

The net resisted movement between the overlay and the slab can be calcu-

lated from Figure 39 b.

Net resisted movement=Thermal contraction in the PCC Slab

+Thermal contraction in the AC overlay

directly above the jointicrack.

Net resisted movement={ Slab Length * Seasonal temp variation of the slab

* Coefficient of thermal contraction of PCC slab}

+ {Crack/joint opening * Seasonal temp variation of

AC overlay * Coefficient of thermal contraction of AC }

={ (15*12)* (58)* (6E-6) } +

{ ( 0.375)*( 76.5)* (6E-6) }

= 0.06264+ 0.00017

= 0.0628 in.

~ 0.063 in.

Note: Assuming coefficient of thermal contraction

for PCC slab and AC = 6E-6 (Ref 2)

In the above calculations viscoelastic properties of the

AC overlay have not been considered.
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6.3 Geotextile Testing

6.3.1 Engineering Properties

Eight types of woven geotextiles and two non woven geotextiles were

tested for their engineering properties. A total of seven geotextile properties

were measured in the laboratory. Initially tests were performed on control

samples (i.e., without heating the geotextile samples). The effect of heat due to

impregnation with hot rubber asphalt and laying a hot overlay was then eva-

luated to determine how these factors would influence geotextile properties.

The measured properties are summarized in Table 11 and Table 12. Standard

ASTM procedures were selected to reasonably simulate the in service condi-

tions. Weight of geotextiles was measured according to ASTM D3776 and the

thickness was measured using ASTM D 1777. The wide width tensile strength

test (ASTM D4595) was performed on non woven geotextiles. Eight inch

wide non woven geotextile specimens were tested with 4 in.

Ja

#

1
1

----- ----- -----
/I v

I IJ1 v

t Pull

--

I4 in.
--

Figure 40: Tensile Strength Test on Non Woven Geotextiles
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gauge length, Figure 40, giving an aspect ratio (specimen widtldspecimen

length ratio) of2. An aspectratioof 2wasconsidered high enough toensure

that ’necking’’ and “roping’’ofthe geotextiledoes notoccur andlaterally re-

strained field conditions are maintained. For woven geotextiles, a narrow strip

test with specimen 1 in. wide and 4 in. gauge length, Figure 41, was

~Pull

/

‘1

/
Geotex~i~esample

tPull
Figure 41: Tensile Strength Test on Woven Geotextiles

carried out, since an uneven stress

specimens (more than 1 in. wide) of

distribution was observed in the wider

woven geotextiles at the time of failure.

Also the wide strip tensile strength of the woven specimens would have ex-

ceeded the capacity of the standard geotextiles grips due to their high tensile

strength. No problem of “necking” and “roping” was observed in case of nar-

row strip test. Tests were performed at room temperature and loading rate of

0.5 in./min was used.

The tensile force per in. width of Geotextile was defined as tensile stress.

The tensile stress vs strain relations for the selected geotextiles are shown in

Figures 42 through51. From Figures 42 through 51 and Table 11 the modulus

at 5% and 10% strain and modulus at failure were computed. The modulus at
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failure is defined as “The ratio of stress to strain at failure”. Failure was con-

sidered when any of the following conditions occurred:

in

a) Tearing of the geotextile took place.

b) Tensile load reached a peak value and then reduced with further increase

strain.

c) An elongation of 50 % of the original length occurred.

The computed moduli are shown graphically in Figure 52.

A heat transfer model developed in the University of Illinois (36) was used

to evaluate the influence of temperature on different geotextiles strength prop-

erties. A 3 in. thick overlay at initial temperature of 300 F was assumed to be

placed on the geotextile and a heat dissipation curve was developed, Figure

53. Influence of 3 in. thick AC overlay at initial temperature of 300 F on the

geotextiles was simulated by placing the geotextile samples in an oven with

the temperature gradient similar to the one shown in Figure 53. The change in

geotextile length was then measured and percent shrinkage for each geotextile

was computed. The samples were also tested for tensile strength and moduli at

5 % and 10 % strain and at failure. The tensile strength and moduli of the geo-

textiles before and after placing a 3 in. thick, 300 F hot overlay are also shown

in Figures 42 through 51 and Figure 54 respectively.
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Table 11: Modulus Values for Various Geotextiles

I
UJ
m
I

—

3/
Wa

x

B

c

D

E

—

Geotex-
tile

Type

TT 200/50
Woven Polye-
ster Fabric
(Bidim Rock)
200/100
Woven Polye-
ster Geotextih
(Huesker)
GTF-1OOOT
(EXXON)
(Woven)

GTF-1500T
(EXXON)
(Woven)

GTF-400E
(EXXON)
(Woven)

lirectiorn

of

Test

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Modulus @ 5 9i0 Strain

Applied
Stress

(0
(lbs/in.)

268
195
140
108
248
192
53
47
155
110
187
128
182
110
189
135
75
57
50
66

_.smL

Strain
(e)

(in./in.)

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

Note:– A –Modulus values for geotextile before placing an AC overlay

Modulus
@5%

Strain
=Ms=f/e
(lbslin.)

5360
3900
2800
2160
4960
3840
1060
940
3100
2200
3740
2560
3640
2200
3780
2700
1500
1140
1000
1320

Modulus @ 10 $ZOStrain

Applied
Stress

(f)
(lbs/in.)

623
378
356
230
616
423
124
117
363
240
343
230
603
327
460
265
151
113
112
143

-sYhQL

Strain
(e)

(in./in.)

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Modulus
@lo%

Strain
=Mlo=f/e

(lbslin.)

6230
3780
3560
2300
6160
4230
1240
1170
3630
2400
3430
2300
6030
3270
4600
2650
1510
1130
1120
1430

Modulus/O- at Failure

Ultimat(
Tensile
Stress

(f)
(lbs/in.)

1165
1089
448
471
930
869
557
570
922
860
771
758
1304
1270
792
785
278
190
189
264

_sw---
Strain
at Faihnx
(e)

(in./in.)

0.175
0.2125
0.125
0.1625
0.1625
0.1875
0.2625
0.275
0.2
0.2375
0.1875
0.225
0.2
0.2625
0.1625
0..2
0.1875
0.175
0.175
0.1875

Vlodulu
at

Failure
❑M=fle
(lbslin.

6657
5124
3584
2898
5723
4634
2122
2073
4610
3621
4112
3369
6520
4838
4873
3925
1482
1085
1080
1408

B –Modulus values for geotextile after placing a 3 in. thick 300 F hot AC overlay



Table 11: Modulus Values for Various Geotextiles

Geotex-
tile

Type

GTF-200S
(EXXON)
(Woven)

Robusta
(Woven)

Nicolon
(Woven)

AMMOCO
4545
(Non Woven)

GTF-125EX
(EXXON)
(Non Woven)

._A –Modulus vail

Directiol

of

Test

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

s for geotexl

Modulus @ 5 !%Strain

Applied
Stress

(f)
(lbs/in.)

51
59
31
26
152
113
107
98
36
28
49
40
20
18
24
22
57
41
40
37

;before placl

aE!--

Strain
(e)

(in./in.)

0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05
0.05

an AC over
B -Modulus values for geotextile after placing a 3 in. thick 3(

Modulus
@s%

Strain
=Ms=f/e
(lbslin.)

1020
1180
620
520
3040
2260
2140
1960
720
560
980
800
400
360
480
440
1140
820
800
740

/

Modulus @ 10 !ZO Strain

Applied
Stress

(f)
(Ibsfin.)

111
115
70
62
444
344
261
247
70
61
102
85
45
40
70
61
113
98
103
100

F hot AC overlay

-JMM!)-

Strain
(e)

(in./in.)

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

I

0.1
0.1

Modulus
@lo%

Strain
=Mlo=f/e

(lbs/in.)
1110
1150
700
620
4440
3440
2610
2470
700
610
1020
850
450
400
700
610
1130
980
1030
1000

Modulus at Failure

Ultimate
Tensile
Stress

(f)
(lbslin.)

194
173
142
129
642
530
312
298
228
211
139
117
387
385
576
567
470
462
341
338

smL--
Strain
at Failur~
(e)

(in./in.)

0.2125
0.175
0.2625
0.225
0.15
0.15
0.125
0.125
0.275
0.275
0.15
0.15
0.5375
0.5375
0.5375
0.5375
0.4375 ~
0.4225
0.3375
0.3375

Modulu:
at

Failure
=Mt=fle

(lbs/in.
913
989
541
573
4280
3533
2496
2384
829
767
926
780
720
716
1071
1054
1074
1093
1010
1001



Table 12: Engineering Properties of Geotextiles

UN{

A

B

c

D

E

rGeotextile Weight
~pe

oz/sq yd

TT 200/50
Woven Polye-
ster Fabric
(Bidim Rock)
200/100
Woven Polye-
ster Geotextik
(Huesker)
GTF-1OOOT
(EXXON)

16.5

15.5

17.5

GTF-1500T 22.5
(EXXON)
(Woven)

GTF-400E I 6
(EXXON)
(Woven)

1 1

Jote:– A – Values for geotextile before p]

Thick
ness

(Mils)

51

28

30

40

28

:ing an Al

Dire-
ction

of
Test

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

overlay

Engineering Properties of Geotextile

Shrinkage Due
to Simulated
3 in. thick&
300 F hot AC
overlay

(%)

1.5

2.25

3

1.5

3

2.25

3

3

3

2.75

vlodulu,
@s%
Strain

(Ms)
(lbslin.)

5360
3900
2800
2160
4960
3840
1060
940
3100
2200
3740
2560
3640
2200
3780
2700
1500
1140
1000
1320

Moduli
Modulus
@lo%
Strain
(Mlo)

(lbs/in.)

6230
3780
3560
2300
6160
4230
1240
1170
3630
2400
3430
2300
6030
3270
4600
2650
1510
1130
1120
1430

Modulus at
Fai

vloduluf
(Mf)
lbslin.)

6657
5124
3584
2898
5723
4634
2122
2073
4610
3621
4112
3369
6520
4838
4873
3925
1482
1085
1080
1408

ure
Strain al
Failure
(%)

17.5
21.25
12.5
16.25
16.25
18.75
26.25
27.5
20
23.75
18.75
22.5
20
26.25
16.25
20
18.75
17.5
17.5
18.75

Ultimate
Tensile Strength

Tensile
Strength
(lbslin.)

1165
1089
448
471
930
869
557
570
922
860
771
758
1304
1270
792
785
278
190
189
264

$train al
Failure

(%)

17.5
21.25
12.5
16.25
16.25
18.75
26.25
27.5
20
23.75
18.75
22.5
20
26.25
16.25
20
18.75
17.5
17.5
18.75

B - Values for geotextile after placing a 3 in. thick& 300 F hot AC overlay



Table 12: Engineering Properties of Geotextiles

m

T

G

H

I

J

Geotextile
~pe

GTF-200S
(EXXON)
(Woven)

Robusta
(Woven)

Nicolon
(Woven)

AMOCO
4545
(Non Woven)

GTF-125EX
(EXXON)
(Non Woven)

Weight

Odsq yc

4.25

12.5

5.75

4.5

4

Thick
ness

(Mils)

26

40

27

45

40

Dire–
ction

of
Test

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Mach A
B

Cross A
B

Engineering Properties of Geotextile

Shrinkage Due
to Simulated
3 in. thick&
300 F hot AC
overlay

(%)

2

3

4.75

4.75

3

2.25

.75

1.25

.5

.75

[ote:– A – Values for geotextile before placing an AC overlay
B – Values for geotextile after placing a 3 in. thick& 300 F hot AC overlay

l!lodulu
@5%
Strain

(M5)

(lbs/in.)

1020
1180
620
520
3040
2260
2140
1960
720
560
980
800
400
360
480
440
1140
820
800
740

N
Modulu!
@lo%
Strain
(Mlo)

(lbslin.)

1110
1150
700
620
4440
3440
2610
2470
700
610
1020
850
450
400
700
610
1130
980
1030
1000

Modulus at
Fa

vlodulu,
(Mf)
lbslin.)

913
989
541
573
4280
3535
2496
2384
829
767
926
780
720
716
1071
1054
1074
1093
1010
1001

ure
strain a
Failure
(%)

21.25
17.5
26.25
22.5
15
15
12.5
12.5
27.5
27.5
15
15
53.75
53.75
53.75
53.75
43.75
42.25
33.75
33.75

Ultimate
Tensile Strength

Tensile
Strength
(lbs/in)

194
173
142
129
642
530
312
298
228
211
139
117
387
385
576
567
470
462
341
338

Strain al
Failure

(%)

21.25
17.5
26.25
22.5
15
15
12.5
12.5
27.5
27.5
15
15
53.75
53.75
53.75
53.75
43.75
42.25
33.75
33.75
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6.3.2 Summary From Test Results

The following conclusions can be drawn from the geotextile testing program:

a) All the geotextiles exhibited different characteristics in machine and

cross machine direction.

b) All geotextiles except AMOCO 4545 were stronger in the machine

direction and weaker in cross machine direction.

c) For all geotextiles, the modulus at 10 % strain was higher than modulus

at 5910strain. Most of the geotextiles, except Huesker 200/100, Robusta and

GTF 200S (EXXON) had modulus at failure higher than that at 10 % strain.

d) Influence of 3 in. thick AC overlay at initial temperature of 300 F on the

geotextiles was simulated by placing the geotextile samples in an oven with

the temperature gradient similar to that shown in Figure 53. Shrinkage in most

of the geotextiles due to contact with hot AC varied from 1.5910to 3 Yo. Maxi-

mum shrinkage took place in Robusta which was 4.7570.

e) Significant reduction in moduli of most of the geotextiles took place due

to the AC temperatures. The reduction in moduli was more significant in wo-

ven geotextiles than in non woven geotextiles.

f) Bidim Rock TT 200/50 showed highest moduli and highest ultimate

strength. It also displayed the lowest shrinkage and minimum reduction in

moduli due to an AC overlay.
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6.4 Preparation and Testing of Rubber Asphalt

6.4.1 Preparation of Rubber Asphalt

Three samples of rubber asphalt were prepared using asphalt cements

AC–5, AC–10, and AC–20. Each sample was prepared by blending crumb

rubber (25 $ZOby weight) with an appropriate type of asphalt cement (75 9Z0by

weight) in a container and heating at a temperature of 400 F for 20 min. The

mixture was then cooled to a temperature of 300 F and used to fabricate the test

specimens. The properties of the three asphalt cements utilized in this testing

program are shown in Table 13. Vulcanized rubber in crumb form was used in

the rubber asphalt mix. The specific gravity of the rubber in crumb form was

measured as 0.408.

Table 13: Asphalt Cement Test Results

Asphalt Type

S/No Properties of Asphalt
AC-5 AC–10 AC–20

1 Viscosity @ 140 F (Poise) 700 1378 2437
2 Viscosity @ 275 F (c St) 239 326 440
3 Penetration @ 39.2 F (dmm) 41 32 17
4 Penetration @ 77 F (drnrn) 119 96 60
5 R & B Softening point(F) 43 47 51
6 Specific Gravity @ 60 F 1.0226 1.0219 1.0293

6.4.2 Specimen Fabrication and Test Description

Testing procedures were developed to study the behavior of rubber as-

phalt when exposed to different field conditions. The effects of temperatures

and rates of loading on the shear strength and stiffness of a 3/8 in. thick rubber
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asphalt interlayer were studied. In order to study the properties of the rubber

asphalt layer shear properties PCC blocks were formed. Two in. by 2 in. by 1

in. concrete blocks, Figure 55a, were prepared and cured for 28 days. A 3/8 in.

thick spacer was placed between the 2 in. by 2 in. faces of the concrete blocks

and they were firmly clamped together as arrangement shown in Figure 55b.

The spacer was then removed and the 2 in. by 2 in. by 1 in. space between the

two concrete blocks was filled with rubber asphalt at 300 F. The rubber asphalt

sandwiched between the two concrete blocks was allowed to cool and then the

specimens were removed from the clamp, Figure 55c. Shear tests on the speci-

mens were carried out with the apparatus shown in Figure 56. One of the con-

crete blocks (bottom one) was clamped as shown and a horizontal force was

applied on the side of the upper block so that a shear force was created in the

rubber asphalt interlayer. No load normal to the shear plane was applied. A

plot of head movement versus load was determined for each specimen using a

load cell and an X–Y plotter. The shear tests were performed at temperatures O

F, 20 F, 40 F, 60 F, 80 F and 100 F. The specimens were conditioned at the de-

sired test temperature in an environmental chamber for four hours prior to the

testing. At each temperature the specimens were sheared using six different

loading rates of 0.05 in.hnin, 0.2 in./min, 0.5 in./min, 1 in./rnin, 2 in./min, and

3 in./min. The recorded shear load was divided by the interlayer cross section-

al area, 4 in. sq, to obtain the shear strength in psi.
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Figure 55a: Concrete Block

onta.iner

Figure 55 b: Arrangement to Tightly Grip the Tkvo Concrete Blocks
and Pour 3/8 in. Thick Rubber Asphalt Interlayer

crete Block
3/8 in. Thick Rubbe
Asphalt Interlayer rete Block

Figure 55 c: Test Specimen
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Horizontal Force Applied
on the Side of the Upper

w

Figure 56: Shear Testing Device
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6.4.3 Test Results

The shear strength vs shear displacement of various rubber asphalts at dif-

ferent temperatures and rates of shear are shown in Appendix B as well as in

Figures 57 through 74.

The stiffness of various rubber asphalts at different temperatures and rates

of shear at 0.05 in. shear displacement are shown in Table 14.

The effect of temperature on stiffness of various rubber asphalts at different

deformation rates are shown in Figures 75 through 77.

The effect of rate of deformation on stiffness of various rubber asphalts at

different temperatures are shown in Figures 78 through 80.

From the test results the following rubber asphalt properties were ob-

served:

a) Rubber asphalt with AC–20 exhibited the highest shear strength/stiff-

ness. The mix with AC–5 showed the lowest shear strength/stiffness.

b) Shear strength/stiffness decreased with increase in temperature.

c) Shear strength/stiffness increased with increase in rate of deformation.

d) All three rubber asphalts showed lower shear strength/stiffness in the

range of 60 F to 100 F. The rate of increase in stiffness was, however, much

higher below 60 F at temperatures of 40 F, 20 F and O F.

e) At temperatures of 60 F and above the stress strain diagram was non

linear and the rubber asphalt behaved like a viscoelastic material.

f) At low shear rate (0.05 in.hn.in) and at low temperatures (40 F, 20 F and O

F) the stress strain diagram was non linear. As the shear rate increased, the
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stress displacement diagram became closer to linear and the behavior of rub-

ber asphalt gradually became more elastic.

g) At low shear displacement (less than 0.05 in) the stress displacement dia-

gram was fairly linear in all the cases.

h) At low temperatures (below 40 F) and high rates of deformation (more

than 2 in./min), the material became brittle and failed between 0.04 to 0.06 in.

displacement.

i) Significant increase in stiffness was noticed between 0.05 in./min to

0.5in./min shear rate. Above 0.5 in./min shear rate, the increase in stiffness

was generally less.

j) In this study the thickness of the rubber asphalt interlayer was kept

constant (3/8 in.). The effect of rubber asphalt thickness on stiffness was not

evaluated.
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x— Stress at 100 F
A — Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F
B— Stress at O F

o

Shear Displacement (in.)

Figure 57: Shear Stress vs Displacement For Rubber Asphalt With 25
Crumb Rubber &75 % AC-5 @ Shear Rate of 0.05 inhin
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10-

— Stress at 100 F
:— Stress at 80 F
+ — Stress at 60 F
+— Stress at 40 F
● — Stress at 20 F
■ — Stress at O F

i

Figure 58: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 0.05 id’min

-111–



— Stress at 100 F
:— Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F
9— Stress at O F

o

Figure 59: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-20 @ Shear Rate of 0.05 inhin
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— Stress at 100 F
L Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F
■ — Stress at O F

o

Figure 60: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-5 @ Shear Rate of 0.2 inhin
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— Stress at 100 F
:— Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F
u— Stress at O F

I

o

Shear Displacement (in.)

Figure 61: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 0.2 inhin
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— Stress at 100 F

/

: — Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F
■ — Stress at O F

o

Shear Displacement (in.)

I

Figure 62: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-20 @ Shear Rate of 0.2 inhin
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— Stress at 100 F

/

L Stress at 80 F
+— Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F

( OF material showed brittle behavior

Shear Displacement (in.)

Fignre 63: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-5 @ Shear Rate of 0.5 inhin
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— Stress at 100 F
:— Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F

( O F material showed brittle behavior)

Figure 64: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 0.5 inhin
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— Stress at 100 F
L Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F

— Stress at 20 F

( O F material showed brittle behavior)

10-

0

Figure 65: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-20 @JShear Rate of 0.5 inhin
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— Stress at 100 F
L Stress at 80 F
+— Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F

( O F material showed brittle behavior)

o

Shear Displacement (in.)

Figure 66: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber & 75 % AC-5 @ Shear Rate of 1 inh.in
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— Stress at 100 F
i— Stress at 80 F
+— Stress at 60 F
+— Stress at 40 F
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● — Stress at 20 F
( O F material showed brittle behavior)
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Mao 0.100

Shear Displacement (in.)

Figure 67: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 1 inhin
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x— Stress at 100 F
A — Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F
● — Stress at 20 F

( O F material showed brittle behavior)

10-

0

Figure 68: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-20 @ Shear Rate of 1 inAnin
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— Stress at 100 F
:— Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F

( O F and 20 F materials showed brittle behavior)

Figure 69: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-5 @ Shear Rate of 2 inhin
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— Stress at 100 F
:— Stress at 80 F
+— Stress at 60 F
+— Stress at 40 F

( O F and 20 F materials showed brittle behavior)
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Figure 70: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 2 idmin
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— Stress at 100 F
L Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F

( O F and 20 F materials showed brittle

.-

behavior)

0

Shear Displacement (in.)

Figure 71: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-20 @ Shear Rate of 2 inhin
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— Stress at 100 F
L Stress at 80 F
+ — Stress at 60 F
+— Stress at 40 F

( O F and 20 F materials showed brittle behavior)

Figure 72: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber & 75 % AC–5 @! Shw Rate of 3 inhin
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— Stress at 100 F
L Stress at 80 F
+ — Stress at 60 F
● — Stress at 40 F

( O F and 20 F materials showed brittle behavior)

o

Shear Displacement (in:) 0

igure 73: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber &75 % AC-10 @ Shear Rate of 3 inhin
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— Stress at 100 F
:— Stress at 80 F
+— Stress at 60 F
● — Stress at 40 F

( O F and 20 F materials showed brittle behavior)

I A

o
O.cho O.(klo O.cho O.dEo O.foo-----

Shear Displacement (in.)

Figure 74: Shear Stress vs Displacement For Rubber Asphalt With 25 %
Crumb Rubber & 75 % AC-20 @ Shear Rate of 3 inhin
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Table 14: Stiffness Of Various Rubber Asphalts at 0.05 in. Shear Displacement
at Various Temperatures and Rates of Deformation

rype of

lubber

~sphalt

Stiffhess Of AC at Various Rates of Shear

0.2
ino/min

0.5
in./min

0.05
in./min

1
in./min

2
in./min

remp

(F

100
80

60

40

20
0
100
80

60

40

20

0
100

80

60
40
20
0

3
in./min

Stress

psi

Stiff-
ness
pci

Stress

psi

Stiff-
ness
pci

5
8
26
122
476
800
6
13
50
172
532
960
8
22
74
360
600
1160

Stiff-
ness
pci

Stiff-
ness
pci

Stress

psi

0,35
0.85
3.15
13.5

0,5
1.3
6
20

0.7
2,2
10.5
27

Stiff
ness
pci

Stress

psi

Stress

psi

Stress

psi

Stiff–
ness
pci

25%crumb

rubber+75 ~

AC-5

25% crumb

rubber+75 94

AC-10

25 % crumb

rubber+75 ~

AC-20

0.22
0.35
0.65
4.1

9.88
13,5
0.25
0.45

1,3

6,6
14,6

18,9

0,35

0.6
1.5

10.2
16,5
29

4,4

7

13

82

197,6

270

5

9

26

132
292

378

7
12

30
204

330
580

0.25
0.4
1.3

6.1
23.8
40
0.3
0.65
2.5

8.6
26.6

48

0.4
1.1

3.7
18
30
58

0.3
0.45
1.85

7,8
32,5

0.4
0.85

3.3
10.5
33,5

0.5
1.6

5.5
22

40.4

6+
9
37
156
650

8
17

66
210

670

10

32

110
440
808

6.4
15
50
240
720

9
22

92

360
840

12

40
130

464
1035

0,32
0.75
2,5
12
36

0.45
1.1

4.6

18
42

0.6
2

6.5
23.2
51.75

7

17

63

270

10
26
120

400

14

44

210

540

).37
1.1
5,5
14.3

0.55
1.7

8
22

0.9

2,6

12

32,5

7.4

22

110

278

11
34
160

440

18

52

240
650



— Stiffness at 0.05 in.hnin deformation Rate
: — Stifhess at 0.2 inhi.n deformation Rate

+ — Stiffness at 0.5 inhin deformation Rate

● — Stiffness at 1 imhin deformation Rate

● —Stiffness at 2 inh.in deformation Rate
■ —Stiffness at 3 in.hin deformation Rate

Temperature (F)

Figure 75: Stiffness vs Temperature at Various Deformation Rates For
Rubber Asphalt With 25 % Crumb Rubber& 75 % AC-5
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— Stiffness at 0.05 in.hin deformation Rate

: —Stiffhess at 0.2 inh.in deformation Rate
+ — Stiffness at 0.5 inhin deformation Rate

● —Stiffhess at 1 inhin deformation Rate

● —Stiffhess at 2 in.hin deformation Rate

\

m —SWess at 3 in.hn.in deformation Rate

Figure 76: Stiffhess vs Temperature at Various Deformation Rates For—
Rubber Asphalt With 25 % Crumb Rubber&75 % AC-10
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Figure 77: Stiffness vs Temperature at Various Deformation Rates For
Rubber Asphalt With 25 % Crumb Rubber&75 % AC-20
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Fkure 78: Stif61ess vs Rate of Deformation at Various Temperatures
For Rubber Asphalt With 25 % Crumb Rubber&75 % AC-5
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Figure 79: Stiffhess vs Rate of Deformation at Various Temperatures
For Rubber Asphalt With 25 % Crumb Rubber&75 % AC-10

-133-



1000

800

~ 8oo-

a

m
a
al

G

~

4oo-

2oo-

0-

1

— Stifhess at 100 F
:— St.i.ffhess at 80 F
+— Stiffness at 60 F
● — Stiffhess at 40 F
● — Stiffhess at 20 F
■ — Stiffhess at O F

)

m

.
n

u .
n

x

2 ;.5
i 2 3

Rate of Deformation (idmin)

Figure 80: StitThess vs Rate of Deformation at Various Temperatures
For Rubber Asphalt With 25 % Crumb Rubber&75 % AC-20

– 134-



6.5 Asphalt Concrete Mixture - Preparation and Testing

6.5.1 Materials

An AC–20 was used to prepare the asphalt concrete mix for the overlay. Stan-

dardized tests were performed on the asphalt. A summary of the test results is

given in Table 13.

Crushed limestone was obtained from the Fa.irmont Quarry in Illinois.

The aggregate gradation is shown in Table 15 and Figure 81. Standard tests

were performed to determine various physical properties of the aggregate.

The results of these tests are summarized in Table 16.

6.5.2 Mixture

The Marshall Mix Method was used to select the appropriate blend,

gradation, and optimum asphalt content for the AC overlay. The following

mix formula was selected:

Coarse aggregate — 71.4%

Fine aggregate — 18.5 %

Mineral Filler — 4.8 %

AC–20 — 5.2 %

6.5.3 Testing

ASTM procedures were followed to evaluate the Marshall mix speci-

mens. In addition a split tensile test was performed on specimens at 20 F with

a loading rate of 2 inhin. and tensile strength of AC mix at 20 F was calcu-

lated. The summary of test results is shown in Table 17.
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Table 15: Sieve Analysis of Aggregate

Sieve
No

1/2 ill
3/8 in
#4
#8
#16
#50
#loo
#200

S/No

1.

2.

3.

% Passing
coarse

gregate

100
86.4
28.9
3.2
1.9
1.8
1.7
1.6

% Passing
Fine
Aggr egate

100
100
97
87.3
76.5
18.4

1.

L

100
100
100
100
100
100
97.4
76.8

% Passing % Passing
Mineral Filler IDOT SPEC

Table 16: Aggregate Properties

90-100
66-1oo
24-65
16-48
l&32
4-15
3–lo
2-6

Aggregate Type and it’s Properties

coarse Aggp ate (Material retained on # 4 sieve)
Apparent Specific Gravity (Gsa) 2.71
Bulk Specific Gravity (Gsb) 2.59
Bulk Specific Gravity SSD (Gsbsm) 2.64
Absorption Percent 1.75

~el? ate (Material passing # 4 sieve)
Apparent Specific Gravity (Gsa) 2.70
Bulk Specific Gravity (Gsb) 2.51
Bulk Specific Gravity SSD (Gsbs?m) 2.56
Absorption Percent 2.75

Mineral Filler
Apparent Specii3c Gravity (@a) 2.65
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Table 17: Average Mixture Properties of Marshall Specimens at
Optimum Asphalt Content

S/No Mixture Properties at 5.2 % Asphalt IDOT Specs
Content (By Weight of Mix)

1 Unit Weight (l?CF) 148.8 —

2 Air Void Content 70 4 3-5
3 VMA% 12.25 14
4 VFA percent filled with asphalt% 75 —

5 Marshall Stability (Ibs) 2100 2000

6 Marshall HOW 0.01 in. 11.5 8-16

7 Tensile Strength @ 20 F (psi) 454 —
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CHAPTER 7

PREPARATION OF PROTOTYPE

ISAC SYSTEM

7.1 Introduction

An extensive study of the properties and behavior of different types of

geotextiles and rubber asphalts was conducted in Chapter 6 so that a more knowl-

edgeable selection of the materials for the ISAC System could be made. From

Table 12, Figure 52 and Figure 54 it is noticed that Bidim Rock TT 200/50 will

provide the best engineering properties in terms of a high strength geotextile on

the top side of the ISAC layer. From the same table and figures it is found that

AMOCO 4.5 oz could serve as the low strength geotextile at the bottom of the

ISAC system. Test results/behavior of rubber asphalt,Table 14, Figures 75,76,

and 77, however show that rubber asphalt made with 75 ?40AC–20 and 25 ?ZOrub-

ber has very low stiffness at high temperatures and may not satisfy the ISAC sys-

tem requirements. It is felt that ISAC, when placed under an AC overlay, will be

exposed to variable temperature conditions and all types of traflic, including ve-

hicles making sharp turns and applying sudden brakes. Therefore, there is possi-

bility of slippage between the PCC slab and the AC overlay at the rubber asphalt

interface in the ISAC system. The rubber asphalt must be tested against slippage

and if necessary the quality of rubber asphalt (its stiffness and temperature sus-

ceptibility) should be improved by use of strength modifiers.
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7.2. Fabrication Of ISAC Sample

A device shown in Figure 83 was developed to fabricate a 94 in. long and 8

in. wide ISAC sample. The device consisted of a 95 in. by 12 in. by 7/8 in. steel

plate with two parallel slots (8 in. apart) designed to accommodate side rails.

Side rails of various heights can be inserted into these slots so as to give net

height of 1/8 in., 3/16 in., and 1/4 in. above the plate. End rails of the similar

height can be freed with the help of screws at the ends of the 8 in. wide space

bounded by the two side rails. As a f~st attempt 1/8 in. side/end rails were evalu-

ated. After inserting the side rails in the slots, a layer of heavy duty foil was

placed between them to prevent the rubber asphalt from bonding to the plate. A

95 in. long and 6 in. wide section of Bidim Rock TI’ 200/50 geotextile was cut

‘1”’>t~ in. %/- ‘1”’

\ 3/16 in.
high end rail

Figure 83: Device to Fabricate an ISAC Layer
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and placed between the two side rails. The geotextile was then stretched and

fixed under the end rails with the help of screws. The fabrication device was put

into an environmental chamber at 100 F temperature. Rubber asphalt was pre-

pared by blending 75 % AC–20 and 25 % crumb rubber at 400 F for 30 min.,

cooled down to 300 F, and then placed over the high strength woven geotextile in

the fabrication mold. The rubber asphalt was spread in the space bounded by the

side rails and end rails of the mold, and leveled off by removing the excess mate-

rial. In an attempt to remove the excess material, most of the rubber asphalt came

off with the scoop. It was realized that the height of the side and end rails was too

little and a such a thin and uniform layer of rubber asphalt could not be achieved.

Above procedure was repeated with 3/16 in. high side and end rails and fairly

good results were obtained. A 94 in. long and 6 in. wide section of AMOCO 4545

geotextile was then cut and placed on top of hot rubber asphalt. A 35 lb steel roll-

er was placed with its sides resting on the side rails and manually rolled back and

forth in order to achieve a uniform ISAC layer thickness. The temperature of the

environmental chamber was then lowered to 40 F and ISAC was allowed to cool.

The end and side rails were then taken off, and the ISAC layer along with the foil

was removed. The foil was peeled off and a 3/16 in. thick 6 in. wide, and 7.5 ft

long piece of ISAC layer was ready to be used.

7.3 Check Against Slippage

7.3.1 General

The movement of an asphalt concrete overlay with respect to the underly-

ing pavement has been observed on some highways. Such failure, though not
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Figure 84: Typical Slippage Failure (Ref 44)

verycomrnon, has usually occurred inthewheelpath andintheareas where

the vehicles make sharp turns orapply sudden brakes. Typically aslippage

crackiscrescent shapedwithits archedendpointing int.redirection opposite

to that of the vehicle motion, Figure 84.

The crescent shape indicates that such cracks could occur when all of the

following conditions have been met (44):

a) Shear stress in the vertical plane of the overlay exceeded the shear
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strength of the overlay and a crack developed along the side of the braking

tire.

b) Tensile stress in the overlay behind the tire exceeded the tensile strength

of the material, causing a crack behind the braking tire.

c) Compressive strength of the overlay was exceeded, causing shoving in

front of the braking tire.

d) Shear stress at the interface produced by the braking tire exceeded the

shear strength of the interface, causing a relative movement between the over-

lay and the underlying pavement.

To be conservative in this study the tensile strength, compressive strength,

and shear strength of AC overlay in its vertical plane were not taken into ac-

count while considering the slippage failure at the interface. It was assumed

that the f~st three conditions ( (a), (b) and(c)) had occurred in the AC mix and

the slippage between the AC overlay and the underlying pavement was only

resisted by the shear strength at the ISAC interface. It will thus be ensured that

the last condition (d) does not occur.

Slippage between the AC overlay and the underlying pavement can be pre-

vented by:

a) Reducing the shear stress at the interface which can be achieved by in-

creasing the overlay thickness.

b) Increasing the shear strength between the overlay and the underlying

pavement at the interface.

The f~st solution of Increasing the overlay thickness was determined to be
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less economical than the second solution. Adequate shear strength at the inter-

face will therefore be used to prevent slippage.

In a controlled section of the pavement (without any treatment) shear

strength at the interface is developed both by adhesion and mechanical inter-

lock. Once the layer of ISAC is introduced between the AC overlay and the

PCC slab, mechanical interlock will significantly decrease and what is left is

predominantly the adhesion component of rubber asphalt contributing to-

wards shear strength at the interface. It is necessary to determine the magni-

tude of shear stress developing at the interface due to a braking vehicle, quan-

tify the shear strength of the ISAC layer, and if the former exceeds later then

the properties of rubber asphalt will have to be improved.

7.3.2 Shear Stress Developed at the Interface

The computer program “CIRCLY” (15) was used to compute the

stresses at the interface in a multi layered pavement system caused by vertical

and horizontal load inputs at the surface. The following features of the pave-

ment and traftlc were used as input values in the program:

a) Subgrade of infinite depth with an elastic modulus of 5000 psi and poi-

son’s ratio of 0.45.

b) A 10 in. thick PCC slab with an elastic modulus of 4,000,000 psi and

poison’s ratio of 0.15.

c) Asphalt concrete overlay of varying depth to include 2.5 in., 3 in., 3.5 in.

and 4 in. with an elastic modulus of 500,000 psi and poison’s ratio of 0.35.

d) A tire pressure of 90 psi was assumed.
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7.3.3 Horizontal Stress at Pavement Surface

Data relating to the braking effect of a vehicle on the pavement including

the coeftlcient of friction has been taken from the 1986 AASHTO Guide For

Pavement Design (37) and has been shown in Figure 85 and Table 18. The

force transferred to the pavement due to skid resistance is shown in Table 18.

for various vehicle speeds. In the table it may be noted that the maximum hori-

zontal force (6120 lbs) is transferred to the pavement surface at 30 MPH ve-

hicle speed. The horizontal stress at the pavement surface can now be calcu-

lated as follows:

Total vertical load on the tire= 9000 lbs

Assuming tire foot print to be circular and tire pressure =90 psi

90* (3.14159 * R2) = 9000 (R being the radius of the footprint)

R = 5.64 in.
o

1II

-R~

Horizontal force transferred to the

surface of the pavement by one tire = 6120 lbs

Horizontal stress transferred to the pavement surface= blzO/(s.ldlSg*(S.W2)

=61 .25 psi

The computer program “CIRCLY” was run using the above input val-

ues and the stresses at the interface were computed for each thickness of over-

lay. The results are shown in Appendix C and graphically plotted in Figures 86

through 90. Maximum shear stress at the interface occurred directly under the

wheel. Maximum shear stress transferred to the interface for various overlay

thicknesses is summarized in Table 19.

- 145–



~ 0“700 .. .--x- -
_.. x_-- _x . ..._x

. 0.650- t- “- ----

~ o.600-
- ‘x-----

-x----
-x --

: 0,550- -- x---
--x ----

4

E.-
t.-
~ 0.500
en

!/

x— Average coefficient of friction on dry pavement.: 0.450 A_ Average coefficient of friction on wet pavement.
10.400---- -’-k .. ... ... -A- -,~0.350 ---A--- --& --..-_&,--

‘---A----.A,---
-A----A _____ 1

u 0.251
—

20
(

3’0
I

4’0
,

so
4

6’0
I

Speed of Vehicle (MPH)
Figure 85: Variation in Coefficient of Friction

With Vehicular Speed (Ref 37)

Table 18: Braking Effect and Force Transferred To The
Pavement Due To Skid Resistance (Ref 37)

Speed
of

Vehick
(v)

(MPH)

20
25
30
35
40
45
50
55
60
65
70

Coefficient
of Friction

(0

Dry Wet
Pave- Pave
ment ment

0.66 0.4
0.675 0.38
0.68 0.35
0.675 0.34
0.66 0.32
0.64 0.31
0.62 0.30
0.60 0.30
0.58 0.29
0.56 0.29
0.54 0.28

Braking
Distance

D = ~/30j

(ft)

Dry
Pave
ment

20
31
44
60
81
105
134
168
207
251
302

Wet
Pave-
ment

33
55
86
127
167
218
278
336
414
486
583

—

Braking
Time

t = 1.3636 *D/

(See)

Dry Wet
Pave- Pave-
ment ment

1.364 2.25
1.691 3
2 3.91
2.34 4.95
2.76 5.69
3.182 6.61
3.65 7.58
4.16 8.33
4.7 9.41
5.26 10.2
5.88 11.4

Dry Wet
Pave- Pave-
ment ment

21.5 13.04
21.7 12.2
22 11.25
21.9 10.37
21.2 10.3
20.7 9.99
20.1 9.67
19.37 9.68
18.7 9.35
18.1 9.35
17.5 9.04

Horizontal Force
hansferred From
Wheel To The
Pavement On
~Applying Brakes
f+l= f * WeightOnOneWhe

= f* 9000(lbs)

Dry
I?avement

5940
6075
6120
6075
5940
5760
5580
5400
5220
5040
4860

Wet
Pavemenl

3600
3420
3150
3060
2880
2790
2700
2700
2610
2610
2520
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Horizontal Distance From The Tire Footprint Cen~r (in)

Figure 86: Shear Stress On Horizontal Plane
For 2.5 im Thick Overlay

at Interface

Horizontal Distance From The Tire Footprint Center (in)

Figure 87: Shear Stress On Horizontal Plane at Interhce
For 3 in. Thick Overlay
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Table 19: Maximum Shear Stress at Interface For
Various Overlay Thicknesses

Overlay Thickness Maximum Shear Stress at Interface

(in.) (psi)

2.5 43.7

3 37.2

3.5 30.8

4 24.5

80

78

76

74

72

I

‘overlay TMCIUWSS (in.)

Figure 90: Variation In Normal Stress at Interface Due to
Moving Vehicle With Change in Overlay Thickness
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7.3.4 Laboratory Evaluation of Interface Shear Strength

Laboratory testing was performed to determine the shear strength at the

overlay interface. Three types of test specimens were fabricated as follows:

a) AC section with no interface.

b) An AC overlay placed on a PCC pavement with tack coat at the interface.

c) An AC overlay placed on a PCC pavement with ISAC layer at the interface.

Testing equipment was developed and used to find out the interracial shear

strength of the test specimens. During testing, effort was made to duplicate the

field conditions affecting the shear strength at the interface between an AC

overlay and PCC pavement such as temperature, confining pressure, and rate

of shear.

7.3.4.1 Fabrication of Test Specimens

An AC mixture was prepared using the mix formula determined pre-

viously in Section 6.4.1. This material was used to fabricate AC cylinders

with 2 in. diameter and 3 in. height, Figure 91. The cylinders were com-

pacted at 300 F by using a 2 in. diameter tamping foot vibrator so as to

achieve an average AC density of 147 PCF.

Figure 91: Asphalt Concrete Control Specimen
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PCC cylinders with 2 in. diameter and 2 in. height were prepared and

cured for 28 days. The specimens were dried and the appropriate quantity

of tack coat was applied to them. The cylinders were then put into a 2 in.

diameter mold and 3 in. of AC was compacted onto the tack coated con-

crete surface in three equal layers using the foot vibrator so as to achieve an

average AC density of 147 PCF, Figure 92,

t
3 in.

I

!Pcc 2 in.

i

Figure 92: Specimen With Tack Coat at Interface

Small PCC cylinders with 2 in. diameter and 2 in. height were pre-

pared and cured for 28 days. They were dried and an appropriate quantity of

tack coat was applied. A circular 2 in. diameter section was cut from the

ISAC layer and placed on the tack coated concrete surface. Another layer

of tack coat was applied to the top of the ISAC layer. The concrete cylinder

along with the ISAC layer were placed into a 2 in. diameter mold, and 3 in.

of AC was compacted above the tack coated ISAC surface in three equal

layers as described previously so as to achieve an average AC density of

147 PCF, Figure 93.
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JPcc 2 in.

i

Specimen With ISAC at InterfaceFigure 93:

7.3.4.2 Laboratory Testing

The shear testing equipment shown in Figure 94 which was developed at

University of Illinois was used to evaluate the shear resistance of AC and

the interlayer (tack coat or ISAC ) at the interface. While performing the

tests, factors influencing shear strength of the AC/interlayer such as tem-

perature, confining load, and rate of shear were considered.

Tests were performed at six different temperatures of OF, 20 F, 40 F, 60

F, 80 F and 100 F. The specimens were put in an environmental room at
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7 Hydraulic Raml

(a)

Figure 94: Device to Determine Shear Strength
of Pavement Samples
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the desired temperature for at least three hours prior to testing.

The bottom half of the specimen was tightly clamped and a vertical con-

fining pressure of 79 psi was applied normal to the intended shear plane,

Figure 94. The applied confining pressure represents the vertical stress at

the interface of a PCC slab with a 2.5 in. thick AC overlay caused by a

moving vehicle. The stress (79 psi) was computed by using the

‘‘BISAR’’Computer program(38).

A horizontal force was applied to the upper half of the sample so as to

create a shear force in the intended shear plane. Three rates of shear which

included 1 inhin, 30 in.hnin, and 300 inhin were used. A plot of head

movement vs load was developed for each specimen using an X–Y plotter.

The ultimate shear load was recorded and divided by the cross sectional

area of the shear plane to obtain the ultimate shear strength. A summary of

the results is presented in Table 20 and the shear strength vs temperature

for each type of specimen has been plotted to facilitate direct comparison in

Figure 95, Figure 96, and Figure 97.
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Table 20: Shear Strength of Asphalt Concrete, Interface With Tack coat
and Interface With ISAC layer at at Various temperatures

Shear strength (psi)
Temp Type of

(n sample @l @30 @ 300
inhin inJmin idinin

o AC 359 388 426
Tack coat 128 117 102
ISAC 80 76 66

20 AC 386 442 529
Tack coat 179 185 184
ISAC 113 117 108

40 AC 317 426 605
Tack coat 176 191 232
ISAC 99 127 136

60 AC 230 414 557
Tack coat 123 175 267
ISAC 58 119 178

80 AC 160 282 487
Tack coat 88 144 215
ISAC 33 103 181

100 AC 108 165 266
Tack coat 67 98 131
U3AC 26 68 116
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7.3.5 Discussion on the ShcxmStrength of Fabricated ISAC Sample

Figures 86 through 89, Figures 95 through 97, andTable 19 and Table 20

were evaluated to relate the shear strength of ISAC with the shear stresses

developing at the interface without ISAC. Based on this evaluation the fol-

lowing observations were made:

a) For a 2.5 in. thick overlay a shear stress of 43.7 psi developed in the

horizontal plane at the interface, Table 19. For the no slippage conditions,

shearstrengthof the ISAC layer placed at the interface should not be less than

43.7 psi for an operating temperature range of 16.5 F to 74.5 F, Table 10.

b) All the samples with the ISAC layer at the interface sheared along the

rubberasphalt interface.

c) For all shearrates (1 in=hnin,30 inhnin and 300 in.hn.in)in the operat-

ing temperaturerange, the shear strength of the sample with the ISAC layer at

the interface was considerably less than the shear strengthof the samples with

the tack coat interface, Figures 95 through 97.

d) At high shearrate (300 inhnin) within the operating temperature range,

16.5 F is the most critical temperature for shear strength of the ISAC inter-

face, Figure 97. A 100.6 psi shear strength was developed in the ISAC inter-

face at 16.5 F (InterpolatingfkornFigure 97 andTable 20), which is consider-

ably higher than the shear stress being developed at the interface without

ISAC (43.7 psi). The ISAC sample was determined to be acceptable against

slippage for high rate of shear.

e) At medium rate of shear (30 inhnin) within the operating temperature
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range, 74.5 F is the most critical temperature for the shear strength of the

ISAC layer interface, Figure 96. A 107.4 psi shearstrengthwas developed in

the ISAC interface at 74.5 F (Interpolating horn Figure 96 and Table 20),

which is far more than the shear stress being developed at the interface (43.7

psi). The ISAC sample was determined to be acceptable against slippage for

medium rate of shear.

f) At slow rate of shear (1 inhnin) within the operating temperaturerange,

74.5 F is the most critical temperature for shear strength of the ISAC layer

interface, Figure 95. A shear strength of 39.9 psi was developed in the ISAC

interface at 74.5 F (Interpolating horn Figure 95 and Table 20), which is less

than the shear stress being developed at the interface (43.7 psi). The ISAC

layer was determined to be inadequate to resist slippage for slow rateof shear.

g) Based on this evaluation, the present ISAC core material was deter-

mined to be inadequate against slippage at slow rate of shear. The shear

strength of the ISAC layer needed to be improvedby mod@ng the properties

of the rubberasphalt (its stiffhess andtemperaturesusceptibility) by adding a

modiiler.

7.4 Modified ISAC Layer

To ensure that the ISAC layer interface is resistant to slippage even at low

rate of shear, the properties of the rubberasphalt (stifhess andtemperaturesus-

ceptibilily)were improved by adding hydratedlime as a modifier. Hydratedlime

will also serve as a mineral ffler. To determine the most appropriate quantityof

hydrated lime, a number of ISAC samples were preparedwith different percent-
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ages of hydrated lime in the rubber asphalt mix. Samples were prepared with

each type of ISAC core material in the same way as explained in Section 8.3.4.1

and tested for shear at 74.5 F. The samples were sheared at slow rate of shear

(lin.hnin) on the shear device shown in Figure 92 since slow shear was a critical

value. In Figure 98 the shear strengthof these samples have been plotted against

percentages of hydrated lime used in the rubber asphalt mix. Figure 98 can now

be used to determine the percentages of hydrated lime in the rubber asphalt mix

90 1

Figure 98: Shear Strength of various ISAC samples with
different Percentages of Lime in The Rubber Asphalt

mix (Rubber-25 % of the total weight) Measured
at 74.5 F and 1 inJ’min Rate of Shear

corresponding to the desired level of shear strength required in the ISAC interf-

ace. An ISAC with 18 % lime in the rubber asphalt provided 59.2 psi shear

strength, which is roughly 36 ?ZOmore than the shear stress developed at the inter-

face (Taldng 36 % as safety factor). Based on these fiidings the following mix

formula was determined for the rubber asphalt used in the ISAC layer

AC–20 57 % of total weight.
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Crumb rubber— 25 % of total weight.

Hydrated lime— 18 % of total weight.

7.4.1 Temperature Stiffhess EffQcts

Anew ISAC sample was fabricated using the above mix formula and was

checked for brittleness at low temperature. To check the temperature effect

on brittleness of the modified ISAC layer laboratory testing was performed to

determine the shear strength at the overlay interface. Pavement test speci-

mens with different material at interface were prepared and testing was per-

formed as in Section 7.3.4. Four types of test specimens were fabricated as

follows:

a) AC section with no interface.

b) An AC overlay placed on a FCC pavement with tack coat at the interface.

c) An AC overlay placed on a PCC pavement having an ISAC core material

with 7570 AC–20 and 2570 crumb rubber at the interface.

d) An AC overlay placed on a PCC pavement having an ISAC core material

with 5770 AC–20, 2570 crumb rubber, and 18910hydrated lime at the inter-

face.

The samples were sheared at 0.05 in.hn.in and at six different temperatures

of OF, 20 F, 40 F, 60 F, 80 F and 100 F. The results are shown in Table 21 and

Figure 99. From these results it may be noticed that shear strength of the

mo~led ISAC signi.ilcantly improved throughout the operating temperature

range. The ISAC layer provided adequate performance properties and did not

seem too brittle at low temperature. It is however felt that at lower tempera-
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tures (below 20 F) the rubber asphalt may become too stiff to allow any move-

ment within the layer and absorb the induced stresses due to daily temperature

variations during winter.

7.4.2 Stiffks Evaluation at Low Temperature

The st.ifihess of the rubber asphalt lime mix at low temperature was quan-

tified and evaluated in order to optimize the design of the ISAC layer.Sarnples

of the modilled ISAC layer were prepared and sheared at 20 F and at an ex-

tremely slow rate of shear, 0.0016 in.hnin, which is a typically accepted as the

rate of PCC slab movement during daily temperature variation. The shear

strength vs horizontal displacement is shown in Figure 100.

The slope of the initial part of the curve in Figure 100 ie.’ ‘Shear stress/

Displacement” was computed and defined as ‘‘h.itial Shear Displacement

Modulus”. In this case the available initial shear displacement modulus was

Savai= 2210pci Figure 100.

Table 21: Shear Strength of Samples With Different Materials at Interface
Sheared at Various Temperatures at 0.05 imlmin Rate of Shear

1-Temp
@)

o
20

40

60

80

100

shear strength (psi)

AC Tackcoat ISAC ISAC
(Moclitied)

338 136 83 108.7

347 173 110 157

241 168 80 134.6

119 89 25 48

77 50 6 13

72 48 2 6.5

.
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1 ●—Shem strength at Interface with tack coat

560-

+— Shear strength at Interface with ISAC
layer consisting rubber asphalt with
25 % crumb rubber and 75 % AC–20
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● — Shear strength at Interface with ISAC

layer consisting rubber asphalt with
25 % crumb rubber, 57 % AC–20 and

420- 18 % hydrated lime
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I
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Temperature (F)

t

Figure 99: Shear Strength vs Temperature
at 0.05 inhin Rate of Shear
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In order to understand the concept “of initial shear displacement

modulus” consider a t~ical pavement section consisting of a 15 ft long PCC

slab, an ISAC layer, and a 3 in. thick AC overlay, Figure 101.

Pavement Section at the Time of Hiahest Temperature During the Day
(a)

.1 crack .1

& ‘(I.L
Pavement Section at the Time of Lowest Temne rature Durina the Day

09

Figure 101: Transfer of Stresses to the ISAC Layer
and the AC Overlay Through Shrinkage of PCC

Slab Due to Daily Temperature Variation

From Figure 101:

Let dL be the length change in one half of the slab length .

dL =(Slab Length / 2) * Coefficient of thermal contraction

* Daily temperature variation

dL = {(15/2)*12} * (6E-6) * (13.5)

dL=O.00729 in.
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Since the movement at the center of the slab will be zero, average displace-

ment of the slab with respect to the AC overlay = 0.00729/2=0.003645 in.

For each 1 in. width of pavemen~ the shear resistance presented by the ISAC

layer to yield an average displacement of 0.003645 in. must be

=Average displacement* (Initial shear displacement

modulus) * (Length of displacement)

=0.003645 * S * (7.5 * 12)

=0.32805 S lbs .......... ...................(1)

AC Transducer steel plate with KC slab
Overlafi \

bol~ with box wtiOm

Figure 102: Device Used For Evaluating the Tensile Strength of AC Overlay
at 20 F’and With 0.0016 idinin. Rate of Pull
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Assuming that no load is taken by the geotextile and all the stresses are trans-

ferred to the AC overIay, tensile stress transferred to the AC overlay at the time

of cracking= Tensile strength in AC overlay at 20 F and at 0.0016

in.hn.in rate of pull * cross sectional area of the AC overlay

= 275 * (2.5*1)

(An AC overlay at 20 F was pulled at 0.0016 inhin rate using equipment

shown in Figure 102 and tensile strength of the AC overlay was evaluated as

275 psi in the laboratory. The operating mechanism of the testing equipment

has been more elaborately explained in section 8.2 and Figure 106.)

= 687.5 lbs .................................. .............. .........(2)

For limiting conditions, equating (1) and (2) above

0.32805 S = 687.5

S=2095 pci

Thus the maximum permissible initial shear displacement modulus of

ISAC = S pmmi.ssiw= 2095 PCi

Whereas Saval. 2210 pci

Since Sav~ > S Pexmissfile, ISAC is believed to be too stiff to function properly at

cold temperature and needs to be improved.

7.5 Modified ISAC Layer With Lower Stifhess

To develop ISAC with appropriate stiffhess, 30% crumb rubber was used

instead of2570 and three types of ISAC layers were developed using 10%, 12.5

% and 15 % lime in the rubber asphalt lime mix. Samples were prepared
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Figure 103: Shear Strength of various ISAC samples with

different Percentages of Lime in The Rubber Asphalt mix

(30 % Rubber) measured at 743 F and

1 inJinin Rate of Shear

and sheared at 74.5 F and 1 in.hnin rateof shear.Shearstrengthvs percentage of

lime has been presented in Figure 103. Fromthe Figure 103 it is observed that a

mix with 12.5 $ZOhydrated lime,3070 rubber, and 57.5 % AC–20 provides 58.2

psi shear strength which is 33 % more than the 43.7 psi shear stress required at

the tack coat interface (33 % safety factor in this case).

7.5.1 Check For Temperature Stiffhess Effects

h ISAC layer with rubber asphalt having 57.5 % AC-20 (of total

weight), 30 ?ZOcrumb rubber (of total weight), and 12.5 !ZOhydrated lime (of

total weight)was fabricated and samples were prepared and tested as de-

scribed in Section 7.4. The results from these tests are shown in Table 22 and
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Figure 104. From these results it is seen that the shear strength of this ISAC

layer also improved throughout the operating temperature range. It appears

Table -22: Shear Strength of Samples With Different Materials at Interface
sheared at Various temperatures at 0.05 inhnin rate of shear

Shear strength (psi)
Temp ISAC AC Tack coat ISAC ISAC

(F) {75%AC {57.5%AC {57%AC
25%rubber 30% rubber 25% robber

12.5 % lime} 18% lime}

o 338 136 83 103.8 108.7

20 347 173 110 124 157

40 241 168 80 97.2 134.6

60 119 89 25 44.2 48

80 77 50 6 11.5 13

100 72 48 2 6.7 6.5

to be safe against brittleness. It may also be noted in Figure 104 that this

ISAC had shear strength almost equal to that of the ISAC with 18 !ZOlime in

its core material but its stiffhess at lower temperature was considerably re-

duced.

– 170–



560-

490.

I

[

140

70

0
0

— Shear strength of asphalt concrete
~— Shear strength at Interface with tack coat
+— Shear strength at Interface with ISAC

layer consisting rubber asphalt with
25 % crumb rubber and 75 % AC–20

● — Shear strength at Interface with ISAC
layer consisting rubber asphalt with
30% crumb rubber, 57.5 % AC–20 and
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Figure 104: Shear Strength vs Temperature
at 0.05 inh.in Rate of Shear
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7.5.2 Check For Stii7hess at Low Temperature

A check for stiffhess in the new ISAC was carried out by the same proce-

dure as discussed in Section 7.4.2 for the ISAC with 18910lime in the core

material. Samples were prepared and sheared at20Fand0.0016 in~ti shear

rate. The shear strength vs horizontal displacement for the new ISAC is

80-

70-

60-

50-

40-

30- Initial shear displacement modulus=1335 pci

20-

10-

A0 , o.dso , O.dm , o.d90 , f f , f 0210 OAO

Shear ;i;place~;nt (k~

Figure 105: Shear Stress vs Shear Displacement For ISAC Layer

With 12.5 % Lime 30 %Rnbber and 57.5 % AC-20

At 20 F @ 0.0016 inhin Rate of Shear

shown in Figure 105. From Figure 105 “the initial shear displacement

modulus” for the new ISAC layer = Saval = 1335 pci.

From Section 7.4.2 the maximum permissible’ ‘Initial shear displacement

modulus” = S pennissti]e = 2095 pci.

Since Sav~ < S permisstile, this ISAC should perform well at low tempera-

ture. Thus a rubber asphalt lime mix with the following formula was finally
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selected for use in the ISAC laye~

AC–20 57.5 % of total weight.

Crumb Rubber — 30% of total weight.

Hydrated Lime — 12.5 % of total weight
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CHAPTER 8

LABORATORY TESTING AND

EVALUATION OF ISAC

8.1 Introduction

After having satisfied the design parameters and developed the individual

components of the ISAC system, its effectiveness for mitigating reflection

cracking in an AC overlay was evaluated. Prior to testing ISAC in the field, it is

important to evaluate its performance under simulated field conditions in the lab-

oratory. A model pavement section with an AC overlay placed on a jointed PCC

slab was constructed and placed in an environmental chamber. A mechanical de-

vice was used to simulate thermal strain in the slab and the joint was opened and

closed at an extremely slow rate. Propagation of cracking in the overlay was

monitored and performance of ISAC was evaluated by comparing the cycles to

failure of an ISAC treated overlay with a control section without ISAC. The ef-

fect of joint expansion (which is a function of slab length and the seasonal tem-

perature variation) was also evaluated for the ISAC system.

8.2 Testing Equipment and Methods

The components of the testing equipment and the materials arrangement are

shown in Figure 106 a through Figure 106 e. The testing equipment, Figure 106

a, consists of one fixed section and a second horizontally movable section on

rollers. A 6 in. wide and 7.5 ft long pavement section consisting of a 5 in. thick

PCC slab, ISAC layer, and 2.5 in. of AC was placed on top of the two box
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Load cell Hydraulic

1A
Ram

~ 1

-.. .
I J

P
Device to Simulate Slab Movement due to

Thermal ExDansion/Contraction
1P

(a)

1/4in. thick steel plates with studs
(to be bonded with PCC slab and bolted
with the box sections shown in (a) above)

—> ~ 3.75ft —D )

TWO3.75 ft * 8 in. steel plates with studs

(b)

1/4 in. thick steel plate with studs
(Tobe bolted with box sections

shown in device (a) above) ,

PCC Slab Casted on the Steel Plates (b) above

(c)

Figure 106: Diagrammatic Layout of Device for Testing
the Overlay Against Thermal Cracking
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steel plate with PCC slab boited with box sections,
I

1 Hydraulic
, Ram

4

L

Steel Plate along with PCC slab
Bolted on top of the Box sections

of the testing Device
P

AC Transducer

\
Overlay

\
steel plate with PCC slab
bolted with box sections

r (e) r
Figure 106: Diagrammatic Layout of Device for Testing

the Overlay Against Thermal Cracking
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sections, Figure 106 b through Figure 106 e. The movable box section is attached

to a hydraulic ram which opens and closes the PCC slab joint very slowly at

0.0016 in./min. A load cell placed between the movable box section and the hy-

draulic ramp indicates the force exerted by the hydraulic ram as it opens and

closes the PCC slab joint. An LVDT device was located across the fixed and

movable box sections to indicate relative movement of the two box sections. The

testing device was placed into an environmental chamber which was held at 30 F

during testing.

For attaching the pavement section on top of the two steel box sections, two

3.75 ft by 8 in. by 1/4 in. steel plates with steel studs were used, Figure 106 b. The

PCC slab was caste on the studded side of the plates, Figure 106c, and after cur-

ing the plates were bolted on top of the two box sections, Figure 106 d. An initial

joint opening between the two slabs of 1/4 in. was set by adjusting the hydraulic

ram.

A pavement control section without ISAC and a pavement section with lSAC

were prepared for evaluation. To prepare the pavement control section, an ap-

propriate amount of tack coat was applied on the two PCC slabs and a 6 in. wide

and 2.5 in. thick AC overlay was placed on top. To prepare an ISAC treated pave-

ment section, tack coat was applied on the two PCC slabs, a 6 in. wide and 7.5 ft

long section of ISAC was placed over the tack coated surface with the low

strength geotextile towards bottom, and a 6 in. wide and 2.5 in. thick AC overlay

was placed on top, Figure 106e.

An LVDT device was attached on the side of the overlay across the joint to
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8 slab and overlay atjoint

due to thermal contraction I,=(7.5*12)*(6E-6)*58 ‘ ‘ Relative movement

c 0.0315 in. i ‘ between slab and
overlay at mid slab=O

#
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‘ elative Movement Betwe e1~The Slab and The Overla’

Due to Thermal contra ;tjon in PCC Slab r

I II I
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003’’inEEl100
Relative Movement Between The Slab and The Overlay
Once Equivalent Strain at Joint is Induced Mechanically

3.75 ft long PCC slab once pulled mechanicallyby 0.0315 in. will induce
the same amountof shear resistancein the tack coaflSAC at interface as
the one developed at interface once 0.0315 in. expansion takes place at
the joint due to thermal contractionin 7.5 ft long slab.

Figure 107: Effect of Mechanically Induced Thermal Strain
on the Slab Length For Laboratory Testing
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monitor any strain or cracking in the overlay above the joint. The LVDT and the

load cell were connected to two separate plotters which plotted the strain/crack

opening in the overlay above the joint and the force in the load cell against time.

The overlay was allowed to cool to 30 F before the movable box section was

cycled back and forth by the hydraulic ram over a distance of 0.063 in. at a rate of

0.0016 in./min. In order to duplicate a worse case solution it would be advanta-

geous to test ISAC at 16.5 F which is the minimum average field temperature, but

the servo electronic system used in the testing device will not function properly

below 30 F. The test was therefore conducted at 30 F. The shear strength of the

rubber asphalt (core material of the ISAC) at 30 F was, however, similar to that at

16.5 F (Figure 104). Generally 0.0016 in./rnin was determined as the rate of PCC

slab movement caused by seasonal or daily temperature variation and 0.063 in. is

equivalent to the joint expansion which will occur due to seasonal temperature

variation of 58 F, Table 10, in a pavement with 15 ft long PCC slabs (see Section

7.1.4).

It maybe noted that a 7.5 ft long PCC slab moved mechanically through a

distance of 0.063 in. will induce the same amount of shear force in the tack coat/

ISAC interface as 0.063 in. of expansion at the joint caused by thermal contrac-

tion of a 15 ft long slab. The mechanics for this procedure are explained in Figure

107.

8.3 Test Results

A pavement control section without ISAC and a pavement section with ISAC

were evaluated to make performance comparisons.
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8.3.1 Control Section

This test was performed using the equipment described in Section 8.2.

The test pavement section had the following configuration:

a) Overlay thickness=2.5 in.

b) Joint crack width at start =1/4 in.

c) Total joint expansion=0.063 in. (Assuming 15 ft long slab)

Prior to placing the AC overlay an appropriate quantity of AC–10 tack coat

(using formula mentioned in Section 3.3.2.8) was applied to the surface of the

PCC slab. The LVDT device attached on the side of the overlay across the

joint had a gauge length of 1 in. in this case. The PCC slab and AC overlay was

allowed to cool to 30 F and the PCC slab was then subjected to 0.063 in. of

cyclic movement at the rate of 0.0016 in./min. One cycle consisted of pulling

the movable slab by 0.063 in. and then pushing it back to its original position at

a rate of 0.0016 in./min which took 79 min and simulated seasonal tempera-

ture changes over one year. Forces in the load cell and strains in the AC over-

lay above the joint (obtained from LVDT device on overlay) were plotted

against time in cycles, Figure 108. Plaster of paris was applied on the side of

the overlay above the joint so that the crack growth could be monitored visual-

ly. The crack growth was plotted against number of cycles as shown in Figure

109. In Figure 108 it is observed that as the number of cycles increased, the

maximum force in the load cell decreased and the maximum strain in the over-

lay above the joint increased. During the 7th cycle the AC overlay split apart

as indicated by a highly visible wide crack. From Figure 109 it may be
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Figure 109: Crack Growth in Overlay vs Number of Cycles

of Slab Movement For a Pavement Control Section

noticed that on one side of the AC overlay the crack propagated from the bot-

tom and traveled through the depth in 3 cycles. On the other side of the over-

lay the crack traveled from bottom to top in 4 cycles. Both the cracks then

traveled across the top of the overlay and joined with each other during the 7th

cycle.

8.3.2 ISAC System Test No. 1

This pavement test section had a configuration similar to the control sec-

tion and was treated with an ISAC layer as designed in Section 8.5. After ap-
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plying the the tack coat on the PCC slab, ISAC was placed with its low

strength geotextile towards botiom. Atack coat wasapplied over the ISAC

layer and a 2.5 in. thick AC overlay was then placed on top. The LVDT device

attached on the side of the AC overlay across the joint had a gauge length of 5

in. in this case. The test was performed using the same procedures as those for

the control pavement. It must be added that the total displacement set on the

signal generator (programmable equipment) for the PCC slab was 0.063 in.

but once the test was being conducted it was observed from a dial gauge that

the slab moved by 0.072 in. instead of 0.063 in. This test was allowed to run for

100 cycles since no signs of cracking in the overlay were observed. After 100

cycles the test with 0.072 in. movement was discontinued. The results from

the test are shown in Figure 110. From the figure it may be noted that the maxi-

mum force in the load cell and the maximum strain in the overlay above the

joint was substantially less than those in the control section. It may also be

noted that unlike the control section the increasing number of cycles in this

test had little effect on the maximum stain in the overlay. Even after 100 cycles

maximum strain in the overlay was just 0.006 in./in. The slight increase in

strain that was observed in the overlay could be caused by the elongation

which took place in geotextile due to repeated load.

8.3.3 ISAC System Test No. 2

The test specimen which was used in Test No. 1 was evaluated further in

Test No 2 and was subjected to 0.11 in. movement instead of 0.072 in. The test

was conducted for 25 cycles andwas discontinued after no signs of cracking
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occurred. The results from this test are shown in Figure

8.3.4 ISAC System Test No. 3

11.

The original ISAC test specimen was now subjected to 0.135 in. move-

ment in Test No.3. The test was conducted for 10 cycles before it was discon-

tinued without any sign of cracking. A number of vertical hair line cracks

however appeared on the plaster of paris when the slab joint was fully expand-

ed during a cycle. The cracks were spread over a distance of about 1.5 ft on

either side of the joint and were more closely spaced near the joint than away

from the joint. These cracks were only visible in the plaster of paris and not

visible in the asphalt concrete material. The brittle behavior of the plaster of

paris as compared to the asphalt concrete material helped to make the cracks

distinguishable in the plaster of paris. The results are shown in Figure 112.

8.3.5 ISAC System

The ISAC system

Test No. 4

test was continued with 0.16 in. joint expansion. The test

was conducted for 10 cycles before it was discontinued without any sign of

cracking. There was a slight indication of aggregate raveling on the top sur-

face of the overlay above the joint once the joint was fully expanded during the

slab movement in the last two or three cycles of this test. The results are shown

in Figure 113.
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8.3.6 ISAC System Test No. 5

This test subjected the slab joint to 0.2 in. movement instead of 0.16 in. The test

was conducted for 13 cycles and was discontinued after a very thin crack through

the top of the overlay became visible when the joint was at 0.2 in. of movement.

The high stress results shown in Figure 114 are created by the high strength

geotextile in ISAC and not by the tensile strength of the AC. It should be noted that

the strains are still substantially less than those induced during the 6th cycle in the

control section.

8.4 COMPARATIVE TEST RESULTS

Figure 115 shows comparative laboratory test results be~een the ISAC system,

control section, and a commercially available reflection cracking control material

identified as “PROGUARD.” The fill length ISAC system was 7.50 ft. long and

extended 3.75 ft. on either side of the overlay testing device joint shown in Figure

106. The 48 in. long ISAC test section extended 24 in. on either side of the testing

device joint. The “PROGUARIY’ test section was also 7.50 fi. long and extended

3.75 ft. on either side of the joint. The AC overlays on all of the test sections were

2.5 in. thick.

Figure 115 indicates that both the control test section and “PROGUARD” test

section displayed crack propagation completely through the AC overlay in less than

10 cycles of joint displacement of 0.072 in. per cycle. Neither the 48 in. long or full

length ISAC sections experienced crack propagation in the AC overlay at joint

displacement of 0.072 in. per cycle. The 48 in. long ISAC
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section was then subjected to additional joint displacement of 0.135 in. and 0.2

in. and a reflective crack in the AC overlay occurred at about 67 total cycles. The

full length ISAC section was subjected to cycles of joint displacement of 0.11 in.,

0.135 in., 0.16 in., and 0.20 in. for a total of 158 cycles before a very small reflec-

tive crack appeared in the 2.5 in. AC overlay.

It is quite evident that the ISAC system greatly outperformed the control test

section and the “PROGUARD” test section in the laboratory. There is also an

indication that the distance the ISAC material extends beyond the joint opening

has an influence on the number of cycles to reflective crack formation in the AC

overlay. The full length ISAC section performed better than the 48 in. long sec-

tion. This may indicate that there is an advantage to the use of wider ISAC sec-

tions over pavement joints and cracks which experience large displacements.

8.5 Summary of The Test Results

The laboratory tests provided the following results:

a) A crack appearedin the overlay of the control pavement section in the very

first cycle and the AC overlay completely split apart over the joint during the

seventh cycle.

b) The AC overlay performed exceedingly well when it was treated with the

ISAC system and tested under the test conditions similar to the control pave-

ment. The strain in the overlay substantially decreased and the number of cycles

to failure dramatically increased when ISAC was used. Even in the later tests

(Test No. 2 to Test No. 5) when the slab movement was progressively increased,

the overlay remained intact until the thirteenth cycle of Test No. 5 when the slab
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movement had been increased to 0.2 in. (more than three times the joint expan-

sion of the control section) and the overlay and the ISAC geotextile had been

subjected to 158 cycles. A thin crack appeared in the overlay at this time but the
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ISAC geotextile was still intact, holding the overlay together with a force of

about 1180 lbs.

c) Maximum strain in the overlay above the j oint increased as the number of

cycles increased. The rate of increase in maximum strain in the overlay above

the joint was substantially higher for the control pavement section than that

treated with an ISAC layer.

d) A small increase in maximum strain noticed in the AC overlay above the

joint when ISAC was used only occurred when the joint movement was in-

creased and the cycles were increased.

e) During Test No. 3 at 0.135 in. joint movement and at about 120 cycles, a

number of vertical cracks appeared in the plaster of paris which was spread over

a distance of 1.5 feet on either side of the joint. The cracks were more closely

spaced near the joint than away from the joint. These cracks were only visible in

the plaster of paris and not visible in the asphalt concrete material. This indicated

that the stress was spread more evenly over a larger area around the joint, with

comparatively more stress near the joint and decreasing gradually farther away

from the joint. Even at very high strain in the overlay (Test No. 4 and 5) the geo-

textile kept holding the overlay together and did not allow any crack to develop.

Only a small area of raveling on the top surface of the overlay provided an indica-

tion that a possible crack had formed. This situation was evident only when the

joint expansion was at a maximum opening of 0.2 in.

f) The ISAC test sections far outperformed the control test section and a test

section using a commercial product “PROGUARD”. The wider ISAC material
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performed better than a narrower 48–in. wide ISAC material. The ISAC material

was able to accommodate pavement joint displacements up to and including 0.2

in. before any indication of reflection cracking occurred in the 2.5 in. AC over-

lay.
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CHAPTER 9

ISAC FIELD TEST SECTION

9.1 Field Test Site

The field test site for the ISAC system was ajointed 9 in. PCC pavement des-

ignated as FA Route 567 (IL 38) in Lee and Ogle Counties near Rochelle, Illi-

nois.

The pavement construction section which extended from sta 782+70 to sta

1197+27 (7.85 miles long) was completed during the Summer 1994. The

construction project consisted of a rubblized section from sta 782+70 to sta

908+00, open gradedbase course section from sta 908+10 to sta 1022+75, 3 1/2

in. resurfacing from sta 1023+15 to sta 1125+00, and2 1/2 in. resurfacing from sta

1125+20 to sta 1148+19 and sta 1151+43 to sta 1196+82. All sections were

overlaid with bituminous concrete binder (Type 2) and bituminous concrete sur-

face course material (class I). The ISAC system was placed at transverse cracks

and joints on the pavement section from sta 1125+00 to sta 1130+00.

9.2 Fabrication of ISAC Field Layers

The ISAC layers for field installation were fabricated in a steel mold so as to

be 25 ft long and 36 in. wide. Thin 2 in. wide by 3/8 in. thick steel strips along

both sides of the steel mold were used to maintainthe ISAC material thickness to

about 3/8 in.
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The material properties and fabrication process for the ISAC layers were sim-

ilar to those used in the laboratory except on a larger scale. The rubber asphalt in

the ISAC layers was placed by use of a CRAFCO joint sealant dispenser pro-

vided and operated by Illinois Department of Transportation District 5 mainte-

nance personnel. A contact releasing agent was used on the steel mold to prevent

the ISAC layer from adhering to the mold when being fabricated. Twenty ISAC

layers 25 ft long by 36 in. wide were fabricated for the field test site.

9.3 ISAC Pavement Installation

The 25 fi long by 36 in. wide ISAC layers were placed across 17 of the 20

transverse joints and cracks in the pavement section from sta 1125+00 to sta

1130+00 on August 5, 1994. The layers were placed just ahead of the asphalt

concrete paving operations. The ISAC layers were placed so that one half of the

layer width extended on either side of the pavement joint or crack. An RC–70

was used as the tack coat to bond the ISAC layer of the pavement. The ISAC

layers were overlaid with 2 1/2 in. of asphalt concrete.

The RC–70 did a reasonably good job of bonding the ISAC layers to the un-

derlying pavement and the ISAC layers remained in place when normal traflic

passed over them. However, the RC–70 tack coat did not hold the ISAC layers

well during the asphalt concrete paving operations and there were some prob-

lems with the ISAC layers sliding and wrinkling at this time. It is recommended

that a stronger less temperature sensitive tact coat be used during future ISAC

layer installations.
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9.4 Field Observations

On February 8, 1995 avisual inspection of thereflective cracking in test

sections on IL 38 was conducted.The airtemperatureat the time of inspection was

about4F with clear andwindy conditions. On the 3 ?4in. AC resurfacedpavement

section 15 fill width reflective cracks were observed in the distance fi-om sta

1120+00 to sta 1125+00. On the 2 ?4in. AC resurfacedpavement section from sta

1130+00 to sta 1135+00 a total of 16 full width reflective cracks was observed.

On the ISAC test section horn sta 1125+00 to sta 1130+00 with 2 ?4in. of AC

overlay no reflective crackswere observed. The existing PCCpavementwas 9 in.

thick.

On November 17, 1995 inspectionofIL38 indicated 16 fill width reflective

crackson the 3 ?4in. AC overlay section from sta 1120+00 to sta 1125+00 and 18

fi.dlwidth reflective crackson the 2 %in. AC overlay section horn sta 1130+00 to

sta 1135+00. A partial transverse reflective crack about 6 ft. long was observed

in the ISAC test section born sta 1125+00 to sta 1130+00 too. The airtemperature

was approximately 40F at time of observation. The long term field performance

of the ISAC system will be periodically evaluated at the IL 38 test site over the

next several years.
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CHAPTER 10

SUMMARY AND CONCLUSIONS

10.1 Research Summary and Conclusions

The goal of this study was to develop acomposite material which could effec-

tively alleviate/mitigate the problem of reflection cracking in an AC overlay.

The goal was achieved successfully throughsystematic, progressive, andanalyt-

ical research work.

10.1.1 Summary of Developments

To approach the problem systematically the properties of the materials in-

tended to be used in an ISAC system were first identified. Various thermal/struc-

tural models and laboratory equipment were used for this purpose. A Climate–

Materials-Structural (CMS) pavement model ( 14) was used to establish the op-

erating temperature range in Northern Illinois and then maximum daily variation

and maximum seasonal variation to which the pavement and the ISAC will be

exposed were computed. A number of woven and non woven geotextiles were

selected and tested for their engineering properties such as tensile strength, ini-

tial modulus, modulus at failure, and percent shrinkage. Several samples of rub-

ber asphalt were prepared by blending different ratios of crumb rubber with vari-

ous types and ratios of asphalt cements at 400 F. These rubber asphalts were

tested at different temperatures and the effects of temperature and rate of de-

formation on their stiffness were evaluated. Their performance and behavior in
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the field at critical temperatures were then predicted. An asphalt concrete mix-

ture was prepared and tested using Marshall Mix Design procedures.

An ISAC layer was fabricated in the laboratory using the materials consid-

ered appropriate and was checked against slippage under an overlay with a ve-

hicle making a sharp turn or applying sudden brakes. The computer program

“CIRCLY” was used to compute shear stresses in a horizontal plane at the inter-

face due to a vehicle applying sudden brakes on a multi layered pavement sys-

tem. Testing equipment was developed to evaluate the interracial shear strength

and laboratory testing was perfoxmed to determine the shear strength of the fabri-

cated ISAC layer under an AC overlay. While performing the tests, field condi-

tions were simulated by duplicating the realistic values of temperature, confin-

ing load, and rate of shear. From the tests it was established that the initial fabri-

cated ISAC layer was inadequate to resist slippage under slow rate of deforma-

tion. It was thus imperative to improve the shear strength of the rubber asphalt by

using some asphalt modifier. Hydrated lime was used as an asphalt modifier and

stiffness of the rubber asphalt in the ISAC system was improved to provide suffi-

cient shear strength at the interface to resist the stresses developed under a slow

moving vehicle.

ISAC was then evaluated for its effectiveness against reflection cracking. A

laboratory pavement section with an AC overlay over a jointed PCC slab was

constructed and placed in an environmental chamber. A mechanical device was

used to simulate thermal strain in the slab and the joint was opened and closed at

an extremely slow rate. The testing was conducted at 30 F and deterioration in
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the overlay was monitored using a sensitive LVDT device. The force required to

pull and push the slab was also monitored using a load cell placed between the

slab and the hydraulic ram. Performance of ISAC was evaluated by comparing

the cycles to failure of an ISAC treated overlay with a control section without

ISAC. The following was observed during the evaluation tests:

a) A crack appeared in the overlay of the control pavement section in the very

first cycle and the AC overlay completely split apart over the joint during the

seventh cycle.

b) The AC overlay performed exceedingly well when it was treated with the

ISAC system and tested under the same test conditions similar to the control

pavement. The strain in the overlay significantly decreased and the number of

cycles to failure dramatically increased when ISAC was used.

c) Even in the later tests when the slab movement was progressively in-

creased, the overlay remained intact and the crack appeared only when the slab

movement had been increased to 0.2 in. and the overlay and the ISAC geotextile

layer had been subjected to 158 cycles. Even after the crack appeared the ISAC

layer was intact, holding the overlay together with a force of about 1180 lbs.

d) Maximum strain in the overlay above the joint increased as the number of

cycles increased. The rate of increase in maximum strain in the overlay above

the joint was considerably higher for the control pavement section than that

treated with an ISAC layer.

e) At 0.135 in. joint movement at about 120 cycles, a number of vertical

cracks appeared in the plaster of paris which was spread over a distance of 1.5
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feet of the AC layer on either side of the joint. The cracks were more closely

spaced near the joint than away from the joint. These cracks were only visible in

the plaster of paris and not visible in the AC overlay.

f) Even at very high strain in the overlay (Test No. 4 and Test No. 5) the ISAC

layer held the overlay together and did not allow any crack to develop. Only an

indication of raveling on the top surface of the AC overlay was noticed.

g) The ISAC layer vastly outperformed one of the commercial products now

available for reflection cracking control in AC overlays.

h) The field performance of the ISAC layer is encouraging.

10.1.2 Conclusions

Results of the evaluation tests conducted for the pavement control section

and the ISAC treated section support several operating mechanisms.

The main idea that “The stress should not be stored indefinitely in the geotex-

tile or the overlay and should be dissipated as it develops” was the key to success

in this study. As the PCC slab moved due to thermal contraction and the joint

opened, rubber asphalt being the softer material deformed and absorbed most of

the stresses. During the process of deforming the rubber asphalt, the high

strength geotextile was stretched to some extent. Since the high strength geotex-

tile was bonded with the AC overlay on top, some stress did transfer to the AC

overlay, but very little strain occurred. As the cycles increase, the strain in the

geotextile increased due to repeated loads, and consequently the strain in the

overlay also increased. Since the geotextile was fully bonded with the AC over-

lay, the geotextile held the AC together and did not allow a crack to develop even
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at considerably high joint movement (Test No. 5). Hairline cracks in the plaster

of paris over a distance of 1.5 ft. on either side of the joint indicate that the strain

was spread more evenly over a larger area around the joint, with comparatively

more strain near the joint and decreasing gradually farther away from the joint.

The test results lead to following conclusions:

a) The ISAC system developed in this study should effectively alleviate/

mitigate the problem of reflection cracking in AC overlays on PCC pavement

in the State of Illinois.

b) ISAC can be designed to suit the requirements of other states since every

state has different slab length and different climatic conditions. It is felt that

ISAC can be designed even for states where the slab length exceeds 75 ft.

While designing the ISAC layer for worse conditions several steps can be

taken:

1) A softer ISAC core material will dissipate stress better and conse-

quently less stress will be transferred to the overlay. This will allow more

cycles to failure in the AC overlay. The core material should not however

be so soft at high temperature during summer that it will allow slippage as a

result of trai%c. The proper core properties can be achieved by making the

core material less temperature susceptible by the use of modifiers.

2) The use of a high strength geotextile with high initial modulus will

allow less expansion in the geotextile at the time of maximum joint expan-

sion and consequently less stress will be transferred to the AC overlay. This

will allow far more thermal cycles to failure in the AC overlay.
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3) The use of a high strength geotextile which is less influenced by re-

peated loads and shows little increase in strain with the increase in thermal

cycles should enhance the life of the AC overlay.

10.2 Recommendations for Further Research

a) In this study ISAC was placed over the full length of the PCC slab. In the

findings it has been stated that when ISAC was placed under the AC overlay the

stress was spread more evenly over a larger area around the j oint, with compara-

tively more stress near the joint and decreasing gradually farther away from the

joint. It is felt that the full length of PCC slab need not be covered with ISAC.

ISAC should only be placed in the area of the joint where more stress is devel-

oped. It is recommended that additional studies be conducted to determine the

distance from the joint where the stresses will be low enough to discontinue the

ISAC layer on the PCC slab.

b) ISAC should be compared with other presently available reflection crack-

ing control procedures using the same laboratory testing methods.

c) ISAC should be tested in the field. After establishing the point of cut off

length of ISAC, appropriate length of ISAC sections should be placed over joints

and crack prior to AC overlay placement and the performance of the AC overlay

should be evaluated.
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APPENDIX A

PREDICTED TEMPERATURE VARIATIONS IN A

PAVEMENT

DURING THE YEAR

IN NORTHERN ILLINOIS AREA
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Day
of

the
Year

anl
an2
an 3
an4
an 5
an6
an 7
an8
an9
an 10
an 11
an 12
an 13
an 14
an 15
m 16
m 17
m 18
m 19
m 20
an 21
an 22
an 23
an 24
an 25
an 26
an 27
an 28
an 29
an 30
an 31

Temp of Overlay
at the Surface

15
14
13
13
13
13
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12
12
13
13
13
13
13
13
13
12
11.5
11.5
11.5
11
10.5
10
11

(F)

Max
remp

32.5
32
30
30
30
30
30
30
30
30
30
30
30
30
30.5
30.5
31.5
31.5
31.5
31.5
32
32
32
31
31
31
31
31.5
31.5
31.5
32.5

)aily
?aria-
ion

17.5
18
17
17
17
17
17.5
17.5
17.5
17.5
17.5
17.5
17.5
17.5
18.5
18.5
18.5
18.5
18.5
18.5
19
19
19
19
19.5
19.5
19.5
20.5
21
20.5
21.5

?empof Overlay
at Mid Depth

18
17.5
16.5
16.5
16.5
16.5
16
16
16
16
16
15.5
15.5
15.5
15
15
16
16.5
16.5
16.5
16.5
16.5
16.5
15.5
15
14.5
14.5
14
14
13.5
14

(F) -

Max
L“emp

29
28
26
25.5
25
25
24.5
24.5
24.5
24
24
24
24
24
24.5
24.5
24.5
24.5
24.5
24.5
24
24
24
24.5
25
25.5
25.5
25.5
25.5
25.5
26

laily
Varia-
,ion

11
10.5
9.5
9
8.5
8.5
8.5
8.5
8.5
8
8
8.5
8.5
8.5
9.5
9.5
9.5
9
9
9
9.5
9.5
9.5
9
10
11
11
11.5
11.5
12
12

Temp of ISAC
at the Interfact

Min
rem~

21
20.5
19.5
19.5
19
19
19
19
19
19
18.5
18
18
18
17.5
17.5
18
19
19
19
19
19
19
18.5
17.5
17
17
17
16.5
16.5
17

(F)

Max
remp

27.5
26
23.5
22
21.5
21
21
20.5
20.5
20
20
20
20
20
20
20
21
21
21.5
21.5
22
22
22
20.5
20.5
20
20
20
20
20
20.5

laily
V’aria{
ion

6.5
5.5
4
2.5
2.5
2
2
1.5
1.5
1
1.5
2
2
2
2.5
2.5
3
2
2.5
2.5
3
3
3
2
2.5
3
3
3
3.5
3.5
3.5

Temp of PCC Slab
at Mid Depth

(F) -

Min Max
I’emp Temp

24 26.5
23 25
22 23.5
21.5 23
21.5 22.5
21 22
21 22
21 21.5
21 21.5
20.5 21
20.5 21
20.5 21
20.5 21
20.5 21
20 20.5
20 20.5
20.5 21
20.5 21
20.5 21
20.5 21
20.5 21
20.5 21
20.5 21.5
20.5 21
20 20.5
20 20.5
20 20.5
20 20.5
20 20.5
20 20.5
20 20.5

)aily
~aria-
ion

2.5
2
1.5
1.5
1
1
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
1
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Note: Overlay thickness = 2.5 in.
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Temp of Overlay

Dav at the Surface
remp of Overlay
at Mid Depth

Temp of ISAC
at the Interface

Temp of PCC Slab
at Mid Depth

of “

F

the Min
Year emp

(F)

Max
remp

IF) - (F) (F)

Max
Temp

1

hlily
laria–

<

ion

0.5
1
0.5
0.5
.05
0.5
1
0.5
1.5
1.5
2
2
2
3.5
3.5
3.5
3.5
4
4
3.5
4.5
4.5
5
4.5
5
5
5.5
5.5

laily
Yaria-
ion

Nlin
remp

Max
remp

laily
Jaria-
ion

Min
I’emp

Max
remp

Daily
Varia4
ion

Min
I’eml

reb 1 11.5
~eb2 11.5
~eb3 11.5
‘eb 4 12
‘eb 5 11.5
‘eb 6 12
‘eb 7 13
‘eb 8 13
‘eb 9 13
‘eb 10 13.5
‘eb 11 13
‘eb 12 13
‘eb 13 13
‘eb 14 14.5
‘eb 15 14.5
kb 16 14.5
eb 17 14.5
kb 18 14.5
‘eb 19 15
‘eb 20 15
‘eb 21 16
‘eb 22 16.5
‘eb 23 16.5
‘eb 24 16.5
‘eb 25 16.5
‘eb 26 16.5
‘eb 27 16.5
‘eb 28 16.5

21
21
21.5
21
21.5
21
21.5
21.5
22
21.5
22
22
22
22.5
23
23.5
23.5
24
22.5
24
25
25
25.5
25.5
26
26
26.5
26.5

14.5
14.5

15
15
15
15
16
16.5
16.5
17
16.5
16.5
16.5
17.5
17.5
17.5
17.5
17.5
18
18
18.5
19
19
19
19
19
19
20.5

26
26
26.5
26.5
27
27
28
28.5
28.5
28.5
28.5
29
29
31
32
32.5
32.5
33
33.5
33.5
35.5
35.5
36
36.5
36.5
37
38
39

11.5
11.5
11.5
11.5
12
12
12
12
12
11.5
12
12.5
12.5
13.5
14.5
15
15
15.5
15.5
15.5
17
16
17
17.5
17.5
18
19
18.5

17
17
17.5
17.5
17.5
17.5
18.5
19
19
19.5
19.5
19.5
19.5
19.5
20
20
20
20
20.5
20.5
20.5
21
21
21
21
21
21
22

20.5
20
20.5
20.5
21
21
22
22.5
23
23
23.5
24
24
26
27.5
27.5
28
28
28.5
28.5
30.5
31
31
31.5
31.5
31.5
32
32

3.5
3
3
3
3.5
3.5
3.5
3.5
4
3.5
4
4.5
4.5
6.5
7.5
7.5
8
8
8
8
10
10
10
10.5
10.5
10.5
11
10

20
19
19
19
19
19
19
19
19.5
19.5
19.5
19.5
19.5
19.5
20
20.5
20.5
20.5
20.5
21
21
21.5
21.5
22
22
22
22.5
22

20.5
20
19.5
19.5
19.5
19.5
20
20.5
21
21
21.5
21.5
21.5
23
23.5
24
24
24.5
24.5
24.5
25.5
26
26.5
26.5
27
27
27.5
27.5

32.5
32.5
33
33
33
33
34.5
34.5
35
35
35
35
35
37
37.5
38
38
38.5
38.5
39
41
41.5
42
42
42.5
42.5
43
43

Note: Overlay thickness = 2.5 in.
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Day
of

the
Year

Temp of Overlay
at the Surface

Min
remp

18.5
19
19
19.5
19.5
19.5
19.5
21
21.5
21.5
21.5
21.5
21.5
21.5
23
23.5
23.5
23.5
23.5
23.5
23.5
23.5
26
26
26.5
26.5
26.5
26.5
28
28.5
28.5

(F)

Max
remp

46
46.5
46.5
47
47
47.5
47.5
50
50.5
50.5
51
51
51
51.5
54
54.5
54.5
55
55
55
55.5
58
58.5
59
59
59
59.5
59.5
62.5
62.5
63

laily
~aria-
ion

27.5
27.5
27.5
27.5
27.5
28
28
29
29
29
29.5
29.5
29.5
30
31
31
31
31.5
31.5
31.5
32
32.5
32.5
33
32.5
32.5
33
33
34.5
34
34.5

remp of Overlay
at Mid Depth

20.:
21
21.5

22
22
22
22
23
23.5
24
24
24
24
24
25
26
26
26
26
26
26
27
28.5
28.5
29
29
29
29
20.5

31
31

:F)

Max
remp

39
40
40.5
40.5
41
41
42
43.5
44
44
44.5
44.5
44.5
45
47
47.5
47.5
48
48
48
48.5
50.5
51
51.5
52
52
52.5
52.5
54.5
54.5
55

laily
iaria-
ion

18.5
19
19
18.5
19
19
20
20.5
20.5
20
20.5
20.5
20.5
21
22
21.5
21.5
22
22
22
22.5
23.5
22.5
23
23
23
23.5
23.5
24
23.5
26

Temp of ISAC
at the Interface

Min
I’emp

22
23
23.5
23.5
23.5
24
24
24.5
25
25.5
25.5
25.5
26
26
26.5
27.5
27.5
28
28
28
28
29.5
30
30.5
30.5
31
31
31
32
32.5
33

F)

Max
remK

32
32.5

33
33
33.5
33.5
33.5
35.5
36
36
36.5
36.5
37
37
38.5
39
39.5
39.5
40
40
40.5
42
42.5
43
43.5
43.5
43.5
44
46
46
46

laily
taria-
ion

10
9.5
9.5
9.5
10
9.5
9.5
11
11
10.5
11
11
11
11
12
11.5
12
11.5
12
12
12.5
12.5
12.5
12.5
13
12.5
12.5
13
14
13.5
13

Temp of PCC Slab
at Mid Depth

(F)

Min Max
I’empTemp

22 27.5
21.5 27
22 27.5
22.5 27.5
22.5 28
22.5 28
23 28.5
23.5 29.5
24 30
24.5 30
24.5 30.5
25 31
25 31
25.5 31.5
26 32.5
26.5 33
27 33
27 33.5
27.5 33.5
27.5 33
28 33
28.5 35
29.5 36
30 36
30 36.5
30.5 37
30.5 37
30.5 37.5
30.5 38.5
32 39
32 39

laily
Varia-
.ion

5.5
5.5
5.5
5
5.5
5.5
5.5
6
6
5.5
6
6
6
6
6.5
6.5
6
6.5
6
6.5
6
6.5
6.5
6
6.5
6.5
6.5
7
7
7
7

Note: Overlay thickness = 2.5 in.
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Day
of

the
Year

Temp of Overlay
at the Surface

Min
remp

28.5
28.5
29
29
30
30.5
31
31
31
31
31
33
34
34
34.5
34.5
34.5
34.5
36.5
37
37
37
37
37.5
37.5
38.5
38.5
39
39
39

(F)

Max
remp

63
63.5
63.5
63.5
65.5
66
66
66.5
66.5
66.5
67
70
70.5
70.5
70.5
71
71
71.5
73.5
73.5
73.5
74
74
74
74.5
77.5
77.5
78
78
78

laily
?aria-
ion

34.5
35
34.5
34.5
35.5
35.5
35
35.5
35.5
35.5
36
37
36.5
36.5
36
36.5
36.5
37
37
36.5
36.5
37
37
36.5
37
39
39
39
39
39

Temp of Overlay
at mid Depth

31
31
31
31.5
32.5
33
33.5
33.5
33.5
33.5
33.5
35.5
36.5
36.5
37
37
37
37
39
39.5
39.5
39.5

39.5
40
40
41
41.:
41.:
42
42

(F)

Max
remp

55
56
56
56
57.5
58
58.5
58.5
59
59
59
61.5
62.5
62.5
62.5
63
63
63.5
65
65.5
65.5
66
66
66
66.5
69
69
69.5
69.5
69.5

)aily
/aria-
ion

24
25
24.5
24.5
25
25
25
25
25.5
25.5
25.5
26
26
26
25.5
26
26
26.5
26
26
26
26.5
26.5
26
26-5

28
27.?

28
27.5
27.?

Temp of ISAC
at the Interface

Min
I’emp

33
33
33.5
33.5
34.5
35
35
35.5
35.5
35.5
35.5
35
38
38.5
38.5
39
39
39
40.5
41
41.5
41.5
41.5
42
42
42.5
43.5
43.5
44
44

(F)

Max
remp

46
45
45
45.5
46.5
47
47.5
47.5
48
48
48
47
51
51
51.5
51.5
52
52
53.5
54
54
54.5
54.5
55
55
57
57.5
57.5
58
58

)aily
?aria-
ion

13
12
11.5
12
12
12
12.5
12
12.5
12.5
12.5
13
13
12.5
13
12.5
13
13
13
13
12.5
13
13
12
12
14.5
14
14
14
14

Temp of PCC Slab
at Mid Depth

Min
I’eml

32
31
31
31.5
32
32.5
33
33
33.5
33.5
33.5
34.5
35.5
36
36.5
36.5
37
37
38
38.5
39
39
39.5
39.5
40
40.5
41
41.5
41.5
41

IEL
Max
L“emp

39
38
38
38
39
39.5
40
40
40.5
40.5
41
42
43
43
43.5
44
44
~.~
45.5

46
46
46.:
46.?
47
47
48.:
49
49
49.:
49

)aily
laria-
ion

7
7
7
6.5
7
7
7
7
7
7
7.5
8.5
7.5
7
7

i.5
7
7.5
7.5
7.5
7
7.5
7
7.5
7
8
8
7.5
8
8 I

Note: Overlay thickness = 2.5 in.
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—

Temp of ISAC
at the Interface

Temp of PCC Slab
at Mid Depth

Temp of Overlay
at the Surface

?empof Overlay
at Mid DepthDay

of
the
Year

(F) (F)

wax
?emp

(F) (F)

Max
I’emp

Min
remp

Daily
Varia-
;ion

Win
lemp

Wax
?emp

hily
laria-
ion

Max
remp

Min
remp

)aily
~aria.
ion

Min
rem~

laily
?aria-
ion

vlay 1
Vlay 2
Vlay 3
tiay 4
vlay 5
vlay 6
flay 7
flay 8
vlay 9
Vlay 1(
flay 11
flay 1;
flay 1:
day 1~
flay 1:
day 1(
flay 11
vlay 1[
flay 1!
vlay 2(
flay 21
vlay 2;
VIay 2:
tiay 2’
VIay 2!
tiay 2(
tiay T
Uay 2[
Uay 2!
tiay 3(

49
48
49
49.5
49.5
50
50
50.5
50.5
51
51.5
51.5
52
52
52
52.5
53.5
54
54.5
54.5
55
55
55
56
56.5
56.5
57
57
57
57.5
58.5

39
39
40.5
41
41
41
41
41.5
41.5
42.5
42.5
42.5
42.5
42.5
43
43
45
45.5
45.5
46
46
46
46
47.5
47.5
48
48
48
48
48

78
78.5
80
80.5
80.5
80.5
81
81
81
82
82
82
82
82.5
82.5
82.5
82.5
82.5
86
86
86
86
86
87.5
87.5
88
88
88
88
88.5

39
39.5
39.5
39.5
39.5
39.5
40
39.5
39.5
39.5
39.5
39.5
39.5
40
39.5
39.5
40.5
40
40.5
40
40
40
40
40
40
40
40
40
40
40.5

42
42
43.5
44
44
44
44
44.5
44.5
45.5
45.5
45.5
45.5
45.5
46
46
48
48.5
48.5
49
49
49
49
50.5
50.5
51
51
51
51
51

69.5
70
71.5
72
72
72
72.5
72.5
72.5
73.5
73.5
73.5
73.5
74
74
74
74
75.5
77
77.5
77.5
77.5
77.5
79
79
79.5
79.5
79.5
79.5
80

27.5
28
28
28
28
28
28.5
28
28
28
28
28
28
28.5
28
28
27
27
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
29

44
44.5
45.5
46
46
46.5
46.5
46.5
46.5
47.5
47.5
48
48
48
48.5
48.5
50
50.5
51
51
51
51.5
51.5
52.5
53
53
53.5
53.5
53.5
53.5
54

58
57.5
57.5
58
58
58.5
58.5
58.5
59
59.5
60
60
60
60.5
60.5
60.5
62.5
63
63
63.5
63.5
63.5
64
65
65
65.5
65.5
65.5
66
66
67.5

14
13
12
12
12
12
12
12
12.5
12
12.5
12
12
12.5
12
12
12.5
12.5
12
12.5
12.5
12
12.5
21.5
12
12.5
12
12
12.5
12.5
13.5

41
40.5
41
41.5
42
42
42.5
42.5
43
43.5
43.5
44
44
44.5
44.5
44.5
45.5
46
46.5
47
47
47.5
47.5
48
48.5
49
49
49.5
49.5
49.5
50.5

8
7.5
8
8
7.5
8
7.5
8
7.5
7.5
8
7.5
8
7.5
7.5
8
8
8
8
7.5
8
7.5
7.5
8
8
7.5
8
7.5
7.5
8
8llvlay 3:1149.5 142.5 I 52.51-; 83 M

– 209-
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Day
of

the
Year

un 1
un 2
un 3
un 4
un 5
un 6
un 7
un 8
un 9
un 10
un 11
un 12
un 13
un 14
un 15
un 16
un 17
un 18
un 19
un 2(I
un 21
un 22
un 23
un 24
un 25
un 26
un 27
un 28
un 29
un 3C

Temp of Overlay
at the Surface

Min
17emp

49.5
50.5
50.5
50.5
50.5
50.5
51.5
51.5
52
52
52
52
52
53
53
53
53
53.5
53.5
53.5
54.5
55
55
55
55
55
55
55.5
55.5
55.5

(F)

Max
I’emp

92
92
92
92.5
92.5
92.5
93.5
93.5
94
94
94
94
94
95
95
95.5
95.5
95.5
95.5
95.5
96.5
96.5
96.5
96.5
96.5
96.5
97
98.5
98.5
98.5

laily
Jaria-
ion

42.5
41.5
41.5
42
42
42
42
42
42
42
42
42
42
42
42
42.5
42.5
42
42
42
42
41.5
41.5
41.5
41.5
41.5
42
43
43
43

remp of Overlay
at Mid Depth

(F) -

Min Max
remp Temp

53 83
53.5 83
53.5 83
54 83.5
54 83.5
54 83.5
54.5 84.5
55 84.5
55 85
55.5 85
55.5 85
55.5 85
55.5 85
56 86
56.5 86
56.5 86.5
56.5 86.5
57 86.5
57 86.5
57 86.5
58 87.5
58.5 87.5
58.5 88
58.5 88
58.5 88
58.5 88
58.5 88
59 89.5
59 89.5
59 89.5

)aily
?aria-
ion

30
29.5
29.5
29.5
29.5
29.5
30
29.5
30
29.5
29.5
29.5
29.5
30
29.5
30
30
29.5
29.5
29.5
29.5
29
29.5
29.5
29.5
29.5
29.5
30.5
30.5
30.5

Temp of ISAC
at the Interface

(F)

Min
I’emp

54
55
56
56.5
56.5
56.5
57
57.5
57.5
58
58
58
58
58.5
59
59
59.5
59.5
59.5
59.5
60.5
61
61
61
61
61
61
61.5
62
62

Max
remp

67.5
68
68
68.5
68.5
68.5
69.5
69.5
70
70
70
70
70
71
71
71.5
71.5
71.5
71.5
71.5
72.5
72.5
73
73
73
73
73
74
74.5
74.5

laily
Varia.
:ion

13.5
13
12
12
12
12
12
12
12.5
12
12
12
12
12.5
12
12.5
12
12
12
12
12
11.5
12
12
12
12
12
12.5
12.5
12.5

1
Temp of PCC Slab

at Mid Depth

Min
I’eml

50.5
.0.5
51
51
51.5
51.5
52
52.5
52.5
52.5
53
53
53
53.5
54
54
54.5
54.5
54.5
54.5
55
55.5
55.5
56
56
56
56
56.5
57
57

(F)

Max
I’emp

58.5
58.5
59
59
59.5
59.5
60
60.5
60.5
61
61
61
61
61.5
62
62
62.5
62.5
62.5
62.5
63.5
63.5
63.5
64
64
64
64
65
65
65

I

laily
?aria-

~

ion

8
8
8

18,
8
8
8
8
8!
8.5
8
8
8
8
8
8
8
8
8
8
8.5
8
8
8
8
8
8
8.5
8
8

Note: Overlay thickness = 2.5 in.
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Day
of

the
Year

Jul 1
Jul 2
Jul 3
Jul 4
Jul 5
Jul 6
Jul 7
Jul 8
Jul 9
Jul 10
Jul 11
Jul 12
Jul 13
Jul 14
Jul 15
Jul 16
Jul 17
Jul 18
Jul 19
Jul 20
Jul 21
Jul 22
Jul 23
Jul 24
Jul 25
Jul 26
Jul 27
Jul 28
Jul 29
Jul 30
Jul31

Temp of Overlay
at the Surface

55.5
55.5
55.5
55.5
56
56
56
56
56
56
56
56.5
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

(F)

Max
remp

98.5
98.5
98.5
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
99
98.5
98.5
98.5
98.5
98.5
98.5

)aily
?aria-
ion

43
43
43
43.5
43
43
43
43
43
43
43
42.5
42
42
42
42
42
42
42
42
42
42
42
42
42
41.5
41.5
41.5
41.5
41.5
41.5

remp of Overlay
at Mid Depth

Min
remp

59
59
59
59
59.5
59.5
59.5
59.5
59.5
59.5
59.5
60
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5
60.5

(F)

Max
remp

89.5
89.5
89.5
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90

)aily
/aria-
ion

30.5
30.5
30.5
31
30.5
30.5
30.5
30.5
30.5
30.5
30.5
30
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5
29.5

Temp of ISAC
at the Interface

(F)

Min
remp

62
62
62
62
62
62.5
62.5
62.5
62.5
62.5
62.5
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

Max
remp

74.5
74
74
74
74
74
74
74
74
74
74
74
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5
74.5

)aily
Taria.
ion

12.5
12
12
12
12
11.5
11.5
11.5
11.5
11.5
11.5
11
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5
11.5

Temp of PCC Slab
at Mid Depth

Min
I’em]

57
57
57.5
57.5
57.5
57.5
57.5
57.5
58
58
58
58
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5
58.5

(F)

Max
I’emp

65
65.5
65.5
65.5
65.5
66
66
66
66
66
66
66.5
66.5
66.5
66.5
66.5
66.5
66.5
67
67
67
67
67
67
66.5
66.5
66.5
66.5
66.5
66.5
66.5

)aily
7aria_

ion

8
8.5
8
8
8
8.5
8.5
8.5
8
8
8
8.5
8
8
8
8
8
8
8.5
8.5
8.5
8.5
8.5
8.5
8
8
8
8
8
8
8

Note: Overlay thickness = 2.5 in.
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Temp of PCC Slab
I

at Mid Depth ~
Temp of Overlay

at the Surface
remp of Overlay

at Mid Depth
Temp of ISAC
at the InterfaceDay

of
the
Year

(F)

Max
I’emp

(F)

Max
remp

(F’) (F) ‘
Min
remp

)aily
/aria-
ion

Min
remp

Max
I’emp

)aily
?aria-
ion

Min
I’emP

)aily
?aria-
ion

Min
I’emj

Max
I’emp

laily
laria-
ion I

8 I
8.5 I
8.5
8.5 1
8.5
8.5 ~
8.5 i
8.5
8.5 I
8.5
8.5 I8.5 ,

8.5
8
8.5
8
8
8 I
8“
8
7.5 I
8{
7.5
8 I

8.
7.5 I
7.5 I
8
8.5 I
8.5

iug 1
h.lg 2
iug 3
iug 4
Aug5
iug 6
Jug 7
Lug 8
iug 9
iug 1(
u.lg 11
u.lg 12
Ulg 1:
Ulg If
u.lg 1:
iug 1(
lug 1:
nlg 1[
Aug 1$
\ug 2(
Qlg 21
Jug 2;
h.lg 2:
iug 2~
hlg 2!
iug 2(
h.lg Y
iug 2[
h.lg 2!
lug 3(
lug 3

57
56.5
56.5
56.5
56.5
56.5
56.5
56.5
56
55.5
55.5
55.5
55.5
55.5
55.5
55
55
55
55
54.5
54.5
54.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53.5
53

98.5
97.5
97.5
97.5
97.5
97
97
97
96.5
96.5
96
96
96
96
95.5
95
95
94.5
94.5
94.5
94.5
94
94
93.5
93.5
93.5
93
93
93
92.5
92.5

41.5
41.5
41
41
41
40.5
40.5
40.5
40.5
41
40.5
40.5
40.5
40.5
40
40
40
39.5
39.5
40
40
39.5
40
40
40
40
39.5
39.5
39.5
39
39.5

63
62.5
62.5
62.5
62.5
62
62
62
62
61.5
61.5
61.5
61.5
61.5
61
61
60.5
60.5
60.5
60.5
60.5
60
59.5
59.5
59.5
59
59
59
59
59
58.5

74.5
74.5
74
74
74
74
74
74
74
74
74
’74
74
74
74
73.5
73
73
73
73
73
72.5
72
72
72
71.5
71.5
71.5
71.5
71
71

11.5
12
11.5
11.5
11.5
12
12
12
12
12.5
12.5
12.5
12.5
12.5
13
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12.5
12
11.5

58.5
58
58
58
58
58
58
58
58
57.5
57.5
57.5
57.5
57.5
57.5
57
57
57
57
57
57
57
56.5
56.5
56
56
56
56
55.5
55.5
55.5

66.5
66.5
66.5
66.5
66.5
66.5
66.5
66.5
66.5
66
66
66
66
66
65.5
65.5
65
65
65
65
65
64.5
64.5
64
64
64
63.5
63.5
63.5

64
64

60.5
60
60
60
60
59.5
59.5
59.5
59.5
59
59
59
59
59
58.5
58.5
58
58
58
58
58
57.5
57
57
57
56.5
56.5
56.5
56.5
56.5
56

90
89
89
89
89
89
89
89
88
88
88
87.5
87.5
87.5
87.5
87
87.5
87.5
87.5
87.5
87.5
86
85.5
85.5
85.5
85
85
85
85
84.5
84.5

29.5
29
29
29
29
29.5
29.5
29.5
28.5
29
29
28.5
28.5
28.5
29
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28.5
28
28.5

Note: Overlay thickness = 2.5 in.
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Day
of

the
Year

lep 1
lep 2
lep 3
lep 4
lep 5
lep 6
;ep 7
lep 8
lep 9
lep 10
lep 11
lep 12
lep 13
lep 14
lep 15
Iep 16
lep 17
;ep 18
lep 19
;ep 20
;ep 21
;ep 22
~ep 23
;ep 24
‘ep 25
ep 26
ep 27
ep 28
ep 29
,ep 30

Temp of Overlay
at the Surface

Min
remp

53
53
53
53
53
51.5
51.5
51
51
51
51
50.5
49
48.5
48.5
48
48
48
48
46
45.5
45.5
45.5
45.5
45.5
45
43
42.5.
42.5
42.5

(F)

Max
remp

92.5
92.5
92
92
91.5
90.5
90.5
90
90
90
89.5
89.5
87.5
87
86.5
86.5
86
86
85.5
83.5
83.5
83
83
82.5
82.5
82
80
80
79.5
79.5

)aily
laria-
ion

39.5
39.5
39
39
38.5
39
39
39
39
39
38.5
39
37.5
38.5
38
38.5
38
38
37.5
37.5
38
37.5
37.5
37
37
37
37
37.5
37
37

I’empof Overlay
at Mid Depth

Min
remp

56
56
56
56
56
55
54.5
54.5
54.5
54.5
54
54
52.5
52
52
51.5
51.5
51.5
51.5
50
49
49
49
49
49
48.5
47
46.5
46
46

(F)

Max
I’emp

84.5
84
84
84
83.5
82.5
82.5
82
82
82
81.5
81.5
80.5
79.5
79
79
78.5
78.5
78
76
76
75.5
75.5
75
75
74.5
73
72.5
72
72

laily
~aria-
ion

28.5
28
28
28
27.5
27.5
28
27.5
27.5
27.5
27.5
27.5
27
27.5
27
27.5
27
27
26.5
26
27
26.5
26.5
26
26
26
26
26
26
26

Temp of ISAC
at the Interface

Min
remp

58.5
58.5
58.5
58.5
58.5
57.5
57
57
57
57
56.5
56.5
55.5
55
54.5
54.5
54.5
54
54
53
52
52
52
51.5
51.5
51.5
50
49.5
49
49

(F)

71
71
71.5
71.5
71.5
71.5
71
71
70.5
70.5
70.5
70
68.5
68.5
68
68
67.5
67.5
67
65.5
65
65
64.5
64.5
64
64
63.5
63.5
63
63

)aily
Taria.
ion

12.5
12.5
13
13
13
14
14
14
13.5
13.5
14
13.5
13
13.5
13.5
13.5
13
13.5
13
12.5
13
13
12.5
13
12.5
12.5
13.5
14
14
14

Temp of PCC Slab
at Mid Depth

(F)

w

Min Max aily
I’em Temp aria-

ion

55.5
55.5
55.5
55.5
55
55
55
55
55.5
55
54.5
54.5
54
54
53.5
53.5
53
53
53
52
51.5
51
51
50.5
50.5
50
49.5
48.5
48.5
48

64 8.5
64 8.5
64 8.5
64 8.5
63.5 8
63.5 8
63.5 8.5
63.5 8.5
63 7.5
63 8
63 8.5
62.5 8
62 8
61.5 7.5
61 7.5
60.5 7
60.5 7.5
60.5 7.5
60 7
60 7
59.5 8
59.5 7.5
58 7
58 7.5
57.5 7
57.5 7.5
56.5 7
55.5 7
55.5 7.5
55.5 7

Note: Overlay thickness = 2.5 in.
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Day
of

the
Year

)Ct 1
)Ct 2
)Ct 3
)Ct 4
)Ct 5
)ct 6
)Ct 7
)ct 8
)Ct 9
)Ct 1(
)Ct 1]
)Ct 12
)Ct 1:
)Ct 1~
)Ct 1:
)Ct 1(
)Ct 1:
)Ct 1[
)Ct 1<
)Ct 2(
)Ct 21
)Ct 22
)Ct 2:
)Ct 2f
)Ct 2:
)Ct 2(
)Ct 2:
)Ct 2[
)Ct 2!
)Ct 3(
)Ct 3:

Temp of Overlay
at the Surface

(F)

Min
remp

42.5
42.5
42.5
41
40.5
40.5
40.5
40
40
40
39
38.5
38.5
38.5
38.5
38.5
38
36
35.5
35
35
35
35
35
33
32.5
32.5
32
32
32
32

wax
Temp

79.5
79
78.5
76.5
76
76
75.5
75.5
75
75
73.5
73
72.5
72.5
72
72
71.5
68.5
68
67.5
67.5
67
67
66.5
64
63.5
63
63
62.5
62
62

)aily
/aria–
ion

37
36.5
36
36.5
35.5
35.5
35
35.5
35
35
34.5
34.5
34
34
33.5
33.5
33.5
32.5
32.5
32.5
32.5
32
32
31.5
31
31
30.5
31
30.5
30
30

remp of Overlay
at Mid Depth

Min
remp

46
46
45
44.5
44
44
44
43.5
43.5
43.5
42.5
42
42
42
42
41.5
41.5
39.5
39
38.5
38.5
38.5
38
38
36.5
36
36
35.5
35.5
35
34.5

(F)

Max
remp

72
71.5
71
69.5
69
69
68.5
68.5
68
68
66.5
66
65.5
65.5
65
65
64.5
62
61.5
61
61
60.5
60.5
60
58
57.5
57
56
55
54
52

)aily
?aria-
ion

26
25.5
25
25
25
25
24.5
25
24.5
24.5
24
24
23.5
23.5
23
23.5
23
22.5
22.5
22.5
22.5
22
22.5
22
21.5
21.5
21
20.5
19.5
19
17.5

Temp of ISAC
at the Interface

(F)

Min
remp

49
48.5
48.5
47.5
47
47
46.5
46.5
46
46
45.5
45
44.5
44.5
44.5
44
44
42.5
41.5
41.5
41
41
40.5
40.5
39.5
38.5
38.5
38
38
37.5
37

Max
remp

63
63
62.5
61.5
61
60.5
60
60
59.5
59.5
58.5
58
57.5
57.5
57
57
56.5
54.5
54
53.5
53.5
53
52.5
52.5
50.5
50
49.5
49.5
49
49
48.5

)aily
/aria-
ion

14
14.5
14
14
14
13.5
13.5
13.5
13.5
13.5
13
13
13
13
12.5
13
12.5
12
12.5
12
12.5
12
12
12
12
11.5
11
11.5
11
11.5
11

Temp of PCC Slab ‘
at Mid Depth ‘

(F)

Min
I’emp

48
48
48
48
47.5
47.5
47.5
47.5
47
47
46.5
46
45.5
45.5
45
45
44.5
44
43
42.5
42
42
41.5
41.5
40.5
40
39.5
39
38.5
38.5
39

-

Max
I’emp

55.5
55
55
55
55
54.5
54.5
54
54
53.5
53
52.5
52
52
51.5
51.5
51
49.5
49
48.5
48
48
47.5
47.5

46
45.5

45
45
Q.f

44
44

laily
Yaria- 1
ion !

7.5 1

71
7
7’
7.5
7 1
7’
6.5
7

I
6.5
6.5 ~
6.5 I

6.5
6.5 !
6.5 I
6.5
6.5
5.5 ‘
6
6
6
6
61
6
5.5 I
5.5
5.5 I
61
6
5.5 I
5

Note: Overlay thickness = 2.5 in.
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Temp of Overlay
at the Surface

remp of Overlay
at Mid Depth

Temp of ISAC
at the Interface

Temp of PCC Slab
at Mid DepthDay

of
the
Year

[F)

Wax
?emp

[F)

Max
remp

(F)

Max
remp

[F)

Max
L“emp

Min
remp

)aily
Taria-
ion

Min
remp

}aily
‘aria-
ion

Min
remp

)aily
Taria-
ion

Min
reml

klily
‘aria-
ion

iov 1
(Ov 2
iov 3
iov 4
‘JOv5
(OV6
(OV7
iOV8
?Ov 9
Jov 1(
‘JOv11
(Ov 1:
iov 1:
iov 1~
(OV 1:
‘JOv1(
iov 1:
(OV 1/
{Ov 1!
iov 2(
40V 2:
(Ov 2
‘JOv2:
iov 2’
‘?Ov2:
iov 2(
iov 2
iov 2:
qov 2!
Qov 3{

32
30.5
30.5
30.5
30
30
30
28
27.5
27
27
27
27
27
26
25.5
25.5
25.5
25.5
25.5
25
22
21.5
21.5
21.5
21.5
21.5
21.5
20.5
20.5

62
58
58
56
56
55.5
55
52
52
51.5
51.5
51
51
50.5
49
49
48.5
48.5
48.5
48
48
43.5
43
43
42.5
42.5
42.5
42
39
39

30
27.5
27.5
25.5
26
25.5
25
24
24.5
24.5
24.5
24
24
24.5
23
23.5
23
23
23
22.5
23
21.5
21.5
21.5
21
21
21
20.5
18.5
18.5

34.5
33.5
33.5
33.5
33
33
33
31
30.5
30
30
30
30
29.5
29
28.5
28.5
28
28
28
28
25.5
24.5
24.5
24.5
24
24
24
23.5
23

52
51.5
52.5
51
50.5
50.5
50
47.5
47
46.5
46.5
46
46
45.5
44.5
44
44
43.5
43.5
43.5
43
39.5
39
38.5
38.5
38
38
37.5
35
35

17.5
18
19
17.5
17.5
17.5
17
16.5
16.5
16.5
16.5
16
16
16
15.5
15.5
15.5
15.5
15.5
15.5
15
14
14.5
14
14
14
14
13.5
11.5
12

37
36
35.5
35.5
35.5
35
35
33.5
32.5
32.5
32
32
32
31.5
31
30.5
30.5
30
30
30
30
28
27
26.5
26.5
26
26
26
25.5
25

48.5
48
47.5
46.5
46
46
45.5
43.5
43
42.5
42.5
42
42
41.5
40.5
40
40
39.5
39.5
39.5
39
36.5
35.5
35
35
34.5
34.5

34
33
32.?

11.5
12
12
11
10.5
11
10.5
10
10.5
10
10.5
10
10
10
9.5
9.5
9.5
9.5
9.5
9.5
9
8.5
8.5
8.5
8.5
8.5
8.5
8
7.5
7.5

39
39
38.5
38.5
38
37.5
37.5
36.5
35.5
35
35
34.5
34
34
33.5
33
32.5
32.5
32.5
32
32
31
29.5
29
29
28.5
28
28
27.5
27

44
43.5
43.5
43
42.5
42.5
42
41
40
39.5
39.5
39
38.5
38.5
38
37.5
37
37
36.5
36.5
36
34.5
33.5
33
32.5
32.5
32
32
30.5
30

5
4.5
5
4.5
4.5
5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4
4.5
4
3.5
4
4
3.5
4
4
4
3
3

Note: Overlay thickness = 2.5 in.
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Temp of PCC Slab I
at Mid Depth

Temp of Overlay
at the Surface

remp of Overlay
at Mid Depth

Temp of ISAC
at the InterfaceDay

of
the
Year

(F) (F) - (F) (F)

Min
I’em]

Min
remp

laily
~aria-
ion

Min
remp

Max
remp

laily
Yaria-
ion

Max
remp

Min
Teml

Max
rem~

>aily
Jaria.
ion

Max
I’emP

)aily
?aria-
ion

3 I

3
3.5 j
3
3
3 I
3
3
3 I
3
3 I
3:
2
2 I
2
2’

I2,
2
2 I
1.5 ,
2
2 I
2 i

2
1.5 I
1.5
1.5 I
1.5 I
1.5
1.5 I
1.5

lec 1
lec 2
>ec 3
lec 4
lec 5
lec 6
lec 7
lec 8
lec 9
lec 1(
lec 11
>ec 12
lec 1:
lec 1~
>ec 1$
lec 1(
lec 1;
>ec 1[
>ec 1!
lec 2(
lec 21
lec Z
lec 2Z
lec 2~
lec 2:
lec 2(
lec 2Y
>ec 2f
>ec 2!
lec 3(
>ec31

20.5
20.5
20
20
20
18
17.5
17.5
17.5
17
17
17
15.5
15
15
15
15
15
15
15
15
15
15
15
15
15
14
14
14
14
14

39
38.5
38.5
38
38
36
35.5
35.5
35.5
35
35
35
32.5
32
32
32
32
31.5
31.5
31.5
31.5
31.5
31.5
31.5
31.5
31
31
31
31
31
31

18.5
18
18.5
18
18
18
18
18
18
18
18
18
17
17
17
17
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16.5
16
17
17
17
17
17
17

23
23
22.5
22.5
22.5
21
20
20
20
19.5
19.5
19.5
18.5
18
18
18
18
18
18
18
18
18
18
18
18
18
17.5
17
17
17
17

35
34.5
34.5
34
34
32
32
31.5
31.5
31
31
31
29
28.5
28
28
28
27.5
27.5
27.5
27.5
27.5
27.5
27
27
27
26.5
26.5
26
26
26

12
11.5
12
11.5
11.5
11
12
11.5
11.5
11.5
11.5
11.5
10.5
10.5
10
10
10
9.5
9.5
9.5
9.5
9.5
9.5
9
9
9
9
9.5
9
9
9

25
24.5
24.5
24.5
24
23
22
22
21.5
21.5
21.5
21.5
21
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20.5
20
20
20
20
19.5
19.5
30.5
30.5

32.5
32.5
32
32
32
30
30
29.5
29.5
29
29
29
27
26.5
26
26
25.5
25.5
25
25
25
25
25
24.5
24.5
24.5
24
23.5
23
22.5
22.5

7.5
8
7.5
8
7
8
7.5
8
7.5
7.5
7.5
6
6
5.5
5.5
5
5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4.5
4
4
4
3
3

27
27.5
27
27
27
26
25.5
25
25
24.5
24.5
24.5
24
23.5
23
23
22.5
22.5
22.5
22.5
22
22
22
22
22
22
21.5
21.5
21
21
21

30
30.5
30.5
30
30
29
28.5
28
28
27.5
27.5
27.5
26
25.5
25
25
24.5
24.5
24.5
24
24
24
24
24
23.5
23.5
23
23
22.5
22.5
22.5

Note: Overlay thickness = 2.5 in.
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APPENDIX B

SHEAR STRENGTH OF RUBBER ASPHALT MIXES

AT

DIFFERENT

TEMPERATURES, RATES OF SHEAR, AND

DISPLACEMENT LEVELS
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Type of
Rubber
Asphalt

AC-5
AC-1 O
AC-20

AC-5
AC-10
AC–20

AC-5
AC–10
AC-20

AC-5
AC-10
AC-20

AC-5
AC-10
AC-20

AC-5
AC-10
AC–20

Rate of
Shear
(in/rein)

0.05

Temp

(F)

100

80

60

40

20

0

0.01
in.

3ispla-
:ement

0.1
0.1
0.15

0.13
0.2
0.15

0.15
0.4
0.3

1.1
1.8
2.5

2.05
4.2
3.2

2.6
4.5
6.5

0.02
in.

3ispla-
:ement

0.15
0.16
0.22

0.25
0.3
0.3

0.3
0.7
0.6

2.05
3.45
5

4.25
8
6.8

5.5
9
13

Shear Stress At Different Shear Displacements (psi) I
0.03
in.

Displa-
cement

0.17
0.19
0.27

0.28
0.35
0.45

0.42
0.9
0.9

2.7
4.65
6.95

6.35
10.9
10.1

8.25
12.8
19

0.04
in.

Xspla-
:ement

0.2
0.22
0.32

0.32
0.4
0.53

0.54
1.1
1.2

3.4
5.7
8.7

8.25
13
13.2

11
16
24.5

0.05
in.

Displa-
cement

0.22
0.25
0.35

0.35
0.45
0.6

0.65
1.3
1.5

4.1
6.6
10.2

9.875
14.6
16.5

13.5
18.9
29

0.06
in.

Displa-
cement

0.25
0.27
0.37

0.38
0.5
0.67

0.75
1.4
1.8

4.6
7.35
11.4

11.2
15.75
19.8

16
21.5
33.3

0.07
in.

Displa-
cement

0.27
0.28
0.4

0.42
0.5
0.74

0.85
1.5
2.05

5.2
7.9
12.5

12.12
16.65
23.05

18
23.4
37

0.08
in.

Displa-
cement

0.28
0.29
0.42

0.45
0.55
0.82

0.95
1.6
2.2

5.7
8.3
13.4

12.75
17.35
26.25

19.37
25
40.8

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures

0.09
in.

)ispla-
ement

0.29
0.3
0.45

0.48
0.55
0.88

1.1
1.7
2.3

6.1
8.7
14.1

13.25
17.9
29.35

20.37
26.2
44.2

1.1
in. I

Displa-
cement

--i0.3
0.3
0.47 I
0.5 ~
0.6
0.95

1.2
1.8
2.4 I
6.4
9 I
14.8

13.651
18.3
32.1

21
27
47

I

I

I

and Displacements’~ 0.05 in./min Rate of Shear
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Type of
Rubber

Asphalt

AC–5
AC-10
AC–20

AC-5
AC-10
AC–20

AC-5
AC–10
AC-20

AC-5
AC-10
AC–20

AC-5
AC–10
AC–20

AC-5
AC-10
AC-20

Rate of
Shear
(in/rein)

0.2

Temp

(F)

100

80

60

40

20

0

0.01
in.

Displa-
cement

0.1
0.1
0.15

0.12
0.15
0.2

0.4
0.6
0.9

1.95
2.2
4

4.15
5.25
6

6.5
7
8.25

0.02
in.

Xspla-
:ement

0.15
0.15
0.2

0.2
0.3
0.5

0.7
1.1
1.7

3.3
4.1
7.5

9.1
10.5
12

13.8
15.5
18.75

Shear Stress At DifTerent Shear Displacements (psi)

0.03
in.

Displa-
cement

0.2
0.2
0.25

0.28
0.45
0.75

0.9
1.65
2.4

4.4
5.8
11

14.4
16
18

22.5
25
31.25

0.04
in.

llispla-
:emenl

0.225
0.25
0.35

0.34
0.55
0.95

1.1
2.1
3.1

5.3
7.2
14.5

19.25
21.5
24

30.75
36
45

0.05
in.

Displa-
cement

0.25
0.3
0.4

0.4
0.65
1.1

1.3
2.5
3.7

6.1
8.6
18

23.8
26.6
30

40
48
58

0.06
in.

Displa.
:emenl

0.27$
0.35
0.45

0.44
0.75
1.2

1.5
2.8
4.3

6.9
9.8
21.25

28.55
31.25

0.07
in.

Displa.
:emenl

0.3
0.375
0.475

0.48
0.82
1.3

1.7
3.2
4.8

7.5
11
24.22

32.’74
35.8

0.08
in.

lXspla-
:ement

0.325
0.4
0.5

0.5
0.88
1.4

1.9
3.5
5.3

8
12
27.25

36.5

0.09
in.

Displa-
cement

0.35
0.425
0.5

0.53
0.92
1.5

2.1
3.85
5.75

8.4
13
30.15

40

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures

D.1
in.

Displa-
Eemenl

0.35
0.45
0.5

0.55
0.95
1.55

2.3
4
6.1

8.9
14
32.75

and Displacements Q 0.2 in./min Rate of Shear
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Type of
Rubber

Asphalt

AC–5
AC–1 O
AC–20

AC-5
AC-10
AC–20

AC-5
AC-10
AC-20

AC–5
AC-10
AC-20

AC-5
AC-1 O
AC-20

Rate of

Shear
(inhnin)

0.5

Temp

(F)

100

80

60

40

20

0.01
in.

DispIa-
:ement

0.1
0.12
0.15

0.15
0.2
0.4

0.6
1
1.5

1.9
2.4
3.7

6
7
6.65

0.02
in.

)ispla-
:ement

0.2
0.25
0.3

0.25
0.4
0.8

1.1
1.8
2.75

3.6
4.5
8.4

13
13.5
14.5

Shear Stress At Different Shear Displacements (psi)

0.03
in.

Dispia.
cemenl

0.25
0.32
0.4

0.33
0.55
1.2

1.35
2.5
3.8

5.1
6.6
13.2

20
20
22.75

0.04
in.

Displa.
temenl

0.27$
0.36
0.45

0.4
0.7
1.4

1.6
2.9
4.7

6.5
8.6
17.6

26.25
26.75
31.25

0.05
in.

Displa-
cement

0.3
0.4
0.5

0.45
0.85
1.6

1.85
3.3
5.5

7.8
10.5
22

32.5
33.5
40.4

0.06
in.

Displa.
:emenl

0.32$
0.44
0.55

0.48
1
1.8

2.15
3.7
6.2

9.2
12.3
26.3

38.8
40

0.07
in.

Displa-
:emenl

0.35
0.48
0.6

0.52
1.1
2

2.4
4.1
6.9

10.7
14
30.6

44
46.5

0.08
in.

Displa-
cement

0.35
0.52
0.65

0.56
1.2
2.2

2.7
4.5
7.5

12.2
15.7

52.5

0.09
in.

Displa.
:emenl

0.35
0.56
0.7

0.6
1.3
2.4

3.1
4.9
8

13.6
17.3

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures

I
D.1

in. I
Displa-
cement

10.35
0.6
0.75

0.65

;:: I

3.4
5.2
8.4

15.1
18.8

II

I

and Displacementi- @ 0.5 inJmin Rate of Shear -
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tie of
Lubber
sphalt

AC-5
AC-1 O
AC–20

AC-5
AC–1O
AC-20

AC-5
AC–1 O
AC-20

AC-5
AC-10
AC-20

AC-5
AC–1 O
AC-20

Rate of
Shear
(in/rein)

1

Temp

(F)

100

80

60

40

20

0.01
in.

Displa-
cement

0.1
0.1
0.15

0.25
0.3
0.5

0.6
1.2
1.4

2.5
4.3
4.8

5.5
8.5
10.25

0.02
in.

)ispla-
:ement

0.15
0.13
0.29

0.45
0.6
0.9

1.2
2.2
2.8

Shear Stress At

T

0.03 0.04
in. in.

Displa Displa-
cement cement

)ifferent Shear Displac(

0.05 0.06

4

0.07
in. in. in.

Displa- Displa Displa
cement cement cemen

0.2 0.28 0.32 0.34 0.35
0.25 0.35 0.45 0.52 0.58
0.41 0.5 0.6 0.68 0.75

0.55 0.65 0.75 0.85 0.93
0.8 1 1.1 1.2 1.3
1.3 1.7 2 2.3 2.5

1.7 2.1 2.5 3 3.5
3.1 3.9 4.6 5.2 5.8
4.1 5.3 6.5 7.6 8.6

4.8 7.2 9.6 12 14.5 17
8.2 11.8 15 18 20.7 23.3
9.5 14 18.5 23.2 27.6 32

12 19 27 36
17.75 26 34 42
21.75 32 42 51.75

Ients (psi)

I 0.08 0.09
in. in.

Displa- Displa-
cement cement

0.36
0.62
0.81

1
1.4
2.7

4
6.2
9.6

0.37
0.65
0.85

1.05
1.5
2.9

4.4
6.6
10.6

19.5 I 22
25.8 28.2

0.1
in.

Displa
cemen

0.37
0.65
0.88

1.1
1.6
3.1

4.8
6.95
11.6

24.5
30.5

I I I 1 I I 1 1 1 1 1 I

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures
and Displacements Q 1 in./min Rate of Shear
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me of
Rubber

Asphalt

AC–5
AC-10
AC–20

AC–5
AC-10
AC-20

AC-5
AC-10
AC–20

AC-5
AC–1 O
AC–20

Rate of
Shear
(in/rein)

2

Temp

(F)

100

80

60

40

0.01
in.

Xspla–
:ement

0.1
0.12
0.17

0.2
0.3
0.45

0.9
1.5
2.5

3
4
5.4

Shear Stress At Different Shear Displacements (psi)

0.02
in.

lispla-
:ement

0.2
0.23
0.33

0.4
0.6
0.85

1.6
3
4.8

5.8
8
10.8

0.03
in.

Displa-
cement

0.25
0.33
0.47

0.55
0.85
1.4

2.2
4.2
6.8

8.4
12
16.2

0.04
in.

Displa-
cement

0.3
0.42
0.59

0.7
1.1
1.8

2.75
5.1
8.7

11
16
21.6

0.05
in.

Displa-
cement

0.35
0.5
0.7

0.85
1.3
2.2

3.15
6
10.5

13.5
20
27

0.06
in.

Displa.
:emenl

0.4
0.57
0.8

0.95
1.5
2.6

3.7
6.7
12.1

16
24
32.4

0.07
in.

Displa-
cement

0.43
0.63
0.88

1.08
1.7
3

4.25
7.4
13.6

18.5
28.2
37.8

0.08
in.

Displa-
cement

0.45
0.68
0.94

1.2
1.85
3.4

4.8
8.1
15

21
32.3

0.09
in.

)ispla-
:ement

0.47
0.72
0.98

1.33
2
3.8

5.4
8.8
16.15

23.5
36.4

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures

).1
in.

)ispla
:emen

0.5
0.75
1.2

1.45
2.1
4.1

6
9.5
17.2$

and Displacements Q 2 in./min Rate of Shear
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Type of Rate of Shear Stress At Different Shear Displacements (psi)
Rubber Shear Temp
Asphalt (in/rein) 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

in. in. in. in. in. in. in. in. in. in.
(F) Displa– Displa– Displa- Displa- Displa– Displa– Displa- Displa- DiSpla-Displa-

cement cement cement cement cement cement cement cement cement cement

AC–5 3 100 0.1 0.15 0.23 0.3 0.37 0.44 0.46 0.48 0.50 0.52
AC-10 0.14 0.26 0.37 0.47 0.55 0.61 0.66 0.7 0.72 0.73
AC-20 0.25 0.5 0.65 0.8 0.9 01 1.08 1.15 1.2 1.25

AC-5 80 0.3 0.5 0.7 0.9 1.1 1.3 1.5 1.7 1.85 2
AC-1 O 0.45 0.8 1.1 1.4 1.7 1.95 2.15 2.35 2.54 2.7
AC-20 0.6 1.2 1.75 2.15 2.6 3.1 3.5 4 4.35 4.7

AC–5 60 1.2 2.5 3.5 4.5 5.5 6.3 7.1 7.9 8.7 9.3
AC-10 2 3.8 5.4 6.8 8 9.1 10.2 11.1 12 12.8
AC–20 2.6 5 7.3 9.6 12 14.3 16.5 18.6 20.6 22.4

AC-5 40 2.8 5.7 8.6 11.5 14.3 17 19.6 22.2 24.6 26.8
AC-10 4.6 9 13.2 17.6 22 26.2 30.2 34 37.6 41
AC–20 6.7 13.1 19.5 26.1 32.5

Shear Stress Of Rubber Asphalt Mixes At Different Temperatures
and Displacements C!3 in./min Rate of Shear
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APPENDIX C

THEORETICAL SHEAR STRESS AT

THE INTERFACE Of PCC SLAB AND AC OVERLAY

FOR VARIOUS OVERLAY THICKNESS

RESULTING FROM A MOVING VEHICLE
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Distance from
Center of The Tire

Along Y Axis
(in.)

o
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9
9.5
10
10.5
11
11.5
12
12.5

shear Stress At
The Interface
On XY Plane

(psi)

43.7
43.5
43.0
42.0
40.5
38.4
35.6
32.2
28.0
23.5
18.7
14.1
9.9
6.5
3.9
2.1
0.9
0.2
-0.2
-0.5
-0.7
-0.8
-0.9
-0.9
-0.9
-0.8

Distance from
Center of The Tire

Along Y Axis
(in.)

o
-0.5
-1
–1.5
–2
-2.5
-3
-3.5
4
-4.5
–5
-5.5
-6
-6.5
–7
–7.5
-8
-8.5
-9
-9.5
–lo
-10.5
–11
–11.5
–12
–12.5

Shear Stress At
The Interface
On XY Plane

(psi)

43.7
43.5
43.0
42.0
40.5
38.4
35.6
32.2
28.0
23.5
18.7
14.1
9.9
6.5
3.9
2.1
0.9
0.2
-0.2
-0.5
-0.7
-0.8
-0.9
-0.9
-0.9
-0.8

Shear Stress On Horizontal Plane At The Interface
For 2.5 in. Thick Overlay
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Distance from Shear Stress At Distance from Shear Stress At
Center of The Tire The Interface Center of The Tire The Interface

Along Y Axis On XY Plane Along Y Axis On XY Plane
(in.) (psi) (in.) (psi)

o 37.2 0 37.2
0.5 37.0 -0.5 37.0
1 36.5 -1 36.5
1.5 35.4 -1.5 35.4
2 33.9 –2 33.9
2.5 31.9 –2.5 31.9
3 29.3 -3 29.3
3.5 26.2 -3.5 26.2
4 22.8 4 22.8
4.5 19.2 -4.5 19.2
5 15.6 -5 15.6
5.5 12.1 -5.5 12.1
6 9.0 -6 9.0
6.5 6.3 -6.5 6.3
7 4.2 -7 4.2
7.5 2.5 –7.5 2.5
8 1.3 -8 1.3
8.5 0.5 –8.5 0.5
9 -0.04 -9 -0.04
9.5 -0.4 -9.5 -0.4
10 -0.6 -lo -0.6
10.5 -0.8 -10.5 -0.8
11 -0.9 –11 -0.9
11.5 -0.9 -11.5 -0.9
12 -1.0 -12 –1.0
12.5 -1.0 -12.5 –1.0

Shear Stress On Horizontal Plane At The Interface
For 3 in. Thick Overlay
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Distance from Shear Stress At Distance from Shear Stress At
Center of The Tire The Interface Center of The Tire The Interface

Along Y Axis On XY Plane Along Y Axis On XY Plane
(in.) (psi) (in.) (psi)

o 30.8 0 30.8
0.5 30.6 -0.5 30.6
1 30 –1 30
1.5 29.1 -1.5 29.1
2 27.7 -2 27.7
2.5 26 –2.5 26
3 23.9 -3 23.9
3.5 21.5 -3.5 21.5
4 18.8 -4 18.8
4.5 16 -4.5 16
5 13.2 –5 13.2
5.5 10.5 -5.5 10.5
6 8.1 -6 8.1
6.5 5.9 -6.5 5.9
7 4.1 -7 4.1
7.5 2.6 -7.5 2.6
8 1.5 -8 1.5
8.5 0.7 -8.5 0.7
9 0.2 -9 0.2
9.5 -0.2 -9.5 -0.2
10 –0.5 -lo -0.5
10.5 -0.6 -10.5 -0.6
11 –0.8 –11 -0.8
11.5 -0.9 -11.5 -0.9
12 –1.0 –12 –1.0
12.5 –1.0 -12.5 -1.0

Shear Stress On Horizontal Plane At The Interface
For 3.5 in. Thick Overlay
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Distance from
~enter of The Tire

Along Y Axis
(in.)

o
0.5
1
1.5
2
2.5
3
3.5
4
4.5
5
5.5
6
6.5
7
7.5
8
8.5
9
9.5
10
10.5
11
11.5
12
12.5

;hear Stress At
The Interface
On XY Plane

(psi)

24.47
24.31
23.83
23.12
22.01
20.66
18.99
17.08
14.94
12.71
10.49
8.34
6.43
4.69
3.26
2.07
1.19
0.56
0.16
-0.16
–0.4
–0.47
-0.63
-0.71
-0.79
-0.79

Distance from
center of The Tire

Along Y Axis
(in.)

o
-0.5
–1
–1.5
-2
-2.5
-3
-3.5
4
-4.5
–5
–5.5
–6
-6.5
-7
–7.5
-8
-8.5
-9
-9.5
-lo
–10.5
-11
-11.5
-12
-12.5

Shear Stress At
The Interface
On XY Plane

(psi)

24.47
24.31
23.83
23.12
22.01
20.66
18.99
17.08
14.94
12.71
10.49
8.34
6.43
4.69
3.26
2.07
1.19
0.56
0.16
-0.16
–0.4
-0.47
-0.63
–0.71
-0.79
-0.79

Shear Stress On Horizontal Plane At The Interface
For 4 in. Thick Overlay
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