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ABSTRACT 

The report presents an evaluation of a modification to 

an asphalt-debonding test procedure when used with a water 

debonding apparatus developed at the University of Arizona, 

the Pore-Water Pressure Debonding Device. 

The method being modified is that outlined by Jimenez 

in his report "Testing for Debonding of Asphalt from 

Aggregates". A regular test specimen, 4 inches in diameter 

by 2% inches high (10.16 cm by 6.35 cm), is water-saturated 

at 122 °F (50 °C) and subjected to repeated pore-water 

pressure varying from 5 to 30 psi (34.5 to 217.0 kPa) . The 

above factors are kept constant and the following ones are 

varied: air void content, stress frequency, stress 

repetition, stress duration and testing temperature. The test 

procedure used to determine the tensile strength of the 

specimens is known as the "Double Punch" testing method. 

Test results of the modified testing procedure 

demonstrated the following trend: the higher the value of 

any of the aforementioned test variables, i.e., the void 

ix 
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content, stress frequency, stress repetition, or stress 

duration, or any combination of these variables, the greater 

the loss of the mix resistance to stripping. Test 

temperatures were only considered as a variation from room 

temperature, 77 °F (25 °C). The effects of each variable on 

test response are presented in detail in Chapter 7. 

Two types of mixes were used, a susceptible mix and a 

non-susceptible mix. The former is a standard mix product 

from Tanner Industries, a materials supplier in northwest 

Tucson; the latter was a mix using aggregates brought in from 

Tanner Industries but prepared at the University of Arizona 

Asphalt Laboratory. 

The development of a modified test procedure which 

produces reliable results was obtained. The Pore-Water 

Pressure Debonding device allows a better control over the 

test environments and the test variables. The procedure 

allows multiple samples to be tested under the same conditions 

while minimizing sample error and human procedural error. 

The procedure better simulates the actual environmental 

and load conditions to which the pavement is exposed and is 

easier to perform than earlier procedures. A recommended test 

procedure is outlined in appendix (A) of this report. 



CHAPTER 1 

INTRODUCTION 

The research is concerned with developing a modified 

test procedure to test debonding in asphaltic concrete 

mixtures. "Debonding" or "stripping" is a term used to 

describe the displacement or rupture of the asphalt binding 

film in the asphaltic concrete mixtures. Water pressure, 

erosion, traffic load, poor mix design, temperature changes, 

and other factors may cause this detachment. A method 

described in, "Test for Debonding of Asphalt from Aggregates" 

by  J i m e n e z ,  T r a n s p o r t a t i o n  R e s e a r c h  R e c o r d  n u m b e r  5 1 5 ,  1 1 1 ,  

has been in use to measure the stripping or debonding of 

asphalt from the aggregates in compacted mixtures. In the 

present study, a new device was used during the testing. It 

is described in later chapters. Both the device and procedure 

utilized were evaluated and the results studied and compared 

with those obtained by the older method. 

1 
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It is not the intent of this research to study the 

phenomenon of debonding itself or the factors that contribute 

to it. Instead, the emphasis herein is on the device and the 

usefulness of a modified procedure (to be introduced and 

discussed) towards predicting this well-known phenomenon of 

debonding. In any case, a brief description and factors 

contributing to the occurrence of this phenomenon were 

obtained from reference [1] and presented here. 

Debonding is the primary cause of the loss of adhesion 

between asphalt and the aggregates in compacted asphalt 

concrete mixtures. The debonding phenomenon concerns 

designers and researchers, since the damage caused by 

debonding in asphaltic concrete pavements makes roads unsafe 

for drivers and the repair of such damage is very costly. 

Though many variables may cause debonding to take place, the 

major factor is water. Existence of water is necessary for 

detachment to take place. Other factors are: 

- traffic. 

- cool temperatures. 

- low asphalt content. 

- high air void content. 

- cleanliness of fine aggregates. 

- coating on aggregates. 
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- chemical composition of aggregates. 

- surface texture of aggregates. 

This debonding or stripping phenomenon has been studied 

for a long time in order to recognize and understand the 

debonding mechanisms. The development of a reliable, 

economical and practical testing procedure and a device to 

measure stripping susceptibility has always been a concern 

for researchers. Many test methods have been used to evaluate 

debonding susceptibility of asphaltic mixtures. 

One such test is the Immersion Compression Test (ASTM 

D 1075). In this test, specimens are compacted by double 

plunger action at 3000 psi (21700 kPa) pressure. The 

specimens are soaked in a water bath for 24 hours at a 

temperature of 140 °F (60 °C). Testing is performed under an 

unconfined deformation compression rate of 0.2 in/min (0.508 

cm/min) on a 4-inch diameter by 4-inch high (10.16 cm by 10.16 

cm) specimen at 77 °F (25 °C). The susceptibility of the 

compacted mix to stripping was then expressed in terms of a 

"retained strength" index, relating the average strength of 

the exposed "wet" specimens to that of the duplicate control 

"dry" specimens. Another test is the Test for Debonding of 

Asphalt from Aggregates in Jimenez 1974 [13. In this test, 

a specimen 2% inches (6.35 cm) high by 4 inches (10.16 cm) in 

diameter is subjected to vacuum saturation at a 122 °F (50 
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°C). The above specimen size was used since it is a standard 

size. Cores of 3 - 4 inches (7.5 - 10 cm) in diameter and 2 -

4 inches (5-10 cm) in height can be tested. Specimens are 

subjected to cyclic stressing of 30 psi (217 kPa) while still 

in water; they are then tested for strength using a "double 

punch" test method, described in chapter 6, at 77 °F (25.0 

°C) . 

This test has advantages over other methods since it 

simulates the conditions causing debonding in the field. 

Also, the procedure is capable of testing cores without the 

need for re-molding. Further, the test was proven to be 

reliable. There are disadvantages associated with this test 

method as well. For example, test specimens had to be moved 

more than one time from one place to another, and specimens 

in the same group were stressed one at a time on the VKC 

compaction machine, enhancing the chance for errors. 

The new procedure, to be discussed later, uses a 

specimen 2% inches (6.35 cm) high by 4 inches (10.16 cm) in 

diameter, a regular specimen size. This procedure follows the 

outline of the procedure used by Jimenez 1974 El]# except that 

a test temperature factor is included in the new procedure. 
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The purpose of this study was to develop and evaluate 

a new water debonding susceptibility procedure and apparatus, 

which are easier to use, less susceptible to laboratory and 

human errors, transportable to field sites, and which will 

also allow more accurate predictions to the actual properties 

of the asphaltic mixtures. 

In the following chapters, a brief review of the 

debonding literature and the different methods that have been 

used previously to measure the debonding of asphaltic concrete 

mixtures will be presented. In particular, these methods are: 

1. Immersion-Compression. 

2. Sonic test. 

3. Lottman test. 

4. The old Pore-Water Pressure Debonding test. 

Following these, a full description of the newer 

device and its components will be presented and a complete 

presentation of the new Pore-Water pressure test results and 

analysis will be given. 



CHAPTER 2 

REVIEW OF LITERATURE 

D«bondlnq Concept 

The displacement or rupture of the asphalt binding 

film in the asphaltic concrete mixtures, due to water 

pressure, erosion caused by traffic, temperature changes, and 

other factors listed in chapter 1, is referred to in 

generalized terms as debonding or stripping. 

Kennedy, Roberts and Kang [3], in their joint 

investigation of proposed test methods to evaluate aggregate-

asphalt combinations to determine their water susceptibility, 

discussed the moisture-induced damage of asphalt concrete 

mixtures. They found that moisture-induced damage produces 

serious problems, such as reduction in performance and safety 

and increased pavement maintenance in several areas in the 

United States and around the world. 

6 
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They categorized moisture-induced damage in asphalt 

concrete mixtures into two failure types: 

1. Stripping, which is defined as being a physical 

separation of the asphalt cement and the aggregates 

due to the action of water or water vapor, producing 

a loss of adhesion between the asphalt cement and 

the aggregate surfaces. They also indicated that 

stripping is intensified by the presence of a smooth 

aggregate surface. 

2. Softening of the asphalt matrix, which is a general 

loss of stability of asphaltic concrete mixtures due 

to the loss of cohesion resulting from the action of 

water within the asphalt or asphalt matrix. 

Brown [4] suggested that stripping failures occur in 

two forms, cohesion failures and adhesion failures. Cohesion 

failures occur in dry mixtures that have proper asphalt 

coating, within the binder itself. Adhesion failures occur 

at the interface of the asphalt and the aggregates in the 

presence of water. The effect of water on the bituminous 

binder may be internal and may be apparent by simple 

observation of the pavement surface. Studies have shown that 

the action caused by stripping starts at the bottom of the 

pavement and progresses upward. Brown also said that, in 

pavements where minor stripping had occurred and in others 
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where loss of strength had occurred without visible stripping, 

pavements would regain strength when allowed to dry. 

Majidzadeh and Stander [5] said adhesion failures occur 

in any of four different failure concepts: displacement, film 

rupture, detachment and pore pressure. 

Displacement 

The displacement concept states that the displacement 

of the asphalt from the aggregates is due to changes in the 

equilibrium between the asphalt and the aggregate surface. 

This concept assumes that the asphalt aggregate interface in 

dry conditions are at equilibrium. The presence of water 

disturbs this state of equilibrium between the asphalt and 

the aggregate surface causing the asphalt binder to retract 

to a more stable position. According to Majidzadeh and 

Stander, most of the adhesion failures which occur in the road 

have been related to the binder retraction concept. 
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File Rupture 

Cohesion between aggregate particles in asphaltic 

concrete mixtures is developed by an asphalt binder. Asphalt 

serves to maintain the contact pressure developed among the 

particles. Cohesion can be thought of as another form of 

friction to help the mix resist deformation. This is 

illustrated by the schematic representation in Figure 1. Film 

rupture occurs in mixtures having fully coated aggregates with 

asphalt. In order for stripping to take place, it is 

necessary for the asphalt film to rupture. This rupture could 

occur anywhere in the asphalt coating film, especially at the 

sharp corners of the aggregates where the film coating is 

thinnest. Rupture is induced by traffic load, facilitating 

water displacement of the asphalt coating. 

Aggregate Particle 

Figure 1. Illustration of the effect of asphalt in 
developing cohesion between aggregate particles. 
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Detachaent 

The detachment concept assumes a replacement of the 

asphalt coating of the aggregates by a thin film of water 

causing a loss of adhesion between the asphalt and the 

aggregates. This could occur with the asphalt coating still 

intact; water could come from pores in the aggregates and 

result in a loss of adhesion between the asphalt and the 

aggregate surface. Also, mixes prepared with aggregates 

contaminated by dust may cause the same results. It is 

believed that a chemical reaction takes place between the 

water and the silica of the mineral surface, forming excess 

hydroxyl ions, which increase the pH and accelerate the 

reaction. 

Pore Pressure 

The pore pressure concept assumes a pressure buildup 

due to traffic load. This generally occurs in high air void 

content saturated mixtures. The pressure buildup occurs by 

water being pressed into the pavement in front of the moving 

load and then sucked out behind the wheel. Some adhesion 

failures were explained using this concept. 

Majidzadeh and Stander also said that while stripping 

is responsible for the reduction of strength in asphaltic 
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concrete mixtures, reduction in percent air void in the 

mixtures improved the mixture's resistance to stripping. This 

could be achieved in the field by increasing compaction effort 

or increasing asphalt. 

Previoua debonding tut nthoda 

As mentioned earlier, several methods have been used 

in the past to test the debonding susceptibility of asphaltic 

concrete mixtures. Some of these methods are: Immersion 

Compression [63, Sonic test 173, Lottman (Split Cylinder) test 

[83, and Test for Debonding of Asphalt form aggregates [1,23. 

Below are descriptions of these test procedures, the 

machines used in performing the tests, and a list of any 

problem or problems that may be associated with a given 

procedure or machine. 

Iuersion-Coapreaaion Test 

The Immersion-Compression test, ASTM designation D 

1075 and AASHO T165-55 [63, is used to measure the loss of 

cohesion resulting from the action of water on the compacted 

asphaltic concrete mixtures by testing the sensitivity of the 

mixtures to the destructive action of water. The American 
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Society for Testing and Materials standardized this test in 

1954 (it was established by the United Stated Bureau of Public 

Roads). The test shows the detrimental effect of water on 

compacted asphalt mixtures. The effect is shown as a 

percentage of the compressive strength of a wet test specimen 

(after an immersion period in water) with that of a duplicate 

dry specimen. Jimenez [13 states, "requirements of the value 

of the retained strength for acceptable mixtures vary from 55 

to 75 percent" depending on the rainfall, see reference [1,2]. 

The test provides a measure for both the resistance to the 

deleterious action of water and stability. 

The complete details of the procedure are given in 

ASTM method D 1075 and listed by Goode [9] as below: 

" 1. Molding six 4 x 4 in (10.16 x 10.16 cm) cylindrical 

specimens of mixtures by double plunger method 

under a static load of 3000 psi (210.93 kg/cm2) 

maintained for 2 min. 

2. Curing the specimens at 140 °F (60 °C) for 18 hrs. 

3. Determining density and dividing the specimens 

into groups of three each so that both groups 

have the same average density. 

4. Testing one group for compressive strength at 77 

°F (25 °C). 

5. Immersing the other group for at least 24 hrs. 
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6. Testing the immersed specimens for compressive 

strength at 77 °F (25 °C) at 0.2 in/min. 

7. Computing the ratio of the strength of immersed 

specimens to the strength of dry specimens and 

express on a percentage basis as retained strength." 

Majidzadeh and Stander [5] also found that the 

Immersion-Compression test failed to show a reduction in 

strength for the failed mixtures in their experiment, even 

when vacuum saturation was applied. 

Andersland and Goetz 1 7 1 ,  in their Joint Highway 

Research Project, mentioned one major disadvantage to the 

Immersion-Compression test method; that is, the test calls 

for three duplicate specimens to give an average value of 

compressive strength -- a variation in the specimens can give 

inconsistent results. 

In reviewing the analysis of I-C by Schmidt [103, 

it was concluded that the decrease in strength resulting from 

water action was due to the reduction in cohesion and to the 

reduction in the internal friction angle. Schmidt also 

recognized a direct relation between retained strength and 

sand equivalent. 



14 

Sonic test 

The sonic method [7], is a non-destructive testing 

approach, where laboratory beam specimens 12 inches long by 

2.5 inches thick (30.48 cm by 6.35 cm) by about 2 inches wide 

(5.08 cm) were subjected to a sonic testing technique. 

First, each specimen is cooled for two hours in a 

water bath at 40 °F (13 °C). Then, the beam is removed from 

the bath and all the surface water wiped off. Secondly, the 

beam specimen is placed on a driver (speaker) and the driver 

is activated by an audio oscillator. A Brush vibromike 

detects the vibrations of the beam and feeds it to an 

oscillograph that registers the vibrations of the beam and 

feeds it to an oscillograph that registers the vibrations 

between the output frequency of the oscillator and the driver 

frequency. 

This technique was used to measure progressive loss 

in sonic modules of elasticity caused by specimens exposed to 

water. The major advantages of this test were that it could 

be conducted on specimens molded from a bituminous mixture as 

it would be used in the field, and the beam specimens could 

be used for repeated exposure cycles. 
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Lo-ttaan Teat (Split Cylinder) 

Lottman C8] found that stripping failure is greatly 

accelerated by internal tensile stress occurring at the 

interface of the asphalt and aggregates. Lottman suggests 

that this failure may be caused by differential thermal 

expansion of asphalt or by pore water pressure. It was found 

that temperature change effects could produce the same stress 

induced by cyclic pore pressure produced in laboratory 

specimens (vacuum saturation, followed by freeze - plus - warm 

- water soak). Lottman claimed that the thermal cycle method 

for water-saturated asphaltic concrete mixtures causes 

stripping to take place in the same manner as that actually 

occurring in road pavements. Lottman also found that thermal 

cycling of saturated asphalt concrete pavement had a direct 

effect in stripping failures while traffic loading had a 

second-order effect. Lottman then proposed a test for 

measuring the stripping susceptibility of asphaltic concrete 

mixtures. In this test, nine test specimens were used for 

each test. Three randomly selected specimens were maintained 

in their dry condition. The remaining six specimens were 

vacuumed at 26 inches (66 cm) of mercury for 30 minutes while 

immersed in distilled water inside vacuum jars. Then, 

specimens were divided into two groups of three, each group 

having the same average bulk density. Both groups were placed 
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in water baths at selected mechanical temperatures of 55 ± 1.8 

°F (12.8 ± 1 °C) and 73 ± 1.8 °F (22.8 ± 1 °C> for 3 hours. 

Then, one of the groups was immersed into an air bath and 

frozen for 15 hours at - 64 ± 3.6 °F (-18+2 °C). Specimens 

then were tested under a flat loading head of a diametral 

compression test machine at a vertical deformation rate of 

0.065 inches per minute (0.165 cm per rain.), and the maximum 

compression load was recorded. Then, a diametral tensile 

strength was calculated, see TRR #246 till. 

Pore-Water Pressure Test (Old) 

Jimenez [ 2 1  1973 developed a method for determining 

the susceptibility of asphaltic concrete mixtures to 

stripping. He created a simple testing approach that 

simulated the expected traffic effect. 

Jimenez used a standard laboratory specimen size 4 

in. (10.16 cm) in diameter by 2% in. (6.35 cm) high, to be 

saturated by placing it in a plexiglass chamber. The chamber 

and specimen were placed in a hot water bath at 122 °F (50 

°C), with a water level at least 2 inches above the specimen 

for 45 minutes. According to Jimenez tl], this 122 °F 

temperature was used since it approaches the temperature found 

for saturated pavements in southern Arizona and because it 



17 

also lowers the viscosity which reduces the mix resistance to 

stripping. Then, a vacuum of 20 inches Hg (51 cm Hg) is 

applied for 5 minutes to the enclosed plexiglass chamber. 

Then, the vacuum is released and the specimen is left to stand 

for an additional 30 minutes in the same hot water bath. 

Jimenez said that this was sufficient to fully "saturate" the 

specimen and prepare it for the cyclic stressing of 5 - 30 psi 

(34 - 217 kPa), which simulates traffic effects. The cyclic 

stressing was done for 10 minutes at 5800 cycles per second. 

Then, the specimen was tested for strength at 77 °F (25 °C) 

using the "Double punch" testing method described in Chap. 6. 

Jimenez concluded that the new procedure he proposed 

for evaluating the stripping susceptibility of asphaltic 

concrete mixtures was simple, repeatable and time efficient. 

Other test methods discussed by Skog and Zube C12] 

are used to measure water action on bituminous mixtures. They 

are: 

1. Quantitative Dye Stripping Test. 

2. Surface Water Abrasion Test. 

3. Water Susceptibility Test. 

4. Moisture Vapor Test. 
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These tests emphasize the Importance of asphalt 

consistency and mix gradation to prevent the detrimental 

effects of water. These tests will not be discussed herein, 

but the reader is invited to consult the relevant references. 



CHAPTER 3 

MODIFICATION OF THE OLD TEST PROCEDURE 

In the past, researchers have developed tests and 

devices to aid in the identification of the damages to 

moisture-susceptible pavements. None has achieved national 

acceptance. Most tests have low reliability and were 

recognized locally only due to the absence of a direct 

simulation of field conditions in their tests. This situation 

left the need for a reliable test procedure and device to be 

developed. To do this, a procedure used in testing asphaltic 

concrete for debonding susceptibility with a new Pore-Water 

Pressure Device was developed during this study following the 

highlights of the test procedure developed by Jimenez C2] in 

1973. Jimenez's method is described in Chapter 2 and the 

apparatus used is shown in figure 2. This figure shows the 

bath used to soak and saturate the specimens. Figure 3 shows 

the Vibratory Kneading Compactor device used to stress the 

specimens. It is clear from seeing the aforementioned two 

19 



20 

figures that the portability of the old apparatus was 

impossible. In this study, the evaluation of the new device 

is emphasized with the older procedure applied to fit it. 

The procedure followed by Jimenez was selected since 

previous study and use proved its simplicity and 

repeatability. Also, Jimenez, in his method, took into 

account the two major points that were not considered properly 

in earlier procedures. These two major points were: 1) 

Field debonding simulation in the laboratory by means of a 

cyclic load generating pressures from 5 to 30 psi (34.5 to 

217 kPa) within the water saturated specimens (similar to 

those in saturated pavements); and 2) high temperature (140 

°F/50 °C) saturation and stressing of specimens, simulating 

the temperature of saturated pavements in the desert southwest 

in the summer months. This procedure also has the capability 

of testing pavement cores without the need for re-molding. 

This is important because pavement mixtures can then be tested 

under the same conditions as those which exist in the field. 

The highlights from Jimenez's method were: 

1) saturating the specimens; 2) subjecting specimens to cyclic 

stressing; and 3) testing for strength. 

Below is a summary of the steps used in the modified 

test procedure. 
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1. Standard size specimen -- 4 inches (10.16 cm) 

in diameter by 2.5 inches (6.35 cm) high. 

2. Saturation of specimens -- Pore water 

pressure is to be used when exposing the 

specimens to the repeated pressure. 

3. Exposure of specimens to repeated pore water 

pressure. 

4. Testing (mainly the double punch test method) under 

three temperatures, 70 °F (21.1 <>0, 77 °F (25.0 °C), 

and 85 °F (29.4 °F). 

The old apparatus is shown in the following pages and 

a complete description of the new device follows. 
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) 

Fi9ure 2. Bath used for specimen saturation in the dld method. 
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Fi9ure 3. Stressing Chamber with the V.K.C. device 
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The Mew Pore-Water Prmura Debonding Device 

The development of the new device came about since 

there was no specific device used in the past for the testing 

for debonding of asphalt from aggregates. The new device also 

incorporated a better and easier control over changing test 

variables, ease of use, portability for field control of 

paving mixtures, and completeness. Description of the device 

components are as follows: 

1. Diaphragm air cylinder 

- effective area = 12 square inches 

- stroke = 1.8 

2. Plexiglass cylinder. 

3. Saturation, stressing chamber. 

- diameter = 7.5 inches. 

- height = 12 inches. 

4. Stressing control valve. 

5. Incoming water control valve. 

6. Chamber lid, with vacuum control valve and gage. 

7. Three level specimen holder. 

- Plates have holes in them. 

8. Double punch testing device. 

- Diameter = 1 inch (2.54 cm) diameter. 

- Head speed = 1 in/min (41.5 x 10"® m/s). 

9. 3/4 Hp air compressor. 

10. Insulated water bath (controlled temperature). 
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11. Water pump. 

12. Thermometer. 

13. Pressured air, reserved tank. 

14. Motor speed controller. 

- Frequency range = 0 - 5 Hz. 

15. Motor. 

- Hp = 1/50. 

- rpm = 1725. 

- maximum torque = 4.2. 

- ratio = 10. 

16. Cam bank timer set for. 

- cycle off = 1/2. 

- cycle on = 1/2. 

17. Frequency counter. 

18. Pilot-air valve. 

19. Pneumatic directional control valve. 

- 30 VDC. 

20. Dual electrical outlet. 

21. Main electrical switch. 

22. Pressure control valve with pressure gage. 

- 0 to 60 psi 

23. Pressure control valve with pressure gage. 

24. Pressure gage. 
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/ 
Figure 4. Pore-Water Pressure Debonding Device. 



/ 

Figure 5. Pore-Water Pressure Debonding Device 
<Control Panel>. 
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Several photographs for some of the individual device 
components are shown in the following pages. 

'· 

/ 

Fi9ure 6. Double Punch Testing Device. 
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/ 
Figure 7. Saturation I Stressing Chamber. 
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,, 

Fi9u~e 8. Diaphragm Air Cylinder and Plexiglass Cylinder. 
/ 



CHAPTER 4 

EXPERIMENTAL PROGRAM 

The objective of this study was to evaluate the new 

device and to modify the older procedure to test the debonding 

susceptibility of asphaltic concrete mixtures. An 

experimental program of thirty four tests on two mixes, with 

three replicates to each test, was considered. Figure 9 shows 

the factors of the experimental program. In the program, void 

content was varied between a low of 3 percent to a high of 15 

percent, although, for control, a low value of 4 percent, a 

medium value of 8 percent, and a high value of 12 percent was 

achieved. Three rates of stress-frequencies (low, medium, and 

high 130,200, 250 repetitions per minute, respectively) were 

used. The number of stress repetitions was also varied --

low, medium, and high (4000, 6000, 8000 repetitions, 

respectively). The letters L,M,H in figure 9 are for low, 

medium and high values for each of the variable values 

described above. 
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Materials 

Ready-mixed asphalt concrete was used as Mix 1. The 

mix was obtained from Tanner Industries of Tucson, Arizona. 

An extraction was performed on the mix. Figure 10 and figure 

11 show the test results and the Tanner specifications for 

the mix. Table B1 in appendix B shows the tabulated 

gradations of the extraction results and the Tanner data and 

specifications (as obtained from the Tanner plant) for mix 1. 

Extraction showed a 5.45 percent asphalt and the Tanner data 

showed 5.8 percent. 

Mix 2 materials were 1/2" and 3/8" crushed stone and 

dirty fines from the Tanner plant in order to keep the 

aggregates of the two mixes the same with the only difference 

being the sand-equivalent value. The sand-equivalent value 

in mix 2 was less than in mix 1 and less than 40 (S.E. = 29) 

in order to have a susceptible mix. 

Asphalt used in this research was of the AC-20 type. 

Arizona Department of Transportation specifications for the 

asphalt are shown in table 1. 
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MIXTURE MIX 1 MIX 2 

VOIDS CONTENT L M H L M H 

STRESS FREQUENCY M L M H M M 

STRESS REPETITIONS M M L M H M M M 

STRENGTH 
TEST 

TEST 
TEMP. 

X X X X X X X X 
NEW 

DEVICE 

L X X X X X X X X 
NEW 

DEVICE M X X X X X X X X X X 
NEW 

DEVICE 

H X X X X X X X X 

OLD 
DEVICE 

L X X 
OLD 
DEVICE M X X X X 
OLD 
DEVICE 

H X X 

Figure 9. Testing program. 



0.001 

SIEVE OPENING 

FIGURE 10 Mix 1 Gradation (Extracted Mix Data). 
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Table 1. Properties of the (AC-20) asphalt, 
Arizona Department of Transportation 113 3. 

Item Spec. Value 

Viscosity at 140°F, poise 2000±400 

Viscosity at 275°F, Cs 210 

Penetration, 77°F, lOOgms, 
5 sec. minimum. 

40 

Percent of original penetration, 
77°F, minimum. 

40 

Flash point, degrees F., 
Pensky-Martens closed tester. 

450 

Ductility, 77°F, centimeters, min. 20 

Solubility in trichloroethylene, 
percent, minimum. 

99 



CHAPTER 5 

SPECIMEN PREPARATION FOR TESTING IN THE NEfT DEVICE 

Two mixes were used here to make specimens for 

evaluation with the new device. Mix 1 was a pre-mixed 

asphaltic concrete, and mix 2 was mixed at the University 

asphalt laboratory. 

Mix 1 (pre-mixed): 

This mix was brought in from Tanner Industries in 

five-gallon sealed containers, stored in the University 

Asphalt laboratory, and reheated prior to preparation in a 

forced draft oven at 250 °F (121.1 °C) in the same sealed 

containers, one container at a time. 

Speciaen preparation 

After a container had been reheated, six specimens 

for each test were weighed and then placed in an oven at 250 

°F (121.1 °C) to maintain the mixing temperature. The 

Marshall compaction method was used [14]. 

Specimen weight varied between 1120-1160 gm in order 
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to get a 2.5 inch (6.4 cm) high specimen with different air 

voids. The compaction effort was varied in order to achieve 

different void contents. When less compaction effort was 

applied, a smaller specimen weight was used, and vice versa. 

Table B2 shows the average mix weights, compaction effort, 

void contents, and density. Figure 17 in Chapter 7 shows the 

effect of the compaction effort on void content. The higher 

the compaction effort, the higher the density and the lower 

the voids . 

The mold assembly and compaction hammer were 

thoroughly cleaned. The hammer was placed on a hot plate and 

heated to about 250 °F (121.1 °C) and the mold assembly was 

placed in the oven and heated to 250 °F (121.1 °C). Specimens 

were then weighed and kept in the same oven with the mold 

assembly in separate pans. The weight of the specimens was 

dependent on the desired air void content as mentioned earlier 

and shown in table B2 in appendix B. Then, each batch was 

placed in the mold in one layer and spaded with a heated 

trowel 15 times around the perimeter and 10 times over the 

interior. Specimens were then compacted using a Marshall 

compactor with a different number of blows for different 

tests. See Figure 17 in Chapter 7 for the number of blows and 

Figure 13 in this chapter for a photograph of the Marshall 

compactor. Specimens were then allowed to cool down for a few 
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minutes in order to be able to take them out of the molds 

without any deformation or any separation of the asphalt 

coating film from the aggregates taking place. This was 

accomplished in about 15-25 minutes after the last specimen 

was compacted. Specimens then were allowed to cool down 

further to room temperature. Then, the height of the 

specimens, their density, and the air void were determined. 
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Figure 12. Mold Assembly and Hammer. 
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I, 

/ 
Figure 13. Marshall compactor. 
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Specimens were then divided into two groups of three 

specimens each so that both groups had the same average 

density. One group was placed in the new apparatus for 

testing; this group was the exposed or "wet" specimen group. 

The other group was placed in a temperature-controlled room; 

this was the control or "dry" specimen group. 

Mix 2 (prepared in laboratory): 

This mix was prepared in the asphalt laboratory at the 

University using aggregates brought in from the same Tanner 

plant that made the first mix. 

This mix consisted of 25 percent of 1/2" crushed stone 

with 25 percent 3/8" aggregates and 48 percent dirty fines, 

2 percent P.C., and an asphalt content of 5.4 percent. This 

mix had a sand equivalent value of 29. Table 2 and Figure 

14 show the combined aggregates analysis and the Arizona 

Department of Transportation specifications. 
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Table 2. Aggregates Gradation for Mix 2 C13]. 

Sieve Combined A.D.O.T. 
Size Analysis Specification 

(Passing, X) (Passing, %> 

3/4 100 100 

1/2 95 82 - 100 

3/8 77 60 - 90 

1/4 62 

#4 50 45 - 70 

#8 41 25 - 50 

#30 22 

#40 20 10 - 27 

#100 11 

#200 8 4 - 9  
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Mixtuf pMion 

In order to estimate the optimum asphalt content, a 

new procedure to establish initial asphalt content for Mix 2 

was used. 

A computer printout (Table 3) shows a theoretical 

design for mix 2 developed from the aggregate data. This 

program was written by Jimenez [143 at the University of 

Arizona. 

According to Jimenez [15 3, this program calculates the 

VMA of the aggregates using a procedure described by Hudson 

and Davis [163. The surface area of the aggregates is 

calculated using the California Surface Area Factors C173 and 

the film thickness using the effective asphalt content. The 

material used was a 1/2 inch aggregate blend, with an 

effective specific gravity of 2.61. The asphalt used had 

effective specific gravity of 1.018, and the asphalt 

absorption value is assumed to be 1.00. 
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SIEVE PERCENT 
SIZE PASSING R 

(P) 

VOIDAGE 
REDUCTION AGGREGATE 
FACTOR (F) VOIDAGE 

SURFACE SURFACE 
AREA AREA 
FACTOR (SQFT/LB) 

200 8.0 .00 .000 32.00 160. 12 .80 
100 11.0 1.38 .891 28 . 51 60. 6.60 
50 19.0 1 .73 .930 26.51 30. 5.70 
30 22.0 1 .16 .907 24.05 14. 3 . 08 
16 30.0 1. 36 .891 21 .43 8. 2.40 
8 41 .0 1.37 .891 19.09 4. 1 .64 
4 50.0 1 .22 .903 17.24 2. 1.00 

.375 77.0 1.54 . 902 15.55 0. 2.00 

.750 100.0 1.30 .895 13.92 0. .00 
1 .500 100.0 1 .00 1 .000 13.92 0. .00 

TOTAL SURFACE AREA= 35.22 

AIR 
VOIDS 
PERCENT 

ASPHALT 
CONTENT 
PERCENT 

FILM 
THICKNESS 
MICRONS 

2 . 0 0  
3.00 
4.00 
5.00 
6 .00  

5.12 
4.71 
4. 30 
3.88 
3.46 

5.99 
5.37 
4.76 
4.14 
3.52 

EFFECTIVE SPECIFIC GRAVITY3 2.610 
ASPHALT SPECIFIC GRAVITY = 1.018 
ASPHALT ABSORPTION VALUE = 1.000 

Table 3. Computer printout of suggested design for Mix 2. 
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From Table 3. A final VMA value of 13.92 percent was 

obtained which is not close to the recommended value of 15 

percent [16]. From this an asphalt of 5.0 percent is chosen 

to be used as basis for designing the optimum asphalt content. 

Marshall Method of mix design is used in the 

Laboratory to determine the optimum asphalt content for the 

aggregates. Specimens 4 inches (10.16 cm) in diameter, 2 1/2 

inches (6.35 cm) high were prepared for asphalt contents of 

4.5, 5, 5.5, and 6. percent. Specimens were then compacted 

using the Marshall compactor with 75 blows on each side of 

specimen. The optimum asphalt content was determined to be 

5.4 percent, after the Marshall test results were obtained as 

shown in Figure 15. 
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Figure 15. Marshall Curves for Mix 2. 
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Speciaen preparation 

The four components were combined and placed in the 

oven at 300 °F (148.9 °C) prior to mixing. The aggregates 

were heated in a forced-draft oven to a temperature of 300 ± 

5 °F (148.9 ± 2.8 °C). The asphalt was heated to a 

temperature of 275 ± 5 °F (133.2 ± 2.5 °C) in covered metal 

containers. 

When the aggregates and the asphalt reached the mixing 

temperature, the aggregate blend was transferred to a mixing 

bowl and the designated amount of asphalt was added onto the 

aggregates. Then, mixing was started immediately and 

maintained for 2 minutes. 

This mixture makes six 2.5" by 4" (6.35 by 10.16 cm) 

specimens and there is enough mix left over to run the Rice 

specific gravity test (ASTM test number D 2041). The mixture 

was then transferred to six empty containers. Each container 

held 1160 gm of mix (it was found to be enough to make 

specimens 2.5" by 4"). These containers were then placed in 

a 250 ± 5 °F (121.1 ± 2.8 °C) oven prior to compaction. The 

rest of the mix was spread on the counters to cool down for 

the Rice specific gravity analysis. Table B2 in appendix B 

shows their density and air voids. Forty blows were used to 

compact these specimens to achieve an air void content of 
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about 8 percent, which is a construction condition to be 

compared with the Medium value of Mix 1 (which also has a void 

content of about 8 percent). 



CHAPTER 6 

TESTING 

The exposed or "wet" group of samples was first placed 

on a three-level sample holder. Then, the specimens were 

placed in a 7.5-inch diameter plexiglass saturation / 

stressing cylindrical container which is mounted on the new 

device. The chamber was covered in order to seal it. 

The new Pore-Water pressure Debonding test procedure 

consists of the same three major steps that were used in the 

old method previously defined. They are repeated here. 

1. Saturation of specimen. 

2. Stressing. 

3. Testing for strength. 

51 



52 

Saturation 

Only the exposed or "wet" specimens were saturated 

and stressed. The control or "dry" specimens were tested 

without stressing. The wet specimens were saturated in the 

same chamber they were placed in. Saturation was achieved as 

follows: 

Hot water at 122 °F (50 °C) was pumped into the 

stressing chamber. Pumping was done by allowing air to escape 

from the upper valve of the chamber. When the water filled 

the chamber to about one inch from its top, the water flow was 

stopped. 

Specimens were left in warm water for about 15 minutes 

in order to get soaked. The water inside the chamber was 

always kept at the designated temperature of 122 °F (50 °C) 

by means of circulating the water from the controlled hot 

water container through the copper tubing inside the chamber. 

A vacuum of 20 inches (50.8 cm) of Hg was applied to the 

chamber for five minutes and then released. The chamber was 

totally filled with water and the specimens were left standing 

for an additional 30 minutes to complete the saturation and 

heating process. 



According to Jimenez, "Double punch tensile tests 

performed on control and vacuum saturated specimens indicated 

no adverse effects or loss of strength caused by the vacuum-

saturation procedure for other than excessively poor mixture" 

[ 2 ]  .  

Stressing 

This stage of the test was much simpler than in the 

old test. It did not require removal of the chamber lid nor 

the transfer of the specimens. The stressing chamber was 

connected to a small cylinder. A Bellofram applied repeated 

load to a piston in the small plexiglass cylinder which in 

turn transferred the pressure to the stressing chamber. 

Pressure on the Bellofram was achieved by using compressed 

air in the tank which was filled with compressed air using 

the compressor. Valve (#23) was used to control the pressure, 

and the repetition of pressure was achieved using a motor 

speed controller/ a motor cam bank timer, and a pneumatic 

directional controller valve. A repeated pressure between 5 

and 30 psi (34.5 and 217 kPa) was obtained. This was applied 

for 24, 30 or 45 minute periods depending upon the stressing 
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repetitions needed for evaluation. A timer was used on the 

device for automatic control. After a stressing period had 

elapsed, the pressure was released, the water was drained, and 

the specimens were removed from the chamber in the following 

manner. First, the motor speed controller was turned off, 

and, then, valve # 4 was closed. After this, the water pump 

was turned off, and the valve on the stressing chamber's lid 

was opened to allow the water in the chamber to drain back to 

the tank. To accelerate the draining of the water from the 

chamber, pressure from the vacuum pump mounted on the back of 

the device was applied through a hose to the stressing 

chamber. When the water was all drained, the chamber lid was 

removed and the specimens were then taken out of the chamber. 

After the cyclic stressing period, the specimens were 

removed from the chamber and placed in a water bath at 70 °F 

(21.1 °C>, or 77 °F (25 °C) or 85 °F (29.4 °C) for a minimum 

of 45 minutes to make them ready for testing. The above 

temperatures were referred to as test temperatures in the 

experimental program. Those temperatures were considered only 

to study the effects of the variations from room temperature, 

or 77 °F (25 °C), on the final test results. Analysis and 

discussion of the results are presented in chapter 7. 
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Teet for «-tr«nat.h 

Before testing, the specimens were SSD weighed again 

in order to determine the percent of saturation, since there 

is a relation between the degree of saturation and the 

specimen resistance to stripping. On the average, specimens 

were 95 to 100 percent saturated in mix 1 with high and medium 

voids. A lesser degree of saturation existed in specimens 

with lower voids due to the denseness of the mix. Mix 2 

saturation was above 97 percent at all times. 

The tensile strength of specimens for both mixes was 

determined by the well-known "Double Punch" test method. Both 

the exposed and the controlled specimens were weighted and 

tested. The test was then conducted using two 1 inch (2.54 

cm) diameter steel punches centered at the top and bottom 

surfaces of the specimen using a sliding circular plate. 

Then, the test machine head was raised until both heads were 

just touching the specimen surfaces. The lower head was raised 

further at a speed of 1 inch per minute (41.5 x 10"6 m/s) 

until the maximum load was reached (that is, the load at which 

the specimens fail). Figure 6 shows the testing device. 

The tensile strength for each of the specimens was 

calculated using the following equation: 
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P 
ot = [18] 

n (kbH - aa) 

ot = tensile stress, psi. 

p = maximum load, lb. 

a = radius of punch, in. 

b = radius of specimen, in. 

H = height of specimen, in. 

k*= constant depending on $ 

Jimenez [1,23 suggested using 1.2. 



CHAPTER 7 

TESTING RESULTS AND ANALYSIS 

Various tests were run on the device prior to its 

actual use for testing in order to calibrate its controls and 

gauges. The calibration of the Marshall compactor to the 

number of blows required to achieve certain void content was 

also done. The results and analysis of the new pore-water 

Pressure Debonding device tests are presented in this chapter. 

The analysis consists of evaluating the device and 

determining the procedure from the test results. The effects 

of various variables are discussed in detail making full use 

of graphical aids. The chapter will cover the following: 

1. Calibration of speed and pressure controls. 

2. Establishing void content for mixes. 

3. Relationship between the results of the old and new 

procedures. 

4. Effects of void content and test temperature on 

retained strength. 

5. Effects of stress frequency and test temperature on 

retained strength. 
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6. Effects of stress duration and test temperature on 

retained strength and "wet" strength. 

7. Comparison between mix 1 and mix 2 in terms of 

- retained strength. 

- wet fail stress. 

Device setting calibration 

The first test done in the process of evaluating the 

new device was the calibration of its motor speed to control 

the rate of stress application. 

Water was heated to 140 °F (60 °C) and was pumped into 

the stressing chamber. The chamber was air vacuumed and 

sealed to simulate an actual test environment. This was done 

to have an extra assurance that the calibration would be 

accurate. 

This process was done by running the device at several 

different possible settings provided by the motor speed 

controller. Each test was conducted for 2 minutes at every 

setting. Three runs were conducted at each setting; then, an 

average repetitions per minute was calculated. A plot of the 

motor speed controller settings versus repetitions per minute 

was constructed from the collected data and fig. 16 shown: 
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Table 4. Device Settings Calibration Data 

Device Setting Repetitions/Minute Repetitions/Minute 
Low Setting High Setting 

20 0 0 
22 1 1 
24 14 16 
26 15 23 
28 25 29 
30 33 36 
32 37 44 
34 42 50 
36 48 56 
38 52 65 
40 58 69 
42 64 77 
44 69 83 
46 76 91 
48 81 98 
50 86 105 
52 92 113 
54 97 119 
56 103 125 
58 108 133 
60 114 140 
62 119 146 
64 124 155 
66 129 161 
68 136 169 
70 143 176 
72 148 185 
74 155 191 
76 162 199 
78 164 207 
80 168 214 
82 174 220 
84 181 227 
86 187 237 
88 195 243 
90 200 248 
92 204 257 
94 210 263 
96 215 271 
98 218 274 
100 220 287 
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FIGURE 16 Pore—Water Pressure Device Calibration 
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Establishing void content 

Void content was one of the factors considered to 

evaluate the new device response at various void contents. 

It was necessary, then, to know the void content of the 

specimens at different compaction rates. To achieve this, 

several test specimens were prepared from mix 1 and compacted 

using the Marshall compactor. The specimens were compacted 

at 250 °F (106.89 °C) to establish a relationship between the 

number of blows and the void content. An average was 

calculated for each group's void contents and a data point 

was established, Shown in Table 5 and then plotted in figure 

17. 

Table 5. Void Content Data for Mix 1 and Mix 2. 

Number of Blows Void (%) Void (%) 
Mix 1 Mix 2 

15 7.95 
20 12.50 
25 6.50 
30 9.76 
40 8.50 
50 7.30 
55 4.39 
60 6.50 
65 3.60 
75 3.20 5.60 

The same approach was used in the case of mix 2., 

Table 5, shows the data and Figure 17 was prepared to show the 

final relationship. Thus, one can obtain the number of blows 

necessary to achieve certain void contents. 



NUMBER OF BLOWS 

FIGURE 17 Void Content vs Number of Blows, using 
Marshall method for Mix 1 and Mix2 
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Relationship between results froa -the old "test 

and the new teat Method 

One of the major objectives of this study was to 

modify the old procedure to fit the new device. Results from 

the old method were proven to be reliable; thus, a comparison 

of the results obtained using the new method with those 

obtained using the old method will help validate the 

reliability of the new device and procedure. Data obtained 

using old and new methods and devices were calculated and 

presented in Tables 6 and 7, and Figures 18 and 19. 

Examination of Figures 18 and 19 show the relationship between 

the old (Testing for Debonding of Asphalt from Aggregates) 

retained strength and the new (Pore-Water Pressure Debonding 

method) retained strength. The data points represent an 

average test result of different void contents of test 

specimens under the same conditions. Figure 18 shows that 

retained strength of Mix 1 obtained by using the new device 

was either equal or of a slightly higher value than the 

results obtained by using the old debonding procedure. This 

indicates that the new device was able to measure the asphalt 

susceptibility to stripping by reproducing the results 

obtained from using the old method. 



Table 6. Retained Strength for Old and New Methods 
Mix 1. 

Air Void Retained Strength Retained Strength 
( % >  Old Debonding (%) New Device (%) 

2.5 92.12 94.60 
4.0 91.00 92.80 
8.0 85.80 86.35 
12.0 84.40 84.90 

Table 7. Retained Strength for Old and New Methods 
Mix 2. 

Air Void Retained Strength Retained Strength 
< % >  Old Debonding (%) New Device (%) 

2.5 82.50 84.70 
4.0 79.00 81.25 
8.0 75.00 76.25 
12.0 73.50 75.00 
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Figure 18 also shows that the slope of the line formed 

from the data points is greater than 1 (the line was plotted 

using the "Power" best fit method). This indicates that the 

new device and procedure better detects the response of the 

specimen retained strength to the variables mentioned. This 

is unlike the old method where there was minor loss of 

strength due to the transfer of specimens from one place to 

another. Also, the temperature was better controlled in the 

new device since the heating and the circulation of the hot 

water was maintained all through the various stages: 

saturation, vacuuming, and stressing. This was unlike the 

old method which was handled in a different manner (See 

Reference [11. Table 7 and Figure 19 shows the same 

relationship as above with respect to mix 2. Stress frequency 

effect on retained strength was as follows: the higher the 

stress frequency, the higher the retained strength while the 

stress repetitions remained constant. 
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Effect of void content and teat tewperature 

on retained strength for Mix 1 using the new 

device and procedure 

Asphalt concrete mixtures are required by most 

specifications to be compacted to about 95 percent of its 

laboratory compaction, or to about 92 percent of its 

theoretical maximum density. It was found by Epps and others 

[191 that 85 percent of the samples they tested did not reach 

the above specifications during construction and 50 percent 

of the samples tested did not reach 95 percent of their lab 

compaction value until after a week of traffic load. 

In figure 20, the curves show the effect of void 

content and test temperature on retained strength obtained by 

the new method. From the data listed in Table 8, it is noted 

that generally the retained strength decreases as the void 

content increases. This is due to the existence of water in 

high void content mixtures, which increases the mix 

susceptibility to stripping. The more the permeable voids, 

the more pores being stressed. It is noted from figure 20 

that the retained strength was higher when tested at lower 

temperatures, such as 70 °F (21.1 °C). Retained strength was 

higher in the case of testing at 70 °F (21.1 °C) from testing 

at 77 °F (25 °C) or 85 °F (29.4 °C). An explanation for this 

would be that asphalt becomes more viscous at lower 
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temperatures. This indicates that testing temperatures 

contribute to the actual result obtained. It should also be 

noted that testing under the same conditions and the same low 

void content of 4 percent yielded a retained strength with 

about a 15 percent change between the specimens tested at 85 

°F (29.4 °C) and those tested at 70 °F (21.1 °C>. Specimens 

tested at high void content of 12 percent showed a 13 percent 

change of retained strength. That is to say, that testing 

temperatures indeed effect the retained strength obtained 

using the new method and the new device at high and low void 

contents. Moderate void content variation is rather small, 

5 percent. As to the effect of stress frequency and duration, 

the higher the stress frequency and duration, the lower the 

retained strength. 
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Tabls 8. Retained Strength and Air Voids date for Mix 1. 

Test Temperature Air Voids Retained Strength 
°F (%) <%) 

70 3.62 102.00 
8.04 94.00 
12.16 89.00 

77 4.45 93.20 
7.90 87.00 
12.23 84.94 

85 4.20 89.34 
8.07 84.60 
12.27 80.14 
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Effect of atr*BB fr»gmncv on retained strength 

Three different stress frequencies were used according 

to the test program, a low frequency of 130 repetitions per 

minute, a medium of 200 repetitions per minute and high of 250 

repetitions per minute. In order to achieve medium stress 

repetitions (6000), specimens stressed at 130 repetitions per 

minute were in the stressing chamber longer than specimens 

stressed at 250 reps/rain. The times were 45, 30, and 24 

minutes for 130, 200, and 250 reps/min respectively. Table 9 

shows the data for Figure 21. 

Table 9. Data for Stress Frequency and Retained Strength 
Mix 1. 

Test Temperature Stress Frequency Retained Strength 
°F reps/min. (%) 

70 130 87. 74 
200 92. 90 
250 97. 00 

77 130 83. 00 
200 87. 80 
250 91 . 04 

85 130 78. 00 
200 84. 60 
250 85. 82 
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After studying figure 21 the following results were 

obtained: 

The retained strength found after stressing at a low 

stress repetition (130 reps/min) for a longer time (45 min) 

was smaller than the retained strength of those specimens 

stressed at a high stress repetition (250 reps/min) for a 

shorter time (24 minutes). It was also calculated that the 

percent change in retained strength between specimens tested 

at 70 °F (21.1 °C) and the specimens tested at 85 °F (29.4 

°C) were: 

14 for specimens stressed at 250 reps/min. 

12 for specimens stressed at 130 reps/min. 

05 for specimens stressed at 200 reps/min. 
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Effect of stress duration and test tewperature on 

retained strength and wet fail Strega 

The data of Table 11 for figure 23 represents the 

retained strength of specimens that have been stressed under 

200 reps/min. The specimens had a void content of 8 percent. 

Groups of three were tested at 4000, 6000, and 8000 

repetitions, and testing was done at three different 

temperatures of 70 °F (21.1 °C), 77 °F (25.0 °C), and 85 °F 

(29.4 °C>. 

Table 10. Data for Figure 23. Retained Strength. Mix 1. 

Testing Temperature Total Repetitions Retained Strength 
°F (%) 

70 4000 
6000 
8000 

96 . 50 
86.00 
76.80 

77 4000 
6000 
8000 

93 .90 
84.00 
75.00 

85 4000 
6000 
8000 

89.90 
82.00 
73.00 
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Figure 23 shows that the loss of retained strength 

(resistance to stripping) was higher with a higher total of 

stress repetitions. A linear relationship existed between the 

two. This is as predicted, since stressing for longer times 

causes a higher loss in the retained strength of specimens. 

The same results are shown in Figure 24 in regard to the wet 

fail stress. Data for both figures are for the same specimens 

as follows. 

Table 11. Data for Figure 24. Wet Fail Stress. Mix 1. 

Testing Temperature Stress Duration Retained Strength 
°F (minutes) (%) 

70 20 94.43 
30 86.00 
40 77.60 

77 20 92.37 
30 84.00 
40 75.72 

85 20 90.23 
30 82.20 
40 72.00 
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Relation between Mix 1 and Mix 2 

Mix 1 was the ready mixed asphalt concrete, and mix 

2 was prepared at the laboratory to represent a susceptible 

mix. Mix 2 had a much lower sand equivalent value (29) than 

mix 1. Mix 2 yielded a lower retained strength under the same 

variables (200 reps/min., 6000 total reps./ 8% Air Voids). 

Figure 25 shows the retained strength. By comparing mix 1 and 

mix 2, one can see that the retained strength for mix 1 was 

higher than the retained strength for mix 2 because mix 1 had 

a higher sand equivalent. This means that a higher sand 

equivalent gives lower voids in the mix which gives a higher 

strength. 

Table 12. Retained Strength and Wet Fail Stress for Mix 1 and 
Mix 2 under same variables as shown in Figures 
25 and 26. 

Test Temperature Retained Strength Wet Fail Stress 
<° F) (X) (psi) 

70 
Mix 1 77 

85 

88.70 
86.35 
84.60 

78.00 
76.21 
74.04 

70 
Mix 2 77 

85 

88.76 
86.34 
84.86 

76.74 
71.67 
65.95 
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Figure 26 shows the relation between mix 1 and mix 2 

in terms of wet fail stress. One can see here that wet fail 

stress for mix 1 was always a higher value, because of the 

higher strength. The higher the strength the higher the 

stress level needed to fail the specimen. This, in turn, was 

related to the sand equivalent values of the two mixes which 

was higher in mix 1. 

In both figures, one can see that in mix 2 retained 

strength and wet fail stress had a lower value than mix 1. 

One can conclude from this that the device was able to detect 

the susceptible mix effectively. 
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CHAPTER 6 

SUMMARY AND CONCLUSIONS 

SUMMARY 

The study shows that the new device and test procedure 

gave reliable results for measuring the stripping 

susceptibility of asphaltic concrete mixtures. The results 

are acceptable and repeatable. 

The method did not deviate very much from the old 

"Testing for Debonding of Asphalt from Aggregates in Asphaltic 

Concrete Mixtures". However, this research was intended 

mainly to take the old method and modify it to the new Pore-

Water Pressure Debonding device in order to establish an 

operational procedure. 

The device includes all the necessary components to 

perform the test at a low cost. Having all the components in 

one place and on one device with a reasonable size makes the 

compacted device portable. This means that specimens can be 

tested on site, giving even more reliable results, since it 

is not necessary to transport specimens to the laboratory. 

83 
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The device allows for saturation and stressing to be 

performed in the same chamber, in the same place, using the 

same machine. With the old method, saturation had to be done 

in a separate bath, in separate small chambers, with one 

specimen in each chamber. Moreover, stressing was done in 

yet another small bath using the V.K.C. machine. The new 

device eliminates the need to move the specimens from one test 

machine to another as was the case with the old method. The 

use of the new machine also makes the testing procedure even 

simpler. In the modified procedure, stress frequency was 

shown to have a direct relationship: the higher the rate of 

stress, the more the damage, and, thus, a lower retained 

strength. The duration of the test also showed a direct 

relationship: the longer the specimens were stressed, the 

lower the retained strength. Specimens also showed more 

sensitivity to the number of repetitions than to the rate of 

stress. 

Specimen void content was another variable considered 

in the modified method. The higher the void content, the 

greater the mix's susceptibility to stripping. Test results 

reflected this lower retained strength. 
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The effect of test temperatures was another variable 

in the new modified procedure, especially when varying from 

room temperature, or 77 °F (25 °C). Results showed that test 

temperature effected "the retained strength of the specimens; 

thus, it is recommended that test temperatures be controlled 

in conjunction with field temperatures when testing in the 

field (a change of 7 °F caused a change of strength retained 

of 2.5 percent). Appendix A presents a suggested detailed 

modified procedure. 

The data obtained indicated that resistance to 

stripping improved in mixtures with a higher sand-equivalent 

value, as expected. 

Two observations are worth mentioning here concerning 

the mechanical performance of the device: 

1. Although the compressor worked efficiently during 

this research, the job may be made easier, 

especially during testing over longer periods of 

time, by storing air at higher pressure, by storing 

the air in a larger tank, or by even replacing the 

compressor with a more heavy-duty one. 
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2. The addition of a controlled temperature bath would 

complete the device components to allow for testing 

at different temperatures without the need for a 

separate controlled temperature bath. 

Conclugiong 

Based on the results from this study, the following 

conclusions are made from applying the new procedure to the 

new device. 

1. The Pore-Water Pressure Debonding method and device 

gave equivalent results concerning the stripping 

properties of the aggregates as those obtained with 

the "Testing for Debonding of Asphalt from 

Aggregates in the Asphaltic Concrete Mixtures". 

The new test method showed a slightly higher 

retained strength because there was no loss of 

strength due to specimen movement as necessary with 

the old method. 

2. The test method used with the new device makes it 

easier to perform than in the case of debonding 

test method. 

3. The results followed a trend that has been 

established. 
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4. The Pore-Water Pressure Debonding device makes it 

possible to perform tests in the field (portable). 

5. Retained strength was affected by the test 

temperature. Testing at a lower temperature, 70 °F 

(21.1 °C), yielded a higher retained strength than 

testing at a higher temperature 85 °F (29.4 °C). 

6. As in the case of testing for debonding from 

aggregates, this procedure and device makes it 

possible to test asphalt cores directly and without 

re-molding. 

7. Careful considerations of the results obtained from 

the modified test procedure suggests that stressing 

be done at 200 reps/min for 30 min. 

8. Specimens with different shapes and sizes may be 

tested with the new device. 

9. The machine and procedure needs to be field tested. 

10. A description of the new modified procedure is 

presented in Appendix A. 

Note: The effect of the specimen geometry on retained 

strength was not evaluated here, but the device allows for 

different shapes and limited sizes to be tested. This aspect 

remains open for further study in the future. 
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PORE-WATER PRESSURE DEBONDING TEST PROCEDURE 

USING THE NEW DEVICE 
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Following is a detailed listing of the new procedure: 

Given a cylindrical asphaltic concrete specimen or core 2.5 

inches (6.35 cm) high by 4 inches (10.16 cm) diameter. 

Specimen saturation 

The following saturation procedure was used previously 

by Jimenez [1] in and prior to his development of the testing 

procedure "Testing for Debonding of asphalt from aggregates 

in asphaltic concrete mixture". Yielded (99% to 100%) 

saturation. The procedure used here has the following steps: 

1. Make sure water in storage tank is at 140 °F(60 °C), 

in order to maintain temperature in chamber at 122 

°F(50 °C). 

2. Place specimen(s) on the three level specimen holder 

(usually specimens are tested in groups of three). 

3. Carefully place tray in plexiglass saturation / 

stressing chamber. 

4. Cover chamber, tighten screws and open the valve on 

the chamber cover, in order for the air to escape 

during chamber filling with water. 
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5. With lower valve for incoming water being open, pump 

water from tank into the chamber. Water level should 

be one inch from the top of the saturation / stressing 

chamber. 

6. Close incoming water valve with pump still running to 

keep water in chamber at the 122 °F (50 °C) 

temperature, water continue to circulate in the copper 

tubing inside the chamber. 

7. Wait 15 minutes with specimens still immersed. 

8. Connect vacuum hose to top of chamber, with all valves 

closed apply vacuum pressure (20 inch Hg) (67.6 X 10s 

N/m2) to chamber for 5 minutes. 

9. Release vacuum and keep specimens in hot water for an 

additional 30 minutes, in order to bring the specimen 

to water temperature. 

10. Fill the tank with water completely. Specimens are 

now fully saturated and ready for stressing. 

Stroslnq 

Loading is accomplished through the water layer. 

Specimens are loaded by means of water pressure applied to 

the chamber. 
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Pressure is controlled to a range from 5 to 30 pounds 

per square inch (34.5 X 103 to 217.0 X 103 N/ma) with the use 

of pneumatic directional control valve. The following 

stressing procedure was adopted: 

1. With the reservoir air tank full at 125 psi, and 

pressure valve #22 set at 40 psi (275.6 X 10s N/m2) , 

set the motor speed control device to frequency of 200 

reps/min. Adjust the air pressure regulator so the 

maximum pressure developed to the water pump is 30 psi 

2. If timer is used, set timer for 30 min. period and 

watch counter, should get 6000 repetitions after 30 

min. elapsed. 

3. Turn switch to the on position on the motor speed 

controller. 

4. After time has elapsed, turn switch to off position 

(this should happen automatically if timer is used), 

5. Close valve at the bottom of stressing chamber 

connecting to the water pump; stop the water pump; and 

open the top and the incoming water valves, allowing 

water to drain back to the tank. 

6. Close the water outlet valve; remove chamber cover, 

and remove specimens; Leave specimens to cool at 

ambient temperature for 10 minutes. Then place them 

in 77 °F (25 °C) water bath for 1 hour. 
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Testing 

After cooling for 1 hour the Saturated Surface Dry 

(SSD) weight of specimens is obtained. Then the wet strength 

of specimens is obtained using the "Double punch" test. It 

consist of loading on the center of both top and bottom 

surfaces of specimens with two one inch (2.45 cm) diameter 

steel punches. Specimens are centered, one at a time between 

the two punches. Centering is done by using sliding plate. 

Procedure of testing is as follows: 

1. Center specimens on bottom punch using the sliding 

plate. 

2. Raise the test machine's head until the upper punch 

almost touches the upper surface of the specimen. 

3. Set the head speed to 1 inch per minute (41.5 X 10"6) 

m/s) . 

4. Further raise the head in order to load the specimen. 

5. Read the maximum load on dial before specimen just 

fails recording specimen "wet strength". 

The "dry strength" of the control specimens is also 

obtained, using the same procedure after specimen been placed 

in 77 °F (25 °C) water bath in plastic bags for 1 hour. 

Divide "wet strength" by "dry strength" and record as percent 

retained strength. 
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Tabl* Bl. Gradation obtained from the extraction of Mix 

and Specifications. 

Sieve Extraction Tanner Spec. 
Size % passing % passing % passing 

1/2 100 100 82 - 100 

3/8 86 90 60 - 90 

4 63 65 45 - 70 

8 47 49 25 - 50 

16 31 

30 18 30 

40 16 15 10 - 27 

50 8 

100 4 8 

200 3 6 4 - 9  

Asphalt Content 5.54 5.8 

Portland Cement 2% 2% 
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Table B2. Effect of Compaction on Void Content and Density 

Mix 1 Mix 1 Mix 1 Mix 2 

Mix Weight (gm) 1120 1150 1160 1160 

Number of Blows/face 55 15 5 40 

Void (percent) 5.3 7.6 12.25 7.8 

Density (gm/cm) 2.24 2.18 2.08 2.15 

Height (inches) 2.59 2.6 2.6 2.52 

pcf = 16.0 kg/m® 

psi = 6.89 kPa 
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Tabl* B3. Extraction Results for Mix 1. 

(gm) 

Trial One Trial Two 

(gm) 
Top 
Basket 

Bottom 
Basket 

Top 
Basket 

Bottom 
Basket 

Wt. of Filter 10.00 9.30 9.40 10.10 

Wt. of Filter 
+ # 200 

13.50 13.50 14.20 13.20 

Dry Wt. of 
# 200 

3.50 4.20 4.80 3.10 

Dry Wt. of 
Extracted 
Aggregates 

596.50 600.60 584.20 571.80 

Total Wt. 
of Aggregates 

600.00 604.80 589.00 574.90 

Wt. of Asphalt 
Concrete Mix 

634.70 637.10 624.00 606.10 

Wt. of Asphalt 34.70 32.30 35.00 31 .20 

Asphalt Content 
(BTW), X 

5.47 5.10 5.61 5.14 

Average Asphalt 
Content, % 

5.33 

Average Asphalt 
Content of Top 
Baskets, % 

5.45 
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