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DEBONDING LOCATION IN AsPHALT CONCRETE 

ASSOCIATED WITH MOISTURE DAMAGJ<; 

By El Hussein II. Mohamed' 

ABSTRACT: Current adhesion theories fail to ｣［ｾｾ［ｰｬ｡ｩｮ＠ completely the stripping 
phenomenon. Quantification of stripping potential prior to mix ､･ＮｾｩｧｮＬ＠ and based 
on variables described in current adhesion theories, remains difficult. Current ｨｴ｢ｾ＠
oratory evaluation procedures arc not completely reliable and fail to predict, with 
accuracy, the stripping susceptibility of various asphalt concrete mixes. This paper 
evaluates the existing adhesion theories and stripping mechanisms suggested in the 
literature. Factors ｣ｯｮｴｲｩ｢ｵｴｩｮｾ＠ to the lack of success in predicting stripping sm
ceptibility of asphalt concrete tn the laboratory arc also discussed. An earlier com
prehensive investigation of the stripping phenomenon revealed serious deficiencies 
m the current approaeh to the problem. Fitst, the interaction between the different 
components of the asphalt-concrete mixture under a wide temperature range is 
neglected. lt is proven that differential thermal contraction, as a result of the large 
difference in the coefficients of thermal contraction, is an important factor. This 
paper addresses another deficiency. which is the lack of a precise description of 
the location where dcbonding associated with moisture occurs. Observations made 
during the experimental investigation revealed that initial separation in the ｣ｯｭｾ＠
pacted mix takes place between the asphalt matrix (mix of ｡ｾｰｨ｡ｬｴ＠ cement and fine 
material) and coated aggregate particles. 

INTRODUCTION 

The presence of moisture in asphalt concrete is known to cause de bonding 
of the aggregate and asphalt cement in asphalt concrete mixes. Debonding 
(stripping) is defined in the litemture as the physical separation of asphalt 
cement and aggregate produced by adhesion failure (Majiidzadeh et al. 1968; 
Lottman et al. 1971). Debonding, as described in the literature, may be 
understood as the separation between the thin bituminous film, formed 
during the mixing stage at elevated temperatures, and the aggregate particle. 
Based on the current definition of the stripping phenomenon, researchers 
have adopted adhesion theories that describe the bond between asphalt 
cement and mineral aggregates (Thelen 1958; Peterson et al. 1982; Mack 
1957). A number of stripping mechanisms have been suggested to describe 
the effect that moisture has on the asphalt/aggregate bond ("Bituminous" 
1962; Scott 1978; Fromm 1974; Nicholas et al. 1954). Regardless of these 
findings, quantification of stripping potential prior to the mix-design stage, 
based on the variables described by the adhesion theories, remains difficult. 
Laboratory test methods used after the mix-design state are unreliable and 
fail to predict stripping susceptibility. This paper discusses deficiencies in 
the current approach, which lead to difficulties in evaluating the stripping 
susceptibility of asphalt concrete. A major deficiency revealed during the 
experimental program, part of a comprehensive study investigating stripping 
(EI Hussein 1991), has been the lack of a precise description of the location 
of debonding associated with stripping. 
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PROBLEM 

There is general agreement among researchers that existing adhesion 
theories do not completely explain the stripping phenomenon (Haas et al. 
1984; Yoon et al. 1988; El Hussein et al. 1990, 1991). Engineers have not 
been able to quantify stripping potential prior to the mix-design stage or to 
predict stripping susceptibility of a prepared mix in the laboratory. Solutions 
to the problem suggested in the literature include the use of antistrip ad· 
ditives. It is not well known how these additives work or what is their long· 
term effect on the durability of pavements. Reducing the air voids per· 
centage in the compacted mixture has been suggested as another solution 
based on known stripping mechanisms. Low air voids failed to limit water 
circulation inside the pavement (Haas et al. 1984). Moisture-associated dam· 
age remains a serious and complex problem With serious economical con
sequences. There is no widely acceptable and effective solution to the strip· 
ping problem. 

EVALUATION OF CURRENT ADHESION THEORIES 

Based on the current problem definition, debonding takes place between 
asphalt cement and aggregate due to adhesion failure. This types of de
bonding may result in changes from the initial condition represented by the 
idealized asphalt·allgregate system shown in Fig. 1(a), to the state reP.re
sented by Fig. l(b). A great deal of basic and applied research has been 
conducted over the years to determine the mechanism of ｳｴｲｩｰｰｩｮｧｾ＠ Many 
stripping mechanisms have been suggested, all of which are based on adhe· 
sion failure at the asphalt-aggregate interface caused by water replacing the 
asphalt film ("Bituminous" 1962; Scott 1978; Fromm 1974; Nicholas et al. 
1954). Since all mechanisms are directly or indirectly related to adhesion 
failure, known adhesion theories will be discussed first. The theories of 
adhesion cited in literature are mechanical, chemical reaction, molecular 
attraction, and interfacial energy theory (Thelen 1958; Mach 1957; Peterson 
et al. 1982). Since the stripping definition specified the asphalt-aggregate 
interface as the location where de bonding occurs, adopted adhesion theories 
have been used to describe the expected performance of the bond between 
asphalt cement and mineral aggregate in the presence of moisture. 

Laboratory investigations aimed at relating some measurable aggregate 
and asphalt properties to stripping concluded that a chemical reaction be
tween the components of asphalt cement and aggregate takes place (Stuart 
1986). Peterson (1982) suggested a possible reaction between the various 
chemical functional group types in asphalt cement and aggregate. Mechan
ical interlock occurs and energy relationships influence the adhesion be· 
tween asphalt cement and aggregate (Haas 1989). It appears that all the 
foregoing concepts must be considered together in order to explain the 
behavioral aspects of a binder aggregate system. However, in spite of the 
validity of the adhesion theories, quantification of stripping potential prior 
to the mix-design stage considering variables described in these theories, 
remains difficult. Researchers and pavement engineers have not always been 
successful in selecting a mix with high resistance to stripping. Although the 
chemical reaction theory considers nonacidic aggregate surfaces to promote 
adhesion with asphalt that is acidic in nature, there are areas where stripping 
was experienced with limestone aggregate (Haas 1984). Limestone aggregate 
is not supposed to strip because of its basic nature. Few stripping problems 
were observed in some areas where granite was used, but not in all cases. 
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Asphalt Matrix 

Aggregate Particle 

Bituminous Film 

(a) 

Separation 

(b) 

FIG. 1. Idealized Asphalt-Concrete System: (a) Initial Condition; and (b) Sepa
ration between Asphalt Cement and Aggregate 

Granite, which is acidic in nature, is supposed to strip and not adhere well, 
as it did in some locations. The variables involved in the interfacial energy 
theory are difficult to determine experimentally, and, therefore, the theory 
is not practical to use in material quantification or mix evaluation for strip
ping susceptibility. However, Yoon and Tarrer (1988) investigated both 
interfacial energy and mechanical interlock theories. Surface roughness was 
used to estimate the degree of mechanical interlock. Pore volume and ag
gregate surface areas were used to scale the interfacial contact. The test 
results showed no correlation between these physical properties and strip
ping propensity. 

It appears that all of the foregoing concepts cannot by themselves provide 
a full or definite explanation of the stripping phenomenon, and it is clear 
that not all the factors governing bond between the asphalt concrete com
ponents are known {El Hussein 1991). The fact that quantification of the 
stripping potential is not yet possible and that no widely accepted moisture 
conditioning and testing procedure for the prediction of stripping suscep-
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tibility exists, makes it clear that additional explanations of the stripping 
phenomenon are needed. 

EVALUATION OF CURRENT LABORATORY STRIPPING 
PREDICTON METHODS 

Many laboratory prediction methods have been ｳｵｾ･ｳｴ･､Ｌ＠ but the indirect 
tensile strength test, following warm-water soaking (60' C), has gained wide 
acceptance. Warm-water soaking has been used because past experience 
indicated that it forces the removal of the thin bituminous film from the 
surface of aggregate particles while in a loose form or in a compacted 
mixture. Research work leading to the development of warm-water soaking 
for moisture conditioning has not linked temperature effects to current 
adhesion theories or stripping mechanisms. Another deficiency in the cur
rent laboratory prediction methods has been the use of laboratory-prepared 
samples ignonng the influence field compaction may have on the mixture's 
resistance to stripping. Faults associated with field compaction, such as 
surface cracks (checks) and aggregate segregation, influence the mix resis
tance to stripping (El Hussein et al. 1992). The influence of these factors 
has not been considered in the current laboratory test procedures. Clearly, 
inability to include most of the factors contributing to the problem during 
the conditioning stage led to great difficulties in attempting to predict strip
ping potential in the laboratory. Using these methods in the past resulted 
in poor correlation between laboratory prediction and field performance. 
Observations made In the laboratory during the experimental program, part 
of the aforementioned comprehensive study on stripping (El Hussein 1991 ), 
revealed that the most significant deficiency in the current approach is the 
lack of a precise description of debonding location. Graf (1986) reported 
similar observations, as will be discussed later. 

EXPERIMENTAL INVESTIGATION 

The original experimental program was primarily designed to investigate 
a new mechanistic model that recognizes the problem of thermal incom
patibility between the asphalt cement and mineral aggregates (El Hussein 
1992). It was hypothesized that differential thermal contraction of the as
phalt matrix will influence the strength of the bond between the matrix and 
aggregate particles. Test results verified the validity of the analytical model 
and indicated that the response of the asphalt-aggregate system to temper
ature change significantly influences the mix resistance to stripping. 

The current approach to the moisture damage problem is shown in Fig. 
2(a). The water damage triangle considers: (1) Material susceptibility to 
stripping; (2) the presence of water; and (3) stress (traffic). There is no 
indtcation in the literature to the effect of temperature changes on the 
strength of the asphalt-aggregate bond. Any drop in the bond strength has 
been related to other variables assumed to control adhesion, A single con
ditioning temperature has been adopted that may not be representative of 
conditions in different regions worldwide. However, the approach adopted 
in this investigation follows that of an earlier study by El Hussein et al. 
(1991), and shown in Fig. 2(b). The approach considers temperature as an 
addillonal factor affecting the strength of the adhesive bond. 

Cores from three field-compacted sections were used to study the influ
ence of temperature changes on bond performance. Road sections were 
constructed on the campus of the National Research Council of Canada 
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Stripping Sueceptiblllty 

Water"----------..5' 

a 

Temperatura:--------------Strlpplng Susceptibility 

Water ---------------- Stress 

b 

FIG. 2. Factors Considered in Moisture Damage Analysis: (a) Current Approach; 
and (b) New Approach 

(NRC) (trials 1 and 2), and the third site was constructed in the city of 
Toronto. Cores recovered from these sites were exposed to a wide range 
of moisture and temperature conditions for a two-day period. Cores were 
saturated using a 35-cm vacuum pressure. Water bath temperatures used 
included - 29', 2", 18", 43•, and the conventional 60° C. After soaking at 
the specified temperature, cores were moved to a water bath at room tem
perature for a two-hour period prior to indirect tensile strength test. All 
indirect tensile strength tests were performed at 24• C and the loading rate 
was 50 rnmlmin. 

TEST RESULTS AND LABORATORY OBSERVATIONS 

The loading configuration used in the indirect tensile strength test de· 
velops a relatively uniform tensile stress perpendicular to the direction of 
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TABLE 1. Indirect Tensile Strength Test Results (Two·Day Exposure-Tested at 
24' C) (NRC Field Trial 1) 

Water bath Indirect tensile Average 
temperature Bulk specific Permeable voids strength strength 

('C) gravity (%) (kPa) (kPa) 
(1) (2) (3) (4) (5) 

-29 2.380 3-4 649 649 
-29 2.401 2-3 584 649 
-29 2.414 2-3 715 649 

2 2.383 4-5 583 641 
2 2.399 4-5 698 641 

2 2.412 3-4 644 641 
18 2.418 2-3 658 636 

18 2.381 3-4 583 636 
18 2.396 2-3 668 636 
43 2.394 3-4 579 561 
43 2.395 2-3 609 561 
43 2.404 2-3 495 561 

60 2.383 4-5 253 373 
60 2.412 2-3 443 373 
60 2.400 2-3 424 373 

Control Group-Tested Dry 

Not available 2.389 4-5 590 642 
Not available 2.395 2-3 659 642 
Not available 2.407 2-3 676 642 

the applied load and along the vertical diametral plane. Ultimately the 
specimen fails by splitting along the vertical diameter. Indirect tensile strength 
test results for NRC trial 1 are given in Table I. Detailed analysis of these 
results are given by El Hussein (1991). Visual observations made on the 
failure surface of cores from NRC field triall related to de bonding location 
are listed as follows: 

I. Soaking at relatively low temperatures (lower than 24° C) led to de
bonding between the asphalt matrix (i.e., mixture of asphalt cement, sand, 
and other fine materials used as fill) and coated large aggregate particles 
due to adhesion failure. The aggregate particles retained the thin bituminous 
film acquired during the mixing stage at elevated temperature• (higher than 
150• C). Exposed surfaces were covered with moisture when inspected im
mediately after failure. Well-identifiable aggregate prints were left on the 
asphalt matrix, indicating debonding at the interface and not tearing of the 
matrix. This type of separation is shown by the idealized asphalt concrete 
system shown in Fig. 3( a). 

2. Conditioning at mild temperatures did not result in the loss of the thin 
bituminous film around the aggregate particles even after extended exposure 
durations, i.e., the separation after failure was not followed by completely 
bare aggregate particles. 

3. Exposure to elevated soaking temperatures for different soaking du
rations led to one of the following types of separation: 
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Separation 

(a) 

Separation 

(b) 

FIG. a. Idealized Asphalt-Concrete System: (a) General Case; and (b) Structural 
Changes 

• Separation of the asphalt matrix from the coated aggregate particle 
surface similar to the condition shown by Fig. 3(a). No discoloring 
was observed on the asphalt matrix or the thin bituminous film 
covering the aggregate. 

• Separation between the asphalt matrix and the aggregate particle. 
In this case part of the aggregate particle was left bare, i.e., without 
the thin bituminous cover. The degree of the thin bituminous film 
removal, estimated by the area of exposed aggregate surfaces, de
pended on conditioning and exposure duraton. Extreme conditions 
were accompanied by discoloring of the asphalt mixture indicating 
a high degree of oxidation. Oil spots were observed on the surface 
of the water bath. This type of separation, i.e., complete or partial 
disappearance of the bituminous cover, resembles the description 
offered by the current problem definition. Fig. 3(b) shows the ideal
ized failure surface following high-temperature conditioning. 
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A number of cores from the Toronto field trial were exposed to the same 
soaking temperatures for a two-day duration. This mixture experienced 
separation between the asphalt matrix and the coated aggregate. Even after 
exposure to 60° C soaking temperature for two days, the aggregate particles 
continued to retain their thin bituminous film. The Toronto mixture has 
better initial coverage as a result of uniform aggregate distribution within 
the mix. This condition was a direct result of avoiding vibration during com
paction, which limited aggregate segregation. Detailed discussion of these 
results is given by El Hussein (1991). Test results are given in Table 2. 

Cores from NRC field trial2 were also exposed to a wide range of soaking 
temperatures for a two-day period. Only cores exposed to 60° C suffered 
partial loss of the thin bituminous cover. A limited number of aggregate 
particles exposed at the failure surface, had partially removed film. In other 
locations, coated aggregate particles separated neatly from the asphalt ma
trix as indicated by aggregate prints on the failure surface. All groups ex
posed to lower temperatures showed separation between the asphalt matrix 
and coated aggregate particles. In spite of the temperature difference be
tween the 60° C and 30° C groups, the observed loss of adhesion was ap
proximately the same in both groups, which was supported by the results 
of the indirect tensile strength test shown in Table 3. No discoloring was 
observed in cores from NRC field trial 2 after all exposure conditions. The 
asphalt material retained its sheen after conditioning. Compaction during 
low air temperature, below freezing, affected the performance of cores from 
the Ottawa field trial 2 as indicated by the high decrease in strength at 30' 
C and by the little change in strength after exposure to 43° C. 

TABLE 2. Indirect Tensile Strength Results (Two-Day Exposure-Tested at 24• 
C) (Toronto Field Trial) 

Water bath 
temperature 

("C) 
(1) 

-29 

-29 
-29 

2 
2 
2 

18 

18 

18 

43 

43 
43 

60 

60 

60 

Not available 

Not available 

Not available 

Indirect tensile 
Bulk specific Permeable voids strength 

gravity (%) (kPa) 
(2) (3) (4) 

2.373 3-4 581 

2.350 4-5 595 

2.337 4-5 539 

2.367 4-5 626 

2.354 4-5 570 

2.337 4-5 535 

2.365 4-5 567 

2.342 4-5 575 

2.343 4-5 639 

2.382 4-5 640 

2.361 4-5 559 

2.291 6-7 546 

2.366 4-5 463 

2.348 4-5 408 

2.341 4-5 481 

Control Group-Tested Dry 

2.187 

2.363 607 

2.240 545 
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Average 
strength 

(kPa) 
(5) 

572 
572 

572 

571 

577 

517 

594 

594 

594 

582 

582 

582 

451 

451 

451 

576 

576 
576 



TABLE 3. Indirect Tensile Strength Test Results (TWa-Day Exposure-Tested at 
24" C) (NRC Field Trial 2) 

Water bath Indirect tensile Average 
temperature Bulk specific Permeable voids strength strength 

(•C) gravity (%) (kPa) (kPa) 

{1) (2) (3) (4) {5) 

-29 2.319 3-4 554 502 

-29 2.295 3-4 437 502 

-29 2.299 4-5 516 502 

2 2.316 5-6 625 549 

2 2.283 6-7 484 549 

2 2.297 5-6 539 549 

18 2.320 4-5 433 394 

IS 2.278 6-7 389 394 

18 2.274 6-7 359 394 

30 2.309 5-6 344 374 

30 2.303 4-5 411 374 

30 2.287 5-6 368 374 

43 2.319 5-6 516 456 

43 2.289 6-7 432 . 456 

43 2.277 6-7 421 456 

60 2.387 3-4 441 371 

60 2.285 5-6 361 371 

60 2.262 6-7 311 371 

Control Group-Tested Dry 

Not available 2.349 3-4 554 477 

Not available 2.277 6-7 - 477 

Not available 2.247 6-7 401 477 

ANALYSIS 

Preliminary research efforts aimed at developing a laboratory test method 
for the prediction of stripping potential adopted existing moisture .condi
tioning procedures. Tests, such as the "Effect of water on cohes.ion of 
compacted bituminous mixtures" (AS1M-D1075-76) and the boiling test 
performed on uncompacted bituminous-coated aggregate (ASTM-03625.-
77), are known to produce failure surfaces similar to those of stripped mixes. 
Warm-water soakmg have been used since for conditioning of samples, in 
order to determine stripping susceptibility of asphalt-concrete mixes. After 
using freeze-thaw tests for conditioning of samples for moisture damage 
investigations, the trend now is to abandon freezing since only warm-water 
soaking is known to produce stripping. This has been suggested in spite of 
the greater stripping damage reported after freeze-thaw conditioning, and 
in spite of the fact that pavements in the specific region may be exposed to 
the effect of freeze-thaw cycles (Parker et at. 1988). 

However, observations made during the laboratory investigation left no 
doubt that debonding caused by adhesion failure occurred mainly between 
the asphalt matrix and the coated aggregate particles. The disappearance 
of the thin bituminous films, which occurred at elevated temperatures after 
extended periods of exposure in some of the investigated mixes, may be 
the result of disintegration of the thin bituminous film. The thickness of the 
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bituminous film coating the aggregate particle, usually 15-45 ｾＭｴｭＮ＠ appears 
to be characteristic of the particular asphalt (Haas 1968). Such thin bitu
minous films acquired during the mixing stage, may experience a structural 
change if exposed to warm-water soaking similar to that used for condi
tioning of samples for moisture damage investigations. Oil spots observed 
on the surface of that water bath are signs of such structural change. Benson 
(1937) and Mack (1957, 1965) discussed the possibility of structual changes 
that may lead to segregation of asphalt into two phases-asphaltenes and 
an oily medium. Such changes have not been considered as part of the 
suggested damage mechanisms, while most of the damage associated with 
stripping has been produced in the laboratory through this mechanism. The 
end result of these changes seems to be complete disintegration of the thin 
bituminous film, hence, separation of the aggregate from the rest of the mix 
(the asphalt matrix) i.e., stripping. This type of separation is shown in Fig. 
3(b). 

The aforementioned discussion emphasizes the fact that de bonding caused 
by moisture conditioning occurs between the asphalt matrix and the coated 
aggregate. Debonding resulting from disintegration of the bituminous cover, 
as previously described, is an extreme condition where the aggregate particle 
loses its thin bituminous cover. Peterson's (1982, 1984) description of the 
chemical adsorption process, which occurs during and after the mixing pro
cess, provides an explanation for the performance of the thin film. When 
asphalt cement initially wets aggregate surfaces, some of the known chemical 
components in asphalt are usually adsorbed by aggregate followed hy a 
chemical reaction between these groups and aggregate constituents. The 
adsorbed asphalt must, therefore, be considered part of the aggregate and 
its removal requires a strong destructive action such as the structural change 
that follows warm-water soaking. 

Graf (1986) reported similar observations where inspection of the failure 
surface revealed that separation occurred between what has been defined 
here as the "matrix," and coated aggregate particles. According to Graf, 
separation after failure was not followed by completely bare aggregate. 
A-few-micron-thick bituminous film (light-brown stain) was often left on 
the aggregate surface. Graf concluded that this was a cohesive type offailure, 
and as in earlier studies, did not distinguish between the thin asphalt-cement 
film acquired during the mixing process and the rest of the asphalt cement 
mixed with sand and other fine material. Studies investigating adhesion treat 
both subsystems as one continuous material. This approach neglects the fact 
that the very thin bituminous film is usually acquired at elevated temper
atures and that preferential adsorption results in a different composition 
from the rest of the asphalt cement mixed with the fine material (matrix). 
This concept has been supported by statements in Grafs study, that water
wetted surfaces were observed after failure, indicating that water replaced 
the adhesive bond between the matrix and coated aggregate. 

In the opinion of the writer, maintaining the current description of the 
debonding location ignores a very serious deficiency in the current approach 
to the problem and reduces the opportunity to develop a solution to stripping 
damage. The fact that bitumen comes in contact with large aggregate to 
form the thin cover and in contact with fine aggregate and fill material to 
form the matrix at an elevated temperature suggests that wetting, adsorp
tion, and therefore, adhesion may be stronger in these systems than between 
the two systems. In other words, the temperature when asphalt comes in 
contact with another system, determines the strength of the bond. There-
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fore, since the two systems are formed at elevated temperatures but only 
come in final contact with each other at lower temperatures, the strength 
of the bond between the two systems is lower than that between the clements 
of each system. Observations made in the laboratory clearly support that 
debonding was caused by moisture since all the surfaces after separation 
were wet. 

Cohesive failure is considered insignificant because of the observed smooth 
nature of the contact surface between the matrix and coated aggregate after 
debonding. The aggregate print on the matrix surface always remains smooth, 
showing no sign of tearing. Tearing was clear on this surface when cores 
were tested without moisture conditioning (dry). At relatively low temper
atures, the bituminous film retained during the mixing process remained 
intact and did not change color. At elevated temperatures the contact surface 
either suffered slight discoloring while the film was still intact, or partial 
loss of the film occurred following extensive discoloring. Therefore, it is 
important to distinguish between the asphalt-cement part of the matrix, and 
the thin bituminous film that coats aggregate particles. These two compo
nents only come into intimate contact at relatively low temperatures during 
compaction, and their composition is not necessarily the same. 

CONSEQUENCES OF RECOMMENDED CHANGE 

Realizing that de bonding occurs at a location other than that adopted in 
the current approach, one can explain the lack of success experienced with 
the use of the existing adhesion theories alone to explain the stripping 
phenomenon. It may also explain the difficulties associated with the pre
diction of the stripping potential using current laboratory test methods. 

• The failure of current adhesion theories in explaining debonding 
associated with moisture can be explained by the following argu
ments: 

1. The chemical reaction theory deals with adhesion of asphalt ce
ment to aggregate surfaces. This type of adhesion does not address 
debonding between the asphalt matrix and coated aggregate particles 
that occurs at all temperatures in the presence of moisture. If adhesion 
occurs due to a chemical reaction between the asphalt matrix and the 
coated aggregate particle, the details of such a reaction are not known. 

2. Structural changes in the thin bituminous film caused by warm
water soaking are not addressed by any of the stripping mechanisms 
described in the literature based on the existing adhesion theories. 
Warm-water soaking produces the observed changes that affect the 
nature of the thin film, and the subsequent partial or complete disin
tegration of the thin bituminous film. The details of such structural 
changes are not yet known. 

3. The theory of interfacial energy also addresses a system that in
cludes aggregate particle surfaces, air, and asphalt cement. Previous 
efforts made to measure the variables described by the theory do not 
include a possible interfacial energy relationship at the coated aggre
gate/matrix/air interface. 

• The lack of success experienced with existing laboratory evaluation 
procedures can be explained considering the new debonding loca-
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tion. Conditioning samples by warm-water soaking helps in evalu
ating the effect of possible structural changes on the bituminous 
film. It may also serve to evaluate the influence of warm temper
atures on the bond strength (expansion). This test, considering the 
new debonding location, examines only these two specific types of 
failure but does not evaluate the adhesive bond performance in 
general. 

CONCLUSION 

I. The location where debonding caused by moisture takes place has 
been reviewed and a new location is suggested for further investigation. 

2. In lien of the new de bonding location, existing adhesion theories can 
only explain a specific type of adhesion failure that does not apply to all 
conditions. 

3. Laboratory evaluation procedures must be designed considering the 
actual debonding location. The influence of temperature change on bond 
strength necessitates that the conditioning temperatures cover a wide range. 

4. The suggested structural changes of the thin bituminous film require 
further detailed investigation. 

5. The performance of the bond between the matrix and the thin bitu
minous film requires further investigation. The influence of the compaction 
temperature must be included in such an investigation. 
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