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Abstract 
The moisture induced damage and stripping are two of common reasons of premature failure of 

flexible pavement. The current research involved an extensive experimental investigation on two types of 
polymers (Novolac and PVA) as modifiers in order to produce Polymer Modified Bitumen (PMB). 
Different ratios of both additives were investigated for rheological properties of binder and mechanical 
properties of Hot Mix Asphalt (HMA). The rheological properties of PMB were evaluated by penetration, 
softening point, ductility and thin film oven tests. The mechanical properties of HMA were assessed by 
Marshall Stability test, Retained Marshall Stability test, indirect tensile strength test, Tensile Strength Ratio 
(TSR), and striping test. The results of tests showed that the Novolac modifier improves the cohesion 
properties of binder and the adhesion of binder to aggregate. The PVA modifier mainly improves the 
adhesion of binder to aggregate with less degree of that of using Novolac. Both modifiers significantly 
improve moisture sensitivity and decrease the stripping of HMA. Also, the results showed that the addition 
of 2% of Novolac to binder to produce PMB represents the optimum option. The HMA with PMB Novolac 2% 
improves the Marshall Stability, Retained Marshall Stability, and TSR by 45%, 14% and 44% respectively. 
The very small amount of these additives compared with mix components and their reasonable price make 
them a superior and practical solution for premature failure of flexible pavement.  
Keywords:- Novolac, Polyvinyl alcohol, Moisture sensitivity, Stripping, Indirect tensile strength, Tensile 
Strength Ratio, Hot mix asphalt.   

   :الخالصة
انفصال مكونات الخلطة االسفلتيه يمثالن سببين رئيسيين في الفشل المبكر للتبليط ر الناتج عن تأثير الرطوبه وان الضر

كمضافات ) البوليفانيل الكحولهما النوفوالك و(ه الختبار نوعين من البوليمرات البحث الحالي يتضمن دراسه عملية تفصيلي. االسفلتي
ص نسب مختلفه من هذيين المضافيين تم اختبارهما لتحديد مدى التحسن في الخوا.  المعدل بأستخدام البوليمراتالنتاج البتيومن

ص الخواص الريولوجيه للبتيومين تم تحديدها عن طريق فح . االسفلتيهةالريولوجيه للبتيومين بمفرده والخواص الميكانيكيه للخلط
اما الخصائص الميكانيكه للخلطه االسفلتيه فقد تم تقييمها . فحص طبقة االسفلت الرقيقهه واالختراق وفحص نقطة السيوله وفحص المطيلي

فحص نسبة مقاومة الشد باالضافة الى لمتبقي و فحص الشد غير المباشر وعن طريق فحص ثبات مارشال للنموذج و فحص الثبات ا
كذلك ل كبير خواص التماسك للبتيومين و النوفوالك حسن بشك نتائج الفحوصات اظهرت ان.فحص االنفصال لمكونات الخلط االسفلتيه

الركام و لكن ن خاصية التالصق بين البتيومن و فقد حسبوليفانيل الكحولاما . خاصية التالصق للبتيومن مع الركام في الخلطه االسفلتيه
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للرطوبه و كذلك قلال من انفصال مكونات الخلطة كال المضافيين حسنا من تقليل حساسية الخلطة االسفلتيه . بدرجة اقل من النوفوالك
. من النوفوالك الى البتومين يمثل النسبة المثالية النتاج البتيومن المعدل باستخدام البوليمرات% 2النتائج اظهرت ان اضافة . االسفلتيه

 الغير مباشر نسبة مقاومة الشدمتبقي وبات ال الثقوة ثبات مارشال للنموذج وحيث اظهرت النتائج ان اضافة هذه النسبة للبتيومن يحسن قوة
ان النسب القليله جداً من هذه المضافات مقارنة بكميات المكونات االخرى للخلطه . على التوالي% 44و % 14و % 45بالنسب االتيه 

  .االسفلتيعملي لمشاكل الفشل المبكر في التبليط  المضافات يجعل منها حل ممتاز واالسفلتيه و السعر المعتدل لهذه
، نسبة الشد غير المباشر، فحص الشد غير المباشر، االنفصال،  الحساسيه للرطوبة، بوليفانيل الكحول،نوفوالك :الكلمات المفتاحيه

 .الخلطه االسفلتيه

1. Introduction  
The premature failures of Asphalt Concrete Pavement (ACP) have several reasons. 

Most of these reasons are related to environmental conditions and/or traffic loads i.e. 
durability or stability failures. Some of the environmental conditions such as water or 
moisture, temperature and air have detrimental effects on the pavement performance of 
Asphalt Concrete Pavement (ACP). The environmental conditions detrimental effects are 
usually related to durability failures of ACP. The most environmental factors influencing 
the durability of Hot Mix Asphalt (HMA) are the moisture induced damaged and the 
stripping of its components due to loss bitumen- aggregate adhesion (Fromm 1974; 
Gorkem and Sengoz 2009; Kandhal et. al., 1989; Taylor and Khosla 1983). Moisture 
damage represents the action of degradation of HMA strength and their durability due to 
presence of moisture or water, and may be evaluated by losing of mechanical properties 
of HMA (McGennis et. al., 1994). The phenomenon of moisture damage in HMA can 
generally be categorized in two mechanisms:(a) loss of adhesion between the aggregate 
and the bitumen due to presence of water at aggregate-binder interface,(b) loss of 
cohesion of bitumen itself due to the softening action (Lottman, 2001). 

The amount and types of moisture damage are affected by several factors; some of 
these factors are associated with components of HMA such as bitumen and aggregate. 
Others factors are associated with the processes of design, production and construction of 
HMA (Hicks,1991). 

Recently, the use of some additives as antistripping agents has been considered a 
widespread method of improving the moisture susceptibility of HMA. The main objective 
of using antistripping agents is to prevent the moisture susceptibility of HMA by 
improving and protecting the bond between the HMA components (binder and the 
aggregate).Among these additives, polymers were a versatile materials proposed to 
alleviate moisture damage and improved the mechanical properties of HMA; 
consequently, allowing the building of durable roads and reducing the maintenance costs 
by increasing the stiffness of the asphalt and improves its temperature susceptibility 
(Awwad and Shbeeb 2007; Polacco et. al., 2005; Vacin 2004). These polymers were used 
as additive to the aggregate such as polyethylene crystalline material (Nejad et. al., 2013), 
or to bitumen to produce Polymer Modified Bitumen (PMB) such as SBS (styrene–
butadiene–styrene), EVA (ethylene–vinyl-acetate), SBR (styrene–butadiene–rubber), 
etc…(Aguiar-Moya et. al., 2013; AlataÅŸ and Yilmaz 2013; Iskender et. al., 2012; Kok 
and Yilmaz 2009). The polymers can be classified into two groups according to their 
behaviour under heating and pressure: thermoplastic and thermosets. Thermoplastic 
polymers can be repeatedly softened or melted under heating or pressure (Goodman 
1986); whereas, thermosets react irreversibly so that the application of additional heat or 
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pressure does not cause flow or softening for them (Mandel 1988). Due to their nature the 
thermosets polymers are stiffer than thermoplastic but the thermoplastics are more elastic.    

Most of antistripping agents were added to bitumen (asphalt binder) for several 
reasons such as easier mixing and control, improving the cohesion properties of asphalt 
binder in addition to improving the adhesion between the aggregate and asphalt binder. 
Novolac (Phenol formaldehyde solid resin) was tested in the current research as 
antistripping agent due to their good adhesive properties (Danielson and Simonson 1998). 
Very limited researches have been conducted on using Novolac as additive to asphalt 
binder. One of these researches investigated the use of Novolac as an additive to enhance 
asphalt binder properties and HMA (Deef-Allah and Mohamady 2014); however that 
research did not investigate the effect of this additive on moisture susceptibility of HMA. 
The other material tested in this research was polyvinyl alcohol (PVA), this material was 
selected as an adhesive material has more elasticity than Novolac.        

The current research focused on investigation the effect of two new polymers 
modifiers (polyvinyl alcohol (PVA) and Novolac) as additives to bitumen used in HMA 
to control moisture induced damaged and stripping phenomena. Several laboratory tests 
with different percentage of additives were conducted to evaluate the response of 
polymer modified bitumen alone and with HMA.  
2. Materials 
2.1 Asphalt (Bitumen) and aggregate  

The bitumen binder used in this research was 40/50 grade, which is more suitable 
for hot weather such that of Iraqi weather conditions. Their properties were determined 
through some of conventional tests including penetration, softening point, ductility 
and thin film oven tests. These properties are listed in Table 1 below. The aggregates 
gradation used in the research are shown in Figure 1; where, the mid limit of ASTM 
specifications (ASTM D 2940 2003) for dense aggregate gradation was adopted in 
preparing the HMA. 
2.2 Additives  

Two types of additives were used in the current research; Novolac (Phenol 
formaldehyde solid resin) and polyvinyl alcohol (PVA). Novolac was grinded and mixed 
as dry material with cross-linking agent Hexamine (H.T.M.A) then added to asphalt 
material according to mixing process coming later. The other material used was PVA; the 
chemical composition of this material makes it more elastic so, it may improve the 
elasticity of mix especial when used with Novolac. According to previous mentioned 
classification Novolac is classified as thermosets polymer and PVA as thermoplastic 
polymer. 
The Figure 2 shows pictures and chemical composition for both additives used in the 
current research.   
3.   Experimental set up and procedure 
3.1 Mix design 

Standard Marshall Mix design method was used to prepare asphalt mixtures. Five 
trial mixes (15 samples) were prepared with different binder contents (4 – 6) % , without 
any additives, and the optimum binder content was selected according to the results in 
Figure 3. The optimum asphalt content (AC) was adopted from these drawing as 4.95%. 
3.2 Preliminary test of PMB 

As mentioned before, an asphalt binder of 40/50 penetration grade was used in 
experimental investigation as confirmed by some conventional test conducted on the 
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sample. These conventional tests (penetration, softening point, ductility and thin film 
oven tests) were also implemented on PMB with different ratios of Novolac, PVA and 
Novolac plus PVA. The additives were mixed with binder using proper shear mixer. The 
asphalt binder was heated to 150 oC for 1hr with mixer speed, after the mixing 
temperature of 180 oC was reached, the modifier was added slowly in the required 
amount to avoid agglomeration of polymer and the mixing was continued for next 1.5 hr. 
The test results of PMB are shown in Table 1.  

 
Table 1. Results of the experiments conducted on 40/50 penetration grade asphalt binder and 

PMB. 
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Penetration (100 
g, 5 s, 25 0C), 0.1 

mm 
ASTM D5-13 47 27.5 25.3 19.6 17.1 40.6 42.7 36.9 

Softening point, 0C ASTM D36-12 52 55 60 65 65 53 58 59 
Ductility (25 0C, 
5 cm/min), cm ASTM D113-07 >100 >100 >100 91 75 >100 90 63 

Elastic Recovery 
in ductil-ometer 
at 15 0C, %. Min 

ASTM D113-07 51 62 78 80 77 60 74 78 

Flash point (0C) ASTM D92-12b 255 250 240 235 231 250 245 233 
After Thin Film Oven Test 

Loss in weight, 
%. ASTM D1754 -09 0.2 0.3 0.3 0.3 0.2 0.2 0.2 0.2 

Increase in 
softening point 

0C, Max. 
 

ASTM D1754 -09 2.2 1.7 1.8 1.8 1.9 2 2.3 2.4 

 
The results of testing PMB in Table 1 clearly show that adding Novolac to binder 

significantly improve the cohesion properties of binder. The stiffness of binder was 
significantly increased by adding Novolac to binder. This response is observed by 
decreasing the penetration distance of standard in the sample. The soften point and 
ductility tests also indicate a similar response. On the other hand, adding PVA to binder 
did not show a great improvement in binder properties, but the investigation of adding it 
to binder in HMA is continue to see the possibility of improving the adhesion between 
the aggregate and binder in HMA. Since the ratios of 1%, 2% Novolac; 1%, 2% PVA, 
and 2% Novolac plus 0.5% PVA gave more practical results, the investigation of HMA 
with PMB is limited by these ratios only. 
3.3 Marshall Stability and flow 

Eighteen samples were prepared from the six mixes (control, PMB Novolac 1%, 
PMBNovolac 2%, PMB PVA 1%, PMB PVA 2%, and PMB 2% Novolac plus 0.5 % PVA) under 
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investigation by compacted these sample using Marshall hammer with 75 blows on each 
cylindrical sample. These samples were tested according to conventional Marshall 
Method described in ASTM D 1559-89 (ASTM D 1559 1989), by immersion them in 
water bath with 60 C0 for 30 minutes then loaded each sample until the failure and 
recorded failure load and flow.  

The results presented in Figure 4 show that the Marshall Stability of HMA is 
greatly improved due to using PMB Novolac. The increment reached up to 45 % for PMB 
Novolac 2% compared with control mix. The increasing of Novolac ratio leads to more 
stiffness and stability of HMA. The development of Marshall Stability of the mix may 
attribute to cross-link action between aggregate and binder due to presence of Novolac. 
The harding of Novolac leads to form a cross-linking chains between aggregate and 
binder and act on increasing the cohesion of binder itself. 

On the other hand, using PVA with binder to produce PMB shows a slight 
improvement in Marshall Stability and stiffness. The increasing in stability magnitude 
reached up to 15 % compared with control mix. The gained stability is related to water-
resistant plastic film initiated around the aggregates. The increasing in quantity of PVA 
within the binder has insignificant effect on the stability value. The response may be 
attributed to thermoplastic nature of PVA; where, the material is softened and flow under 
pressure. The last sample (PMB 2% Novolac plus 0.5 % PVA) shows a practical behaviour 
resulted in between value of Marshall Stability, where, a reduction in stability value can 
be seen for this mix compared mix containing PMB Novolac 2% due to the effect of 
thermoplastic nature of PVA under pressure. 

Marshall Flow values are presented in Figure 5 for all mixes under consideration. 
Compatible values can be observed from that figure; where, the flow value is maximum 
for the mix containing PMB PVA 2%.      
3.4 Retained Marshall Stability 
The Retained Marshall Stability for the six mixes was testes according to ASTM D 1075 
(ASTM D 1075 2011). Six Marshall Samples were prepared for each mix; three were 
cured in water bath with 60 C0 for 24 hours and three were left at room temperature. The 
samples were tested according to conventional Marshall Method and the percent of 
retained stability was calculated as shown below:  

  ………....(1) 
Figure 6 presents the results of Retained Marshall Stability for all six mixes. The 

results generally show that both polymers are improved Retained Marshall Stability, 
especially for mix containing PMB Novolac 2%. Percent of Retained Marshall Stability 
increased from 78 % for control mix to 89 % for mix containing PMB Novolac 2%. This 
response may be attributed to that generally all polymers and especially Novolac did not 
absorb water. Their addition to binder may reduce reaching water to aggregate-binder 
interface and consequently protect the adhesion between the binder and aggregate and 
prevent the separation.     
3.5 Indirect Tensile Strength (ITS) 

To evaluate the moisture induced damage of HMA prepared with different types of 
PMB, the Modified Lottman AASHTO T 283 (AASHTO T283 1989) test has been 
conducted on the six mixes. The test involved preparation of six samples (two sets) for 
each mix with air void ratio between 6-8 % to accelerate aging process. Three samples 
(first set) from each mix were conditioned in water bath with 60 C0 for 24 hours, while 
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the other three samples (second set) were kept at room temperature as control samples. 
The two sets of each HMA samples are subjected to a split tensile test as shown in Figure 
7. The splitting indirect tensile strength was computed for each set as following: 

……………….(2) 
Where:  
ITS = Indirect tensile strength (MPa) 
P = Applied load (N) 
h = Average height of specimens (mm) 
d = Average diameter of specimens (mm) 
Then the Tensile Strength Ratio (TSR) was calculated according to following:  

                                                       …………………. (3)                                             
  

Figure 8 and Figure 9 respectively present the results of tensile strength and TSR 
for all mixes. The results in these figures confirmed the effect of the two additives in 
prevention water absorption and glassing the aggregate; consequently, protect the 
adhesion between aggregate and binder. The addition of Novolac to binder shows 
superior improvement in TSR. The TSR for mix containing PMB Novolac 2% increased to 
91% compared with 63 % for control mix. The TSR for mix containing PMB PVA 2% also 
increased to 77% which represents improvement by about 22% compared with control 
mix. The improvement of TSR for mix containing PMB PVA 2% may be attributed to 
initiation of plastic film resistance to water at aggregate-binder interface due to presence 
of PVA. 
3.6 Stripping test  

Texas boiling test (ASTM D 3625 2012) was used to evaluate the effectiveness of 
antistripping additive to reduce stripping potential. The hot mix asphalt was placed in 
boiling water for 10 minute during, which the mix was stir for ten seconds every three 
minutes, using glass rode. Then the mix was removed from water and spread on white 
paper, the degree of stripping is determined by visual observation. Two types of 
antistripping agents were used in this study  with different percents; (PMB Novolac 1%  , 
PMB Novolac 2% , PMB PVA 1%,  PMB PVA2%, and PMB 2% Novolac plus 0.5 % PVA ).  

Test results, shown in figure 10 indicated that the all mixes have a significant effect 
on reducing stripping potential, without causing a significant negative impact on reducing 
asphalt’s ductility and penetration except that PMB 2% Novolac plus 0.5 % PVA which 
reduce ductility up to 63 also was found the PMB Novolac 2% has a better resistance to 
stripping than those obtained from other mixes. On the other hand the mixes prepared 
with PVA have a slightly lower antistripping effect compared to those of Novalac 
additive this can be explained by the strong interaction between the Novalac and the 
aggregate surface. 
4. Summary and conclusions 

The current research involved investigation both the rheological and mechanical 
properties of asphalt and HMA modified by two types of polymers (Novolac and PVA). 
Two ratios (1% and 2% from binder content) were used for each additive. Also, the ratio 
of 2% Novolac plus 0.5% PVA together was used. The results of test showed that: 
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1- The preliminary results of tests showed a significant improvement due to using 
Novolac as modifier, especially the penetration test results which decreases to about 
50%.  

2- The mechanical properties and moisture susceptibility of HMA are also greatly 
improved due to using these polymers where the HMA with PMB Novolac 2% improves 
the Marshall Stability, Retained Marshall Stability, and TSR by 45%, 14% and 44% 
respectively.  

3- The research results showed that the optimum modifier is the Novolac with ratio of 
2% of binder content.  

4- The addition of PVA also improved the mechanical properties of HMA; especially, 
when, the moisture damage is a concern issue with HMA. 

5-  The very small amount of these additives compared with mix component and their 
reasonable price make them a superior and practical solution for premature failure of 
flexible pavement.   

5. Recommendations 
Based on the results of this study, the following points can be recommended:- 

1. The effect of the PMB Novolac 2% on rutting, fatigue cracking and other HMA 
properties needs to be evaluated. 

2. Trial job mix with PMB Novolac 2%  for 10 meters long section is strongly recommended 
to evaluate the actual behaviour of Novalac.  
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Figures:  

  
Figure 1. Aggregate gradation 

  

              
(a)                                                                          (b)  

Figure 2. Polymers that are used as additives: (a) Novolac , (b) PVA 
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Figure 3. Determination of optimum AC 

     
      Figure 4. Marshall Stability                              Figure 5. Marshall Flow  
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                   Figure 6. % Retained Stability 

 
Figure 7. Tensile strength test 
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      Figure 8. Indirect tensile strength for all mixes         Figure 9. TSR for all mixes 

 
Figure 10. Stripping test results 

 
 

 


