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Abstract 

 

Evaluation of the Curing Time and Other Characteristics of  

Prime Coats Applied to a Granular Base  

 

Gouri Mohan, M.S.E. 

The University of Texas at Austin, 2011 

 

Supervisors: Kenneth H. Stokoe, Yetkin Yildirim 

 

 Prime coats have been in use for many decades to help protect the base before the 

subsequent application of bituminous surface treatments. Prime coat is an application of a 

low viscosity binder onto the base to help protect the base from moisture, to provide an 

adequate bond between the bituminous surface coating and the base, to strengthen the 

base near the surface by binding the fines, and to protect the base from detrimental effects 

of weather and light traffic until the surface can be constructed. For a prime coat to 

function efficiently it should penetrate sufficiently into the base and should be cured 

before the application of subsequent layers. Evaluation of the time required for curing of 

prime coats and how the curing time depends on various weather parameters has received 

a lack of attention. 

In view of this, the time taken for curing of different prime coats and the 

dependence of curing time on weather parameters was studied. The prime coats most 

commonly used in Texas were selected for this study, namely; MC-30, EC-30, CSS-1H, 

SS-1H and AEP. All testing was done in real conditions, that is, samples were prepared 



 vii 

and exposed to actual weather conditions. Since each prime coat is chemically very 

different, they were analyzed separately to determine the minimum curing time. Curing 

time was calculated in three different weather conditions to understand how the weather 

affects curing time. Further, two different application methods were used to determine the 

effect of application method on the curing time.  

In addition to determining curing times, other important engineering properties of 

prime coats that determine the performance of prime coats such as strength, permeability 

and penetration were also studied. Strength and permeability tests were done on cured 

specimens and the effect of application method on these values was also determined. 

Strength values were measured using a pocket penetrometer and penetration was 

determined by using sand penetration tests. A unique ranking system list was developed 

using curing time, strength, penetration and permeability as the key factors to determine 

the prime coat which would serve all the intended functions effectively and efficiently. 



 viii 

Table of Contents 

List of Tables  ........................................................................................................ xi 

List of Figures ...................................................................................................... xiv 

CHAPTER 1 I&TRODUCTIO& .................................................................................1 

1.1 Background information .................................................................................1 

1.1.1 Flexible Pavements ................................................................................2 

1.1.2 Prime Coats ............................................................................................3 

1.2 Problem Statement And Research Objectives ................................................5 

1.3 Organization of thesis .....................................................................................5 

CHAPTER 2 LITERATURE REVIEW ......................................................................8 

2.1 Introduction .....................................................................................................8 

2.2 Design of prime coat materials .......................................................................9 

2.3 Types of prime coat materials .......................................................................10 

2.4 Prime coat application methods and application rates ..................................11 

2.5 Preparation of base before prime application ...............................................14 

2.6 Penetration of prime coats ............................................................................15 

2.7 Curing of prime coats....................................................................................17 

2.8 Functional and Structural role of prime coats ...............................................18 

2.9 Environmental Issues ....................................................................................19 

2.9.1 Air Quality Issues ................................................................................19 

2.9.2 Water Quality Issues ............................................................................19 



 ix 

2.10 Distresses in prime coats ...............................................................................21 

2.11 Summary…. ..................................................................................................22 

CHAPTER 3 EXPERIME&TAL DESIG& A&D TESTI&G PROCEDURES ..................23 

3.1 Introduction ...................................................................................................23 

3.2 Materials………….. .....................................................................................23 

3.2.1 Base material ........................................................................................24 

3.2.2 Prime Coat Materials ...........................................................................25 

3.3 Equipment.. ...................................................................................................26 

3.3.1 Pocket Penetrometer ............................................................................26 

3.3.2 Weather Station and Aging Table ........................................................27 

3.4 Specimen Preparation Methods ....................................................................31 

3.4.1 Spray-Prime Specimens .......................................................................31 

3.4.2 Mixed in Prime Specimens ..................................................................32 

3.5 Testing Procedure .........................................................................................34 

3.5.1 Variables and Constants .......................................................................35 

3.5.2 Tests to Determine Curing Time..........................................................35 

3.5.3 Strength Tests.......................................................................................37 

3.5.4 Permeability Tests ................................................................................38 

3.5.5 Penetration Tests ..................................................................................39 

3.6 Summary…. ..................................................................................................42 

CHAPTER 4 RESULTS A&D DISCUSSIO&S ...........................................................43 

4.1 Introduction ...................................................................................................43 

4.2 Curing Times ................................................................................................43 

4.2.1 MC-30…. .............................................................................................45 

4.2.2 EC-30…. ..............................................................................................50 

4.2.3 CSS-1H ……………………………………………………………….54 

4.2.4 SS-1H……….. .....................................................................................57 



 x 

4.2.5 AEP…… ..............................................................................................60 

4.2.6 Top Seal Black .....................................................................................63 

4.3 Strength Test Results ....................................................................................66 

4.4 Permeability Test Results .............................................................................70 

4.5 Penetration Tests ...........................................................................................74 

4.6 Summary And Rankings ...............................................................................75 

CHAPTER 5 CO&CLUSIO&S A&D RECOMME&DATIO&S ......................................79 

5.1 Summary…… ...............................................................................................79 

5.2 Conclusions ...................................................................................................80 

5.2.1 Curing time of prime coats ..................................................................80 

5.2.2 Engineering properties of prime coats .................................................81 

5.3 Recommendations And Future Studies .........................................................82 

APPE&DIX A ...........................................................................................................84 

A.1 Properties of prime coat materials ................................................................84 

A.2 Properties of base material ............................................................................87 

APPE&DIX B .........................................................................................................108 

B.1 Results of Strength Testing .........................................................................108 

B.2 Results of Permeability Testing ..................................................................113 

B.3 Curing Time Data .......................................................................................114 

REFERE&CES ........................................................................................................123 

 

 



 xi 

List of Tables 

 

Table 3.1: Prime coat materials used in this study............................................................ 25 

Table 3.2: Weather conditions under which testing were carried out ............................... 34 

Table 3.3: Gradation requirements for reference sand ...................................................... 40 

Table 4.1: Weather Conditions for Testing Seasons 1, 2 and 3 for MC-30 (sprayed and 

mixed-in specimens) ................................................................................................. 46 

Table 4.2: Average curing time and average weather parameters over the curing time for 

MC-30 sprayed specimens ........................................................................................ 47 

Table 4.3: Average curing time and average weather parameters over the curing time for 

MC-30 mixed-in specimens ...................................................................................... 49 

Table 4.4: Weather Conditions for Testing Seasons 1, 2 and 3 for EC-30 (sprayed and 

mixed-in specimens) ................................................................................................. 51 

Table 4.5: Average curing time and average weather parameters over the curing time for 

EC-30 sprayed specimens ......................................................................................... 52 

Table 4.6: Average curing time and average weather parameters over the curing time for 

EC-30 mixed-in specimens ....................................................................................... 53 

Table 4.7: Weather Conditions for Testing Seasons 1, 2 and 3 for CSS-1H (sprayed and 

mixed-in specimens) ................................................................................................. 55 

Table 4.8: Average curing time and average weather parameters over the curing time for 

CSS-1H sprayed specimens ...................................................................................... 55 

Table 4.9: Average curing time and average weather parameters over the curing time for 

CSS-1H mixed-in specimens .................................................................................... 56 

Table 4.10: Weather Conditions for Testing Seasons 1, 2 and 3 for SS-1H (sprayed and 

mixed-in specimens) ................................................................................................. 58 

Table 4.11: Average curing time and average weather parameters over the curing time for 

SS-1H sprayed specimens ......................................................................................... 58 



 xii 

Table 4.12: Average curing time and average weather parameters over the curing time for 

SS-1H mixed-in specimens ....................................................................................... 59 

Table 4.13: Weather Conditions for Testing Seasons 1, 2 and 3 for AEP (sprayed and 

mixed-in specimens) ................................................................................................. 61 

Table 4.14: Average curing time and average weather parameters over the curing time for 

AEP sprayed specimens ............................................................................................ 61 

Table 4.15: Average curing time and average weather parameters over the curing time for 

AEP mixed-in specimens .......................................................................................... 62 

Table 4.16: Average curing time and average weather parameters over the curing time for 

TSB sprayed specimens ............................................................................................ 64 

Table 4.17: Average curing time and average weather parameters over the curing time for 

TSB mixed-in specimens .......................................................................................... 65 

Table 4.18: Average strength values for sprayed prime coats .......................................... 67 

Table 4.19: Average strength values for mixed-in prime coats ........................................ 68 

Table 4.20: Average permeability values for sprayed type application ............................ 71 

Table 4.21: Average permeability values for mixed-in type application .......................... 72 

Table 4.22: Penetration depths for prime coats ................................................................ 74 

Table 4.23: Ranking of prime coats in terms of performance in intended functions ........ 76 

Table 4.24: Comparison of curing time of prime coats .................................................... 77 

Table A1: Properties of MC-30 ........................................................................................ 84 

Table A2: Properties of EC-30 ......................................................................................... 85 

Table A3: Properties of CSS-1H ....................................................................................... 85 

Table A4: Properties of SS-1H ......................................................................................... 86 

Table A5: Properties of AEP ............................................................................................ 86 

Table B1: Strength values in kg/cm
2
 for sprayed prime coat samples ........................... 108 

Table B2: Strength values in kg/cm
2
 for mixed prime coat samples .............................. 110 

Table B3: Permeability data for sprayed prime coat samples ......................................... 113 

Table B4: Permeability data for mixed-in prime coat samples ....................................... 113 

Table B5: Curing time data for MC-30 sprayed specimens ........................................... 114 



 xiii 

Table B6: Curing time data for MC-30 mixed-in specimens ......................................... 115 

Table B7: Curing time data for EC-30 sprayed specimens ............................................. 116 

Table B8: Curing time data for EC-30 mixed-in specimens........................................... 117 

Table B9: Curing time data for CSS-1H sprayed specimens .......................................... 118 

Table B10: Curing time data for CSS-1H mixed-in specimens ...................................... 119 

Table B11: Curing time data for SS-1H sprayed specimens .......................................... 120 

Table B12: Curing time data for SS-1H mixed-in specimens ........................................ 121 

Table B13: Curing time data for AEP sprayed specimens ............................................. 121 

Table B14: Curing time data for AEP mixed-in specimens ........................................... 122 

  

 

 

 



 xiv 

List of Figures 

 

Figure 1.1: Cross section of a flexible pavement (Modified from Huang, 2004) ............... 2 

Figure 2.1: Penetration observed in emulsions (top) and cutbacks (bottom) ................... 16 

Figure 2.2: Effect of rain on freshly applied prime coat (Cross, Voth and Shrestha (2005))

................................................................................................................................... 20 

Figure 2.3: Prime coat that peeled during brooming (Senadheera, Leaverton and 

Vignarajah, 2007) ..................................................................................................... 21 

Figure 3.1: Crushed limestone base used to build samples for testing ............................. 24 

Figure 3.2: Penetrometer used to measure strength of samples ........................................ 27 

Figure 3.3: Samples kept exposed to the weather at TxDOT ........................................... 29 

Figure 3.4: Weather Station used for collecting weather data, TxDOT ........................... 30 

Figure 3.5: 16 oz. circular cans used to prepare the specimens ........................................ 32 

Figure 3.6: Tool used for compacting the specimens ....................................................... 33 

Figure 3.7: Soil specimen with MC-30 sprayed on the surface ........................................ 33 

Figure 3.8: Expected plot showing reduction in weight of solvent versus time in the 

weather that is used to estimate curing time ............................................................. 37 

Figure 3.9: Pavement section showing penetration of prime coat .................................... 38 

Figure 3.10: Cutting through the surface of the specimen to determine penetration depth

................................................................................................................................... 41 

Figure 3.11: Cross section of the cut specimen depicting the penetration shown by prime 

coats .......................................................................................................................... 41 

Figure 4.1: Time vs. loss of solvent weight for the three different weather conditions for 

MC-30 sprayed specimens ........................................................................................ 47 

Figure 4.2: Time vs. loss of solvent weight for the three different weather conditions for 

MC-30 mixed-in specimens ...................................................................................... 49 

Figure 4.3: Time vs. loss of solvent weight for the three different weather conditions for 

EC-30 sprayed specimens ......................................................................................... 52 



 xv 

Figure 4.4: Time vs. loss of solvent weight for the three different weather conditions for    

         EC-30 mixed-in specimens…………………………………………………...........53 

Figure 4.5: Time vs. loss of solvent weight for the three different weather conditions for 

CSS-1H sprayed specimens ...................................................................................... 56 

Figure 4.6: Time vs. loss of solvent weight for the three different weather conditions for 

CSS-1H mixed-in specimens .................................................................................... 57 

Figure 4.7: Time vs. loss of solvent weight for the three different weather conditions for 

SS-1H sprayed specimens ......................................................................................... 59 

Figure 4.8: Time vs. loss of solvent weight for the three different weather conditions for 

SS-1H mixed-in specimens ....................................................................................... 60 

Figure 4.9: Time vs. loss of solvent weight for the three different weather conditions for 

AEP sprayed specimens ............................................................................................ 62 

Figure 4.10: Time vs. loss of solvent weight for the three different weather conditions for 

AEP mixed-in specimens .......................................................................................... 63 

Figure 4.11: Time vs. loss of solvent weight for the two different weather conditions for 

TSB sprayed specimens ............................................................................................ 64 

Figure 4.12: Time vs. loss of solvent weight for the two different weather conditions for 

TSB mixed-in specimens .......................................................................................... 65 

Figure 4.13: Comparison of strength values for sprayed prime coats .............................. 67 

Figure 4.14: Comparison of strength values for mixed-in prime coats   .......................... 69 

Figure 4.15: Comparison of strength for sprayed prime coats and mixed-in prime coats 69 

Figure 4.16: Comparison of permeability values for different prime coats using the 

sprayed-prime application method. ........................................................................... 71 

Figure 4.17: Comparison of permeability values for different prime coats using mixed-in 

application method. ................................................................................................... 72 

Figure 4.18: Comparison of permeability for sprayed prime and mixed-in application 

types .......................................................................................................................... 73 

Figure 4.19: Comparison of penetration depths of prime coats ........................................ 75 

Figure 4.20: Comparison of curing times of prime coats ................................................. 78 



 1

CHAPTER 1 

Introduction 

 

1.1 BACKGROU�D I�FORMATIO�  

The overall performance and stability of pavements are of utmost importance to 

meet the needs of growing cities. To reduce the risk of premature failure and improve the 

stability of flexible pavements, prime coats are applied as a coating of low viscosity 

binder on top of a compacted granular base before application of subsequent courses 

(Freeman, Button and Estakhri, 2010). Prime coats consist of a suspension of asphalt 

cement in a solvent/carrier (either water or petroleum solvent). The application of prime 

coat material to the top of compacted granular bases is a standard operating procedure in 

the construction of asphalt pavements and is even considered mandatory at times.  

Application of prime coat material has been tested and proved to be beneficial to 

pavement stability and life expectancy (Ishai and Livneh, 1984). However, prime coats 

are sometimes not used because of time constraints or for convenience.  

Prime coat applied on the top of the prepared soil base is often left exposed to the 

weather for a few days so that the carrier evaporates, thereby curing the prime coat. It is 

important to understand when the prime coat is cured so as to know when the subsequent 

layers can be placed or when traffic can be allowed. But, there is little information 

available about the time required for curing. Prime coat curing requirements vary 

significantly from state to state. In some cases, only a visual assessment is done to 

determine whether the prime coat has cured or not, but this practice is not satisfactory. 

Construction over an uncured prime coat is considered riskier than over an unprimed base 

(National Cooperative Highway Research Program (NCHRP), 1978). Thus, it is 

extremely important to determine the minimum time required for curing and how the 

curing time would vary under different weather conditions for different prime coats. 
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1.1.1 Flexible Pavements 

An understanding of the importance and function of prime coats begins with an 

understanding of flexible pavements in whole. A typical cross section of a flexible 

pavement with a prime coat is presented below in Figure 1.1. A flexible pavement section 

consists of a number of layers of different materials, with higher quality materials 

forming the top layers so as to withstand heavy traffic loads with the least amount of 

deformation. The layered structure ensures that the load is spread out in such a way that 

the bottom layers take lower stresses.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 Cross section of a flexible pavement (Modified from Huang, 2004) 

 

 A typical flexible pavement structure consists primarily of five layers; namely, 

surface course, binder course, base course, subbase course and subgrade. Some of these 

courses may be omitted depending on economy and necessity (Huang, 2004). The surface 

course comes in direct contact with the traffic loads and mainly consists of multiple 

layers of hot mix asphalt (HMA). A seal coat is generally provided on top of the HMA 

                       Natural Subgrade  

Compacted Subgrade 

Subbase Course 

Base Course 

Binder Course 

Surface Course 

Prime Coat 

Tack Coat 

Seal Coat Surface Course 



 3

layers to prevent infiltration of water or to provide skid resistance (Huang, 2004). The 

binder course, also called the asphalt base course, is applied below the surface course. A 

binder course is mainly provided for two reasons: 1. HMA is too thick to be compacted to 

one layer so the binder course provides an additional layer. 2. Use of a binder course 

results in a more economical design as the binder course consists of less asphalt and more 

aggregate than the surface course (Huang, 2004). A tack coat is provided between the 

surface course and the binder course to ensure a good bond between the layers. The base 

course consists of aggregates which cannot be damaged by moisture or frost. The base 

course should be stiff and thick enough to provide overall stiffness to the pavement 

structure as a whole. A prime coat is provided on top of the base course to protect the 

integrity of the granular base during construction and bind the granular base to the asphalt 

layer. Prime coats serve many more functions which are discussed in detail in the next 

section. The subbase course consists of aggregates of inferior quality than the base course 

and serves almost the same function as the base course. It provides structural support, 

minimizes frost action damage and improves the drainage.  The subgrade refers to the 

existing soil and it can be treated to improve its properties if it is not suitable for 

construction. The top of the subgrade should be compacted and scarified before 

construction. 

1.1.2 Prime Coats 

Now that all layers of a flexible pavement have been outlined, the function and 

importance of proper prime coat application can be better appreciated. ASTM defines 

prime coat as “an application of a low-viscosity bituminous material to an absorptive 

surface, designed to penetrate, bond, and stabilize the existing surface and to promote 

adhesion between it and the construction course that follows.” Prime coats are generally 

applied if the untreated aggregate base is going to remain exposed to the weather for at 

least 7 days or if it is going to carry traffic before HMA paving (Cross, Voth and 

Shrestha, 2005). The main purpose of providing a prime coat is to prevent water from 
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penetrating into the base, thus waterproofing the base. Along with this purpose, a prime 

coat performs various functions such as:  

1. Binding the surface fines together so as to provide a good bond with the HMA 

layer 

2. Increasing the bond strength between the compacted base and the HMA layer 

3. Providing a stabilized base by penetrating and filling voids present in the base 

4. Strengthening the base by binding together the finer particles of aggregate and 

permeating into the base 

5. Temporarily protects the surface from unfavorable weather conditions and light 

traffic until the overlying courses are constructed 

6. Preventing the lateral movement of the base during construction activities.  

As a prime coat is applied to the compacted soil, it penetrates into it, thus sealing 

the surface. The depth of penetration is highly dependent on the type of prime coat, 

application method and the properties of the base material such as permeability. Once the 

prime coat is applied, there is considerable waiting time before the overlying courses can 

be placed. This waiting time is the time required for the curing of prime coat. Curing is 

said to have occurred when most of the solvent (water in the case of emulsions and 

petroleum solvent in the case of cutbacks) has evaporated. Time required for curing may 

also vary considerably for different prime coats and is dependent on a number of other 

factors. 

Prime coat materials mainly consist of cutback asphalt, emulsions/emulsified 

asphalt or polymer based chemicals. Cutback asphalt is manufactured by blending asphalt 

cement with petroleum solvent, and emulsified asphalt consists of a suspension of asphalt 

cement in water. Cutback asphalts have been the most widely used prime coat materials 

for a long time, but there have been a number of negative environmental issues related to 

the use of cutbacks as prime coats. When compared to other prime coats, cutbacks release 

a higher amount of volatile organic compounds (VOCs) into the atmosphere. This release 

may occur either in the mixing plant, at the job site or from the road surface (Freeman, 

Button and Estakhri, 2010). The release of VOCs occurs when the petroleum solvent in 
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the cutback evaporates as the prime coat cures. This release is the maximum after the 

prime coat is placed on the road surface. For this reason, emulsions and polymer based 

materials are becoming more and more popular due to their less harmful effects on the 

environment. 

For stabilized bases, the most widely used prime coat material worldwide is MC-

30 (Ishai and Livneh, 1984) due to its high penetration capacity. As per the information 

obtained from TxDOT, in Texas the most commonly used prime coat materials are MC-

30, AEP, EC-30, CSS-1H and SS-1H. Information about these materials is discussed later 

in the report. Out of this group, MC-30 is a cutback, AEP is an emulsified cutback, EC-

30 is an environmentally friendly alternative to a prime coat and, CSS-1H and SS-1H are 

emulsions.  

 The use of a prime coat can be omitted if the surface is not going to be exposed 

to wet weather and the base can be covered within seven days. Also, use of prime coats 

are not advised in the winter season when prime coats have difficulty curing, as placing 

the HMA layer on an uncured base is riskier than placing it on an unprimed base. The 

reason is that the excess prime on the surface can cause slippage of the pavement surface.  

1.2 PROBLEM STATEME�T A�D RESEARCH OBJECTIVES 

To ensure the functioning of a prime coat, it needs to be cured completely. As 

mentioned before, curing time is the time required for the evaporation of most of the 

carrier from the prime coat. Application of subsequent layers or allowing traffic to travel 

on the coated layer is only done after the prime coat is completely cured. The curing time 

of prime coats depends on a number of factors; namely, type of prime material, 

application method and rate, weather conditions, dilution rate, properties of the base 

material and other factors (Freeman, Button and Estakhri, 2010).  Generally cutbacks 

require longer curing times than emulsions and can range from 1 to 2 days to more than a 

week, depending on the factors cited above.  
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Considering the lack of data on the time required for curing of different prime 

coats and the extent to which each of these factors cited above affect the curing time, the 

primary objectives of this research are the following: 

1. Determination of the curing times of prime coats most commonly used in 

Texas and how the application method and weather conditions affect the 

curing time, and 

2. Compare the strength, permeability and penetration of the prime coats 

tested and also study the effect of application method on these properties. 

1.3 ORGA�IZATIO� OF THESIS 

This thesis is organized into five chapters. Following this introduction (Chapter 1) 

in which the details about the objectives of this thesis are presented, a detailed review on 

the past research in the area of prime coats is presented in Chapter 2. The literature 

review includes an in depth discussion about prime coats in general, including the types 

and design of prime coats, application methods, functional and structural role of prime 

coats, and penetration and curing of prime coats. The literature review concludes with a 

discussion of environmental issues and distresses associated with prime coat applications.  

Chapter 3 provides a detailed discussion of the experimental program including 

materials, equipment and testing procedure.  First, a description of the base material and 

the various prime coat materials used in this study is given. Chapter 3 continues with a 

detailed description of the equipment used in the course of the testing process. These 

descriptions include the weather station and pocket penetrometer. Following the 

equipment description, Chapter 3 explains the method of preparation of sprayed prime 

specimens and mixed-in prime specimens. Finally, the testing procedures to determine 

curing times, strength, permeability and penetration are described in detail. 

The results of curing time tests, strength, permeability and penetration tests are 

described in Chapter 4 along with the analysis of these results. A comparison between the 

different prime coats based on curing times, strength, permeability and penetration is also 
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presented. Finally, the effect of application method on curing times, strength, penetration 

and permeability is analyzed.  

Findings of this research are summarized in Chapter 5. This chapter includes the 

conclusions made regarding time taken for curing of prime coats and the dependence of 

curing time on application method and weather parameters. Finally, recommendations for 

future research are discussed and presented.  
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CHAPTER 2 

Literature Review 

 

2.1 I�TRODUCTIO� 

Background information relevant to this project is presented in this chapter. Upon 

reviewing the literature, it was found that extensive information has not yet been 

published in this field, despite the fact that prime coats have been in use for decades. 

Only two research reports were found that were closely related to prime coats and their 

applications. However, these publications did not cover all aspects of prime coat 

application. Very little information has been published on prime coat application 

techniques, test methods to evaluate prime coats in the field and in the laboratory, relative 

performance of prime coats, selection of prime coats and also the appropriate curing 

times for prime coats under different conditions (Freeman, Button and Estakhri, 2010). In 

this chapter, a summary of all publications related to prime coats covering most of the 

aspects related to prime coat application are presented.  

For the purpose of this thesis, prime coat is described as any low viscosity binder 

which is applied to the top surface or mixed onto the upper portion of the compacted base 

before the application of subsequent courses. The prime coat is used to waterproof and 

strengthen the base and not as a dust palliative in the context of this study. As mentioned 

in Chapter 1, the main objectives of using a prime coat are: 1. to act as a temporary 

waterproofing layer, 2. improve pavement stability and life expectancy, 3. increase the 

interfacial bond strength, and 4. to promote adhesion and help seal the surface pores on 

the base. Penetration of prime coats into the base will determine how effective the prime 

coat is in these functions and thus permeability is extremely important. Also, the cost to 

benefit ratio of the prime coat with respect to the entire performance of the flexible 

pavement needs to be studied before any application. The decision to use prime coats, to 
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some extent, will also depend on the availability of sound local materials, historically 

favorable experience and availability of experienced contractors. 

According to Mantilla and Button (1994), a prime coat should always be applied 

to a compacted granular base before the application of a bituminous surface treatment or 

an asphaltic pavement with a thickness less than 3 inches. A prime coat is also necessary 

in the case where there is a delay in the application of subsequent courses and the base 

may be damaged due to weather or traffic.  

2.2 DESIG� OF PRIME COAT MATERIALS 

The design of prime coats is done with serious consideration and does not simply 

consist of spraying or mixing the prime coat onto the base. Senadheera and Vignarajah 

(2007) concluded that the design of any prime coat consists of three basic components:    

• Selection of a suitable priming method, 

• Selection of prime coat material, and 

• Selection of an appropriate application rate. 

Suitable priming methods can include mixing the prime coat into the top layers of 

the base or spraying of prime coat onto the base. Emulsions are generally mixed into the 

top layer of the base to ensure proper penetration and to reduce the production of volatile 

organic compounds (VOCs) (Freeman, Button and Estakhri, 2010). Determination of the 

application rate is extremely important as this factor is a major component in determining 

whether the prime coat will perform efficiently and effectively. Each of the three basic 

components mentioned in the design of prime coats are covered in detail in this chapter. 

In addition, the selection of prime coat material also depends on factors such as the type 

of base material, traffic control plan during construction, past experience, and availability 

of a contractor pool with the required experience in prime coat construction.  

Freeman, Button and Estakhri (2010) suggested that the following should also be 

taken into consideration in the design of prime coats:  

• Construction project location 

• The process by which base is constructed (e.g., slush roll or blade and roll) 
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• Thickness of the overlying layers 

• Experience and expertise of the available contractors 

• Probability of exposure of prime coat to inclement weather 

• Material to be primed 

• Amount of traffic the primed surface will be exposed to before the 

application of subsequent layers. 

The main purpose of designing the prime coat is to ensure that the required 

penetration is achieved uniformly in all areas. Penetration is of utmost importance as the 

functioning of a prime coat is directly related to the penetration achieved. 

2.3 TYPES OF PRIME COAT MATERIALS 

Prime coat materials can be broadly divided into two categories, namely, cutback 

asphalt and emulsions or emulsified asphalt. Historically, the most effective and popular 

way of priming the base has been to use cutback asphalt. Cutback asphalt is a blend of 

asphalt cement in a petroleum solvent. The evaporation of petroleum (the solvent for 

cutback) results in the emission of volatile organic compounds (VOCs) into the 

atmosphere. This emission has led to numerous air quality issues because of which other 

materials such as emulsions and polymer based materials (materials that have low 

emission of VOCs) are gaining popularity. Emulsions consist of a suspension of asphalt 

cement in water. Emulsions are not as effective as cutbacks, as the penetration achieved 

by them is less compared to cutbacks. For this reason, emulsions are diluted and then 

mixed with the top surface of the base rather than sprayed onto the surface (Tayebali, 

Rahman, Kulkarni and Xu, 2004). Some of the emulsified prime materials such as asphalt 

emulsion prime (AEP) also contain large quantities of volatile solvents just like cutback 

asphalt (Mantilla and Button, 1994). According to Mantilla and Button (1994), the lack of 

penetration, which is characteristic of emulsions, is due to larger particle sizes as 

compared to cutback asphalt. The average particle sizes of emulsions vary from 2 to 8 

microns and will not normally penetrate compacted bases. The soil acts as a filter and the 

emulsified asphalt particles are collected at the top forming a black ‘skin.’ However, 
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emulsions can be made to penetrate more by the addition of non volatile resin oils and 

resins with viscosity lower than that of asphalt.  

Emulsified asphalt mainly consists of finely divided bitumen particles suspended 

in water using stabilizing agents. According to Mantilla and Button (1994), the type, 

setting rate and stability of the emulsion is controlled mainly by the type of stabilizing 

agent used. Emulsions containing stabilizing agents of alkaline nature are classified as 

anionic emulsions and those of acidic nature as cationic emulsions. Anionic emulsions 

are again classified according to their setting times into Rapid Setting (RS), Medium 

Setting (MS) and Slow Setting (SS). Cationic emulsions may provide better bonding 

when compared to anionic emulsions and are classified based on their setting times as 

rapid setting (CRS), medium setting (CRM) and slow setting (CSS). 

The most commonly used prime coats by TxDOT include cutback asphalt (e.g., 

MC-30), emulsified cutback asphalt (e.g., asphalt emulsion prime (AEP)), and emulsions 

(e.g., Cationic Slow Setting (CSS-1H), Slow Setting (SS-1H)). Recently, due to greater 

awareness of air pollution caused by cutback asphalt, environmentally friendly materials 

such as Eco Cure 30 (EC-30) have become more widely used. Eco Cure 30 is organic, 

harmless to the environment and will not clog spray machines. In addition to these 

materials, coal tar emulsion primes, polymer modified coal tar emulsion, emulsified 

wood pitch and emulsified naphthenic oil are also used (Freeman, Button and Estakhri, 

2010). The type and grade of cutback asphalt or emulsified asphalt used depends on the 

type of aggregate and the field conditions (Senadheera, Leaverton and Vignarajah, 2007). 

2.4 PRIME COAT APPLICATIO� METHODS A�D APPLICATIO� RATES 

There are mainly four different ways in which prime coats can be applied to the 

prepared base. Senadheera and Vignarajah (2007) described these four methods as 

follows: 

1. Spray Prime (with or without blotting material): This method makes use of an 

asphalt distributor to spray the prime material onto the compacted base. This 

method is commonly used in the case of cutback asphalt such as MC-30 and 
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emulsified asphalt such as AEP. MC-30, AEP and RC-250 are the most 

commonly used spray prime coat binders. For emulsions, this method will be 

unsatisfactory because of the lower penetration achieved with them when 

compared to cutback asphalt and emulsified asphalt. If the project is 

constructed under traffic, to avoid splashing onto vehicles, a blotting material 

such as sand or small crushed stones can be applied onto the surface and 

traffic can be allowed on the primed base in less than an hour.  

2. Worked-in or Cut-in Prime: This method is mainly used for diluted emulsified 

asphalt such as CSS-1H and SS-1H. To ensure adequate penetration, 

emulsified asphalt is sprayed onto the base and then covered by a layer of fine 

base material. This process is repeated 2 to 3 times to get multiple asphalt-

sand layers of an approximate total thickness of 1/8 inch. The total emulsion 

application rate for this method is 0.2 gallon per square yard. 

3. Inverted Prime or Covered Prime: This method is used when the primed 

surface is required to carry traffic for a prolonged period (2 to 3 months e.g., 

winter months). The surface can act as a temporary wearing course for the 

required time period, provided there is no heavy or turning traffic. In this 

method, prime coat is applied onto the prepared base and then covered by 

spreading Grade 5 rock.  

4. Mixed-in Prime: In this method the uppermost 2 to3 inches of base is remixed 

with diluted emulsion and then re-compacted to achieve the desired 

penetration. Mantilla and Button (1994) explain the following two different 

ways in which the prime material can be mixed into the base. 

• After the base density is achieved, the top 1 to 2 inches of the surface 

is scarified and mixed with diluted emulsified asphalt and re- 

compacted. To enrich the surface with asphalt, the surface is then 

sprayed with diluted emulsion so as to ensure a good bond with the 

subsequent courses. 
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• The last lift of the base (2 to 6 inches) is mixed with emulsified asphalt 

instead of water and then compacted to achieve the required density. 

The surface is then sprayed with diluted emulsion so that a good bond 

is provided with the next layer. 

The first mixing method is used to treat thin layers and is labor intensive, thus 

making the second method the preferred option. Mantilla and Button (1994) discusses the 

advantages of the mixed-in prime method. Some of them are listed below: 

1. Traffic can be allowed on the surface for several weeks before subsequent 

courses are applied as this method provides additional strength to the 

pavement structure when compared to the sprayed in method. 

2. The time required for curing is less than for the sprayed application. 

3. The surface provides good protection against inclement weather and this 

method can be used in weather conditions when the conventional methods are 

not advisable. 

The amount of penetration achieved and curing time required will directly depend 

on the rate of application. Application rates may vary from 0.2 to 0.5 gallons per square 

yard for sprayed applications and 0.1 to 0.3 gallons per square yard per inch for mixed- in 

emulsions (Freeman, Button and Estakhri, 2010). The application rate in the case of the 

sprayed-in application and worked-in prime application is generally 0.2 gallons per 

square yard. Gradation and absorbency of the aggregate will determine the application 

rate to a great extent. The application rate should be selected in such a way that the base 

will absorb the prime uniformly and leave behind a thin and quick drying film on the 

surface with no puddle formations. If puddles occur even after the surface has been left to 

cure for as long as possible, those areas should be covered with a light application small 

aggregates (Mantilla and Button, 1994). Failure to do so can result in bleeding, after 

subsequent layers are placed. Also, it should be kept in mind that application of crushed 

stone can reduce the bonding ability of the surface and can create a shear susceptible 

interface (Mantilla and Button, 1994). 
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The United States Army Corps of Engineers (USACE), 2001 suggests the 

following formula for determining the application rate for the specified residual asphalt 

content: 

AR = RAR/RAC 

Where AR = application rate of undiluted prime, RAR = specified residual application 

rate and RAC = residual asphalt content of prime.  

2.5 PREPARATIO� OF BASE BEFORE PRIME APPLICATIO� 

Before the application of a prime coat, it should be established that the surface of 

the base is structurally strong, reasonably smooth and porous, and free from any dust. 

Mantilla and Button (1994) concluded in their study that the presence of a small amount 

of dust on the surface can reduce the shear strength of the primed surface considerably. 

Hand sweeping, repeated passes of a mechanical broom or blowing with high pressure air 

can be done to remove the dust from the surface, but it should be done in such a way that 

it does not disturb the base layer particles.  The presence of an overly smooth surface can 

prevent the prime coat material from penetrating into the base and forming a good bond. 

The desirable pore size depends mainly on the prime coat material that is used and its 

wet-ability (Senadheera, Leaverton and Vignarajah, 2007). 

The most common base material that is found in Texas, over which priming is 

done, is limestone. To prepare the base, generally, slush rolling, blade and roll or 

trimming is done. Slush rolling can sometimes result in an excessively smooth surface 

because of which great care must be taken while carrying out this process. Slush rolling 

refers to the addition of excess water (greater than the optimum moisture content for 

compaction) during rolling to pump the fines to the surface. This process results in the 

formation of a very smooth surface and can prevent the prime coat material from 

penetrating into the base due to the presence of fines on the surface. These surface fines 

can lead to weakening of the base and subsequent delamination of the surface treatment.  

Before the application of emulsified primes, the surface can be sprinkled with 

water and compacted using a pneumatic roller to reduce surface tension so that the 
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emulsified prime adequately covers the surface. Care should be taken so that excess water 

is not used, as this can clog the pores and prevent penetration of prime material. Also, an 

emulsifying agent or surfactant can be mixed with water before spraying to further aid in 

reduction of surface tension. Even though these measures are carried out, emulsified 

primes may still not satisfactorily penetrate the surface and they may have to be mixed 

manually with the base material as mentioned in the earlier section.  

The TxDOT Standard Specification (2004) - Item 247.4E specifies “Cure the 

finished section until the moisture content is at least 2 percentage points below optimum 

or as directed before applying the next successive course or prime coat.” The timing of 

prime coat application is extremely important as this will control the effectiveness of the 

bond with the base. The base should not be too dry or saturated with water. Too dry a 

base can result in freckling of the binder which leaves uncoated open spots on the base 

where surface treatment binder may not bond well. Sometimes a light sprinkle of water 

(skeeting) is applied on the dry surface to ensure a good bond between the prime coat and 

the base.  

2.6 PE�ETRATIO� OF PRIME COATS 

 One of the main purposes of the prime coat is to provide a good bond between 

surface treatment and base. The binders used in surface treatment courses do not have a 

viscosity low enough to penetrate the base layer. A prime coat, which is a low viscosity 

binder, when applied will act as an intermediary between the base and the surface coat so 

as to ensure a good bond between both. Thus, it is clear that adequate penetration is 

necessary for a prime coat to serve its purpose.  

The amount of penetration will depend on a number of factors such as application 

method, application rate, prime coat material, properties of the base material and base 

finishing techniques. According to Senadheera and Vignarajah (2007), the typical depth 

of penetration of a sprayed cutback application will vary from 1/8 inch to 3/8 inch. At 

times the penetration can be greater than 1/2 inch.  According to Mantilla and Button 

(1994), a minimum penetration depth of at least 0.2 inch is required for adequate 
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performance. They showed in their study (1994) that, penetration was greatest in the case 

of MC 30 and none of the conventional asphalt emulsions were able to provide adequate 

penetration even after dilution with water. Also, bases rich in material which passes the 

#200 (0.75 mm) sieve act as a filter and do not let emulsion asphalt particles to penetrate. 

Emulsified asphalt tends to form a sticky film on the surface and requires mixing into the 

base to provide adequate penetration. Figure 2.1 shows the penetration observed in 

emulsions and cutbacks. In Figure 2.1, the top left picture shows an emulsion (CSS-1H) 

which was applied on the surface and the top right picture shows that the emulsion did 

not penetrate at all into the sand after 24 hours and it peels off from the surface. Bottom 

left is the picture of MC-30 prime coat (cutback) application and bottom right shows the 

penetration obtained by MC-30 after 24 hours. It can be seen that the penetration 

obtained by cutbacks is more than that of emulsions.  

 

Figure 2.1 Penetration observed in emulsions (top) and cutbacks (bottom) 
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2.7 CURI�G OF PRIME COATS 

Curing time of prime coats is the time required for the evaporation of the solvent 

base, either water or volatile diluents. Curing time depends on a number of factors such 

as type of prime material, application rate, application method, weather conditions, 

properties of the base, dilution rate and other factors.  A prime coat needs to be cured 

completely so that it can function effectively. Once the surface is cured it should not be 

tacky and it should allow light traffic without excessive pickup of the prime material 

from the surface. Before the application of subsequent layers, any excess prime present 

on the surface should be removed using blotter sand. Blotter sand should then be 

removed so as to ensure a proper bond between the base and the surface treatment (Cross, 

Voth and Shrestha, 2005). If subsequent layers are placed on wet prime, there is a chance 

for bleeding to occur.  

Emulsified asphalt requires less curing time than cutback asphalt as the rate of 

loss of liquid for emulsions is much higher than for cutbacks. There is still not an exact 

answer for the minimum time required for curing. It would greatly depend on the type of 

prime coat material and the weather conditions.  According to the USACE, it is riskier to 

pave over an uncured prime coat than an unprimed base because of the adverse effects of 

the constituents of prime coats on the asphalt layer. The USACE also recommends that 

priming should be completely eliminated in the winter season when it does not cure 

properly. The presence of prime material on the surface can lead to slippage of the 

overlying layer, rutting or lateral movement of asphalt concrete during rolling operations.  

According to Ishai and Livneh (1984), after one day of curing, MC-30 lost 15 

percent of its solvent, 37 percent after two days and 40 percent after seven days. This rate 

shows that there is a significant amount of volatiles still available for absorption if the 

subsequent layers are constructed even after seven days. Around 55 to 85% of the solvent 

present in cutback asphalt may be trapped in the base if HMA is placed within 3 days 

after priming. The rate of evaporation of volatiles from the prime coat will depend on a 
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number of factors such as temperature, wind velocity, type of prime coat, application rate 

and permeability of the base.  

2.8 FU�CTIO�AL A�D STRUCTURAL ROLE OF PRIME COATS 

Prime coats do not provide any significant amount of structural benefit. The 

unbound layer of material is stabilized by the addition of a prime coat but it does not 

increase the load bearing capacity of a pavement significantly (Cross, Voth and Shrestha, 

2005). Chellgren (2010) states, without proof, that “There is a substantial amount of 

misinformation concerning the function and proper use of prime. Prime is not glue – 

causing the base to adhere to the pavement is not its purpose. Prime’s purpose is to 

protect the base from rain and light traffic, when the paving will be delayed.” According 

to Freeman, Button and Estakhri (2000), most researchers disagree to the above statement 

and have demonstrated using field and laboratory data that significant benefits result from 

providing a prime coat. For thin pavements, the provision of prime coats reduces the risk 

of failure to some extent (National Institute for Transport and Road Research (NITRR), 

1986).  

Direct shear tests were performed by Mantilla and Button (1994) on primed bases 

to determine their performance under two different normal stresses i.e., 50 kPa and 100 

kPa. It was seen from the study that MC-30 and AEP samples performed better when 

compared to unprimed samples.  By using the old freshman engineering beam analogy 

which states that two boards glued together are much stronger and stiffer than the same 

two boards when slippage is allowed between them, Tschegg et al. (1995) affirmed that a 

good bond between the layers is necessary to obtain the required loading capacity and 

yields a longer lifetime. A number of highway failures have been due to inadequate bond 

strength between the layers (Kennedy and Lister, 1980; Peattie, 1980). Additionally, 

several researchers (Canestrari et al., 2005; Sangiorgi et al., 2003; Romanoschi and 

Metcalf, 2003; Al Hakim et al., 2000; Hachiya and Sato, 1997; Lepert et al., 1992; 

SETRA, 1986; and Livneh and Schlarsky, 1962) have reported that pavement distresses 

are a result of loss of interfacial bonds. Also, according to Ameri-Gaznon and Little 
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(1990), a loss of bond between the layers can lead to a considerable increase in shear 

stresses in the surface layer thereby increasing the chances of rutting.  

2.9 E�VIRO�ME�TAL ISSUES 

Cross, Voth and Shrestha (2005), discusses the environmental issues associated 

with prime coat application. Environmental issues can be broadly classified into air and 

water quality issues.  

2.9.1 Air Quality Issues 

As discussed earlier, cutback asphalts are a major source of volatile organic 

compounds (VOCs) and VOCs are the primary pollutant of concern from asphalt paving 

operations. Evaporation of the solvent used in cutback asphalt leads to the production and 

release of VOCs to the atmosphere. The release of VOC to the atmosphere can occur 

either at the job site or at the mixing plant, but a larger amount of emissions occur at the 

job site.  With the awareness of the detrimental effects of VOCs to the ozone layer 

increasing, there has been a reduction in the use of cutback asphalt as prime material and 

asphalt emulsions are being used more often. In jurisdictions that have either reached or 

are nearing non-attainment for ozone requirements of the Clean Air Act, the use of 

cutback asphalt is either prohibited permanently or during certain times of the year.  

2.9.2 Water Quality Issues 

According to the Clean Water Act issued by the US Environmental Protection 

Agency, any spill of oil that could enter a waterway and violates applicable air quality 

standards or causes a film on water, should be reported to the National Response Center 

and local authorities. Also, the EPA has established both cutback and emulsion as oil, i.e. 

a substance which will leave a sheen upon entry into any waterway. A direct spill is not 

always the only way in which prime coat material can enter a waterway.  Runoff from 

rain on a freshly applied prime coat can result in the entry of prime coat materials into 

storm or wastewater sewers. Prime coats are generally not used if there is a strong chance 
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of runoff entering a waterway. Figure 2.2 below shows the effect of rain on freshly 

applied prime coat. It can be seen that the prime coat has been washed away to the sides 

of the road due to rain. 

 

 

Figure 2.2 Effect of rain on freshly applied prime coat (Cross, Voth and Shrestha 

(2005)) 

Hazardous chemicals may be present in prime coat materials in very small 

quantities (in concentrations less than the reportable quantity (RQ)). Even so, in the case 

of any spill, the spill still needs to be reported to the National Response Center and local 

authorities. Generally, in a normal paving operation, these RQ values are never reached. 

The Resource Conservation and Recovery Act (RCRA) determines what the reportable 

quantities are, but it may be different (lower) in case of state/local jurisdictions and the 

suppliers or local agencies should be contacted in case of a spill (Cross, Voth and 

Shrestha, 2005). 
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2.10 DISTRESSES I� PRIME COATS 

Distresses can occur on a prime coat surface due to improper curing, inclement 

weather or excessive traffic. The surface treatment that is applied over the prime coat 

may not achieve a good bond with the prime coat if distresses are present, thus resulting 

in delamination and distresses in the newly constructed pavement section.   

According to Senadheera, Leaverton and Vignarajah (2007), a prime coat if not 

cured sufficiently, can peel off when light brooming (to remove dust accumulated on the 

primed surface) is done before the application of the surface treatment (See Figure 2.3). 

Heavy traffic can cause the prime coat to wear off completely and should be avoided 

until and unless it is completely necessary. Application of the surface treatment on a 

worn out primed surface can result in lack of adequate bond formation. Also, rainstorms 

can damage both the prime and the base and re-priming may have to be done in these 

cases. Flushing can occur along the wheel paths if excessive prime is present at the time 

when the pavement section is opened to traffic. So, it is extremely important to let the 

primed surface cure completely before opening to traffic.  

 

Figure 2.3 Prime coat that peeled during brooming (Senadheera, Leaverton and 

Vignarajah, 2007) 
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2.11 SUMMARY 

A comprehensive literature review involving various aspects of prime coats was 

presented in this chapter.  Research studies have been done in the field of prime coats but 

there has been no published experimental testing to measure the minimum time required 

for curing of prime coats. While this study mainly focuses on the dependence of curing 

time on weather parameters and the minimum time taken for curing of prime coats, it 

should be noted that the concepts covered in this chapter are essential in understanding 

the behavior of prime coats tested in this research program.  
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CHAPTER 3 

Experimental Design and Testing Procedures 

 

3.1 I�TRODUCTIO� 

Prime coats are widely used as a treatment to the top of the granular base before 

the application of bituminous surface pavement layer. A prime coat application is said to 

be cured once most of its carrier/solvent has evaporated. The time taken for curing is 

expected to change considerably with the weather conditions. The time taken for curing 

will also depend on the type of prime coat, application method, application rate, rate of 

dilution of the prime coat, properties of the base and other factors. Allowing prime coats 

to cure properly is an important part of the construction process because an uncured 

prime coat can cause more base movement than an unprimed base. This research study 

aims to capture the effect of weather conditions, application method and type of prime 

coat on curing time. To determine the time taken and verify the performance of prime 

coats, around 50 soil specimens were prepared and tested in three different weather 

conditions to capture the effects of weather in Texas. For convenience these three 

weather conditions have been named Testing Season 1, Testing Season 2 and Testing 

Season 3. In this chapter, the material properties and variables involved in the testing 

procedure are presented. Following the description of materials, the preparation of 

specimens and testing procedures are discussed in detail. 

3.2 MATERIALS 

This section describes the important properties of the materials used in this study; 

that is, the soil suitable for base material and the prime coat materials.  
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3.2.1 Base material 

Limestone base soil which is commonly found in Texas was used as the base 

material throughout the testing program. However, for this study, equal weights of 

crushed limestone passing through sieve #10 and retained on sieve #40, and passing 

through sieve #40 were mixed and used to prepare the specimens. Sieve #10 has an 

opening size of 2 mm and sieve #40 has an opening size of 0.42 mm. As the prepared 

specimens were small in size (4 inch diameter and 2.4 inch height) all the other particles 

were discarded. The same type of soil was used for testing throughout the study. The 

optimum water content and the maximum dry density of the soil were determined to be 

6.7% and 138.2 pcf respectively.  A summary of the soil properties is given in Appendix 

A.  

 

 

Figure 3.1 Crushed limestone base used to build samples for testing 
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3.2.2 Prime Coat Materials 

Prime coats are applied by spraying emulsion or cutback asphalt to the surface of 

compacted base layers (in this study, only one base material was used). Prime coats are 

mainly of two types; namely, cutback asphalt and emulsified asphalt. Cutback asphalt is a 

combination of asphalt cement and petroleum solvent where as an emulsion is a 

suspension of asphalt cement in water. Curing is said to have occurred when most of the 

solvent (petroleum in case of cutback and water in case of emulsion) evaporates away 

leaving the asphalt cement. Traditionally, the most commonly used prime coats have 

been cutbacks, but the trend is changing because of the increased cost of petroleum 

solvent and also due to environmental concerns. Since emulsion has water as the base, it 

is more environmentally friendly when compared to cutbacks. 

This study looks into cutbacks, emulsions, emulsified asphalt and polymer based 

prime coat materials. The most commonly used prime coat in Texas is MC-30. CSS-1H 

and SS-1H are the emulsions that have been included in this study. EC-30 is a completely 

organic prime coat material which is harmless to the environment. EC-30 will not clog 

spray machines, has little or no odor and can even be applied using a pressurized hand 

garden sprayer. Top Seal Black is an environmentally safe polymer based prime coat 

which is applied after dilution with water. Prime coats which were included in this study 

and the suppliers of these prime coats to TxDOT are listed below in Table 3.1.  

Table 3.1 Prime coat materials used in this study 

Prime Coat Type Suppliers 

MC-30 (Medium Curing) Cutback Valero, TX 

AEP (Asphalt Emulsion Prime) Emulsified Cutback Ergon, Waco, TX 

EC-30 (Eco Cure) Emulsion-Non bituminous PrimeEco, TX 

CSS-1H (Cationic Slow Setting 

Hard Base) 

Emulsion Ergon, Waco, TX 

SS-1H (Slow-Setting Hard Base) Emulsion Ergon,Mt.Pleasant, TX 

Top Seal Black Polymer based Emulsion Terra Pave International, TX 

 



 26

All the prime coat materials that were used in this study were used in accordance 

with the TxDOT Standard Specification Book Division III Item 310 (2004). All prime 

coat materials should meet the requirements specified by TxDOT. A summary of the 

specifications of the prime coats used in this study are given in Appendix A. 

3.3 EQUIPME�T  

The equipment that was used in this study include: (1) a pocket penetrometer and 

(2) an aging table. The pocket penetrometer was used throughout the testing process to 

determine the strength of the specimens prepared using different prime coats so that a 

comparative study of the strength of the prime coats could be performed. The aging table 

is nothing but a weather data acquisition system. In this section, these apparatuses are 

discussed and their use in the various tests performed in this study is described. 

3.3.1 Pocket Penetrometer 

The pocket penetrometer is a spring operated device that is used to measure the 

compressive strength of the top layers of the samples in the field and laboratory. The 

compressive strength is measured by pushing a 0.25 inches (6.4 mm) diameter loading 

piston into the sample to a depth of 0.25 inches. The penetrometer is made of hard 

anodized aluminum and is comprised of a housing, spring, slip ring, flat tipped measuring 

pin and a scale. The scale reads strength in kilogram per square centimeter to a maximum 

of 4.5 and the strength measurement is obtained by noting the position of the indicating 

ring on the scale at a penetration depth of 0.25 inches. Since, the size of the samples 

prepared for this study were small (4 inch diameter and 2.4 inch height), the diameter of 

the loading piston was modified to 1 mm. 

To make measurements of strength, the slip ring is pushed against the 

penetrometer body to read zero. The measuring pin is then placed on the surface and a 

uniform and constant force is applied until the pin is just embedded into the surface. 

When the pin is pushed into the surface it encounters a force which compresses the spring 

inside the penetrometer. The slip ring is taken along during this operation to represent the 
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maximum force that was encountered. The reading can be read off from the top of the 

slip ring. 

The calibration of the instrument is done in such a way that the strength can be 

read off directly from the scale. Studies relating the effective spring compression to 

unconfined compressive strength values are performed to calibrate the pocket 

penetrometer before its use. Currently there is no ASTM standard on how to use a pocket 

penetrometer or the evaluation of the data. A test method for the pocket penetrometer test 

is under developed by ASTM.   

 

Figure 3.2 Penetrometer used to measure strength of samples 

3.3.2 Weather Station and Aging Table 

The weather station is a facility that is used to monitor atmospheric condition and 

provide useful information about the weather. There is such an outdoor facility at TxDOT 

that automatically measures temperature, barometric pressure, solar radiation, amount of 

precipitation, wind speed, wind direction and humidity. A weather station generally 

consists of the following instruments: 

1. Thermometer for measuring air temperature 
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2. Rain gauge for measuring the amount of precipitation 

3. Barometer for measuring air pressure 

4. Hygrometer for measuring humidity 

5. Solar panels for measuring solar radiation 

6. Wind vanes for measuring the direction of wind 

7. Anemometer for measuring wind speed 

8. A digital console which may be connected to a laptop to collect, store or 

display the data obtained 

The placement of the instruments is very important as it determines the quality 

and accuracy of the data collected. The solar panels, rain gauge, anemometer and wind 

vanes are kept in such a way that they are directly exposed to the weather where as the 

other instruments are kept free from direct solar radiation. Wind measurements are taken 

as free from other obstructions as possible. Automated observations are made every five 

minutes and the data can be collected by connecting a laptop to the digital console and 

can be obtained in the form of an excel spreadsheet and are easy to interpret. 

The samples were cured by exposing to the weather. This exposure was 

accomplished by placing the samples on aging racks or sample holders (See Figure 3.3). 

Solar radiation was measured in KW/m
2
. The sample holders are often inclined at 45 

degrees so that they have maximum exposure to the sunlight. However, in this study, the 

samples were kept on holders which were horizontal. This orientation was used because 

of the fact that there was a chance that the prime coat that was sprayed on the surface 

would flow down and collect at the sides of the container when they were kept outside to 

cure. Also, horizontal sample holders would be more consistent with the orientation in 

the field. Since the sample holders were kept horizontal rather than inclined at 45 

degrees, a correction factor was incorporated in the calculation of solar radiation. Also, at 

different times of the year, the amount of radiation differs due to the change in position of 

the sun. 

To find the correction factor, the average of summer and winter solstice was taken 

for the latitude and longitude corresponding to this weather station and the exposed area 
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was multiplied by the cosine of this angle. The correction factor is required because of 

the fact that, when the samples were kept horizontal, the exposed area was reduced.  

When the angle is taken into consideration, the product of solar radiation and the angle 

would give the flux energy. From the calculations mentioned above, the cosine of the 

angle was found to be 0.707. 

 

 

Figure 3.3 Samples kept exposed to the weather at TxDOT 
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Figure 3.4 Weather Station used for collecting weather data, TxDOT 
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3.4 SPECIME� PREPARATIO� METHODS 

The method of specimen preparation can have a significant effect on the 

properties (curing time, strength and permeability) and thus is important while 

interpreting the results later on. There are generally four methods followed in applying 

prime coats; namely, spray prime, worked in prime, inverted prime and mixed in prime, 

which are discussed in Chapter 2. Out of these four methods, only two application 

methods, spray prime and mixed in prime, were included in this study.  

The application rate of prime coats is generally between 0.17 gallons per square 

yard to 0.20 gallons per square yard (Mantilla, Button, 1994). For this study an 

application rate of 0.20 gallons per square yard was used. Taking into consideration the 

size of the container and by making the necessary calculations, the amount of prime coat 

material required per specimen was determined to be 7.3 milliliters per square millimeter. 

Top Seal Black prime coat had to first be diluted before application. For each sample, 10 

ml of top seal black was diluted with 50 ml of water and was applied in two sessions. 

Initially 45 ml of this mixture was applied and then after two days, the remaining 15 ml 

was applied. In the field, such a procedure is followed which is why it was decided to 

follow the same procedure for testing.   

3.4.1 Spray-Prime Specimens 

To prepare these specimens, 16 oz circular cans with a 4 inch diameter and a 2.4 

inch height were used. Soil was placed in three layers and each layer was compacted by 

giving 25 blows using a wooden rammer. The circular cans and the ramming tool used 

for this study are shown in Figure 3.5 and Figure 3.6 respectively. The total amount of 

soil in a sample was always kept constant and equal to 300 grams. Once the specimen 

was well compacted and ready, the prime coat material was sprayed on top of the 

specimen in such a way that it covered the top surface evenly. The initial weight of the 

specimen was determined and the weight of the specimen after the application of prime 

coat was also determined.  
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3.4.2 Mixed in Prime Specimens 

To prepare these specimens, 16 oz circular cans with a 4 inch diameter and a 2.4 

inch height were used. Again, 300 grams of soil was weighed and separated into 3 equal 

portions. The can was filled with soil in two layers (each layer being one portion) with 

each layer being compacted 25 times using a wooden rammer. The third portion was then 

mixed thoroughly with the required amount of prime coat (7.3 milliliter). The soil and 

prime coat mixture was then placed in the cans as the topmost layer and was compacted 

using 25 blows. Once the surface was compacted, to enrich the surface with asphalt, the 

same amount of prime coat was evenly sprayed on the surface. The weights of the 

specimen before and after spraying of the prime coat were determined.  

 

 

Figure 3.5 16 oz. circular cans used to prepare the specimens 
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Figure 3.6 Tool used for compacting the specimens 

 

 

Figure 3.7 Soil specimen with MC-30 sprayed on the surface 
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3.5 TESTI�G PROCEDURE 

Tests were performed to determine the curing time, strength, permeability and 

penetration of the specimens prepared using different prime coats. In this section, an 

overview of the testing procedure and the variables and constants taken into consideration 

in this study are presented.  

The testing was carried out in three different weather conditions. A description of 

these three weather conditions in which testing was done is described in Table 3.2. For 

Testing Season 1, ten samples were developed using each prime coat, of which five were 

prepared using the spraying method and the other five using the mixed-in prime method. 

The five prime coats tested in this season were MC-30, EC-30, AEP, CSS-1H and SS-1H. 

The polymer based prime coat, Top Seal Black, was not tested. So, a total of 50 

specimens were tested during the Testing Season 1. Since the standard deviations of the 

results obtained for the specimens were small, the number of specimens was reduced in 

the next two test sessions. In Testing Season 2 and Testing Season 3, six specimens were 

developed using each prime coat, of which three were prepared using the spraying 

method and the other three using the mixed-in prime method. In addition to the prime 

coats tested in the first weather condition, Top Seal Black was also tested. As a result, in 

Testing Season 2 and Testing Season 3, a total of 42 specimens were tested. 

 

Table 3.2 Weather conditions under which testing were carried out 

Testing Season Testing Period 
Temperature (°F) 

Maximum Minimum Average 

1 October 87.6 47.5 69.6 

2 November-December 81.4 30.2 58.1 

3 February-March 88 20.5 55.4 
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3.5.1 Variables and Constants 

For analysis purposes, some of the factors that affect the curing time were kept as 

constants and some as variables. The effect of every single factor could not be considered 

in this study due to time constraints.  

The curing time depends on the type of soil and its properties. But throughout this 

study, the same type of soil was used, the details of which are given in the preceding 

section. For example, the effect of permeability of the base was not captured in this 

research. The initial amount of soil used for preparing each sample was kept constant 

(300 grams). Also the amount of prime coat used for each sample was kept constant (7.3 

milliliters).   

For each testing season, at least five different prime coats were tested. For each 

prime coat, samples were prepared using two application methods so as to find how the 

application method would affect the curing time, strength and permeability. 

 Measurements taken by the weather station included air temperature, relative 

humidity, solar radiation, wind speed, wind direction and barometric pressure.  Of these 

measurements, the ones that are expected to affect the curing time the most are the air 

temperature, solar radiation, humidity and wind speed. It is expected that a slight 

variation in any one of these factors will change the curing time considerably.  

3.5.2 Tests to Determine Curing Time 

The performance of a prime coat is highly dependent on how well it cures. If the 

prime coat does not cure completely, it can cause damage to the overlying layers or can 

be removed by tires rolling over the base during subsequent construction traffic. 

However, even now there is considerable confusion regarding the minimum time taken 

for curing for different prime coats. This part of the research looks into this aspect of 

prime coats.  

Curing of prime coats is said have occurred when most of its carrier has 

evaporated. As the carrier or the solvent evaporates, the weight of the sample decreases. 

When the solvent is almost entirely evaporated, or when the sample is cured, the weight 
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becomes a constant and the sample consists of just the base material and asphalt layer. 

Monitoring the change in weight with curing time is the basic principle used behind 

determining the time for curing of each prime coat. 

Samples prepared using both application methods (sprayed prime and mixed in 

prime) were tested to determine the curing time. The samples were exposed to weather 

and were weighed each day to determine the decrease in weight with time. The weights 

were measured to an accuracy of 0.01 gram. In the initial days, the rate of decrease in 

weight was high. But as days went by, the decrease in weight reduced, and after a 

specific number of days the decrease in weight was observed to be negligible. The 

decrease in weight is only due to the evaporation of the solvent and once all the solvent is 

evaporated, the sample is said to be cured. The number of days taken for curing was 

different for different prime coats and varied considerably with the change in weather 

conditions as will be presented in Chapter 4.   

A plot of solvent weight with time was made using time in hours along the X axis 

and weight in grams along Y axis. The expected shape of the plot of change in weight 

versus time is shown below in Figure 3.8. As soon as the samples are exposed to the 

weather, the carrier/solvent starts evaporating, thus causing a reduction in weight. To 

capture the effect of how fast the weight decreases initially, readings were taken on an 

hourly basis for the first few hours after exposure to the weather. Then readings were 

taken every day until most of the carrier had evaporated. The time required for curing can 

be determined as the point where the graph becomes almost horizontal.  
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Figure 3.8 Expected plot showing reduction in weight of solvent versus time in the 

weather that is used to estimate curing time 

3.5.3 Strength Tests 

Prime coats help in strengthening the base by permeating the surface and binding 

the finer particles near the surface (Freeman, Button and Estakhri, 2010). Strength tests 

were done to understand how well prime coats would resist oncoming traffic loading and 

how they would behave under such loading conditions. This process can be explained in 

detail with the Figure 3.9 given below. When a wheel moves on top of the aggregates, it 

applies a pressure to the aggregates which in turn applies a pressure on the prime coat. So 

it is important to compare the strengths of different prime coats to see how effective they 

will be in the field. The strength of the cured samples was determined using a pocket 

penetrometer. The equipment is described earlier in this chapter.  

Strength testing was done on cured specimens. Since the samples prepared were 

small in size (four inch diameter), the end cap of the pocket penetrometer was altered. 

The 6.4 mm diameter end cap of the penetrometer was modified into a 1 mm diameter 
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piston. This size made the penetration of the piston easier. A comparison was also made 

to see whether the application method affected the strength of the specimens.  

The penetrometer was pushed into the samples to determine the strength. The slip 

ring moved along the scale to show the maximum force that was encountered. Strength 

tests were done at 5 points in each specimen and the average strength was determined.   

 

 

Figure 3.9 Pavement section showing penetration of prime coat 

3.5.4 Permeability Tests 

One of the main purposes of providing a prime coat is to seal the surface pores in 

the base. Thus, the migration of moisture into the base is reduced and also the absorption 

of the subsequent application of the surface treatment binder is prevented (Freeman, 

Button and Estakhri, 2010). It is generally believed that once a prime coat is applied it 

reduces the permeability of the surface to a value close to zero. However, very few 

studies have been done in this area. This study looks into how effectively each prime coat 

Seal coat/Binder 

Wheel 

Compacted base 

Prime Coat 

treated base 

Aggregate 
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prevents the penetration of water into the base material. The effectiveness of a prime coat 

in reducing the permeability will depend on the size and distribution of pores and how 

well the prime coat moves into these pores. The application rate, application method and 

depth of penetration will also influence the permeability.  

The cured samples were taken and weighed. After weighing, 100 ml of water was 

poured onto the surface of each sample and was allowed to stand on the surface for 10 

minutes. After 10 minutes, the amount of water still standing on the surface of the sample 

was decanted and weighed. This quantity when subtracted from 100 ml will give the 

amount of water that actually penetrated into the surface (V ml). From the amount of 

water absorbed, the coefficient of permeability was calculated in the following way: 

 

Volume of water absorbed = V ml = V cm
3
 

Time taken to absorb V cm
3
 of water = t seconds = 600 seconds 

Area of the surface on which water is in contact = A cm
2
 = 81.03 cm

2
 

Assuming the hydraulic gradient to be constant, 

Coefficient of permeability (cm/s), k, = V/At 

 

These values were calculated for each sample and an average value was found for 

each prime coat. From these set of values, a comparison was made between the 

permeability characteristics of the prime coats tested. A comparison was also made to see 

how the application method affects the permeability rate.  

3.5.5 Penetration Tests 

Penetration achieved by a prime coat will determine how efficiently and 

effectively it can serve its purpose. Penetration produced must be adequate enough to 

ensure a good bond between the surface treatment and base. To study the penetration 

performance of the different prime coats that were tested, a sand penetration test was 

conducted. The testing procedure described below is commonly used by TxDOT to 

determine penetration depths of prime coats. 
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Natural reference sand meeting the gradation requirements given in Table 3.3 was 

used as the base material on which prime coat material was applied. Initially, 62.5 grams 

of sand was taken and mixed with 1 gram of water. 3 oz. metal ointment tin containers 

were filled with this sand to a depth of 45 millimeters. Six such containers were made to 

test the six different prime coats used in this study. The sand in the container was then 

compressed to a compaction pressure of 100 psi using a load frame. 5 grams of the prime 

coat was measured and applied to the surface at a constant speed. The prime coat should 

be applied from a height of 40 to 50 inches from the top of the container. The specimen is 

allowed to stand for 24 hours. After 24 hours a vertical cross section of the sand and the 

visible penetration depth (in microns) is measured using vernier calipers. Figure 3.10 and 

Figure 3.11 show the process of cutting through the specimen to determine penetration 

depths of prime coats. A comparison was made between the penetrations achieved by the 

different prime coat materials. 

 

Table 3.3 Gradation requirements for reference sand 

Sieve Percentage Passing by Weight or Volume 

#80 98-100 

#100 94-100 

#140 45-55 

#200 0-4 
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Figure 3.10 Cutting through the surface of the specimen to determine penetration 

depth 

 

Figure 3.11 Cross section of the cut specimen depicting the penetration shown by 

prime coats 
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3.6 SUMMARY 

In this chapter, the materials and equipments used in the study, specimen 

preparation methods and the testing procedure are discussed. First, a short description 

about the base material and prime coat materials used is provided, followed by a 

description of the equipments used namely; pocket penetrometer and weather station. A 

detailed description about the method of preparation of spray-prime and mixed-in 

specimens is also given. The testing procedure to be followed for the determination of 

curing time, strength, permeability and penetration are discussed.  
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CHAPTER 4 

Results and Discussions 

 

4.1 I�TRODUCTIO� 

In this chapter, the results of the experimental program that is described in 

Chapter 3 are discussed. The purpose of the testing program was to determine the curing 

time of different prime coats under different weather conditions. Also, a comparative 

study was performed on the permeability, strength and penetration values of different 

prime coats. A total of six prime coat materials were tested using two different 

application methods. The entire testing was done on the same type of granular soil (base 

material). The properties and gradation details of the base material are given in Appendix 

A. Each of the prime coat materials is considered separately and the approximate number 

of days taken for curing for these different prime coats under the three different weather 

conditions is presented. Next, the results obtained from the curing tests, strength tests, 

penetration tests and permeability tests of these prime coats are presented. Finally, a 

comparison between all the prime coat materials used in this study based on curing times, 

strength, permeability and penetration, will be presented and a prime coat ranking list 

will be suggested.   

4.2 CURI�G TIMES 

One of the main objectives of this report is to determine the time required for 

curing of prime coats under different weather conditions. For each prime coat that was 

tested, the curing times were determined for three different weather conditions. The 

weather parameters taken into consideration are temperature, relative humidity, solar 

radiation, pressure and wind speed. The average daily value was considered for all 

weather parameters and these average daily values were averaged over one whole testing 
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season to obtain a single average value for a weather parameter. A complete description 

of the testing procedure and equipment utilized in this study is given in Chapter 3.  

Since the chemistry of each prime coat material is different, each of them was 

analyzed separately. The reduction in weight of the sample was observed over several 

days under the effect of changing temperature, relative humidity, wind speed, solar 

radiation and air pressure. The reduction in the weight of the specimens is only due to the 

evaporation of the solvent; in other words, the reduction in weight of the specimen is 

equal to the reduction in weight of the solvent. When the carrier/solvent evaporates from 

the specimen and the reduction in weight becomes too negligible to be considered 

significant, the specimen is assumed to be cured. If the initial amount of solvent added is 

known, the reduction in weight of the solvent with time can be determined. But, the 

reduction in weight does not become equal to zero with time. When the reduction in 

weight of the solvent is less than or equal to 2% of the original solvent weight, the 

specimen is assumed to be cured. But, this calculation was possible only in those cases 

were measurements of weights were taken every 24 hours. A plot was made with weight 

of the solvent along the Y- axis and time along the X-axis and a trend line was drawn to 

trace the weight reduction of the specimen. In cases were weight measurements could not 

be taken every 24 hours, the trend line was used to assume the weight at different points. 

This method was adopted only when the trend line had a high level of accuracy and the 

R
2
 value was greater than 0.99.  But in cases where the use of a trend line did not give a 

sufficient level of accuracy, time taken for curing was assumed to be at the point where 

the plot of weight of solvent vs. time became almost constant with time (creating a 

horizontal line). A detailed description for the determination of curing time is given for 

MC-30 in section 4.2.1 and the same method has been followed for curing time 

calculation of the other prime coats. 

An average over the curing time was calculated for each of the weather 

parameters that were used. The weather station recorded the maximum and minimum for 

each of the parameters and then calculated the average, for every 5 minutes on a daily 

basis. So, the averages that have been presented in this study are all daily average 
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measurements. To get a better idea regarding the temperature that existed during the three 

different testing seasons, the average daytime temperature (12-hour temperature during 

daytime) in Fahrenheit is also included. The first testing season was during the month of 

October, second testing season was during the months of November and December and 

the third testing season during the months of February and March. A description about 

the testing period and the weather conditions during the testing period was given in Table 

3.3. 

4.2.1 MC-30 

MC-30 is the most commonly used prime coat in Texas. MC-30 contains 

kerosene as the solvent and is known to give good penetration. Even though there are a 

number of environmental problems concerning the use of MC-30, it still remains the most 

popular prime coat. The main disadvantage of MC-30 is that it takes a longer time to cure 

when compared to other prime coat materials. 

4.2.1.1 Sprayed Specimens 

Specimens were prepared using MC-30 and allowed to cure under three different 

weather conditions (Testing Season 1, Testing Season 2 and Testing Season 3). For each 

condition, the time required for curing varied depending on the various weather 

parameters. The maximum, minimum and standard deviation of the various weather 

parameters that were measured during each testing period for MC-30 (both for sprayed 

and mixed-in specimens) are given in Table 4.1. The weather station did not measure the 

minimum and maximum for atmospheric pressure but just gave a daily average value. 

The various average weather parameters for the three testing seasons under which MC-30 

specimens were tested are given in Table 4.2. The average day time temperature or 12 

hour temperature (for instance, from 6 am to 6 pm when the temperatures are expected to 

be the maximum) is also given in Table 4.2. The average number of days taken for curing 

for these samples under the respective weather condition is also shown in Table 4.2.  The 

number of days (rounded to the nearest day) required for curing was determined from the 
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Figure 4.1. It should be noted that Figure 4.1  represents an average of the five specimens 

that were tested during each testing season. The days required for curing that are given in 

Table 4.2 are averages of time required for curing of five specimens that were tested 

during each testing season.    

 

Table 4.1 Weather Conditions for Testing Seasons 1, 2 and 3 for MC-30 (sprayed and 

mixed-in specimens) 

T
es

ti
n

g
 S

ea
so

n
 1

 Parameter Minimum Maximum Maximum Std. Deviation 

Temperature(°F) 47.5 87.6 1.08 

Relative Humidity (%) 18.9 96.7  

Sunlight(flux φ) 0 0.73 0.23 

Wind Speed(miles/hr) 0 17.2 3.25 

T
es

ti
n

g
 S

ea
so

n
 2

 Temperature(°F) 30.2 81.4 0.8 

Relative Humidity (%) 17.2 95.3 1.99 

Sunlight(flux φ) 0 0.72 0.18 

Wind Speed(miles/hr) 0 24.8 5.42 

T
es

ti
n

g
 S

ea
so

n
 3

 Temperature(°F) 20.5 88 1.12 

Relative Humidity (%) 15.4 97.2 2.8 

Sunlight(flux φ) 0 0.74 0.19 

Wind Speed(miles/hr) 0 27.2 5.63 
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Table 4.2 Average curing time and average weather parameters over the curing time 

for MC-30 sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average 

Daily 

Temperature/

12- Hour 

Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 8 69.6/75.6 56.5 0.16 2.2 29.1 

2 11 58.1/66.9 61.2 0.11 4.3 29.2 

3 12 55.4/61.6 53.1 0.14 3.8 29.1 

 

  

  

 

 

 

Figure 4.1 Time vs. loss of solvent weight for the three different weather conditions 

for MC-30 sprayed specimens 
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The graph in Figure 4.1 shows the decrease in weight of the solvent present in the 

specimen with time for the three different weather conditions. The least time taken for 

curing was during the first testing season when the average temperatures were higher 

than in the other seasons and the longest time was in the third testing season when the 

average temperature was the lowest. It can also be seen that the rate of decrease in weight 

during the initial few days is greater than the decrease in weight later on, which is shown 

by the initial steeper slope at the start of the curve.  

For the first testing season, a trendline passing through the points that were 

plotted gave an R
2
 value of 0.94. Since this R

2
 value does not give the required level of 

accuracy, the time required for curing has to be determined from the graph. From careful 

observation, the curing time is found to be 8 days for MC-30 sprayed specimens. For the 

second testing season, the decrease in solvent weight between 192 and 288 hours was 

found to be 0.26. For the specimen to be completely cured the decrease in weight should 

be less than or equal to 0.2 (2 percent of initial amount) within 24 hours. So curing must 

have occurred sometime in between 192 and 288 hours. From this data and by looking at 

the graph it was estimated that the curing time was 11 days. For the third testing season, 

when the points are plotted on the graph, a R
2
 value of 0.99 is obtained. The decrease in 

weight between 240 and 264 hours is found to be 0.26. Keeping this in mind and 

evaluating the data from the graph, it can be seen that the curing time in the third testing 

season is 12 days.   

4.2.1.2 Mixed-in Specimens 

A total of 10 specimens were tested to determine the effect of the various weather 

parameters on curing time. The average weather conditions for the period of time for 

which the specimens were exposed to the weather and the average curing time in days are 

given in Table 4.3. The graph showing a comparison of the average times required for 

curing in different weather conditions is shown in Figure 4.2. The range of weather 

parameters during this testing period were the same as in the case of MC-30 sprayed 

specimen and are given in Table 4.1.  
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Table 4.3 Average curing time and average weather parameters over the curing time 

for MC-30 mixed-in specimens 

Weather 

Condition 

Curing 

time 

(days) 

Average 

Daily 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Pressure  

(in Hg) 

1 11 69.6/75.6 56.5 0.2 2.2 29.1 

2 12 58.1/66.9 61.2 0.1 4.3 29.2 

3 13 55.4/61.6 53.1 0.1 3.8 29.1 

 

 

  

Figure 4.2 Time vs. loss of solvent weight for the three different weather conditions for 

MC-30 mixed-in specimens 
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For the first testing season, the decrease in solvent weight in 24 hours becomes 

lesser than 2% of the initial solvent weight (found to be 0.29 grams) after 10 days. In the 

same way, for the second and third testing seasons, the curing time is found to be 12 and 

13 days respectively. 

It can be seen from the graph that the shape of the curve is similar to that of 

sprayed-in specimens but the initial slope of the curve is not steep as in the previous case. 

The reason for the curve being less steep than that of the sprayed application may be 

because, when the prime coat material is mixed into the soil, evaporation of the solvent 

does not occur as fast as it would occur in the case of sprayed application. In the mixed-in 

specimens the time taken for curing was the least for the first testing season just as for the 

sprayed specimens. In addition, there was not much difference in the curing time for 

mixed-in and sprayed specimens. Mixed-in specimens in general took one or two days 

more to cure than sprayed specimens.  

MC-30 is generally applied in the field using the sprayed application method. For 

the sprayed application method, MC-30 cured in 8 to 10 days for the various weather 

conditions under which they were tested. It can be seen from Figure 4.1 and Figure 4.2 

that even after curing, about 70 % of the solvent is still available for absorption into the 

subsequently constructed asphalt pavement layer. 

4.2.2 EC-30 

EC-30 or Eco Cure is a water based asphalt prime material containing compounds 

which are completely organic. It does not contain any hydrocarbons and can be applied 

using a pressurized hand garden sprayer. EC-30 is generally applied using sprayed 

application since it provides adequate amount of penetration without being mixed into the 

soil. A total of ten samples were prepared for both sprayed application and mixed-in 

application. The curing times were determined using the method described in Section 4.2. 

The results are presented below. 
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4.2.2.1 Sprayed Specimens 

 

Table 4.4 Weather Conditions for Testing Seasons 1, 2 and 3 for EC-30 (sprayed and 

mixed-in specimens) 

T
es

ti
n

g
 S

ea
so

n
 1

 Parameter Minimum Maximum Maximum Std. Deviation 

Temperature(°F) 52.8 78.4 0.57 

Relative Humidity (%) 18.5 59.6 12.10 

Sunlight(flux φ) 0.00 0.63 0.001 

Wind Speed(miles/hr) 0.00 12.1 3.00 

T
es

ti
n

g
 S

ea
so

n
 2

 Temperature(°F) 30.2 81.4 0.80 

Relative Humidity (%) 17.2 95.3 21.41 

Sunlight(flux φ) 0.0 0.72 0.57 

Wind Speed(miles/hr) 0.0 24.8 5.43 

T
es

ti
n

g
 S

ea
so

n
 3

 Temperature(°F) 20.5 88.0 1.12 

Relative Humidity (%) 15.4 97.2 21.74 

Sunlight(flux φ) 0.0 0.74 0.19 

Wind Speed(miles/hr) 0.0 27.2 5.63 
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Table 4.5 Average curing time and average weather parameters over the curing time 

for EC-30 sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 1 65.9/71.6 41.6 0.20 1.5 29.2 

2 7 57.8/66.7 60.8 0.11 4.3 29.2 

3 8 57.2/63.3 52.6 0.14 3.6 29.1 

  

 

 

Figure 4.3 Time vs. loss of solvent weight for the three different weather conditions for 

EC-30 sprayed specimens 
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4.2.2.2 Mixed-in Specimens 

 

Table 4.6 Average curing time and average weather parameters over the curing time 

for EC-30 mixed-in specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 3 65.9/71.6 41.6 0.20 1.6 29.2 

2 8 57.8/66.7 60.8 0.11 4.3 29.2 

3 9 57.2/63.3 52.6 0.15 3.5 29.1 

 

 

Figure 4.4 Time vs. loss of solvent weight for the three different weather conditions for 

EC-30 mixed-in specimens 

R² = 0.9923

R² = 0.8877

0

5

10

15

20

25

0 50 100 150 200 250 300 350 400

W
e

ig
h

t 
o

f s
o

lv
e

n
t 

(g
ra

m
s)

Time (hours)

Testing Season 1

Testing Season 2

Testing Season 3



 54

For the first testing season, by the end of the curing time the weight of the solvent 

decreased to almost 0.06 grams for both mixed-in and sprayed specimens. Thus, it can be 

seen that after curing, a very small amount of solvent is available for absorption into the 

asphalt layers which are placed on top of the prime coat in the case of EC-30. A trendline 

with a significant R
2
 value could not be determined for the first testing season for both 

the mixed-in and sprayed specimens of EC-30.  

4.2.3 CSS-1H 

CSS-1H or Cationic Slow Setting emulsion is one of the most commonly used 

emulsions in Texas. CSS-1H is applied by mixing it into the top layer of the soil. A total 

of 11 specimens were tested for both mixed-in and sprayed type applications. The results 

obtained are given below. 

4.2.3.1 Sprayed Specimens 
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Table 4.7 Weather Conditions for Testing Seasons 1, 2 and 3 for CSS-1H (sprayed and 

mixed-in specimens) 

T
es

ti
n

g
 S

ea
so

n
 1

 Parameter Minimum Maximum Maximum Std. Deviation 

Temperature(°F) 48.7 87.6 0.82 

Relative Humidity (%) 18.5 96.7 20.77 

Sunlight(flux φ) 0.0 0.73 0.23 

Wind Speed(miles/hr) 0.0 17.2 3.25 

T
es

ti
n

g
 S

ea
so

n
 2

 Temperature(°F) 30.2 81.4 0.80 

Relative Humidity (%) 17.2 95.3 21.64 

Sunlight(flux φ) 0.0 0.72 0.18 

Wind Speed(miles/hr) 0.0 24.9 5.43 

T
es

ti
n

g
 S

ea
so

n
 3

 Temperature(°F) 20.5 88.0 1.12 

Relative Humidity (%) 15.4 97.2 21.74 

Sunlight(flux φ) 0.0 0.74 0.19 

Wind Speed(miles/hr) 0.0 27.2 5.63 

 

Table 4.8 Average curing time and average weather parameters over the curing time 

for CSS-1H sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 7 70.4/77.4 57.4 0.17 2.5 29.1 

2 9 57.8/65.0 60.8 0.11 4.3 29.2 

3 10 57.2/63.9 52.6 0.15 3.6 29.1 
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Figure 4.5 Time vs. loss of solvent weight for the three different weather conditions for 

CSS-1H sprayed specimens 

4.2.3.2 Mixed-in Specimens 

 

Table 4.9 Average curing time and average weather parameters over the curing time 

for CSS-1H mixed-in specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 8 70.4/77.4 57.4 0.17 2.5 29.1 

2 10 57.8/65.0 60.8 0.11 4.3 29.2 

3 11 57.2/63.9 52.6 0.15 3.6 29.1 
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Figure 4.6 Time vs. loss of solvent weight for the three different weather conditions for 

CSS-1H mixed-in specimens 

4.2.4 SS-1H 

Slow Setting emulsion or SS-1H has long workability times to ensure good 

mixing time and has low viscosity. A total of 10 specimens were tested to determine 

curing time for both sprayed and mixed-in application methods. The results of the 

analysis are presented below. 

4.2.4.1 Sprayed Specimens 
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Table 4.10 Weather Conditions for Testing Seasons 1, 2 and 3 for SS-1H (sprayed and 

mixed-in specimens) 

T
es

ti
n

g
 S

ea
so

n
 1

 Parameter Minimum Maximum Maximum Std. Deviation 

Temperature(°F) 52.4 87.5 2.27 

Relative Humidity (%) 17.2 95.1 20.75 

Sunlight(flux φ) 0.0 0.74 0.22 

Wind Speed(miles/hr) 0.0 17.2 3.65 

T
es

ti
n

g
 S

ea
so

n
 2

 Temperature(°F) 30.2 81.4 0.80 

Relative Humidity (%) 17.2 95.3 21.64 

Sunlight(flux φ) 0.0 0.72 0.18 

Wind Speed(miles/hr) 0.0 24.9 5.42 

T
es

ti
n

g
 S

ea
so

n
 3

 Temperature(°F) 20.5 88.0 1.12 

Relative Humidity (%) 15.4 97.2 21.73 

Sunlight(flux φ) 0.0 0.74 0.19 

Wind Speed(miles/hr) 0.0 27.2 5.65 

 

Table 4.11 Average curing time and average weather parameters over the curing time 

for SS-1H sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 6 72.9/79.2 64.2 0.14 3.4 29.0 

2 7 57.9/67.5 61.2 0.11 4.3 29.1 

3 8 57.2/66.1 52.6 0.15 3.5 29.1 
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Figure 4.7 Time vs. loss of solvent weight for the three different weather conditions for 

SS-1H sprayed specimens 

 

4.2.4.2 Mixed-in Specimens 

 

Table 4.12 Average curing time and average weather parameters over the curing time 

for SS-1H mixed-in specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 6 69.6/75.6 56.5 0.16 2.2 29.1 

2 8 58.1/66.9 61.2 0.11 4.3 29.2 

3 9 55.4/61.6 53.1 0.14 3.8 29.1 
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Figure 4.8 Time vs. loss of solvent weight for the three different weather conditions for 

SS-1H mixed-in specimens 

 

4.2.5 AEP 

AEP or Asphalt Emulsion Prime is being widely used to reduce the production of 

volatile organic compounds and to enhance safety (Freeman, Button and Estakhri, 2010). 

To determine curing time for AEP, 11 specimens were prepared using both sprayed and 

mixed-in applications. The results obtained are given below.  
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Table 4.13 Weather Conditions for Testing Seasons 1, 2 and 3 for AEP (sprayed and 

mixed-in specimens) 

T
es

ti
n

g
 S

ea
so

n
 1

 Parameter Minimum Maximum Maximum Std. Deviation 

Temperature(°F) 53.0 87.6 0.82 

Relative Humidity (%) 20.8 96.7 20.40 

Sunlight(flux φ) 0.0 0.92 0.23 

Wind Speed(miles/hr) 0.0 17.2 3.25 

T
es

ti
n

g
 S

ea
so

n
 2

 Temperature(°F) 30.2 81.4 0.80 

Relative Humidity (%) 17.2 95.3 21.64 

Sunlight(flux φ) 0.0 0.72 0.18 

Wind Speed(miles/hr) 0.0 24.8 5.42 

T
es

ti
n

g
 S

ea
so

n
 3

 Temperature(°F) 20.5 88.0 1.12 

Relative Humidity (%) 15.4 97.2 21.73 

Sunlight(flux φ) 0.0 0.74 0.19 

Wind Speed(miles/hr) 0.0 27.2 5.63 

 

Table 4.14 Average curing time and average weather parameters over the curing time 

for AEP sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 7 71.7/78.0 59.4 0.16 2.67 29.1 

2 7 57.7/67.3 60.8 0.11 4.30 29.2 

3 9 57.2/65.7 52.6 0.15 3.54 29.1 
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Figure 4.9 Time vs. loss of solvent weight for the three different weather conditions for 

AEP sprayed specimens 

 

4.2.5.2 Mixed-in Specimens 

Table 4.15 Average curing time and average weather parameters over the curing time 

for AEP mixed-in specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1 7 71.7/78.0 59.4 0.16 2.67 29.1 

2 8 57.7/67.3 60.8 0.11 4.30 29.2 

3 9 57.2/65.7 52.6 0.15 3.54 29.1 
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Figure 4.10 Time vs. loss of solvent weight for the three different weather conditions 

for AEP mixed-in specimens 

4.2.6 Top Seal Black 

Top Seal Black material was diluted before application. For every 10 ml of TSB, 

50 ml of water was added to dilute it. Out of this 60 ml of mixture, 45 ml was applied 

initially and then the remaining 15 ml was applied after a few days. The weather 

conditions under which Top Seal Black samples were tested is different from the 

conditions under which the other prime coats were tested. The testing was conducted 

during the month of April and the temperatures and the other weather parameters existing 

during this period are given in Table 4.16. Graphs are plotted with values obtained after 

the second application of the mixture. 

4.2.6.1 Sprayed Specimens 
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Table 4.16 Average curing time and average weather parameters over the curing time 

for TSB sprayed specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

1
st
 Set 7 71.9/91.0 60.4 0.14 4.89 29.1 

2
nd

 Set 6 72.7/92.3 58.1 0.16 5.57 29.2 

 

 

 

Figure 4.11Time vs. loss of solvent weight for the two different weather conditions for 

TSB sprayed specimens 
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4.2.6.2 Mixed-in Specimens 

 

TSB mixed-in specimens were tested during the months of February and March and these 

samples were also diluted before the material was mixed in to the top layer of the soil. 

Only one set of data is available for TSB.  

 

Table 4.17 Average curing time and average weather parameters over the curing time 

for TSB mixed-in specimens 

Testing 

Season 

Curing 

time 

(days) 

Average Daily 

Temperature/12- 

Hour Daytime 

Temperature 

(°F) 

Average 

Daily 

Relative 

Humidity 

(%) 

Average 

Daily 

Sunlight   

(flux φ) 

Average 

Daily 

Wind 

Speed 

(miles/hr) 

Average  

Daily 

Atmospheric 

Pressure  

(inches of 

Hg) 

3 9 57.2/65.7 52.6 0.15 3.54 29.1 

 

 

Figure 4.12 Time vs. loss of solvent weight for the two different weather conditions for 

TSB mixed-in specimens 
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4.3 STRE�GTH TEST RESULTS 

Specimens prepared using different prime coats were cured before conducting 

strength tests on them using a hand penetrometer. A complete description of the 

equipment and testing procedure is given in Chapter 3. A comparative study on the 

strength of different prime coats is discussed in this section. Also, the effect of the 

method of application (sprayed prime and mixed-in prime) on the strength values is 

examined. Strength tests were carried out in dry and wet conditions. Strength tests were 

first conducted on cured dry specimens and again, the strength values were measured 

after conducting the permeability tests to determine the wet strength of the specimen. The 

wet strength for all the samples were either less than or equal to 3.56 psi except in the 

case of Top Seal Black (TSB). Both mixed-in and sprayed specimens for prime coats 

CSS-1H, AEP, EC-30 had values of wet strength less than 3.56 psi. SS-1H specimens and 

sprayed MC-30 specimens gave strength values of 10.65 psi and 7.1 psi respectively. The 

strength of Top Seal Black remained unchanged; approximately 57 psi even after it was 

made to come in contact with water. There was a considerable decrease in the strength of 

the samples after they were exposed to moisture. 

For each application method, a total of 10 samples were tested for each type of 

prime coat. Thus, a total of 60 samples were prepared and tested for each application 

type. Table 4.18 gives the average values obtained for the strength of the various prime 

coats tested for the sprayed application. The strength values obtained for each sample, 

from which the average was calculated, is given in Appendix B.  
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Table 4.18 Average strength values for sprayed prime coats 

Prime Coat Material Strength (psi) Standard Deviation 

MC-30 9.00 2.13 

EC-30 6.42 1.08 

CSS-1H 10.44 2.34 

SS-1H 8.53 1.78 

AEP 4.14 0.72 

TSB 57.41 1.15 

 

  

Figure 4.13 Comparison of strength values for sprayed prime coats 

 

Table 4.18 and Figure 4.13 show the average strength values obtained for the 

different prime coats using the sprayed application. It can be seen that the maximum 
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obtained for the AEP. The strength of TSB was very high compared to the other prime 

coats. The chemistry of TSB is very different from the other prime coats, as TSB is the 

only polymer-based prime coat in this group of prime coats that were tested, which may 

be the reason for the higher strength when compared to others. The strength decreases in 

the following order, TSB>CSS-1H>MC-30>SS-1H>EC-30>AEP. 

Table 4.19 and Figure 4.14 show the strength variation of different prime coats 

applied using the mixed-in prime method. The maximum strength is again shown by the 

TSB and the strength variation is, TSB>CSS-1H>SS-1H>MC-30> EC-30>AEP.  

 

 

Table 4.19 Average strength values for mixed-in prime coats  

Prime Coat Material Strength (psi) Standard Deviation 

MC-30 8.04 2.64 

EC-30 6.68 2.58 

CSS-1H 10.60 3.01 

SS-1H 10.51 1.91 

AEP 3.98 0.52 

TSB 56.73 1.31 
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Figure 4.14 Comparison of strength values for mixed-in prime coats  

 

Figure 4.15 Comparison of strength for sprayed prime coats and mixed-in prime coats 
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The values obtained from strength tests for both sprayed prime and mixed-in 

prime are presented together in Figure 4.15. The strength obtained was higher for mixed-

in prime application than in sprayed application for emulsions CSS-1H (only slight 

increase in strength) and SS-1H (almost a 23% increase in strength). Thus, mixing 

emulsions into the top layer of the soil not only ensures sufficient penetration but also 

increases the strength. For EC-30, the strength of mixed-in specimens was slightly more 

than that of sprayed application. But in the field, EC-30 is always applied by spraying the 

prime coat on the surface because this method ensures maximum penetration. The 

strengths slightly decreased in case of MC-30, AEP and TSB when the application 

method used was mixed-in prime.  

 

4.4 PERMEABILITY TEST RESULTS 

One of the main functions of a prime coat is to protect the soil base from 

moisture. Therefore, it is important to see how different prime coats perform with respect 

to permeability. Also, it is important to see which of the two application methods tested 

here would give the least permeable surface. After conducting strength tests on the cured 

specimens, permeability tests were conducted. The procedure for carrying out this test is 

described in Chapter 3. For each application type, 60 specimens were prepared using 

different prime coat materials. In certain cases, the surfaces of the samples were cracked 

which allowed water to penetrate and the coefficient of permeability obtained was very 

different from the ones that did not crack. These values (outliers) had to be excluded 

while calculating the average coefficient of permeability. Out of the total 120 samples 

tested, only two of them gave values that had to be considered as outliers. The values 

which were greater than or lesser than 2 times the standard deviation were considered as 

outliers. The permeability values obtained for each sample, from which the average was 

calculated, is given in Appendix B 
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Table 4.20 Average permeability values for sprayed type application  

Prime Coat Material Coefficient of Permeability 

(cm/s) 

Standard Deviation 

MC-30 4.5 x 10
-5

 1.4 x 10
-5

 

EC-30 7.4 x 10
-4

 1.3 x 10
-4

 

CSS-1H 1.1 x 10
-3

 2.0 x 10
-4

 

SS-1H 5.1 x 10
-4

 2.2 x 10
-4

 

AEP 3.2 x 10
-4

 1.2 x 10
-4

 

TSB 6.7 x 10
-5

 3.9 x 10
-5

 

 

   

Figure 4.16 Comparison of permeability values for different prime coats using the 

sprayed-prime application method. 
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permeability is shown by CSS-1H and the least permeable prime coat is MC-30. The 

coefficient of permeability decreases in the following order, CSS-1H>EC-30>SS-

1H>AEP>TSB>MC-30. According to this trend, cutbacks have a lower permeability 

when compared to emulsions using the sprayed type application method. 

 

Table 4.21 Average permeability values for mixed-in type application 

Prime Coat Material Coefficient of Permeability (cm/s) 

MC-30 4.3 x 10
-5

 

EC-30 6.8 x 10
-4

 

CSS-1H 5.2 x 10
-4

 

SS-1H 2.8 x 10
-4

 

AEP 1.4 x 10
-4

 

 

 

  

Figure 4.17 Comparison of permeability values for different prime coats using mixed-

in application method. 
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In Table 4.21 and Figure 4.17 the variations in the coefficients of permeability for 

mixed-in prime specimens are given. It can be seen that the most permeable prime coat 

according to this dataset is EC-30. The permeability decreases in the following order: 

EC-30>CSS-1H>SS-1H>AEP>MC-30. The permeability of TSB has not been included 

as the mixed-in specimens for TSB had a tendency to crack along the sides of the 

container.  Measuring the permeability using these cracked specimens would give 

erroneous values.  

 

   

Figure 4.18 Comparison of permeability for sprayed prime and mixed-in application 

types 
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permeability. But for TSB mixed-in specimens, a large number of cracks were seen along 

the sides of the container and therefore, the permeability for TSB mixed-in specimens 

could not be calculated. It can also be concluded from the above chart that emulsions 

such as CSS-1H, have a higher permeability when compared to cutbacks such as MC-30.  

4.5 PE�ETRATIO� TESTS 

Sand penetration tests were conducted for the five different prime coats to 

determine how deep each prime coat penetrated. Penetration is important as it determines 

how effectively and efficiently a prime coat can perform. The 24-hour penetration values 

obtained for each of the prime coats are given in Table 4.22. A detailed description of 

penetration test is given in Chapter 3. The units used for penetration are generally 

microns. A comparison is shown in Figure 4.19. 

 

Table 4.22 Penetration depths for prime coats 

Prime Coat Material Penetration (microns) Penetration (in) 

MC-30 8000 0.315 

EC-30 12000 0.472 

CSS-1H 1000 0.039 

SS-1H 1000 0.039 

AEP 5000 0.197 

Top Seal Black (TSB) 8000 0.279 
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Figure 4.19 Comparison of penetration depths of prime coats 

 

The penetration obtained was the maximum for EC-30 and minimum for CSS-1H 

and SS-1H. Emulsions have very little penetration when compared to cutbacks or 

polymer based prime coats. The penetration values decrease in the following order EC-

30>MC-30=TSB>AEP>CSS-1H=SS-1H. Emulsions just cover the surface without 

penetrating into the base. Therefore, they are mixed to the top layer of the soil base so 

that sufficient penetration is obtained.  

4.6 SUMMARY A�D RA�KI�GS 

In this chapter, the time required for curing of different prime coats were 

determined under three different testing seasons. Based on the curing times, strength 

tests, permeability and penetration tests, a ranking in terms of performance in each of the 
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be ranked 1, and the prime coat which takes the most number of days to cure will be 

given a ranking of 5. In the same way the prime coat with the maximum strength, least 

permeability and most penetration will be ranked 1 in their respective categories. Curing 

times, strength and permeability values are averages for both mixed-in and sprayed 

specimens. TSB was not included in the comparison for curing time as the testing for 

TSB was done when the weather conditions were different from the weather conditions 

existing for testing season 1, 2 or 3. Some of the materials have been given the same 

ranking because the values obtained for the respective properties have negligible 

difference.  

 

Table 4.23 Ranking of prime coats in terms of performance in intended functions 

Prime coat Curing 

Time 

Dry 

Strength 

Wet 

Strength 

Permeability Penetration 

MC-30 3 2* 2* 1* 2* 

EC-30 1 4* 3* 4 1 

CSS-1H 2* 2* 3* 5 4* 

SS-1H 2* 2* 2* 3 4* 

AEP 2* 4* 3* 2 3 

TSB - 1 1 1* 2* 

• 1 being the best for the intended purpose and 5 being the worst 

• * indicates a tied ranking 

 

Table 4.24 and Figure 4.20 shows the summary of the time taken for curing by the 

different types of prime coats for the two type of application methods included in this 

study for three different testing seasons. It can be seen from Table 4.24 that EC-30 takes 

the least number of days to cure and MC-30 takes the most number of days. Cutbacks 

like MC-30 takes a longer time to cure than emulsions and other polymer based 

substances. It can be seen that mixed-in specimens takes either the same time or longer 
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time to cure when compared to sprayed specimens. For the temperatures existing during 

the testing season, the range of curing times fell between 6 to 11 days in the case of 

emulsions, and 8 to 13 days in the case of cutback material. TSB has been excluded from 

the comparison with respect to curing time as the curing time for TSB was measured 

under weather conditions that were different from the testing season for the other prime 

coats. Even though SS-1H and CSS-1H are similar materials, in most of the tests SS-1H 

ranked better than CSS-1H. The reason for this behavior is that limestone (the base 

material) has a better affinity towards SS-1H because of the net positive surface charge 

on limestone. If a different type of soil is used the rankings can vary. 

 

 Table 4.24 Comparison of curing time of prime coats 

Testing Season Curing days for Sprayed specimens / Mixed-in specimens 

MC-30 EC-30 CSS-1H SS-1H AEP 

1 8/11 1/3 7/8 6/6 7/7 

2 11/12 7/8 9/10 7/8 7/8 

3 12/13 8/9 10/11 8/9 9/9 

• Averaged to the nearest day 
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Figure 4.20 Comparison of curing times of prime coats 
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CHAPTER 5 

Conclusions and Recommendations 

 

5.1 SUMMARY  

There is very little information regarding the curing time of prime coats and how 

long one has to wait before the application of surface treatment on a primed base. 

Generally, a project manager makes the decision whether the primed surface is ready for 

surface treatment application based on visual observation. Making decisions based on 

visual observation alone will not suffice. Therefore, the curing time for different prime 

coats under different weather conditions was studied. The prime coats that were tested in 

this study were MC-30, EC-30, CSS-1H, SS-1H, AEP and TSB. Out of these prime coats 

that were tested, MC-30 is a cutback; CSS-1H and SS-1H are emulsions; EC-30 is an 

environmentally friendly prime coat; AEP is an asphalt emulsified prime and TSB is a 

newly developed polymer based prime coat material. The weather parameters taken into 

consideration were air temperature, wind speed, relative humidity, solar radiation and air 

pressure. Additionally, other important properties of these prime coats such as strength, 

permeability and penetration were also studied and a comparison was made between the 

different prime coats. Further, two different application methods were used. Both spray 

prime and mixed-in prime methods were studied to determine how the application 

method affects curing time, penetration, permeability and strength. Testing was carried 

out in three different weather conditions and these conditions have been named as testing 

season 1 (during the month of October), testing season 2 (during the months of 

November and December) and testing season 3 (during the months of February and 

March). 

The research objectives and a comprehensive review of the various aspects of 

prime coats are first discussed in this study. The materials and equipments used in the 

study, specimen preparation methods and the testing procedures are then presented. The 
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results obtained from the testing process along with the minimum time require for curing 

of different prime coats are then presented, followed by a comparative study of the 

different prime coats based on strength, permeability and penetration. Finally a ranking of 

the different prime coats based on curing time, strength, permeability and penetration is 

suggested. 

5.2 CO�CLUSIO�S 

The conclusions are presented below as they relate to: (1) curing time of prime coats 

(2) engineering properties such as strength, permeability and penetration.  

5.2.1 Curing time of prime coats 

Data was collected for almost a year to determine the time required for curing and its 

dependence on weather parameters. All testing was done in real conditions; that is, the 

specimens were prepared and exposed to actual weather conditions. The test facility at 

TxDOT was used for this purpose. Because each of the prime coats that were tested were 

chemically very different, all of them had to be analyzed separately. Some of the important 

conclusions are presented below. 

1. The curing time of all the prime coats was mainly affected by temperature 

and temperature had a negative correlation with curing time; that is, when the 

temperature observed decreased, the time taken for curing increased.  

2. MC-30 took the longest time to cure in all three different weather conditions 

and EC-30 cured the fastest in all three different weather conditions. EC-30 

took just two days to cure when the average daily temperatures was around 65 

°F. Whereas, under the same conditions MC-30 took 8 days to cure. All the 

emulsions (CSS-1H, SS-1H) that were tested took fewer days (in the range of 

6 to 7 days) to cure than MC-30. Curing times of the various prime coats 

increased in the order EC-30<SS-1H<AEP<CSS-1H<MC-30. For each prime 

coat, a range for the curing times have been specified for the range of 

temperatures over which testing was performed. All the prime coats cured in 

the range of six to thirteen days under the testing conditions except for EC-30 
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which took less than two days to cure during the first testing season. TSB has 

not been included in the comparison for curing times as it was tested in a 

weather condition different from the other prime coats.  

3. The amount of solvent that remained after curing varied considerably from 

prime coat to prime coat. The amount of solvent available for absorption by 

the subsequent layers was greater in the case of mixed-in specimens when 

compared to sprayed specimens. For both MC-30 and the emulsions, more 

than 70% of the solvent was present even after curing. The amount of solvent 

present after curing was the least in the case of EC-30. 

5.2.2 Engineering properties of prime coats 

Strength and permeability tests were done on specimens tested in all three weather 

conditions. Penetration testing was done on specimens exclusively prepared for the 

penetration test. The following conclusions were made from these above three tests are as 

follows: 

1. The maximum strength was exhibited by Top Seal Black (TSB) and the 

least strength was shown by AEP. The strength of prime coats tested 

ranged from 4 psi to 57 psi and increased in the order, AEP<EC-30<MC-

30<SS-1H<CSS-1H<TSB. For CSS-1H, SS-1H and EC-30, mixed-in 

specimens showed more strength when compared to sprayed specimens. 

For MC-30 and TSB, the strength reduced for the mixed-in type of 

application and for AEP, this reduction in strength was negligible. Thus, in 

addition to providing better penetration, emulsions exhibited greater 

strength when mixed into the top layer of the base. 

2. The minimum permeability was measured for MC-30 for both mixed-in 

and sprayed specimens. The maximum permeability was shown by CSS-

1H in the case of sprayed specimens and EC-30 in the case of mixed-in 

specimens. For sprayed specimens, the permeability increased in the order, 

MC-30<TSB<AEP<SS-1H<EC-30<CSS-1H and for mixed-in type 
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specimens the permeability increased in the order, MC-30<AEP<SS-1H< 

CSS-1H<EC-30. All mixed-in specimens showed smaller permeability 

values when compared to sprayed specimens. TSB was excluded from this 

study because the mixed-in specimens for TSB cracked along the sides of 

the container and a correct value of permeability would not have been 

established if tests were to be done on these specimens. The decreased 

permeability for all the prime coats when the mixed-in application method 

was used was because the pores on the surface could be filled more 

effectively in mixed-in application method when compared to the sprayed 

application method. 

3. The maximum penetration occurred with EC-30. Cutbacks generally 

showed a greater penetration when compared to emulsions. The 

penetration depth ranged from 12000 microns to 1000 microns and 

decreased in the order, EC-30>MC-30=TSB>AEP>SS-1H=CSS-1H. It 

was observed that emulsions, such as CSS-1H or SS-1H did not penetrate 

into the base but formed a sticky coating on the surface.  

5.3 RECOMME�DATIO�S A�D FUTURE STUDIES 

The range of temperatures for which this study was conducted is small. The 

average daily temperature range was around 55 to 75 °F. It would be beneficial to extend 

the temperature range to higher and lower temperatures to determine the effect of these 

temperatures on curing times. If more data was collected for curing times under a wider 

range of weather conditions, mathematical expressions could be derived that show the 

dependence of curing time on different weather parameters. Correlation analysis could be 

performed to determine which of the weather parameters have the more significant effect 

on curing time. And, using these correlations, multivariable regression analysis could be 

carried out to determine mathematical expressions for each prime coat.  

Only six different prime coats were tested to determine the curing times in this 

study. Curing time also depends on the type of base material used, but throughout this 
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study only one type of base material was used. The same study could be extended to a 

larger number of prime coats and base materials, and the effect of weather factors on the 

curing time could be evaluated for each one of them separately.  

Since, curing time for all the specimens depends on temperature, it would be 

interesting to know the exact effect of temperature on curing time. If an experiment were 

conducted in a controlled environment, the exact effect of the various weather parameters 

could be analyzed. 

The application rate used throughout this study was a constant. Therefore, the 

effect of change in application rate on the curing time could not be evaluated. By using 

different application rates, the application rate gives the minimum curing time with the 

maximum strength and penetration could be determined for each prime coat. 
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Appendix A 

A.1 PROPERTIES OF PRIME COAT MATERIALS  

 

Table A1 Properties of MC-30 

Test �o. Test �ame Result Units Min Max 

Tex 529-C Kinematic Viscosity at 140°F 51.13 cSt 30 60 

Tex 514-C Specific Gravity by Hydrometer 0.9265 at 60   

Tex 515-C Distillation of Cut Back Asphalts     

 Residue by Volume 56.95 % 50  

 Portion of Total Distillate to 437°F 21.18 % 0 25 

 Portion of Total Distillate to 500°F 58.82 % 40 70 

 Portion of Total Distillate to 600°F 88.24 % 75 93 

Tex 502-C Penetration of Distillation Residue at 77°F 186 p.u. 120 250 

Tex 528-C Absolute Viscosity of Distillation Residue 

at 140°F 

661.93 P 300 1200 
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Table A2 Properties of EC-30 

Test No. Test Name Result Units Min Max 

Tex 521-C Sieve Test 0.01 %   

Tex 521-C Storage Stability 0.23 %   

Tex 521-C Emulsion Residue by Evaporation 10.59 %   

 

 

 

 

Table A3 Properties of CSS-1H 

Test �umber Test �ame Result Units Min Max 

Tex 513-C Saybot viscosity at 77°F 25 s.sec 20 100 

Tex 514-C Specific Gravity by Gallon Weight Cup 1.0416 at 60°F   

Tex 521-C Distillation of Emulsified Asphalts     

 Distillation Residue by Mass 61.69 % 60  

 Oil Portion of Distillate 0 %  0.5 

Tex 502-C Penetration of Distillation Residue at 77° 82 p.u. 70 110 
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Table A4 Properties of SS-1H 

Test No. Test Name Result Units Min Max 

Tex 513-C Saybolt Viscosity at 77°F 55 S.sec 20 100 

Tex 514-C Specific Gravity by Gallon Weight Cup 1.019 At 60°F   

Tex 521-C Distillation of Emulsified Asphalts     

 Distillation Residue by Mass 66.03 % 60  

 Oil Portion of Distillate 0.45 %  0.5 

Tex 502-C Penetration of Distillation Residue at 77°F 95 p.u. 70 100 

 

 

Table A5 Properties of AEP 

Test No. Test Name Result Units Min Max 

Tex 513-C Saybolt Viscosity at 122°F 82.6 S.sec 15 150 

Tex 514-C Specific Gravity by Gallon Weight Cup 0.9632 At 60°F   

AE-P AE-P Emulsion Composition     

 Asphalt Content by Weight 40.98 % 40  

 Oil Content by Volume 28.9 % 25 40 

Tex 519-C Float Test on Distillation Residue     

 Float Time 65 s 50 200 

 Temperature 122 °F 122  
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A.2 PROPERTIES OF BASE MATERIAL  

SAMPLED DATE:

LETTING DATE:

CONTROLLING CSJ:

SPEC YEAR:

SPEC ITEM:

SPECIAL PROVISION:

GRADE:

PROJECT MANAGER:

COURSE\LIFT: STATION: DIST. FROM CL:

Individual

Weight 

Retained

1-¾" 0.0000 0.0% 0.0%

1-¼" 28.4300 8.51% 8.5%

?" 46.3400 13.87% 22.4%

5/8" 35.5600 10.64% 33.0%

?" 57.1100 17.09% 50.1%

No. 4 60.4200 18.08% 68.2%

No. 40 65.3000 19.54% 87.7%

(-)No. 40 41.0100 12.27% 100.0%

Total 334.17

Sieve Size

Initial Base Material Gradation

Cumulative 

Percent 

Retained

Individual

Percent

Retained

After preparing the mateiral according to Tex-101-E; enter the 

Individual or Cummulative weight of material retained per sieve in the 

table below.

SAMPLED BY:

COUNTY:

STATUS:

Laboratory Compaction Characteistics and Moisture-Density Relationship of Base Materials

TEXAS DEPARTME�T OF TRA�SPORTATIO�

Tex-113-E

AREA ENGINEER:

PRODUCER:

MATERIAL:

SAMPLE LOCATION:

TEST NUMBER:

SAMPLE ID:
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SAMPLE ID: SAMPLED DATE:

TEST NUMBER: LETTING DATE:

STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL: GRADE:

PRODUCER:

AREA ENGINEER: PROJECT MANAGER:

COURSE\LIFT: STATION: DIST. FROM CL:

Sample Weight: 18.250 lb 1-¾" 0.000 0.000

1-¼" 1.553 1.553

7/8" 2.531 4.083

5/8 1.942 6.025

Sample Height: in 3/8" 3.119 9.144

Percent Moisture Used to Mold 6.9 % No. 4 3.300 12.444

Weight of Water: lb No. 40 3.566 16.010

Volume of Water: ml (-)No. 40 2.240 18.250

Cumulative 

Weight

Retained

Individual 

Weight

Retained

Laboratory Compaction Characteistics and Moisture-Density Relationship of Base Materials

TEXAS DEPARTME�T OF TRA�SPORTATIO�

Tex-113-E

Trial Specimens

Use this sheet to determine the amount of material required to prepare a trial compaction specimen.  

Use the gradation to the right for the specimen.

Enter the height of the compacted trial specimen 

below:

Enter the estimated mass (weight) of the air-dried 

material required to fill the mold when wetted and 

compacted below:

Sieve

Size
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SAMPLE ID: SAMPLED DATE:

TEST NUMBER: LETTING DATE:

STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL: GRADE:

PRODUCER:

AREA ENGINEER: PROJECT MANAGER:

COURSE\LIFT: STATION: DIST. FROM CL:

Sample Weight:
18.350 lb

1-¾" 0.000 0.000

1-¼" 1.561 1.561

⅞" 2.545 4.106

Target Height: 8.000 in ⅝" 1.953 6.058

⅜" 3.136 9.194

No. 4 3.318 12.512

No. 40 3.586 16.098

(-)No. 40 2.252 18.350

1 2 3 4 5 6

4.8 5.8 6.5 7.2

0.881 1.064 1.193 1.321

400 483 541 599
Volume of Water

(ml)

Weight of Water

(lb)

Percent Moisture

(%)

Specimen

The amount of material required to fill the mold to 

the target height is calculated below.

The ideal compacted base specimen will be 8.000 

inches tall.   Adjusted this value, if necessary.

This sheet determines the amount of material required for an individual M-D curve specimen.  Use the 

gradation to the right for each specimen.

Moisture-Density Curve Specimens

Individual 

Weight

Retained

Cumulative 

Weight

Retained

Sieve

Size

TEXAS DEPARTME�T OF TRA�SPORTATIO�

Laboratory Compaction Characteistics and Moisture-Density Relationship of Base Materials

Tex-113-E
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SAMPLE ID: SAMPLED DATE:

TEST NUMBER: LETTING DATE:

STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL: GRADE:

PRODUCER:

AREA ENGINEER: PROJECT MANAGER:

COURSE\LIFT: STATION: DIST. FROM CL:

Max. Dry Density: lb/ft
3

Opt. Moisture Content: % 
1-¾"

Hygroscopic Moist. Content: 0.0 %
1-¼"

⅞"

⅝"

Sample Weight: lb ⅜"

Weight of Water: lb
No. 4

No. 40

Volume of Water: ml
(-)No. 40

*Assuming that for water: 453.6 g/lb and 1ml/g.

Enter the Max Dry Density, Optimum Moisture and 

Hygroscopic Moisture Contents below:

This sheet determines the amount of material required to to compact an individual triaxial specimen.  

Use the gradation  for each individual specimen.

Sieve Size

TEXAS DEPARTME�T OF TRA�SPORTATIO�

Laboratory Compaction Characteistics and Moisture-Density Relationship of Base Materials

Tex-113-E

The amount of base material and water (by volume 

or weight) to be mixed for each individual specimen 

is calculated below:

Individual 

Weight

Retained

Cumulative 

Weight

Retained

Triaxial Specimens
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TEXAS DEPARTMENT OF TRANSPORTATION

Moisture-Density Relations of Base Material & Sand or Subgrade & Embankment Soils

Tex-113-E or  Tex-114-E
File Version: 03/11/10 08:38:16

SAMPLE ID: SAMPLED DATE:

TEST NUMBER: LETTING DATE:

SAMPLE STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL CODE: GRADE:

MATERIAL NAME:

PRODUCER:

AREA ENGINEER:

COURSE\LIFT: STATION: DIST. FROM CL:

Moisture-Density Work Sheet

Total 

Energy 

(lb-ft)

Energy/

Lift (lb-ft)

Total 

Energy 

(lb-ft)

Energy/

Lift (lb-ft)

Total 

Energy 

(lb-ft)

Energy/

Lift (lb-ft)

Total 

Energy 

(lb-ft)

Energy/

Lift (lb-ft)

763.3 13.39 760.2 13.34 752.1 13.67 760.4 13.11

759.4 13.32 755.2 13.25 756.9 13.52 756.8 13.05

752.3 13.43 750.5 13.40 755.7 13.49 756.6 13.27

752.1 13.43 760.4 13.34 758.7 13.31 754.5 13.24

Avg. Drop 

Ht. (in)
Blows

Avg. Drop 

Ht. (in)
Blows

Avg. Drop 

Ht. (in)
Blows

Avg. Drop 

Ht. (in)
Blows

18.3 57 18.3 57 18.4 55 18.3 58

18.4 57 18.4 57 18.4 56 18.4 58

18.4 56 18.4 56 18.2 56 18.4 57

18.4 56 18.4 57 18.4 57 18.4 57

138.2

2213.5

6.7

0.13174590.130977

5.1365

23.2645

24.6065

3.937

22.0825

147.72 147.48

1.9

39.2

19.348 19.4295

0.0165 0.0165

7.98467.938

18.1455

1.2595 1.342

18.128

Unconfined Strength Data (psi):

Percent Strain (%):

6.0655

24.181

25.07

7.40

137.32

136.81137.80

138.13

6.94

23.342

8.1008

19.279518.9625

0.0165

8.25

132.67

132.78

4.91

0.889

18.1155

23.771

0.136125

139.30 144.24

0.1336632

0.0165

7.87.25.85

136.33

136.49

5.68

1.038

18.285

4.448

18.386

37.3485

18.3518.3518.3518.2

0.91 1.0643 1.3212 1.4313

18.386

37.8155

18.386

37.734

18.386

37.6655

100.5

174.7

PROJECT MANAGER:

238

Oven Dry Weight, (g):

Weight of Pycnometer & Water, (g):

4321

0

2.70

Sample Number :

Lift 3:

Lift 1:

Lift 2:

SCA Energy Data

Mass Material, (lb):

Mass Water Added, (lb):

Wet Mass Specimen & Mold, (lb):

Tare Mass Mold, (lb):

Wet Mass Specimen, (lb):

Weight of Aggr., Pycn.& Water, (g):

Specific Gravity (Apparent):

Hygroscopic Moisture, (%):

Percent Water Content, (%):

Lift 4:

Tare Mass Pan, (lb):

Dry Mass Material , (lb):

Lift 4:

Lift 3:

Height of Specimen, (in.):

Volume per Linear mm., (in.):

Volume of Specimen, (ft^3):

Wet Density of Specimen, (lb):

Lift 2:

SCA Drop Data

Lift 1:

22.733

Max Density, (pcf):

Max Density, (kg/m3):

Optimum Moisture, (%):

Mass Water, (lb):

Percent Water on Total , (%):

Dry Density, (pcf):

Estimated Dry Density, (pcf):

Wet Mass of Pan & Specimen, (lb):

Dry Mass Pan & Specimen, (lb):

Refresh Workbook
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Energy Data  
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Drop Data  
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TEXAS DEPARTMENT OF TRANSPORTATION 510

2Tx117.xls::40280.635394

TRIAXIAL COMPRESSION TESTS

Tex-117-E
File Version: 04/12/10 15:14:58

SAMPLE ID: SAMPLED DATE:

TEST NUMBER: LETTING DATE:

SAMPLE STATUS: CONTROLLING CSJ:

COUNTY: SPEC YEAR:

SAMPLED BY: SPEC ITEM:

SAMPLE LOCATION: SPECIAL PROVISION:

MATERIAL CODE: GRADE:

MATERIAL NAME:

PRODUCER:

AREA ENGINEER: PROJECT MANAGER:

COURSE\LIFT: STATION: DIST. FROM CL:

Moisture-Density Data

138.2 18.386

6.7 18.242

0.0 1.222

0.0165

 <-- Select method of data collection.

1 2 3 4 5 6 7 8 9

112 101 35 151 164 56 36 94 131

37.701 37.699 37.684 37.752 37.717 37.703 37.657 37.677 37.670

19.315 19.313 19.298 19.366 19.331 19.317 19.271 19.291 19.284

7.878 7.883 7.911 7.946 7.934 7.929 7.911 7.932 7.939

7.878 7.883 7.911 7.946 7.934 7.929 7.911 7.932 7.939

6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00

18.850 18.850 18.850 18.850 18.850 18.850 18.850 18.850 18.850

28.27 28.27 28.27 28.27 28.27 28.27 28.27 28.27 28.27

29.09 29.08 28.99 30.56 30.41 30.32 30.57 30.48 30.22

24.426 24.479 25.424 25.476 24.197 25.516 25.341 24.187 25.022

23.234 23.267 24.241 24.279 22.990 24.331 24.167 23.011 23.815

5.089 5.150 6.107 6.110 4.867 6.188 6.645 4.883 5.730

18.145 18.118 18.135 18.169 18.123 18.143 17.522 18.128 18.085

1.192 1.212 1.183 1.197 1.207 1.186 1.174 1.176 1.207

6.6 6.7 6.5 6.6 6.7 6.5 6.7 6.5 6.7

148.6 148.5 147.8 147.7 147.7 147.6 147.6 147.4 147.2

139.4 139.2 138.8 138.6 138.4 138.6 138.4 138.4 138.0

759.550 750.410 751.140 754.340 754.890 757.760 759.688 751.760 751.230

755.440 755.980 751.660 753.360 751.760 758.840 751.440 752.880 763.150

760.320 763.220 751.550 752.470 763.050 760.190 751.990 757.000 751.930

755.150 761.270 750.720 757.670 756.570 751.010 752.590 754.130 761.070

19.480 12.990 13.660 13.470 13.480 13.290 13.330 13.190 13.180

13.020 13.030 13.670 13.450 13.420 13.310 13.180 13.210 13.180

13.110 13.160 13.660 13.440 13.340 13.190 13.280 13.190 13.140

13.020 13.130 13.650 13.290 13.270 13.180 13.290 13.230 13.120

17.980 18.360 18.410 18.380 18.390 18.360 18.390 18.360 18.380

18.360 18.360 18.410 18.390 18.390 18.390 18.390 18.390 18.410

18.370 18.380 18.420 18.400 18.390 18.390 18.380 18.370 18.400

18.380 18.390 18.400 18.370 18.380 18.390 18.390 18.400 18.390

39.000 58.000 55.000 56.000 57.000 57.000 57.000 57.000 57.000

58.000 58.000 55.000 55.000 55.000 57.000 57.000 57.000 58.000

58.000 58.000 55.000 56.000 57.000 57.000 57.000 57.000 57.000

58.000 58.000 55.000 57.000 57.000 57.000 57.000 57.000 58.000

Cell No.:

Wet Mass Spec. & Mold, (lb):

Wet Mass Specimen, (lb):

Initial Height of Specimen, in.:

Dry Mass of Material, (lb):

Mass of Water, (lb):

Moisture Content,  (%):

Dry Density, (pcf):

Wet Density, (pcf).:

Circumference, in. (auto):

New Height of Specimen, in.:

Circumference, in. (manual):

Area, in. 2̂:

Avg. Cross Sectional Area, in 2̂:

Wet Mass of Pan & Specimen, (lb)

Dry Mass of Pan & Specimen, (lb):

Dry-Back Data

Specimen Number:

Optimum Moisture Content (%):

Maximum Dry Density (pcF):

Mold Volume per Linear Inch (in^3/in):

Mass oF Material per Specimen (lb):

Hygroscopic Moisture Content (%): Mass oF Water per Specimen (lb):

Mass oF Mold (lb):

Specimen Data

Automated : Part II (Strength)

Triaxial Test Data Sheet

Mass of Pan, (lb):

Average Diameter, in.:

Performed By Tex-117-E:

SCA Data

No. of Blows (lb-ft) Lift 1:

Avg. Drop Ht. (lb-ft) Lift 1:

Avg. Drop Ht. (lb-ft) Lift 2:

Avg. Drop Ht. (lb-ft) Lift 3:

Avg. Drop Ht. (lb-ft) Lift 4:

Energy/Lift (lb-ft) Lift 1:

Energy/Lift (lb-ft) Lift 2:

Energy/Lift (lb-ft) Lift 3:

Energy/Lift (lb-ft) Lift 4:

No. of Blows (lb-ft) Lift 3:

No. of Blows (lb-ft) Lift 4:

No. of Blows (lb-ft) Lift 2:

Total Energy (lb-ft) Lift 1:

Total Energy (lb-ft) Lift 2:

Total Energy (lb-ft) Lift 3:

Total Energy (lb-ft) Lift 4:

Refresh Workbook

Import Triaxial Data
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0 0 0 3 3 3 15 15 15

-4670000 -4670000 -4670000 -4670000 -4670000 -4670000 -4670000 -4670000 -4670000

10 10 10 10 10 10 10 10 10

-2.4693E-05 -2.4914E-05 -2.4796E-05 -2.5797E-05 -2.6909E-05 -2.6133E-05 -2.588E-05 -2.7611E-05 -2.8306E-05

7.630 7.630 7.630 7.630 7.630 7.630 7.630 7.630 7.630

-0.0256 -0.0185 -0.0209 0.5463 0.5728 0.5557 2.9116 2.9179 2.9065

-0.0018 -0.0017 -0.0023 -0.0067 -0.0057 -0.0069 -0.0123 -0.0123 -0.0133

811.9 771.0 1056.7 3136.1 2651.0 3210.5 5719.5 5712.6 6206.7

0.22 0.22 0.20 0.59 0.56 0.54 0.60 0.57 0.51

29.0 27.5 37.6 111.2 94.0 113.8 202.6 202.3 219.8

2.80 2.78 2.48 7.48 7.01 6.75 7.52 7.23 6.44

0.9720 0.9722 0.9752 0.9252 0.9299 0.9325 0.9248 0.9277 0.9356

28.2 26.8 36.7 102.9 87.4 106.1 187.3 187.7 205.6

4.4 00 psi 03 psi 15 psi

40.0 31 99 194

Excitation:

Lateral Pressure, psi.:

Strength Data

Average Corrected Strength:

Max. Load Reading, div.:

Internal Angle of Friction:

Zero:

Piston Correction, lbs.:

Calibration Factor:

Deformation at Max Load, in.:

Corrected Stress, psi.:

Classification:

% Strain , in./in.:

I-Strain, in./in.:

Dead Load, lbs.:

Uncorrected Stress, psi.:

Max Load, lbs.:

 

 

Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 2:27:09 PM

Boring: San Antonio Sample: Sample 1

Diameter (inch): 6 Height (inch): 7.878

Piston Correction (lbs): -2.56E-02

Comments: 0 psi-A-cell 112

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.47E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -3.51E-05 5.07E-04 2.26E+04

09/01/10 -1.76E-03 5.21E-04 -1.32E+06

09/01/10 -1.28E-03 4.77E-04 -2.13E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 2:33:06 PM

Boring: San Antonio Sample: Sample 2

Diameter (inch): 6 Height (inch): 7.883

Piston Correction (lbs): -1.85E-02

Comments: 0 psi-B-cell 101

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.49E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -4.47E-05 5.14E-04 -3.72E+04

09/01/10 -1.68E-03 5.18E-04 -1.37E+06

09/01/10 -1.23E-03 4.76E-04 -2.60E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 2:39:24 PM

Boring: San Antonio Sample: Sample 3

Diameter (inch): 6 Height (inch): 7.911

Piston Correction (lbs): -2.09E-02

Comments:  0 psi-c-cell 35

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.48E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -7.94E-05 5.15E-04 -1.57E+05

09/01/10 -2.29E-03 5.16E-04 -1.35E+06

09/01/10 -2.11E-03 5.13E-04 -1.94E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 2:48:50 PM

Boring: San Antonio Sample: Sample 4

Diameter (inch): 6 Height (inch): 7.946

Piston Correction (lbs): 5.46E-01

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.58E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -1.03E-04 1.48E-03 -1.31E+05

09/01/10 -6.74E-03 1.52E-03 -3.74E+06

09/01/10 -6.74E-03 1.48E-03 -3.75E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 3:31:26 PM

Boring: San Antonio Sample: Sample 5

Diameter (inch): 6 Height (inch): 7.934

Piston Correction (lbs): 5.73E-01

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.69E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -2.01E-04 1.53E-03 -2.23E+05

09/01/10 -5.70E-03 1.59E-03 -3.61E+06

09/01/10 -5.67E-03 1.52E-03 -3.86E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 3:40:01 PM

Boring: San Antonio Sample: Sample 6

Diameter (inch): 6 Height (inch): 7.929

Piston Correction (lbs): 5.56E-01

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.61E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -1.75E-04 1.45E-03 -1.31E+05

09/01/10 -6.90E-03 1.54E-03 -3.39E+06

09/01/10 -6.61E-03 1.49E-03 -3.76E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 3:50:07 PM

Boring: San Antonio Sample: Sample 7

Diameter (inch): 6 Height (inch): 7.911

Piston Correction (lbs): 2.91E+00

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.59E-05 0.000519027 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -9.08E-04 5.41E-03 -1.28E+05

09/01/10 -1.23E-02 5.47E-03 -3.75E+06

09/01/10 -1.23E-02 5.47E-03 -3.75E+06  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 3:58:27 PM

Boring: San Antonio Sample: Sample 8

Diameter (inch): 6 Height (inch): 7.932

Piston Correction (lbs): 2.917850898

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.76113E-05 0.000489587 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -0.000746536 0.005442429 76045

09/01/10 -0.012253809 0.005467784 -3411101

09/01/10 -0.012197649 0.005480993 -3542067  
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Created by Sigma-1 UU Version 4.1.3; Copyright 2005, GEOTACProject1

Project: E10620114 Load Frame Name: 117-E Load Frame

Date: 9/1/2010 Time: 4:06:37 PM

Boring: San Antonio Sample: Sample 9

Diameter (inch): 6 Height (inch): 7.939

Piston Correction (lbs): 2.906453593

Comments:

[SENSORS]

Name External Load Cell Cell Pressure Load Frame Encoder

ID ID21382 ID2 N/A

Module Load Frame ADIO Load Frame ADIO N/A

Channel 1 4 N/A

Unit lbs psi inch

Cal. Factor -4670000 30223.14743 -6079200

Excitation 10 10 N/A

Zero -2.83062E-05 0.000572307 N/A

Min. Reading -9900 -25 0

Max. Reading 9900 25 3.5

[SHEAR]

Time          External Load Cell Cell Pressure Platen Position

09/01/10 -0.000878203 0.005438662 -268574

09/01/10 -0.013312626 0.005519569 -3375735

09/01/10 -0.013255596 0.005509281 -3889801  
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Appendix B 

 

B.1 RESULTS OF STREGTH TESTIG 

 

Table B1 Strength values in kg/cm
2
 for sprayed prime coat samples  

MC -30       

Sample No. a b c d e Average 

1 0.75 0.75 0.75 0.75 0.75 0.75 

2 0.75 0.75 0.75 0.75 0.75 0.75 

3 0.5 0.5 0.75 0.75 0.75 0.65 

4 0.75 0.75 0.75 0.75 0.5 0.7 

5 0.5 0.5 0.25 0.25 0.25 0.35 

6 0.25 0.5 0.25 0.5 0.5 0.40 

7 0.25 0.5 0.5 0.75 0.5 0.50 

8 0.5 0.5 0.5 0.75 0.75 0.6 

9 0.5 0.75 0.75 1 1 0.8 

10 0.75 0.75 1 0.75 0.75 0.8 

11 0.5 0.5 0.5 0.75 0.75 0.6 

12 0.5 0.5 0.75 0.75 1 0.7 

     Average 0.633333 

       

EC-30       

1 0.5 0.25 0.5 0.5 0.5 0.45 

2 0.5 0.5 0.5 0.25 0.3 0.41 

3 0.25 0.3 0.5 0.25 0.5 0.36 

4 0.75 0.25 0.5 0.5 0.5 0.5 

5 0.5 0.25 0.5 0.5 0.5 0.45 

6 0.25 0.25 0.5 0.5 0.5 0.40 

7 0.25 0.25 0.25 0.5 0.5 0.35 

8 0.75 0.75 0.5 0.5 0.5 0.6 

9 0.5 0.5 0.5 0.5 0.5 0.5 

10 0.25 0.5 0.5 0.5 0.75 0.5 

     Average 0.452 
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CSS-1H       

1 1 1 0.75 0.75 1 0.9 

2 0.75 0.75 0.85 0.85 0.75 0.79 

3 0.75 0.85 1 0.75 0.85 0.84 

4 1.5 1.5 1.25 1 1 1.25 

5 1 1 1 0.75 0.75 0.9 

6 0.5 0.5 0.5 0.5 0.25 0.45 

7 0.5 0.5 0.75 0.5 0.5 0.55 

8 0.25 0.5 0.5 0.75 0.5 0.50 

9 0.75 0.5 0.5 0.75 0.75 0.65 

10 0.5 0.5 0.75 0.75 0.5 0.6 

11 0.75 0.5 0.5 0.75 0.75 0.65 

     Average 0.734545 

       

SS-1H       

24 0.75 1 0.5 0.75 0.5 0.7 

1 0.75 1 0.75 0.5 0.75 0.75 

2 1 0.75 0.75 0.5 0.75 0.75 

3 0.5 0.5 0.5 0.25 0.25 0.40 

4 0.75 0.75 0.5 0.5 0.5 0.60 

5 0.5 0.5 0.25 0.75 0.25 0.45 

6 0.5 0.5 0.5 0.5 0.75 0.55 

7 0.5 0.5 0.5 0.75 1 0.65 

8 0.5 0.75 0.5 0.5 0.5 0.55 

     Average 0.6 

       

AEP       

1 0.25 0.25 0.25 0.5 0.5 0.35 

2 0.25 0.25 0.25 0.25 0.5 0.3 

3 0.25 0.25 0.5 0.25 0.5 0.35 

4 0.25 0.25 0.25 0.5 0.25 0.3 

5 0.25 0.25 0.25 0.25 0.25 0.25 

6 0.25 0.25 0.25 0.25 0.25 0.25 

7 0.25 0.25 0.25 0.25 0.25 0.25 

8 0.25 0.25 0.25 0.25 0.25 0.25 

9 0.25 0.25 0.25 0.25 0.25 0.25 

10 0.25 0.25 0.5 0.5 0.5 0.4 

11 0.25 0.25 0.25 0.25 0.25 0.25 
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     Average 0.290909 

       

TSB       

1 4 4 3.5 4.5 4 4 

2 3 4 4 4 4.5 3.9 

3 4 4 4 4.5 4 4.1 

4 4 4.5 4 4 4 4.1 

5 4 3.5 4 4.5 4 4 

6 4.5 4 4 3.5 4 4.00 

7 4.5 4 3.5 4 4 4.00 

8 4 4 4 4 4.5 4.10 

9 4 4 4.5 3.5 4 4 

10 4 4 4.5 4 4.5 4.2 

11 3.5 4 4 4.5 4 4 

     Average 4.036364 

 

 

Table B2 Strength values in kg/cm
2
 for mixed prime coat samples 

MC 30       

Sample No. a b c d e Average 

1 0.75 0.5 0.75 0.75 0.75 0.7 

2 0.75 0.5 0.75 0.75 0.75 0.7 

3 0.75 1 0.75 0.75 1 0.85 

4 0.75 1 0.75 0.75 0.75 0.8 

5 0.5 0.5 0.5 0.5 0.25 0.45 

6 0.5 0.25 0.25 0.5 0.25 0.35 

7 0.5 0.5 0.25 0.25 0.25 0.35 

8 0.25 0.25 0.5 0.5 0.5 0.4 

9 0.75 0.5 0.5 0.5 0.5 0.55 

10 0.5 0.5 0.5 0.5 0.5 0.5 

     Average 0.565 

       

EC-30       

1 0.75 0.75 0.5 0.75 0.5 0.65 

2 0.75 0.5 0.75 0.5 0.75 0.65 

3 0.75 0.5 0.75 0.75 0.75 0.7 
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4 0.5 0.5 0.5 0.75 0.75 0.6 

5 0.25 0.25 0.25 0.25 0.25 0.25 

6 0.5 0.25 0.25 0.25 0.25 0.30 

7 0.25 0.5 0.5 0.5 0.5 0.45 

8 0.5 0.25 0.25 0.25 0.25 0.3 

9 0.25 0.25 0.25 0.25 0.25 0.25 

10 0.75 0.5 0.5 0.5 0.5 0.55 

     Average 0.47 

       

CSS-1H       

1 1 1 0.75 0.75 1 0.9 

2 1.25 1 0.75 0.75 1 0.95 

3 1 1 1 1 0.75 0.95 

4 1 1 1 1 0.75 0.95 

5 1 1 0.75 1.25 1 1 

6 0.25 0.25 0.75 0.5 0.5 0.45 

7 0.5 0.5 0.75 0.75 0.25 0.55 

8 0.25 0.25 0.5 0.75 0.5 0.45 

9 0.5 0.75 0.75 0.5 0.75 0.65 

10 0.75 0.75 0.75 0.5 0.5 0.65 

11 0.5 0.75 0.75 0.75 0.75 0.7 

     Average 0.745455 

       

SS-1H       

1 0.75 0.75 0.75 0.75 0.75 0.75 

2 1.25 0.75 1 0.75 0.75 0.9 

3 1.25 1 1 0.75 0.75 0.95 

4 0.75 0.75 0.5 0.5 0.5 0.60 

5 1 0.75 0.75 0.75 0.75 0.80 

6 0.75 0.75 0.5 0.5 0.5 0.60 

7 0.5 0.5 0.75 0.75 0.75 0.65 

8 0.5 0.75 0.75 1 1 0.8 

9 0.5 0.5 0.5 0.75 0.75 0.6 

     Average 0.738889 

       

AEP       

1 0.25 0.25 0.5 0.25 0.25 0.3 

2 0.25 0.25 0.25 0.25 0.25 0.25 
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3 0.5 0.25 0.25 0.5 0.5 0.4 

4 0.25 0.25 0.25 0.5 0.5 0.35 

5 0.25 0.25 0.25 0.25 0.25 0.25 

6 0.25 0.25 0.25 0.25 0.25 0.25 

7 0.25 0.25 0.25 0.25 0.25 0.25 

8 0.25 0.25 0.25 0.25 0.25 0.25 

9 0.25 0.25 0.25 0.25 0.25 0.25 

10 0.25 0.25 0.25 0.25 0.25 0.25 

     Average 0.28 

       

TSB       

1 3.5 4 4 4 4 3.9 

2 3 4 4 4.5 4 3.9 

3 4 4 4 3.5 4 3.9 

4 3 4 4 4 4 3.8 

5 4 4 4.5 4 4 4.1 

6 4 4 4 4 4 4.00 

7 4 3.5 4 4 4 3.90 

8 4 4 4 4 4 4.00 

9 4 4.5 4 4 3.5 4 

10 4 4 4 4 4 4 

11 4 4.5 4 4 4 4.1 

     Average 3.963636 
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B.2 RESULTS OF PERMEABILITY TESTIG 

Table B3 Permeability data for sprayed prime coat samples 

  Water Absorbed in ml 

Sample # MC-30 EC-30 CSS-1H SS-1H AEP TSB 

1 1.91 32.9 40.85 25.64 18.85 11.08 

2 2.16 31.77 48.86 22.91 10.64 2.35 

3 2.07 39.8 44.54 8.63 8.21 2.28 

4 3.03 26.93 40.04 39.93 8.67 2.22 

5 2.19 49.91 52.59 35.97 14.22 7.15 

6 1.17 38.56 64.11 35.8 17.72 8.94 

7 1.61 39.13 58.54 21.36 11.89 2.64 

8 1.57 30.91 55.85 20.16 25.03 3.06 

9 3.26 34.31 35.43 13.94 22.45 | 

10 2.23 33.98 58.37 | 20.07 | 

11 2.95 | 60.77 | | | 

Average 2.20 35.82 50.90 24.92667 15.78 4.965 

k 4.512E-05 7.361E-04 1.046E-03 0.000512 3.242E-04 6.75E-05 

 

Table B4 Permeability data for mixed-in prime coat samples 

  Water Absorbed in ml 

Sample # MC-30 EC-30 CSS-1H SS-1H AEP TSB 

1 2.9 26.41 23.33 24.73 8.1 11.08 

2 1.7 21.41 19.01 8.71 6.48 2.35 

3 2.53 32.53 19.19 12.48 7.55 2.28 

4 1.51 28.17 23.6 6.44 6.65 2.22 

5 1.81 46.8 30.34 7.96 8.2 7.15 

6 1.15 40.71 23.86 2.84 6.03 8.94 

7 2.39 28 9.47 20.88 6.25 2.64 

8 2.38 39.93 33.71 13.38 5.89 3.06 

9 3.02 35.23 24.66 26.9 5.49 | 

10 1.7 | | | 20.07 | 

Average 2.11 33.24 23.02 13.81 6.74 4.965 

k 4.334E-05 6.832E-04 4.730E-04 2.839E-04 1.385E-04 6.75E-05 



 114

B.3 CURIG TIME DATA 

 

Table B5 Curing time data for MC-30 sprayed specimens 

 

Time (hrs) 0.1 1 2 48 72 80 216 240

Sample #

1 9.89 9.49 9.33 8.32 7.75 7.33 7.23 7.14

2 10.45 9.96 9.76 8.98 8.33 7.76 7.53 7.43

3 9.99 9.59 9.42 8.52 7.97 7.59 7.33 7.24

4 10.07 9.65 9.47 8.48 7.95 7.62 7.48 7.34

5 10.22 9.77 9.61 8.63 8.1 7.69 7.57 7.47

Average 10.124 9.692 9.518 8.586 8.02 7.598 7.428 7.324

Time (hrs) 0.1 1 96 168 192 288 360

Sample #

1 10 9.64 9.11 8.42 8.02 7.75 7.73

2 9.48 9.1 8.65 8.16 7.59 7.33 7.29

3 9.86 9.48 8.74 8.33 7.96 7.71 7.68

Average 9.78 9.41 8.83 8.30 7.86 7.60 7.57

Time (hrs) 0.1 48 144 240 264 312 360

Sample #

1 9.39 8.77 8.13 7.53 7.28 7.14 7.07

2 9.52 8.86 8.3 7.82 7.57 7.46 7.41

3 8.19 7.62 7.26 6.92 6.652 6.57 6.48

Average 9.03 8.42 7.90 7.42 7.17 7.06 6.99

Reduction in solvent weight with time
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Table B6 Curing time data for MC-30 mixed-in specimens 

Time (hrs) 0.1 1 48 72 80 216 240

Sample #

1 14.32 13.9 12.76 12.08 11.69 11.2 11.02

2 15.38 15.02 13.83 13.18 12.8 12.27 12.06

3 14.78 14.41 13.11 12.48 12.09 11.72 10.4

4 15.06 14.57 13.67 13.07 12.75 11.98 11.78

Average 14.885 14.475 13.3425 12.7025 12.3325 11.7925 11.315

Time (hrs) 0.1 72 96 192 264 360 360

Sample #

1 20.02 18.46 18.1 17.48 16.94 16.86 7.73

2 20.29 18.44 18.13 17.43 17.08 17 7.29

3 19.64 17.89 17.53 16.89 16.52 16.43 7.68

Average 19.98333 18.26333 17.92 17.26667 16.84667 16.76333 7.57

Time (hrs) 0.1 24 96 120 216 264 312 360

Sample #

1 18.29 17.61 16.31 15.81 15.07 14.7 14.26 14.2

2 19.51 18.76 17.83 17.25 16.55 16.04 15.59 15.6

3 18.31 17.65 16.65 16.1 15.44 14.94 14.51 14.52

Average 18.70333 18.00667 16.93 16.38667 15.68667 15.22667 14.78667 14.77333

Reduction in solvent weight with time

Reduction in solvent weight with time

Reduction in solvent weight with time
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Table B7 Curing time data for EC-30 sprayed specimens 

Time (hrs) 0.1 1 1.8 24 144 216 240

Sample #

1 10.85 6.61 5.18 0.04 0.04 0.04 0.04

2 9.78 5.91 4.67 0.06 0.05 0.05 0.05

3 10.11 5.84 4.42 0.08 0.06 0.06 0.06

4 10.89 6.6 5.18 0.06 0.03 0.03 0.03

Average 10.4075 6.24 4.8625 0.06 0.045 0.045 0.045

Time (hrs) 0.1 72 96 192 264 360 360

Sample #

1 20.02 18.46 18.1 17.48 16.94 16.86 7.73

2 20.29 18.44 18.13 17.43 17.08 17 7.29

3 19.64 17.89 17.53 16.89 16.52 16.43 7.68

Average 19.98333 18.26333 17.92 17.26667 16.84667 16.76333 7.57

Time (hrs) 0.1 24 120 216 240 288 336

Sample #

1 10.38 6.43 3.2 2.49 2.34 2.3 2.21

2 11.05 6.2 3.1 2.52 2.36 2.31 2.23

3 10.24 4.11 2.46 2.11 1.91 1.84 1.79

Average 10.55667 5.58 2.92 2.373333 2.203333 2.15 2.076667

Reduction in solvent weight with time

Reduction in solvent weight with time

Reduction in solvent weight with time
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Table B8 Curing time data for EC-30 mixed-in specimens 

Time (hrs) 0.1 1 1.8 24 144 216 240

Sample #

1 19.38 14.56 12.53 2.86 0.08 0.03 0.03

2 22.59 17.92 15.68 4.32 0.1 0.05 0.05

3 19.72 14.89 12.78 2.41 0.12 0.06 0.06

4 21.85 17.31 14.88 5.09 0.09 0.04 0.04

Average 20.885 16.17 13.9675 3.67 0.0975 0.045 0.045

Time (hrs) 0.1 72 96 192 264 360

Sample #

1 22.43 5.44 2.82 0.96 0.89 0.87

2 19.93 3.67 1.57 1.2 0.62 0.59

3 18.72 3.23 1.17 0.92 0.24 0.22

Average 20.36 4.113333 1.853333 1.026667 0.583333 0.56

Time (hrs) 0.1 24 96 120 216 264 312

Sample #

1 18.84 12.86 5.53 3.35 2.13 2.07 2.04

2 19.98 13.8 6.17 2.82 2.61 2.54 2.49

3 21.1 14.74 6.64 4.45 2.46 2.39 2.35

Average 19.97333 13.8 6.113333 3.54 2.4 2.333333 2.293333
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Table B9 Curing time data for CSS-1H sprayed specimens 

Time (hrs) 0.1 1 3 4 144 168 216 240

Sample #

1 9.23 9.07 8.95 8.9 8.4 7.82 7.72 7.69

2 10.73 10.51 10.26 10.16 8.08 7.5 7.4 7.36

3 10.73 10.54 10.42 10.35 9.18 8.31 8.2 8.13

4 12.05 11.9 11.7 11.66 9.55 8.91 8.82 8.77

5 11.86 11.51 11.25 11.12 10.2 9.21 9.13 9.08

Average 10.92 10.706 10.516 10.438 9.082 8.35 8.254 8.206

Time (hrs) 0.1 1 96 168 192 240 288 360

Sample #

1 12.92 12.65 11.51 10.19 9.85 9.62 9.4 9.28

2 10.84 10.66 9.87 8.75 8.5 8.32 8.15 8.03

3 9.5 9.1 7.78 6.35 6.11 5.96 5.84 5.77

Average 11.08667 10.80333 9.72 8.43 8.153333 7.966667 7.796667 7.693333

Time (hrs) 0.1 24 120 216 240 288 336

Sample #

1 10.31 9.25 7.45 5.26 4.85 4.44 4.33

2 10.25 8.93 6.83 5.33 5.05 4.79 4.73

3 9.83 9.06 6.67 5.11 4.77 4.62 4.5

Average 10.13 9.08 6.983333 5.233333 4.89 4.616667 4.52
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Table B10 Curing time data for CSS-1H mixed-in specimens 

Time (hrs) 0.1 1 3 4 144 168 216 240

Sample #

1 22.18 21.99 21.86 21.84 19.62 19.27 19.01 18.85

2 25.22 25.02 24.94 24.88 23.29 22.82 22.09 21.89

3 22.03 21.72 21.6 21.57 20.08 19.68 19.36 19.19

4 28.54 28.22 28.08 27.99 25.75 25.32 24.97 24.73

5 21.46 21 20.84 20.75 18.39 17.67 17.48 17.3

Average 23.886 23.59 23.464 23.406 21.426 20.952 20.582 20.392

Time (hrs) 0.1 72 96 192 264 360

Sample #

1 22.6 21.06 20.25 19.37 19.06 18.82

2 19.57 18.51 17.89 17.01 16.81 16.66

3 20.42 19.23 18.27 17.47 17.19 16.99

Average 20.86333 19.6 18.80333 17.95 17.68667 17.49

Time (hrs) 0.1 24 96 120 216 264 312

Sample #

1 19.06 19.06 17.4 16.11 15.17 14.04 13.66

2 19.53 18.43 17.14 16.29 14.76 14.47 14.44

3 19.1 18.73 18.29 17.47 16.96 15.81 15.31

Average 19.23 18.74 17.61 16.62333 15.63 14.77333 14.47
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Table B11 Curing time data for SS-1H sprayed specimens 

Time (hrs) 0.1 1 3 4 144 168 216 240

Sample #

1 9.92 9.48 9.05 8.81 8.09 7.86 7.73 7.69

2 9.85 9.38 8.92 8.71 7.95 7.69 7.53 7.49

3 9.8 9.33 8.99 8.64 7.91 7.82 7.75 7.65

Average 9.856667 9.396667 8.986667 8.72 7.983333 7.79 7.67 7.61

Time (hrs) 0.1 1 96 168 192 288 360

Sample #

1 10.61 9.86 9.5 9.04 8.87 8.49 8.27

2 11.53 10.87 10.36 9.74 9.6 9.22 9.13

3 11.14 10.26 9.9 9.69 9.64 9.41 9.26

Average 11.09333 10.33 9.92 9.49 9.37 9.04 8.886667

Time (hrs) 0.1 24 48 120 216 240 288 336

Sample #

1 10.28 9.68 9.29 8.45 8.07 7.94 7.87 7.82

2 9.28 8.59 8.24 7.8 7.27 7.29 7.22 7.18

3 10.97 10.39 9.99 9.2 8.66 8.55 8.49 8.44

Average 10.17667 9.553333 9.173333 8.483333 8 7.926667 7.86 7.813333

Reduction in solvent weight with time

Reduction in solvent weight with time

Reduction in solvent weight with time
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Table B12 Curing time data for SS-1H mixed-in specimens 

Time (hrs) 0.1 1 3 4 144 168 216 240

Sample #

1 20.63 19.47 18.95 18.7 17.69 17.45 17.34 17.28

2 20.41 19.23 18.89 18.78 17.49 17.29 17.17 17.08

3 20.57 19.42 19.07 18.93 17.75 17.58 17.43 17.29

Average 20.53667 19.37333 18.97 18.80333 17.64333 17.44 17.31333 17.21667

Time (hrs) 0.1 72 96 192 264 360

Sample #

1 20.25 19.01 18.58 17.86 17.25 17.02

2 17.51 16.37 15.88 15.07 14.75 14.51

3 18.62 18.01 17.48 16.69 16.21 16

Average 18.79333 17.79667 17.31333 16.54 16.07 15.84333

Time (hrs) 0.1 24 48 120 216 240 288 336

Sample #

1 19.9 18.4 17.81 16.91 15.89 15.68 15.54 15.48

2 19.73 18.19 17.76 16.95 15.78 15.46 15.34 15.25

3 18.1 16.86 16.61 15.94 14.75 14.43 14.32 14.25

Average 19.24333 17.81667 17.39333 16.6 15.47333 15.19 15.06667 14.99333
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Table B13 Curing time data for AEP sprayed specimens 

Time (hrs) 0.1 1 2 144 168 216 240

Sample #

1 12.92 12.14 11.9 7.06 6.34 6.19 6.09

2 12.4 11.48 11.07 6.7 6 5.71 5.63

3 13.16 12.27 11.98 6.87 6.23 6.04 5.93

4 12.35 11.48 11.16 6.72 6.02 5.79 5.7

5 12.91 12.18 11.83 7.06 6.34 6.17 6.1

Average 12.748 11.91 11.588 6.882 6.186 5.98 5.89

Time (hrs) 0.1 1 96 168 192 288 360

Sample #

1 11.5 10.99 8.54 6.28 6.18 5.82 5.78

2 17.04 15 11.29 8.95 8.81 8.42 8.38

3 10.33 9.82 7.36 5.57 5.56 5.25 5.21

Average 12.95667 11.93667 9.063333 6.933333 6.85 6.496667 6.456667

Time (hrs) 0.1 24 48 120 216 240 288 336

Sample #

1 17.91 13.65 11.21 7.54 5.86 5.58 5.22 5.07

2 19.03 14.71 12.42 7.01 4.3 4.1 3.9 3.79

3 15.72 11.64 9.46 5.97 4.77 4.52 4.37 4.32

Average 17.55333 13.33333 11.03 6.84 4.976667 4.733333 4.496667 4.393333

Reduction in solvent weight with time
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Table B14 Curing time data for AEP mixed-in specimens 

Time (hrs) 0.1 1 2 144 168 216 240

Sample #

1 21.54 20.17 19.91 12.26 11.51 11.31 11.22

2 20.52 19.31 19.04 11.61 10.87 10.7 10.62

3 21.04 20 19.8 12.06 11.3 11.22 11.13

4 22.12 20.94 20.73 12.7 11.94 11.75 11.64

5 21.09 20.05 19.74 12.46 11.75 11.52 11.42

Average 21.262 20.094 19.844 12.218 11.474 11.3 11.206

Time (hrs) 0.1 72 96 192 264 360

Sample #

1 20.04 14.4 13.11 11.71 11.59 11.55

2 18.64 12.89 11.86 10.51 10.41 10.38

3 18.42 12.15 11.11 10.19 10.09 10.04

Average 19.03333 13.14667 12.02667 10.80333 10.69667 10.65667

Time (hrs) 0.1 24 96 120 216 264 312

Sample #

1 21.42 20.19 16.23 13.31 12.33 12.15 12.04

2 18.89 17.4 13.82 11.66 10.63 10.35 10.2

Average 20.155 18.795 15.025 12.485 11.48 11.25 11.12
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