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Abstract 

Asphalt emulsion has been used for base material stabilization in a few TxDOT districts.  Results 

from these practices were quite different. The initial performance of two projects on US287 constructed 

around 2000 in the Amarillo District has been found to be satisfactory.  However, the Yoakum District 

has reported problems with asphalt emulsion for base work in a project on FM 237. The preliminary 

conclusion from these trials has been that asphalt emulsion may not perform well in the high 

humidity/high rainfall areas like east Texas.  On the other hand, using calcium-based additives to 

stabilize base courses in road construction has been a common practice in most TxDOT districts.  It is 

expected that the blend of calcium-based additives with asphalt emulsion (dual stabilization) will 

produce a base which has an optimum combination of strength, stiffness, moisture resistance and 

flexibility.  In this case, the calcium-based stabilizer may reduce the plasticity of the base fines making it 

a more friable material that accepts well the blending with emulsions.  TxDOT has drafted a special 

specification for the use of asphalt emulsions treatment in road mixing.  In this project, the trial version 

of the TxDOT special specification is evaluated.  The output of this research project includes: laboratory 

test procedure for mix design with dual stabilization, a guideline for the construction of bases with dual 

stabilization, and results from a series of parametric studies that show which parameters may have 

significant impacts on the engineering properties of emulsion-treated base materials and on the 

performance of emulsion-treated bases.   
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Chapter 1 - Introduction 

1.1 BACKGROUND  

Rehabilitation of highway pavements through full-depth reclamation (FDR) is a cost-effective 

option that reduces the use of virgin base aggregates and eliminates the effort as well as cost associated 

with disposal of the old aggregates.  The process of FDR consists of in-place cold grinding of the 

existing asphalt along with a predetermined amount of unbound granular base material, stabilizing the 

material with additives and compacting the new layer to a proper density level.  FDR can be used to treat 

a wide range of problems, particularly problems related to weak base courses or pavements with 

insufficient structural capacity.  If designed and implemented properly, this process is capable of 

rectifying deep rutting problems, reflective fatigue and thermal cracking, deterioration of pavements due 

to maintenance patching and deterioration of ride quality caused by depressions and heaving. 

Using calcium-based additives (cement, lime or fly ash) to stabilize base courses has been a 

common practice in road construction and rehabilitation through FDR.  The strengths and weaknesses of 

each additive have been well documented.  One other common stabilizer used in the FDR process is 

asphalt emulsion.  It has been found that the bituminous based mixture tends to enhance the mechanical 

properties of the aggregate skeleton. The residual asphalt in an emulsified base selectively adheres to the 

smaller particles forming binding mastic which in turn binds the larger particles together. The granular 

matrix in the emulsified base has similar internal friction as hot mix asphalt when compacted under 

optimum total liquid content, defined as the total amount of added water plus asphalt emulsion. 

Therefore, it is expected that the dual stabilization, blend of calcium-based additives with asphalt 

emulsion, will produce a base which has an optimum combination of strength, stiffness, moisture 

resistance and flexibility.   

Currently, there are some uncertainties that need to be addressed when using asphalt emulsion 

alone or the blend of calcium-based additives with asphalt emulsion as stabilizers in FDR.  These 

include: 
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• Determining the optimum mix design to ensure that the recycled materials are properly 

coated with the additive 

• Establishing the proper laboratory procedure/protocols to achieve the optimum mix 

design 

In addition, curing time is another issue that has not been adequately evaluated.  In most cases, 

the curing time is based on an arbitrary number of days for which the recycled base should be left open 

before surfacing and is not related to any criteria or test that measures the development of strength with 

time.  In the past, contractors have relied heavily on guidelines from product and equipment 

manufacturers to address this subject. Hence, there is always an unknown element in the design and 

construction process with different contractors having their own methods to achieve each. Good results 

are not necessarily guaranteed when different materials at different climatic zones are used.  This report 

represents the results from a systematic study on these matters. 

1.2 OBJECTIVE  

The main objective of this research project is to develop a laboratory test protocol for selecting 

the correct combination of additives for dual stabilization.  To achieve this goal, the following tasks 

were proposed and completed.  The first task of the project was to perform an information search 

relevant to the use of emulsion or dual stabilized bases. The information search included the current 

practices with regard to mix design and construction for these types of base materials.  The second task 

required the selection of sites ready for construction to acquire materials for use in the study as well as 

the strength and performance of emulsion stabilized projects under realistic conditions.  The third task 

was to select the amount and type of additives to be used in a parametric study of the selected materials.  

This task included an in-depth investigation on the effects of emulsion quantity as well as initial mixing 

water to be added to these types of materials.  Also included in this task was an investigation into 

whether or not the addition of a cementitious additive should be introduced into the emulsion stabilized 

base.  Task 4 was to establish laboratory testing procedures.  In order to do so, a number of parametric 

studies were performed to gain a better understanding of the factors that affect strength and modulus of 
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the materials.  A preliminary guideline for laboratory testing and mix design procedures was developed 

in Task 5 of this project.   

1.3 ORGANIZATION OF REPORT 

Chapter two contains a summary of the literature review and information search on the FDR 

process, additives used for FDR, consideration of mix design parameters and the effects of climactic 

conditions emulsion-treated bases.  Chapter three provides a general overview of the testing procedures 

provided by TxDOT and SemMaterials.  Both of them were closely scrutinized during the extent of this 

project.  The fourth chapter presents the results of testing carried out on samples collected from quarries 

as well as actual construction sites and the description of laboratory tests performed in order to achieve a 

final mix design for each material.    

Chapter five summaries the results from a comprehensive parametric executed over the course of 

this project.  Included in this study were changes in gradation, curing regime, mixing temperature, 

mixing method and compaction method among others.  A preliminary guideline for mix design and 

laboratory testing based on those results is presented in chapter six of this thesis.  Chapter seven presents 

the results of lab tests conducted on a fifth material which was used as a validation of the preliminary 

guideline.  And lastly, chapter 8 consists of the summary and conclusions of this project as well as 

recommendations for the changes to TxDOT specifications
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Chapter 2 - Literature Review 

 

2.1 FULL -DEPTH RECLAMATION  

Full Depth Reclamation is a form of cold in-place recycling (CIR) of flexible pavements.  During 

this procedure, the hot mix layer and a predetermined amount of the underlying base course are 

pulverized simultaneously by special equipment.  As a common practice, the two materials are mixed 

with asphalt emulsion or other stabilizing agents.  Depending on the severity of structural problems of 

the original base course, additional virgin base material (add-rock) or even recycled asphalt pavement 

(RAP) are sometimes mixed with the pulverized materials.  The result of this process is an entirely new 

base course.  This method dates back to the early 20th century, however, it did not become widely used 

until around 1975 (Epps, 1990).  Shortages of virgin aggregate, rising fuel costs, as well as 

environmental concerns have led to an increased utilization of FDR in many states and countries.  

Similar to any other road rehabilitation procedure, FDR has both its pros and cons.  

Recycling using the FDR process has many advantages encompassing a broad range of 

engineering concerns from improving the economics of the project to safeguarding the environment.  

FDR facilitates complete reconstruction of a pavement system while utilizing all or most of the existing 

material.  The process allows for grade corrections and small adjustments in road geometry, but more 

importantly, remedies structural pavement problems (Kearney and Huffman, 2000).  The ability to 

utilize almost 100% of the existing materials reduces project costs associated with the transportation of 

virgin material to the site while concurrently eliminating disposal costs of the old aggregates.  This is a 

great benefit for states such as Texas, where fresh aggregate is sometimes shipped from locations as far 

as Guadalajara, Mexico.  Aside from the obvious economic benefits, FDR addresses “deeper” pavement 

problems as well.   

Cracking and other defects are sometimes caused by inadequate base materials in flexible 

pavement systems.  In these cases resurfacing of the road with another hot mix layer will not solve the 

problem.  FDR can be implemented on these roads to strengthen the base materials (Kearney and 
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Huffman, 2000).  The new base that is formed from the combination of the existing pavement and part 

or all of the base material along with a stabilizing agent is often times stronger than the original 

materials.  For this reason, roads that have undergone the FDR process are often considered to be 

structurally sounder than the original flexible pavement. 

Since the pulverization process reaches deep into the base material, changes in the profile of the 

road are attainable during the FDR process.  Epps (1990) states that significant pavement structural 

improvements can be made in horizontal and vertical geometry and without shoulder reconstruction.  

Old pavement profile, crown, and cross slope may also be modified.  This is possible since the entire 

layer of flexible pavement as well as part of the base is taken up.  The advantages of FDR are not only 

limited to road improvements, most state transportation departments consider the process an 

environmentally sound choice for pavement rehabilitation as well. 

With the strategy of “greener” roads being advocated by policy makers worldwide, FDR fits in 

as a viable solution to flexible pavement problems.  The process as a whole conserves energy.  Roads 

can be recycled in-place without any fuel being expended for heating of bituminous materials.  Also, 

extra fuel is not required nor added emissions produced during the hauling of aggregates to and from the 

job site.  This in turn leads to overall project savings in transport costs.  In terms of aggregate, scarce 

supplies are not depleted for reasons of structural improvements.  

Conversely, problem areas have also been associated with the use of FDR.  No comprehensive 

guideline is currently in place which governs the implementation of the process.  This has lead to large 

variations in the results of such projects, even within the same state.  Another concern with FDR is the 

curing time required for strength gain.  Curing time is a major factor in the decision of when to let traffic 

back on that particular section of road.  This in turn causes inconvenient disruptions in traffic.  However, 

advances in equipment used for FDR has helped streamline the process so that road closures can be kept 

to a minimum (Epps, 1990).  Also, the entire process is susceptible to climactic conditions, especially 

when asphalt emulsions are used as a stabilizing agent.  Since the strength gain in asphalt stabilized 

materials is dependent on the rate of moisture loss by the emulsion, it is not recommended that the 

process be carried out on days when heavy rainfall is expected.  
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2.2 STABILIZERS USED FOR FDR PROCESS 

During the FDR process, various types of stabilizing agents can be added to the mixture of RAP 

and the existing base material.  The process of adding chemicals to stabilize a soil is known as chemical 

stabilization.  Some of the more common additives used in the process are asphalt emulsion, portland 

cement, lime, and fly ash.  The following section gives a description of the uses and mechanisms behind 

each. 

2.2.1Asphalt Emulsion 

An emulsion is a suspension of small globules of one liquid in a second liquid with which the 

first will not mix.  The two liquids that comprise an asphalt emulsion are asphalt and water.  Since oil 

and water do not mix well, an asphalt emulsion contains an emulsifier which prevents the separation of 

the two liquids.  Unlike hot mix, emulsion is used as part of a cold process where no heating of either 

the aggregate or the emulsion is required.  Since one of the components of emulsion is water, it can be 

combined with the base material even if the aggregate is wet.  The final strength of the material develops 

as the emulsion “sets”.  The setting process is also known as the “breaking” of the emulsion.  More 

simply put, the breaking of the emulsion is the process in which the water initially mixed into the 

emulsion separates and eventually makes its way out of the mixture.  This leaves behind only the 

bituminous portion of the original mix. Water can leave the emulsion mixture either by compaction or 

natural evaporation.  

Asphalt emulsion provides various benefits to a recycled base mixture. According to Kandahl 

and Mallick (1997), it helps to increase cohesion and load bearing capacity of a mix.  It also helps in 

rejuvenating and softening the aged binder in the existing asphalt material.  Aside from the structural 

gains by the newly stabilized base, there are other benefits to using emulsion as well.  The lack of heat 

needed for placement of the material allows for a safer working environment for those carrying out the 

process. 

There are many factors that affect the performance of asphalt emulsion. Besides the rate of 

residual asphalt, the variables having a significant effect are the following (AEMA, 1997):  

• Chemical properties of the base asphalt cement 
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• Hardness and quantity of the base asphalt cement 

• Asphalt particle size in the emulsion 

• Type and concentration of the emulsion 

• Manufacturing conditions such as temperatures, pressures, and shear 

• The ionic charge on the emulsion particles 

• The order of addition of the ingredients 

• Type of equipment used in manufacturing the emulsion 

• The property of the emulsifying agent 

• The addition of chemical modifiers  

The above factors can be varied to suit the available aggregates or construction conditions. It is 

always advisable to consult the emulsion supplier with respect to a particular asphalt-aggregate 

combination as there are few absolute rules that will work the same under all conditions. An 

examination of the three main constituents (asphalt, water, and emulsifier or surface-active agent) is 

essential to an understanding of why asphalt emulsions work as they do.  

2.2.2 Portland Cement 

Portland cement is commonly used as a stabilizing agent in FDR projects.  In Texas, portland 

cement has been utilized in approximately 80% of the districts as a chemical additive for base 

stabilization of recycled asphalt mixtures (Scullion et. al., 2003).  Portland cement is a multi-mineral 

compound made up of oxides of calcium, silica, alumina, and iron.  The combination of water, cement, 

and soil form cementitious bonds between the soil particles which facilitate a gain in strength over long 

periods of time (Kandahl and Mallick, 1997).   

2.2.3 Lime 

Lime is another commonly utilized compound used for chemical stabilization of recycled asphalt 

and base courses.  This material exchanges its higher valence cations with the mono-valent cations 

readily available in many soils.  This exchange of ions between the two materials leads to an increase in 

strength of the mixture (Parsons and Milburn, 2003).  Lime is generally used as an additive to mitigate 

the effects of some organics in base materials.  When used as a stabilizing agent in soils, lime can lessen 
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the effects of moisture damage by increasing tensile and compressive strengths of the recycled mix 

(Kandahl and Mallick, 1997). Lime has historically been added to recycled asphalt bases in the form of 

powder or slurry.   

2.3.4 Fly Ash 

Fly ash is an industrial by product that comes from the combustion of fossil fuels in electricity 

generating plants (Parsons and Milburn, 2003).  When coal is burned in these plants, the exhaust from 

the boilers contains fly ash.  Class C fly ash is a pozzolanic material that contains silica, alumina, and 

calcium based minerals.  Much like portland cement, when fly ash is mixed with water cementitious 

bonds are formed which lead to an increase in impermeability and strength of the recycled mix.  Fly ash 

is spread out by a separate machine and then mixed in with the reclaiming machine after initial 

pulverization has been performed (Kandahl and Mallick, 1997).  

2.4 M IX DESIGN PARAMETERS  

Various mix designs have been proposed and implemented by different agencies for use in FDR.  

Different mix design procedures have the following items in common (Newcomb and Salomon, 2000): 

• Collection of road samples 

• Determination of material characteristics of road samples 

• Selection of stabilizing agent 

• Determination of optimum moisture content and/or total liquid content  

• Mixing, compaction, and curing of specimens 

2.5 COLLECTION OF ROAD SAMPLES  

For a mix design to be properly evaluated about 500 lbs of the in-place material are needed.  The 

collection of road samples is typically done with opening a trench at a random location at the site.  The 

HMA layer is also sampled if the construction plans require combining it with the base.  One concern 

with this process is that the sampled material may not be representative of the entire project site. 

Mallick et al. (2001) utilized a coring device to retrieve the materials from a number of locations 

throughout the site to sample the HMA and the base.  Even though more cumbersome, this may be a 

more prudent way of sampling. 
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2.5 MATERIAL CHARACTERIZATION OF ROAD SAMPLES  

The main characterization activity is the determination of the gradation and index properties of 

the retrieved materials with or without RAP.  Of particular interest are the percentages of gravel, sand 

and fines as well as the plasticity index (PI) of the material.  These parameters are used to determine the 

appropriate additives.  If the gradation is not desirable, the addition of virgin materials to the mix will 

also be considered. 

As stated by Epps (1990), the addition of new aggregate to the recycled material appears to be a 

widespread standard practice.  According to his research, 66% of the agencies which were surveyed in 

the study did allow new aggregate to be combined into the existing recycled material.  Adding thickness 

to the stratum and gradation corrections are two of the pavement layers characteristics that can be 

adjusted by the addition of new aggregate in to the mix (Epps, 1990). 

Additional aggregate has also been used during FDR as a means of mechanical modification.  

When used in this context, the new aggregate is added to the mixture to supplement the strength of the 

material.  According to Johnston et al. (2003), a small portion of additional aggregate was added to the 

mix design used in their study in order to improve the physical properties of the mixture; in this case 

strength.  Other organizations allow for the addition of new aggregate to the mixture so as to increase 

the allowable amount of emulsion used.  Pennsylvania reported allowing up to 50% new aggregate to be 

combined with RAP material in order to facilitate the use of additional emulsion in the mixture (Epps, 

1990).  

2.6 EMULSION SELECTION  

The type and amount of emulsion selected is extremely important and thus becomes a matter 

which most mix designs often consider.  A study by Clyne et al. (2003) for the Minnesota DOT 

concentrated on the importance of the proper selection of emulsion for cold-in-place recycling of bases.  

Emulsions are categorized according to the electric charge which surrounds the asphalt particle.  

Emulsions which utilize positively charged asphalt particles are known as cationic emulsions; while 

those which include negatively charged asphalt particles are known as anionic emulsions.  A third 
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category of emulsion known as nonionic, which is neutral, also exists.  However, nonionic emulsions are 

not often used as stabilizing agents in base materials.   

The two commonly used emulsions are then broken down by the speed at which they convert 

back into asphalt.  Mean rapid setting (RS), medium setting (MS), slow setting (SS), and quick setting 

(QS) are the terms used to further identify an emulsion (AEMA, 1997).  Of these four types, SS 

emulsions are generally used for CIR because of their superior ability to coat dense graded aggregates 

(Pouliot et al., 2003). With respect to aggregate-emulsion mixtures, the relationship between the 

aggregate electronic surface charge and the emulsion electronic charge heavily impacts the interaction of 

the emulsion with the aggregate (Ibrahim, 1998).  This being said, emulsion droplets will be most 

attracted to aggregates which bear opposing charges.  An example of this was given by Lesueur and 

Potti (2004). In their study it was determined that siliceous aggregates are said to bear negative charges 

and therefore attract all positively charged droplets.  As such, the compatibility of the emulsion and 

aggregates should be considered. 

2.7 OPTIMUM EMULSION CONTENT  

The optimum emulsion content for a material is defined by several agencies as the amount of 

emulsion added to a material which meets minimum strength requirements defined by the particular 

agency.  However, some agencies chose to use empirical values based on emulsion type as their base 

emulsion content and adjust according to the materials characteristics.  Other agencies utilize the 

modulus of the mix to determine the optimum emulsion content, as the modulus is a more appropriate 

parameter for design of pavements. 

2.8 WATER CONTENT  

Like all granular materials, water is added to the mix so that maximum density can be achieved.  

The total amount of mixing water required is not the same for every material combination.  The water 

required for maximum dispersion of the emulsion to occur varies by type of emulsion.  According to 

Mallick et al. (2001), the mixing water and the water contained in the emulsion work together to aid in 

compaction of the specimen.  The amount of mixing water is generally less than the optimum moisture 

content of the recycled base material without a bituminous additive (Ibrahim, 1998).  
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No firm guideline for selecting the amount of additional mixing water is available.  One of the 

more prevalent practices is to add a percentage of the traditional moisture content to the material first 

based on the sand equivalency of the material.  This value is anywhere from 50% to 80% of the 

optimum moisture content.  Some other organizations arbitrarily select anywhere from 0% to 3% water 

(by weight of dry material) to be added to the mix. 

2.9 OVERVIEW OF VARIOUS M IX DESIGNS  

An extensive review of the specifications of a number of highway agencies was carried out.  For 

the most part, those specifications leave the mix design to the contractor.  In this section, some typical 

specifications are reviewed.   

2.9.1 Missouri   

The Missouri DOT (MoDOT) utilizes a similar practice to Texas for determining the appropriate 

mix design.  (Texas’ guideline is described in chapter three of this report.)  The differences are 

essentially in the method of sample preparation The MoDOT method utilizes the Superpave Gyratory 

Compactor (SGC) for compaction.  Also, the allowable curing time for strength (2 hours) is less than 

that of Texas.  This guideline also specifies that the additional water content should be 65% of the OMC 

of the raw material.  Strength requirements for MoDOT are included in Table 2.1. 

Table 2.1 - MoDOT Min Strength Requirements 

Criteria Property < 10% passing No. 200 > 10% passing No. 200 
Compaction effort, SGC 1.25° angle, 600 kPa, 30 gyrations 

Short term strength test - modified 
cohesiometer, ASTM D 1560-92, psi 200 min. 150 min. 

Indirect tensile strength test - ASTM D 4867 
Part 8.11.1, 25 C, psi 45 min. 40 min. 

Conditioned ITS, ASTM D 4867 (see note 1), 
psi 25 min. 20 min. 

Resilient modulus, ASTM D 4123, 25 C, psi 175,000 min. 150,000 min. 
Thermal cracking (IDT), AASHTO TP 9-96 

(Based on LTPP Binder for climate) See note in appendix 
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2.9.3 Maine 

No specific mix design process is outlined in Maine’s specification.  The mix design is carried 

out following the recommendations made by Mallick et al. (2001).  Compaction of the specimens is 

achieved using 50 gyrations of a SGC with a specially fabricated mold which has holes in it that allows 

loose water to escape during the compaction process.  The specimens are tested after they are placed in a 

40ºC oven for 7 days.  They are then subjected to both resilient modulus and indirect tensile testing.  The 

minimum strength and modulus requirements are not evident. 

2.9.4 Chevron 

Chevron USA, Inc. makes use of an equation to estimate the initial emulsion content for use in 

FDR.  Under the Chevron mix design system, the initial emulsion estimate (Pc) is based on aggregate 

gradation and emulsion residue.  Once these parameters have been determined, they are input into the 

following equation (Epps, 1990): 

Pc = (0.5A+0.1B+0.5C)-Pa(Pp/R)        (2.1) 

where:  

A = amount of aggregate retained on No. 8 sieve (%),  

B = amount of aggregate passing the #8 sieve and retained on No. 200 (%),  

C = amount of aggregate passing No. 200 sieve (%),  

Pa = amount of asphalt in reclaimed asphalt pavement (%),  

Pp = percent reclaimed asphalt pavement in the recycled mix, and  

R = percent emulsion residue (normally 60% – 65%) 

 

After the initial emulsion quantity is determined, trial mixes are then prepared at 1% below and 1 

and 2% above the estimated value.  According to Chevron specifications, the trial mixes shall never 

contain less than 2% emulsion.  Laboratory testing is then carried out on all specimens.  The emulsion 

quantity that meets the minimum requirements outlined in Figure 2.2 is then selected as the design 

emulsion content.   
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Figure 2.1 – Specifications of Chevron USA, Inc. for Mix Design (after Epps, 1990) 

 2.10 STRENGTH CHARACTERISTICS  

A number of studies looking into the mechanical properties of recycled materials stabilized with 

emulsion and other additives have been carried out.  In each of these studies, researchers employed 
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different test methods to quantify the effects of calcium-based additives on the emulsion stabilized 

material.  However, since in-situ field evaluation is not common, laboratory testing is often used as a 

means to quantify the effects of dual stabilization on in-place materials.  A survey of those studies and 

their results are reported in this section.   

James et al. (1996) performed a study to gain more insight into the behavior of emulsion in 

mixtures as well as measure the effects of cement when mixed with emulsion and recycled aggregate.  

Various tests were run on emulsion-cement mixtures where the percentage of cement (by weight of total 

solids) varied.  With respect to the mechanical tests performed on the specimens, the results are as 

follows:   

• The modulus increased with an increase in cement content   

• The specimen’s resistance to permanent deformation was also increased after the addition 

of cement to the mixture 

Cement and lime have been found to be similar in their ability to improve the quality of base 

materials.  Cross (2000) evaluated the effects of hydrated lime slurry (HLS) when used in conjunction 

with asphalt emulsion in CIR projects.  In order to quantify the effects of lime on emulsion-RAP 

mixtures the specimens were subjected to various strength tests including indirect tensile strength, 

resilient modulus, and permanent deformation.  The addition of HLS to emulsion stabilized base 

materials led to an improvement in the material properties that affect the performance of pavements.  

HLS resulted in an increase in tensile strength and resilient modulus.  The addition of HLS to the 

mixture also aided in enhancing the materials ability to resist permanent deformation (Cross, 2000). 

2.11 CLIMACTIC CONDITIONS  

FDR is influenced by weather conditions both during and after it is performed.  Two factors that 

greatly affect the FDR process are the ambient temperature and moisture conditions of the surrounding 

area (Salomon and Newcomb, 2001).  Several studies have been performed in attempt to quantify the 

effects of climactic conditions on dual stabilized bases.   

It has been shown that the addition of either lime or cement to emulsion-RAP mixes aids in 

increasing a materials resistance to moisture-induced damage.  Mallick et al. (2002) performed indirect 

tensile tests on emulsion-stabilized base materials with the addition of either cement or lime to the 
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mixture.  Results from these investigations showed significant gains in indirect tensile strength when 

compared to emulsion only mixtures under wet conditions.   

Brown and Needham (2000) also attempted to quantify the effects of both lime and portland 

cement on emulsion stabilized mixtures.  During this study specimens were tested for modulus after an 

initial soaking period and then again after a second soaking period.  Results from these tests showed that 

the modulus increased with the addition of either cement or lime into the mixture when compared to 

specimens that did not have a calcium-based additive.  Even additions of small amounts of cement to 

bituminous-RAP mixtures have shown to increase a material’s modulus.  The inclusion of 1% cement to 

RAP-emulsion mixtures can lead to increases in wet stiffness modulus of more than half when compared 

to the dry results (James and Needham, 1996).   

An additional procedure by which moisture induced damage can be quantified is by evaluating 

the materials ability to resist permanent deformation; also under both dry and wet conditions.  It has 

been shown that the addition of lime to emulsion stabilized bases significantly increases the materials 

resistance to permanent deformation (Cross, 1999).   

Another important factor that has been analyzed by researchers is the materials ability to 

withstand various freeze-thaw cycles throughout the course of its lifetime.  Testing performed on 

emulsion-lime mixtures has shown that freeze-thaw damage resistance increases when compared to 

specimens that do not contain emulsion in the mixture.  It has been suggested that this is true due to 

asphalts inherent ability to flex (Cross and Young, 1997).   

2.12 CURING TIME  

Maximum strength gain is reached when dual-stabilized bases lose their initial water and are 

fully cured.  It was shown by James et al. (1996) that the rate of strength gain with respect to curing time 

is directly related to increasing amounts of cement in the mixture.  Coalescence tests performed by 

Brown and Needham (2000) showed that the breaking times of cement-emulsion mixtures decrease with 

increasing cement content.  These findings suggest overall improved curing rates of the material.  

An alternative approach to accelerate the curing process has been implemented by the Oregon 

Department of Transportation (ODOT).  The agency has found that heating the mix water as well as the 

emulsion to temperatures between 49-60ºC helps to reduce cure times.  It is the opinion of ODOT field 
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personal that this process reduces curing problems in construction projects being carried out under cool 

or damp ambient conditions (Rogue et al., 1992).   
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Chapter 3 - Overview of Procedures Used in Texas 

 

3.1 INTRODUCTION  

Currently, all road rehabilitation projects with asphalt emulsion treatment in Texas follow the 

“Special Specification-Emulsion Treatment (Road Mixed)” drafted by TxDOT and “Mix Design 

Procedure-Emulsion Treatment (Road Mixed)” drafted by SemMaterials.  The two procedures are 

similar to each other being that they share the same minimum strength.  However the procedure of 

SemMaterials is more specific than that of TxDOT in the following aspects: 

• Apparatus required to perform laboratory tests for the mix design  

• Sieve analysis of constituent materials to be used in the mixture performed individually 

• Determination of correct blend ratio of materials (RAP/old base/add-rock) used for 

construction is detailed 

• Approximate starting emulsion contents for materials 

• Mixing procedure  

• Compacting procedure  

• Curing regimens for strength testing of specimens 

Both of these procedures were evaluated before the initiation of laboratory testing for this study; 

as such, a general overview of these two procedures is given in this chapter.   

3.2 TXDOT 

The current Special Specification provided by TxDOT for the use of dual stabilization is a 

performance based guideline.  There are no specific directions for determining the optimum emulsion 

content  for the emulsion/base mixture.  Likewise, nor are there any specifications which outline a 

procedure for determining the optimum amount of calcium-based additive.  A list of general 

requirements for strength and other relevant parameters is proposed in the Special Specification. The 

specification can be viewed in its entirety in Appendix A provided at the end of this report.   
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The performance tests selected in the TxDOT Special Specification and the criteria for 

acceptance currently used to design are included in Table 3.1. Acceptance values for the unconfined 

compressive strength (UCS), indirect tensile strength (IDT) and the retained unconfined compressive 

strength are provided.  The Tube Suction Test (TST) and the modulus (stiffness) tests do not have 

specified acceptance values but are required to be reported to the department.   

Table 3.1 – Laboratory Mix Design Properties and Testing Methods 

Property and Testing Criteria 
Unconfined Compressive Strength (UCS), Tex 117 150 psi min. 
Indirect Tensile Strength (IDTS), Tex-226-F1 50 psi min. 
Dielectric Constant, Tube Suction Test (TST), Tex-144-E  Report 
Retained Unconfined Compressive Strength, Tex-117-E 80% min. 
Resilient Modulus (AASHTO T-307) Report 
Modulus, Free-free Resonant Column Test (Tex-149-E) Report 
1. Specimens will be cured 72 hr. at 104°F before testing  

 

The procedure refers to Tex-113 “Laboratory Compaction Characteristics and Moisture-Density 

Relationships of Base Materials” as the proper method for preparing materials undergoing UCS testing.  

The TxDOT specification uses Tex-117-E “Triaxial Compression for Disturbed Soils and Base 

Materials” as the procedure for carrying out UCS testing.  Stated within Tex-117 are the specifications 

for sample preparation.  In the case of IDT testing, the specification requires the use of procedure Tex-

226-F “Indirect Tensile Strength Test”.  In turn, this procedure specifies the use of Tex 241-F 

“Superpave Gyratory Compaction of Test Specimens of Bituminous Mixtures” in order to prepare the 

samples for testing.  After compaction of the IDT specimens, the specification calls for a 3 day cure 

period in which the specimens are placed in an oven set at 104°F; after which , they are subjected to IDT 

testing under a controlled rate of deformation (2 in./min).  The specific tests outlined have been 

historically used for classification of non-stabilized bases or materials that utilize a cementitious additive 

only. 

According to the Special Specification, the retained UCS values are also found as per Tex-117-E 

and a procedure similar to that outlined by Tex-144-E “Tube Suction Test”. This procedure calls for an 

8-day saturation period in which the specimens are placed on porous stones surrounded by a 

predetermined amount of water.  The general idea is that the water will be distributed within the 



19 

specimen through the natural capillary absorption process.  Upon completion of the saturation period, 

the specimens are then subjected to compression testing.  A ratio between the original UCS value and 

that of the specimen subjected to moisture susceptibility testing is then calculated.   

During the saturation process, the dielectric constant of the material is read on a daily basis.  The 

final dielectric value is then reported so as to comply with the requirements in the Special Specification.  

The modulus value of all the specimens undergoing strength testing is measured on a daily basis as well.  

In order to determine the modulus of an individual UCS specimen, a testing device known as the Free-

free Resonant Column (FFRC) is utilized.  Modulus values for IDT specimens are measured utilizing a 

device know as a V-Meter.  Both methods are non-destructive forms of measuring the stiffness of both 

granular as well as non-granular materials and are common practice for TxDOT personnel.  The resilient 

modulus of the material is measured by utilizing AASHTO T-307 “Standard Method of Test for 

Determining the Resilient Modulus of Soils and Aggregate Materials“.  It should be noted that the curing 

regimens as well as general testing procedures outlined for each set of tests may not be the most suitable 

for these types of materials and are part the basis for this research.   

3.3 SEM MATERIALS  

The SEM Materials (SEM) procedure is also performance based; however, the guidelines are 

more specific with regards to achieving a final mix design than those of TxDOT.  The minimum strength 

requirements for UCS and IDT are the same as those in Table 3.1.  In addition, an exact process for 

determining the necessary amounts of moisture and emulsion are stated. A draft version of this 

procedure can be viewed in its entirety in Appendix B provided at the end of this report.   

This procedure also outlines the equipment necessary for performing a mix design on any given 

emulsion treated base material.  The apparatus required are for the most part standard testing devices 

and will not be mentioned here.  As such, any device that is not generally used in laboratory testing of 

base materials will be described in the text.   

It is stated in the SEM procedure that the correct blend ratio must be determined.  This blend 

ratio is generally proportional to the amount of materials (RAP/old base/add-rock) which will be used 

during field construction.  After which, the correct amount of each type of aggregate is gathered from 

the construction site.  The materials are then dried and the RAP is crushed.  A sieve analysis is run on all 
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of the materials to be used in the mixture on an individual basis.  The Plasticity Index and Sand 

Equivalency values of the old base and add-rock are determined using existing standard TxDOT 

procedures.  The Methelyne Blue Value of the materials is determined utilizing AASHTO TP-57.  These 

values are considered as optional testing which is simply for characterization of the constituent 

aggregates and are not used for further mix design calculations.   

Once these tests have been performed, a predetermined amount of specimens are then batched 

accordingly with respect to the design ratio.  Different size batches are required depending on whether 

the material will be used for UCS or IDT testing.  After batching the required number of specimens, the 

optimum moisture content (OMC) of the material is then found utilizing Tex-113-E.  However, 

emulsion is added to the material along with the mixing water.  According to the procedure, the amount 

of emulsion to be added is defined on an arbitrary basis as shown in Figure 3.1.  This figure provides a 

suggested starting emulsion content to be used depending on the region of the state from which the 

material was gathered.   

 

Figure 3.1 – Initial Emulsion Contents Suggested by SEM’s Procedure 

 

Before adding the emulsion to the mixture water is combined with the dry aggregate.  The wetted 

material is then allowed to sit for a minimum of twelve hours before any stabilizer is added.  The 

emulsion is then mixed into the material.  After the addition of emulsion to the material, the entire batch 

is then mixed using a high-shear mechanical mixer for approximately 60 seconds.  At that point the 
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mixture is transferred to a plastic container and placed in an oven set to 140°F for 30 minutes.  The 

combination of additives as well as the mixing process is the same for both UCS and IDT specimens.   

After allowing the emulsion/aggregate mixture to cure, the material is then compacted utilizing 

the procedures outlined in Tex-113-E for those specimens undergoing UCS testing.  In order to perform 

IDT testing, the material is compacted using a Superpave Gyratory Compacter (SGC).  The number of 

gyrations used for compaction is 30.  Also stated in the SEM procedure are the final dimensions of the 

IDT specimens.  These specimens should be 6 in. in diameter and 3.75 in. in height.  Where as the 

TxDOT procedure calls for the use of specimen that is only 2.4 in in height. 

After compaction, the specimens are then allowed to cure for a given period of time and at a 

predetermined temperature, depending on the test being performed.  For UCS testing, the specimens are 

cured at 140°F for 48 hours.  IDT specimens are subjected to a curing regimen of 72 hours at 104°F 

similar to that of the TxDOT procedure.  After which, both sets of specimens are allowed to cool to 

ambient temperature before undergoing strength testing.  Moisture susceptibly tests are performed on 

specimens prepared in a similar manner as that described above for UCS testing.  FFRC testing is also 

performed on the UCS specimens in order to determine the modulus of the material.  One specimen 

prepared in a manner similar to those undergoing UCS testing is prepared for the purposes of carrying 

out the resilient modulus test in accordance with the AASHTO T-307 procedure.  

 In order to determine the amount of calcium based additive required, two extra specimens of 

each type (UCS and IDT) are prepared.  The initial moisture content to be added to the dry material is 

not adjusted.  After allowing the wetted mixture to sit for 12 hours the dry additive is then combined into 

the material.  After which emulsion is added to the material according to the emulsion content 

previously selected.   

If the minimum strength requirements are met by the emulsion only specimens, that would be the 

design reported.  In the case where a design is not achieved, this process is carried out again, increasing 

the amount of emulsion used in the mix until the minimum strength requirements are met.  No mention 

of the use of the dual stabilized materials is made.   
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Chapter 4 - Laboratory Testing – Initial Mix Design 

 

4.1 INTRODUCTION  

The objective of the mix design is to determine the type and content of asphalt and/or calcium-

based additives and to evaluate the improvement of engineering properties with varying contents of the 

selected additive(s).  Due to the ambiguity of the current specification with regards to how a mix design 

procedure should be carried out, an “initial” mix design study was performed.  In this section of the 

report a detailed description of how the final mix designs used in this study were selected.   

4.2 MATERIAL SELECTION  

A survey was conducted to identify the activities related to the use of the dual-stabilized bases 

throughout Texas, as well as to identify possible sites to be incorporated in this study.  Survey responses 

were received from the following 19 districts: Abilene, Amarillo, Atlanta, Austin, Beaumont, 

Brownwood, Bryan, Childress, El Paso, Fort Worth, Houston, Lubbock, Lufkin, Odessa, Paris, San 

Angelo, Tyler, Waco, Wichita Falls, and Yoakum.   

Materials from three sources were selected to generate a baseline for verification of the outcome 

of this project.  These materials were selected after carefully reviewing the responses from the 

questionnaire.  In addition, granite from a local quarry was included in this study to cover a wider 

spectrum of materials.  A fifth material was selected also based on the responses from the initial 

questionnaire; this material was used as a verification of the preliminary guideline (the validation 

material is incorporated in another report provide to TxDOT and is not included in this thesis). The five 

base materials that were selected for the overall study were: 

• El Paso Base from CEMEX McKelligon Canyon Quarry due to availability. 

• Material from Martin Marietta Pit in San Antonio that is either used extensively as add 

rock or widening of shoulders in the San Antonio District. 

• Materials from FM 154 project in Fayette County, Yoakum District which included the 

old RAP (18%) and base (53%) as well as add-rock (29%). 
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• Materials from US 287 project in Armstrong County, Amarillo District which include the 

old RAP (80%) and base (20%).  

• Materials from FM 2790 project in Atascosa County, San Antonio District which 

included a mixture of old RAP (42%) old base (30%) and virgin aggregate from San 

Antonio Quarry (28%).  

4.3 AGGREGATES PROPERTIES 

The gradation, soil classification and index parameters of raw materials from the two quarries (El 

Paso and San Antonio) and from the in place base courses (FM 154 in Yoakum, US 287 in Amarillo and 

FM 2790) as well as the add-rock used for FM 154 are summarized in Table 4.1. 

Table 4.1 – Gradation, Soil Classification and Atterberg Limits of Raw Base Materials 

Gradation Classification Atterberg 
Limits Material 

Gravel Coarse 
Sand 

Fine 
Sand Fines USCS AASHTO LL PI 

Sand 
Equivalency 

El Paso 55 22 18 5 GW A-2-4 27 8 53 
San Antonio 51 25 23 1 GP A-2-4 20 8 33 

Yoakum 
Add-Rock 54 35 7 3 GP A-2-6 21 12 13 

Yoakum Base 43 31 24 2 SP A-2-4 17 8 63 
Amarillo Base 26 32 27 15 SC-SM A-2-6 26 18 13 

FM 2790 
Base 45 21 10 3 SP N/A N/A N/A N/A 

FM 2790 Add 
Rock 51 25 23 1 GP A-2-4 20 8 33 

 

To prepare the materials for initial testing, the entire stock of material brought from a quarry or a 

project (including RAP and/or add-rock as per the blend ratio used in construction) was sieved to 

develop the global gradation curve which was used throughout the study for that particular material or 

material combination.  The gradation curves for the El Paso, San Antonio, Amarillo, and Yoakum 

materials are included in Figure 4.1.  For reference, the lower and upper limits of gradation required by 

TxDOT Item 247 for Grade 1 base are also included in the figure.  

The toughness of coarse aggregates was measured through two tests called the Aggregate Impact 

Value (AIV) and Aggregate Crushing Value (ACV) under British Standard 812.  For AIV, a coarse 
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aggregate sample passing the 1/2 in. sieve and retained on the 3/8 in. sieve is placed within a mold 

(shown in Figure 4.2) to perform the test. The sample is subjected to 15 blows of a 30 lb falling hammer 

dropped from a height of 15 in. to simulate its resistance to rapid loading.  A sieve analysis is then 

performed on the resulting sample.  The AIV being the amount of material passing the No. 8 sieve; 

expressed as a percentage of the initial sample weight: 

 

AIV = M2/M1 x 100%          (4.1) 

where: 

M1 is the mass of test specimen and  

M2 is the mass of the specimen passing the No. 8 sieve.   
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Figure 4.1 – Global Gradation Curves for materials Used in Preparing Specimens 
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The AIV can be performed either on a dry specimen (called the dry AIV) or on specimens 

soaked for 24 hours in water (called the wet AIV).  A value of less than 30 is usually indicative of a 

reasonably good material.  The AIV for each of the raw base materials used in this study are 

summarized in Table 4.2.  Based on this criterion, the San Antonio material and the Amarillo material 

when wet may be of concern.  With regards to the material which comprises FM 2790; it also shows 

cause for alarm.  Both of its constituents resulted in high AIV values especially under wet conditions.  

The gradations of materials after performing the AIV tests are also shown in Table 4.2.   

 

Figure 4.2 – Test Apparatuses for Aggregate Impact Value (Left)  and Aggregate Crushing Value 
(Right) 

On the other hand, the ACV of a material indicates the ability of an aggregate to resist crushing. 

The lower the value, the stronger the aggregate or the greater its ability to resist crushing will be.  A 

sample of aggregate passing through the 1/2 in. sieve and retained on the 3/8 in. sieve is placed in a steel 

mold.  A steel plunger is then inserted into the mold directly on top of the aggregate (see Figure 4.2). 
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The aggregate is then subjected to a force rising to 90 kip over a period of 10 min. This test is typically 

performed with a concrete compression machine.  

Similar to the AIV procedure, the resulting sample is then subjected to a sieve analysis. Once 

again, the material passing the No. 8 sieve is represented as a percentage of the original mass. This 

percentage is known as the ACV of the aggregate.  Equation 4.1 is also used to perform the calculation 

of ACV.  The ACV values of the materials are summarized in Table 4.3.  Under this test, the San 

Antonio material and the old base materials from Amarillo, Yoakum and FM 2790 are of concern. 

Table 4.2 – AIVs of Materials along with Gradations after Testing 

Gradation, Individual Retained (%) 
Material AIV 

Gravel Coarse 
Sand Fine Sand Fines 

Dry 14 78 16 3 3 El Paso  
(Quarry) Wet 20 69 20 8 3 

Dry 25 62 28 6 5 San Antonio 
(Quarry) Wet 29 59 24 5 12 

Dry 13 71 23 4 2 Yoakum Add-
Rock Wet 18 69 25 4 1 

Dry 17 79 17 3 1 Yoakum Old 
Base Wet 19 72 23 4 1 

Dry 16 77 16 5 2 Amarillo Old 
Base Wet 22 67 24 7 2 

Dry 18 37 6 1 0 FM 2790 Old 
Base Wet 22 34 6 1 1 

Dry 25 62 28 6 5 FM 2790 New 
Base Wet 29 59 24 5 12 
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Table 4.3 – ACVs of Materials along with Gradations after Testing 

Gradation, Individual Retained (%) 
Material ACV 

Gravel Coarse Sand Fine Sand Fines 

El Paso (Quarry) 19 66 27 4 3 
San Antonio (Quarry) 31 51 36 7 6 

Yoakum Add-rock 21 54 38 7 1 
Yoakum Old Base 27 66 27 6 2 
Amarillo Old Base 34 51 32 12 5 
FM 2790 Old Base 26 38 10 5 2.19 
FM 2790 New Base 31 51 36 7 6 

4.4 SPECIMEN PREPARATION  

Several different tests were run on the materials used in this study including, UCS, IDT; TST, 

and resilient modulus.  All testing conducted on the materials was performed in accordance with its 

respective TxDOT laboratory procedure.  For UCS and resilient modulus tests, the samples were 

prepared as per Tex-113-E, with the following variations due to the addition of emulsion to the mixture.   

• After allowing the wetted material to mellow in a sealed container for a minimum of 12 

hours, the emulsion was then added to the mixture.   

• The emulsion/aggregate combination was then blended in a high-shear mechanical mixer 

rotating at 60 revolutions per minute for 1 minute.   

• The material was then transferred into 6 in. diameter containers and placed in an oven at 

140oF for thirty minutes.   

Initially, a total of three different sets of test specimens were prepared.  UCS and moisture 

conditioning tests were conducted on specimens of 6 in. in diameter and 8 in. in height.  The IDT 

specimens were 6 in. in diameter and 4.5 in. in height and compacted using a SGC for a total of 30 

gyrations.  For resilient modulus test, specimens measuring 6 in. in diameter and 12 in. in height were 

prepared as per Tex-113-E also. 

4.5 SELECTION OF OPTIMUM TOTAL L IQUID CONTENT  

The current guideline is vague in terms of the selection of the optimum Total Liquid Content 

(TLC).  The recommended moisture content (mixing water only not including emulsion) in the literature 
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is 50% to 75% of the traditional OMC for a base material treated with asphalt emulsion.  To investigate 

the most appropriate initial moisture and emulsion contents for emulsion-treated materials, an 

experimental study was carried out.  The matrix shown in table 4.4 was used for this portion of the 

study. 

Table 4.4 – Testing Matrix to Evaluate TLC/Moisture/Strength Relationship 

Initial 

Mixing 

Water 

45% of OMC 60% of OMC 75% of OMC 

Emulsion 

Content 
0% 3% 5% 7% 0% 3% 5% 7% 0% 3% 5% 7% 

UCS UCS UCS UCS UCS UCS UCS UCS UCS UCS UCS UCS 

TST TST TST TST TST TST TST TST TST TST TST TST 
Tests 

Performed 
IDT IDT IDT IDT IDT IDT IDT IDT IDT IDT IDT IDT 

 

The determination of the OMC is particularly important when the material is mixed with the 

stabilizer.  Once the OMC for a particular material was determined, the impact of emulsion on the 

strength parameters of the mix was evaluated.  IStrength test specimens were prepared at 45%, 60%, and 

75% of their OMC determined from the traditional moisture-density (MD) curves for each material.  

Emulsion contents of 0%, 3%, 5%, and 7% were studied at the three different moisture levels.   

A comparison of the TLC-density curves for the three selected moisture contents and the MD 

curves for each of the four materials used in this study is shown in Figure 4.3.  For materials from El 

Paso, San Antonio and Yoakum with 45% of the OMC, the TLC-density curves are similar to the MD 

curves.  However, the corresponding maximum dry densities are lower than when the specimens are 

prepared with water only by several pounds per cubic foot. For water contents of 60% and 75% of the 

OMC, it seems that the maximum density is obtained when no emulsion is added.  This phenomena is 

more than likely due to the water that is contained in the emulsion during initial compaction and will be 

discussed in a later chapter.  



29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 – Variations in Density with Total Liquid Content at Different Initial Water Contents 
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4.6 STRENGTHS OF SPECIMENS WITH EMULSION ONLY  

The UCS tests were performed on all four materials for each moisture content and emulsion 

content.  The results from these tests are shown in Figure 4.4.  Only the El Paso mix with 3% emulsion 

and 60% of the OMC and the San Antonio mix with 5% emulsion and 60% of the OMC provided the 

required strength of 150 pounds per square inch (psi).  As a comparison, the strengths with the 

corresponding moisture contents and with no emulsion at all were also measured.  An average 100 psi of 

strength can be achieved by simply curing the specimens under the same curing condition (at 140°F for 

48 hrs) as used for emulsion mixes.  For specimens with 60% and 75% of the OMC, the addition of 

emulsion generally results in a reduction in strength.  This may be the effect of excess of moisture (from 

both mixing water and emulsion) in the specimen.  The interaction of moisture introduced into the 

specimen from both the mixing water and emulsion is discussed in more detail in chapter 6.   

The results from the IDT tests are shown in Figure 4.5.  None of the El Paso mixes provided the 

required tensile strength of 50 psi, even for the specimens with 3% emulsion and 60% of the OMC 

which previously provided the required UCS strength.  For the San Antonio material, a number of 

mixes, in particular, the mix with 5% emulsion and 60% of the OMC provided adequate IDT strength 

values.  With respect to the Amarillo material, the addition of emulsion reduced the tensile strengths.  

Unlike the other three materials used in this study, one specimen without emulsion actually provided the 

50 psi threshold required.  This occurrence could possibly be attributed to the high RAP content of the 

mix (80%).  It is likely that the high curing temperature used in this study actually causes the RAP to 

soften and bind the mix together.  The Yoakum specimens with 18% RAP also provided higher IDTS as 

compared to the San Antonio and El Paso mixes.  This trend however was not as pronounced for the 

Amarillo materials.   

In general, one can observe the substantial increase in IDT from the specimens with emulsion as 

compared to those without emulsion when RAP is not included or the RAP content is a small proportion 

of the mix.  This can be considered the “value-added” benefit of using emulsion.  The increased tensile 

strength may impede the cracking of the pavement.  At higher moisture and emulsion contents, the 

benefits of the emulsion are significantly diminished.   
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Another benefit of the addition of emulsion can be observed in Figure 4.6, where the strains at 

failure are plotted.  The higher the strain at failure is, the less brittle the material will become, and a 

lower potential for cracking can be anticipated.  As the emulsion content increases, the strain at failure 

increases for almost all materials.  The increase in strain seems to be independent of the added initial 

moisture content.  This benefit is more pronounced for the El Paso and San Antonio materials perhaps 

due to their lower fine content and lack of RAP.   

In order to further investigate the possible benefits of emulsion treatment, IDT tests were carried 

out on specimens moisture-conditioned for 10 days after 2-day dry cure.  As shown in Figure 4.7, the 

retained tensile strengths for all mixes with emulsion are greater than 80% which is the value required 

by the TxDOT Special Specification for retained unconfined compressive strength. According to these 

results, it seems that improved moisture susceptibility may be another benefit of using emulsion.  Based 

on the results from both UCS and IDT tests, the possibility of improving the engineering properties of 

materials with dual stabilizer (asphalt emulsion plus the calcium-based additives such as lime or cement) 

was studied next.  
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Figure 4.4 – Unconfined Compressive Strengths for Materials with Different Moisture and Emulsion Contents  
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Figure 4.5 - Indirect Tensile Strengths for Materials with Different Moisture and Emulsion Contents 
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Figure 4.6 – Variations in Strains at Failure with Different Moisture and Emulsion Contents 
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Figure 4.7 - Retained Indirect Tensile Strengths 

4.7 COMPARISON OF STRENGTHS WITH DUAL STABILIZER AND OTHER OPTIONS 

As shown in the previous section, only the San Antonio material met the required the strength 

criteria using only emulsion as a stabilzer.  Due to the fact that most all of the materials attained 

marginal results with the addition of 3% emulsion, this quantity was used for the dual stabilization part 

of the research.  Specimens were prepared which contained a combination of either 0 or 3% emulsion 

and 1 or 2% cement or lime.   

The UCS strengths for the El Paso material (without RAP) and the Yoakum material (with RAP) 

treated with dual stabilizer and other options are compared in Figure 4.8.  For the El Paso material, the 

addition of 1% cement or lime to 3% emulsion provided adequate compressive strength (see Figure 4.8).  

By way of comparison, the UCS results for the mixes with 1% and 2% cement and lime (without 

emulsion) are also included in Figure 4.8.  Adding 2% cement without emulsion provided a strength of 

170 psi.  Even though it is not shown not shown here, the addition of 4% cement alone provided UCS 

strength in excess of 400 psi.  These results are shown to provoke a discussion on the cost-benefit of 

considering different additives if climactic conditions permit and where emulsion costs may be high.  



36 

UCS results for the Yoakum material with different additives are shown in Figure 4.8 as well.  The UCS 

values of all mixes are greater than 150 psi. 

Similarly, the IDTS values for the mixes with different additives or their combinations are shown 

in Figure 4.9.  For the El Paso material, only the mix with 2% cement satisfied the 50 psi value as 

required by the TxDOT Special Specification.  Of the Yoakum specimens, either 2% cement or 3% 

emulsion plus 1% lime met the requirement.  For the Amarillo material, the optimum combination of 

additives consisted of 1% cement and 3% emulsion. With such a treatment, the UCS and IDT values are 

195 psi and 63 psi, respectively, as compared to the highest values of 140 psi and 49 psi obtained for the 

specimens treated with emulsion only. 
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Figure 4.8- Unconfined Compressive Strengths for El Paso and Yoakum Materials  
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Figure 4.9- Indirect Tensile Strengths for El Paso and Yoakum Materials 
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4.8 MOISTURE CONDITIONING TESTING 

As stated earlier, moisture conditioning testing was performed on the materials using Tex-144-E 

“Tube Suction Test”  This test provides two major parameters: the dielectric constant and retained 

strength.  During this process, the dielectric constant is measured on a daily basis and recorded.  

Typically, a dielectric value of ten or less is desirable (the dielectric constant of water is 80).  As 

reflected in Figure 4.10, for all mixes and emulsion contents, the dielectric values are less than 10.  

Whereas, the dielectric values from the materials without emulsion are greater.  Soil suction, 

permeability and the state of bonding of water that accumulates within the aggregate matrix are the most 

important parameters impacting the dielectric constant.  Preliminarily, a decrease in permeability will 

normally result in a reduction in dielectric constant.  These results confirm that the moisture 

susceptibility of these materials is decreased with the addition of emulsion.   

The retained strength is actually the ratio of the UCS values from moisture conditioned and 

unconditioned specimens.  As reflected in Figure 4.11, all retained strengths were above 100% for mixes 

with 5% and 7% emulsions.  However, for the San Antonio material with 3% emulsion, the retained 

strength is below 80%, required by the specification.  This occurs because of the excess fine content in 

the San Antonio mix which may provide adequate suction and permeability to allow moisture to be 

absorbed by the specimens with low emulsion content.  With respect to the Amarillo material, the entire 

matrix of test specimens attained adequate retained compressive strength values with the exception of 

those which did not contain emulsion.  Once again without any additives, the retained strengths of all 

materials are substantially lower than mixes with added emulsion. 

The FFRC tests were performed shortly prior to carrying out compression testing for all 

specimens and the results are shown in Figure 4.12.  Similar to the retained strength, the retained 

modulus is defined as the ratio of the modulus values from moisture conditioned and non-moisture 

conditioned specimens.  The retained moduli from the TST specimens are shown in Figure 4.13.  It can 

be seen that the mixes with emulsion generally yield a value greater than 100%.  The mixes without 

emulsion perform quite poorly under the moisture conditioning circumstance with retained moduli of 

less than 15%..
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Figure 4.10 – Dielectric Constants for Materials with Different Moisture and Emulsion Contents from TST Specimens  
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Figure 4.11 – Retained Strengths for Materials with Different Moisture and Emulsion Contents from TST Specimens  
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Figure 4.12 - Seismic Moduli for Materials with Different Moisture and Emulsion Contents from UCS Specimens 
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Figure 4.13 - Retained Moduli for Materials with Different Moisture and Emulsion Contents from TST
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4.9 RESILIENT MODULUS TEST 

The resilient modulus test is advocated in almost all mechanistic-empirical design methods.  

TxDOT currently does not have a protocol for performing resilient modulus tests on base materials.  

AASHTO T-307 protocol describes the test procedure for the determination of resilient modulus.  The 

step-by-step procedure used to determine the resilient moduli of different materials can be found in 

Nazarian et al. (1999).  The setup required to carry out the tests is shown in Figure 4.14.  A repeated 

axial cyclic stress of fixed magnitude, load duration, and cycle duration is applied to a test specimen. 

During testing, the specimen is subjected to a dynamic cyclic stress and a static-confining pressure 

provided by means of a triaxial pressure chamber.  The total resilient (recoverable) axial deformation 

response of the specimen is measured and used to calculate the resilient modulus.  The sequence used in 

this project is a modified version of the sequence provided in AASTHO T-307.  The test is begun by 

applying 1000 repetitions of a load equivalent to a maximum axial stress of 15 psi at a confining 

pressure of 15 psi.  This is followed by a sequence of loadings with varying confining pressures and 

deviator stresses. In this study a combination of confining pressures of 3, 5, 10, 15 and 20 psi and 

deviatoric stresses of 1, 2, 3, 5, 6, 9, 10, 15, 20, 30, and 40 psi were used.  To utilize the results in 

design, the resilient modulus is given by a nonlinear relationship in the form of    
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1
k

d
k

ckE σσ=          (4.2) 

 

where:  

k1, k2 and k3 are coefficients determined from laboratory resilient modulus tests   

σc and σd are the confining pressure and deviatoric stress, respectively   

 

The advantage of this type of model is that it is universally applicable to fine-grained and coarse-

grained base and subgrade materials.  Typical results from two tests are shown in Figure 4.15.  The 

resilient modulus results on stabilized materials should be independent of the confining pressure and 

deviatoric stress.  The results from the two tests, shown below, deviate from this trend.  This might be 
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due to the fact that the specimens are too stiff for reliable resilient modulus tests as per AASHTO T-307.  

Based on these results and the fact that the resilient modulus tests are very time consuming and may not 

be suitable for day-to-day use of TxDOT, it is recommended that FFRC tests be performed instead of the 

resilient modulus test.. 
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Figure 4.14 – Resilient Modulus Test Device and Setup 
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Figure 4.15 – Resilient Moduli of El Paso and San Antonio Materials from Specimens Prepared at 
Designed Total Liquid Contents
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4.10 OPTIMUM M IX DESIGNS   

Based on the results from the two phases of initial testing (with and without lime or cement) the 

final mix designs determined for the four materials used in the parametric study are summarized in 

Table 4.5 below.  These designs fulfill all the design requirements of the current specifications except 

for the indirect tensile strength for the El Paso material.   

Table 4.5 - Final Mix Designs and Properties for Materials under Study 

Parameter El Paso San Antonio Amarillo Yoakum 
Asphalt Emulsion 3% 5% 3% 3% 

Calcium-Based Additive 1% Cement None 1% Cement 1% Lime 
Mixing Water 60% of OMC 60% of OMC 75% of OMC 60% of OMC 

Unconfined Compressive 
Strength 194 psi 154 psi 195 psi 194 psi 

Indirect Tensile Strength 40 psi 55 psi 63 psi 57 psi 
Retained Strength 122% 114% 115% 96% 

Dielectric Constant 3 4 4 4 
Resilient Modulus 863 673 N/A N/A 

FFRC Seismic Modulus 585 ksi 339 ksi 250 ksi 322 ksi 
Retained Modulus 130% 162% 85% 92% 
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Chapter 5 - Laboratory Testing – Parametric Studies 

 

5.1 INTRODUCTION  

One of the goals of this study was to document the impact of construction-related factors on mix 

design results.  As such, changes in mix design-related parameters were evaluated during the course of 

this research.  Gradation changes and how they affect the overall accuracy of the mix design were 

looked at.  Compaction of the material in the laboratory is a parameter that has not fully been explored 

with regards to type of equipment used and was explored more in this study.  Emulsion type and its 

impact on the strength parameters of stabilized bases is another parameter which was taken into account 

during the course of these investigations.  Lastly, in order to look at aggregate coating properties, the 

effect of initial mixing apparatus on these types of mixes was evaluated.   

A number of parametric studies were carried out so that the significant variables that impact the 

mix design and in turn the long-term durability of the mixes could be identified.  Specimens were made 

according to the optimum mix design and subjected to a number of strength tests similar to those used in 

the first phase of testing.  Due to time constraints, not all tests were carried out on all of the mixes.   

5.2 IMPACT OF GRADATION  

FDR for road rehabilitation is routinely carried out through the pulverization process which has 

the ability to cause changes to the materials gradation. Usually, the change in gradation is an increase in 

either sands or fines or both.  To test the impact of gradation, besides the natural gradation of the El Paso 

material and the San Antonio material, the mixes of three additional gradations made from each of those 

two materials were considered.  In one mix, it was assumed that the coarse aggregates will be crushed to 

the aggregates of sand size; Excess Sand or ES.  In the “Excess Fine or EF” gradation, it is assumed that 

the coarser aggregates will be crushed to fines.  Finally, in the last mix it is assumed that the coarse 

aggregates will be crushed to produce both fines and sands; Excess Fine and Sand or ESF. As an 

example, the four gradations for the El Paso material are shown in Table 5.1 and graphically in Figure 

5.1.  
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Table 5.1 - Gradations Used in This Study 

Percent Passing per Sieve 
Sieve 
No. Size, mm Natural Excess Sand 

(ES) 
Excess Fines 

(EF) 

Excess Sand 
and Fines 

(ESF) 
13/4 in 44.450 100 100 100 100 
7/8 in 22.225 78 78 78 82 
3/8 in 9.525 60 60 60 65 
No. 4 4.750 45 52 45 54 

No. 40 .425 23 27 28 29 
No. 100 .150 12 15 23 23 
No. 200 .075 5 5 20 20 

 

 

 

 

Figure 5.1 - Gradation Curves of Four Mixes from El Paso Material 

The unconfined compressive strengths of the specimens after two days of dry curing and after 
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excess fine improved the UCS but adversely impacted the IDT.  For the San Antonio material, the 

addition of excess fines is detrimental to the quality of the mix.  The variations in modulus for the same 

UCS specimens are shown in Figure 5.3.  Similar trends in those values were observed. 

This study indicates the importance of considering the change in gradation due to the effect of 

pulverization process for the mix design.  The design should be carried out on a gradation that considers 

the change in gradation during pulverization. 

5.3 IMPACT OF EMULSION TYPE 

Besides the rate of residual asphalt, a number of other well known factors impact the quality of 

an emulsion, and as a result, emulsion mixes.  Almost all emulsion projects in the state of Texas 

currently utilize a proprietary emulsion.  For this reason it (the proprietary emulsion) was one of the 

emulsions chosen to be incorporated in this study.  Another emulsion provided by Gulf States Asphalt 

(GSA) that meets the requirements of TxDOT was also used.  Both of these emulsions are ionic in 

nature.  Although several attempts were made, we could not locate a source of cationic emulsion within 

the surrounding area.  The results from this study were mixed; as shown in Figure 5.4.  For the El Paso 

material, the proprietary emulsion provided higher strengths, especially for IDT.  With regards to the 

San Antonio and Amarillo materials, the GSA emulsion yielded higher dry compressive strengths but 

lower tensile strengths.  The Yoakum material did not perform as well with the introduction of the 

generic emulsion.  The results for all strength tests (UCS, IDT and moisture conditioning) showed lower 

values than with that of the proprietary emulsion. For all of the materials used in this study, with the 

exception of the Yoakum specimens, the moisture conditioned samples with the proprietary emulsion 

exhibited higher strengths than the dry-cured specimens; whereas the GSA mixes exhibited some 

moisture susceptibility by yielding lower strengths for moisture-conditioned specimens.
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Figure 5.2 – Impact of Gradation on Strength of Different El Paso and San Antonio Mixes 

194

247
233 232237

253

189

260

40
32 29

5
0

50

100

150

200

250

300

Ideal Excess Sand Excess Fines Excess Sand & Fines

Gradation

S
tr

en
gt

h,
 p

si

UCS Dry
UCS Moisture Conditioned
IDTS

a) El Paso

154 152

116

174176

197

156

126

66 62

44
53

0

50

100

150

200

250

Ideal Excess Sand Excess Fines Excess Sand & Fines

Gradation

S
tr

en
g

th
, p

si

b) San Antonio



52 

 

Figure 5.3 – Impact of Gradation on FFRC Modulus of Different El Paso and San Antonio Mixes
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Figure 5.4 - Impact of Emulsion Type on Strength Parameters 
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5.4 IMPACT OF M IXING METHOD  

The current TxDOT Special Specification does not stipulate one single mixing method to be used 

for these types of materials.  However, most mix designs are carried out using a new type of mixer 

known as a high-shear mixer. The goal of this portion of the study was to determine whether the quality 

of a mix is impacted by not using the high-shear mixer.  Two alternatives, namely hand mixing and a 

small portable concrete mixer were alsoused to prepare specimens.   

The variations in strength for specimens prepared with different mixing methods are shown in 

Figure 5.5.  The strengths of the mixes with the high-shear mixer are greater than those obtained with 

the other two methods for all materials except for one case.  The Amarillo and Yoakum specimens seem 

to be affected less by the type of mixing method used because they contained RAP.  The moduli of the 

mixes are shown in Figure 5.6.  The loss of stiffness is less pronounced for the El Paso materials for the 

two alternative methods perhaps because of the addition of cement.  Similar to the strength results for 

the Amarillo material, the modulus remained relatively consistent despite the variations in mixing 

methods.  In general, the hand-mixed specimens provided strengths that are closer to the high-shear 

mixer.  In the absence of a high-shear mixer, the hand-mixing process is preferable to the use of a 

concrete mixer   

Figure 5.7 shows a comparison of specimens prepared with the high-shear mixer and the 

concrete mixer.  Although not shown here, the specimens mixed by hand appeared very similar to those 

mixed with the concrete mixer.  The materials prepared with the high-shear mixer appear to be uniform 

with respect to asphalt coating of the aggregates.  The specimens which were mixed utilizing the other 

two methods appeared “spotty” where the fine aggregates seem to absorb most of the emulsion.  

However, the cases mixed with the high-shear mixer tended to clump together.  

The impact which mixing has on the gradation of the material was also looked at during this 

portion of the study.  In order to develop a baseline for gradation changes after mixing, a sample of each 

material, batched according to its respective global gradation (see Figure 4.1) was placed in a high-shear 

mixer and was then mixed for 60 seconds.  The gradations of the materials before and after this activity 

are shown in Table 5.2.  The gradations of the El Paso materials before and after mixing are similar, 
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whereas the San Antonio mix generated about % fines after mixing.  The Yoakum mix does not exhibit 

much change in the gradation; but some of the gravel-sized materials in Amarillo mix changed to fine 

sands. 
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Figure 5.5 – Impact of Mixing Method on Strength Parameters 
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Figure 5.6 – Impact of Mixing Method on FFRC Modulus 
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Table 5.2 – Changes in Gradation due to High-Shear Mixing 

 

 

 

 

 

 

 

 

 

 

Figure 5.7 – Appearances of Specimens Mixed with High-Shear Mixer (Left) and  

Concrete Mixer (Right) 

Gradation, Individual Retained (%) 
Material Condition 

Gravel Coarse Sand Fine Sand Fines 

Before 55 23 18 5 El Paso 
After 55 21 17 7 

Before 52 24 23 1 San Antonio 
After 50 21 19 10 

Before 53 29 16 2 Yoakum 
After 53 28 17 3 

Before 63 25 9 4 
Amarillo 

After 59 25 12 5 
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5.5 IMPACT OF COMPACTION METHOD  

 

Another contributing factor to strength and durability is the method of compaction. In this 

parametric study, three different methods of compaction were investigated.  The standard Tex-113-E, a 

SGC with 30 gyrations as well as a SGC with 50 gyrations were utilized. 

In general, specimens prepared with the gyratory compactor were more uniform than those 

prepared with the Tex-113-E.  One complication with the gyratory compactor is that some of the liquid 

is lost during the compaction process.  Typical dry densities obtained from the three methods of 

compaction are shown in Figure 5.8.  For the UCS specimens, the dry density increases by using the 

gyratory compactor and by increasing the number of gyrations.  This pattern is more pronounced for the 

El Paso materials where the aggregates are harder.  For the IDTS specimens, the trend is mixed.  

The differences in the strength parameters amongst compaction method are shown in Figure 5.9.  

The specimens prepared with the gyratory compactor were stronger than those prepared with the Proctor 

method.  Specimens prepared with 50 gyrations yielded higher strengths than those with 30 gyrations.  

The differences were especially pronounced for the indirect tensile tests.  The variations in modulus with 

the compaction method, as shown in Figure 5.10, were similar to the trends for the strength tests.
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Figure 5.8 – Impact of Compaction Method on Dry Density 
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Figure 5.9 – Impact of Compaction Method on Strength Parameters 
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Figure 5.10 – Impact of Compaction Method on FFRC Modulus 
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Chapter 6 - Preliminary Guideline 

 

6.1 INTRODUCTION  

As part of this study, researchers at UTEP have developed and evaluated a preliminary protocol 

for mix design and required tests for emulsion-treated base materials. The preliminary guideline was 

based on the results from both phases of laboratory testing and can be viewed in its entirety in Appendix 

C.  However, a description of how the guideline came about based on the findings of the research is 

given in this chapter.  As a reference for understanding the basic steps given in this chapter, a mix 

design flow chart is given in Appendix D of this report.   

6.2 SAMPLING AND PREPARATION OF MATERIAL  

The existing base material and add-rock are to be oven-dried.  Once these materials reach a 

constant moisture content, sieve analysis and index tests are performed on them.  RAP materials should 

be dried outside under direct sunlight since even a relatively low oven temperature may lead to clumping 

of what little fines that may be present in the RAP.  After drying, the RAP it should be freezer before 

crushing to facilitate the breaking of the material.   A sieve analysis is then performed on the RAP.  For 

all sieve analyses, a No. 200 sieve should be included in the sieve stack.  After obtaining the gradations 

of the individual materials being used in the mixture, they are to be combined into a “batch mix” 

according to their proportions identified from the field data.  This global gradation is then used for 

preparing all specimens required for testing.  

6.3 DETERMINATION OF OMC  AND TLC 

The steps outlined in Tex-113-E are to be followed to obtain the OMC as well as the maximum 

dry density (MDD).  An optimum amount of mixing water (water not already included in emulsion) is 

required in order to achieve good blending of both emulsion and aggregate.  The adequate emulsion 

content is controlled by two parameters: strength and constructability.  On one hand, increasing 

emulsion content in a mix should ideally increase the minimum strength of the mix.  On the other hand, 

if for a given mixing water content, an excessive amount of emulsion is added, the air voids will be 
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saturated, which will compromise the compactability of the mix.  For a mix to be constructible under 

field conditions, the degree of saturation of the mix should not exceed 80% to 90%.  For a given amount 

of water added to the mix, there is a theoretical maximum amount of emulsion that can be added to the 

mix before this threshold degree of saturation is exceeded.  This matter is discussed in detail next. 

A schematic of the basic constituents of an emulsion-treated base is provided in Figure 6.1.  The 

material is composed of three ingredients: solids, liquid and air.  The proportions of each of these in a 

given sample are directly related to the engineering properties of a material.  To achieve a high-quality 

and constructible untreated base, the desirable moisture content is generally close to the optimum 

moisture content.  At the optimum moisture content the degree of saturation is typically between 80% 

and 90% (i.e., 10% to 20% of the volume of the voids -liquid plus air- in the mix is air).  The degree of 

saturation of a mix (S), is obtained by determining the moisture content (ω), the dry density (γd), and the 

specific gravity,(Gs), of the solids from:  

S = (γd ω Gs) / (Gs γw + γd)         (6.1) 

where γw  is the density of water.   

The moisture content is determined in the laboratory by measuring the weight of a wet specimen 

(Wwet), drying it in a 230ºF oven for 24 hours, and measuring the weight of the dried specimen (Wdry). 

The moisture content is determined from the well-known equation: 

ω = (Wwet – Wdry) / Wdry = Wwater / Waggregates        (6.2) 

Given that for untreated bases the only liquid in the material is provide by water, any loss in 

weight observed during moisture content testing can be assumed to be due to moisture loss.  As such, 

Wwet is equal the weight of aggregates (Waggregates) and water (Wwater), and Wdry is the weight of 

the dry aggregates only.  The same is not true for emulsion-treated materials, since the asphalt in the 

emulsion does not evaporate along with water during the drying process.  In this case its weight 

(Wasphalt) becomes part of the weight of solids (aggregate plus asphalt) since the water in the emulsion 

(Wwater in emulsion) evaporates during curing.  As such, the measured total liquid content 

(TLCmeasured) obtained for the emulsion-treated bases is calculated as:  

 

TLCmeasured = (Wwater + Wwater in emulsion) / (Waggregates + Wasphalt + Wadditives)   (6.3) 
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which is typically lower than the assumed (TLCassumed), which is calculated from: 

 

TLCassumed = (Wwater + Wwater in emulsion + Wasphalt) / (Waggregates + Wadditives)    (6.4) 

The difference between the assumed and measured TLC has several significant implications in 

the mix design as well as the construction quality control.  The first implication is demonstrated in 

Figure 4.4 where the MD curves from the emulsion-treated materials are significantly different than 

those from the untreated materials.  The dry density is also required to estimate the degree of saturation 

in Equation 6.1.  The dry density is typically estimated from the total density (γtotal)and the moisture 

content using: 
 

γdry = γtotal / (1 + TLCmeasured)          (6.5) 

 

The specific gravity of the emulsion-treated bases can either be estimated or preferably 

measured.  The values of the TLCmeasured (from Equation 6.3), dry density (from Equation 6.5) and 

the specific gravity of the mix can be used in Equation 6.1 to estimate the degree of saturation of the 

mix.  However, as indicated before, the goal is to limit the emulsion content for a given mixing water 

content to ensure that the degree of saturation of the emulsion-treated mixes would not exceed a 

threshold value for constructability (say 85%).  As such, Equation 6.1 can be rewritten in the form of: 
 

TLCmax = [(γw / γd) + (1 / Gs)] Sthreshold       (6.6) 

 

Knowing the TLCmax, and the assumed mixing moisture content (MMC), the maximum 

allowable emulsion content (ECmax), can be determined from: 
 

ECmax = TLCmax – MMC          (6.7)
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Figure 6.1 –Constituents of an Emulsion Treated Base 
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Based on this study, it seems that the addition of about 60% of the OMC as mixing water to the 

dry aggregate is sufficient for optimum blending of most materials.  These calculations are incorporated 

into an excel worksheet as described in Appendix E.  An example is shown in Figure 6.2.  For a mixing 

water content of 60% OMC, the maximum recommended emulsion content is 5.2%, whereas for initial 

mixing water contents of 45% and 75% of OMC, the maximum recommended emulsion contents 

are2.8% and 7.7%, respectively.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 – Example Variation in Mixing Moisture Content with Maximum Allowable Emulsion 
Content 
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6.4 OPTIMUM EMULSION CONTENT FOR STRENGTH  

Based on this criteria, the optimum emulsion content is determined by preparing specimens at 

different emulsion contents and subjecting them to IDT testing.  The minimum emulsion content is 0% 

(no emulsion) and the maximum emulsion content is obtained from an excel sheet which incorporates 

the previous equations.  Two intermediate emulsion contents are also proposed.  After being subjected to 

IDT testing, the results are analyzed to ensure that the minimum strength requirement is met.  The 

specimen with the lowest emulsion content that did reach a value of at least 50 psi is then further 

evaluated to ensure that the other strength and stiffness parameters in the provision are met as discussed 

below.  Adequate numbers of specimens of the mix design that met the IDT requirements are prepared 

for UCS and moisture susceptibility related tests.  If the test results for a given material indicate that no 

specimens meet the requirements specified; dual-stabilization (asphalt emulsion plus calcium-based 

additive) should be considered. 

6.5 ADDITION OF CALCIUM -BASED ADDITIVE  

The addition of calcium-based additive to asphalt emulsion-treated base materials is for the 

following two major reasons:  

• To ensure that the strength/stiffness criteria are met for mixes that do not pass the 

requirements even with the maximum allowable emulsion content 

• To minimize the use of emulsion which is much more expensive than cement or lime 

According to the TxDOT Special Specification, no more than 1% by weight of either cement or 

lime should be used in the mix design for emulsion-treated base materials.  In the case of Fly Ash, no 

more than 2.5% should be added to the material.  After determining the optimum emulsion content for a 

given material, two more specimens are prepared with their emulsion content reduced by a percentage 

equivalent to that of added cement or lime.  These specimens are then subjected to IDT testing to ensure 

that the minimum strength requirement is met.  If the requirement is met, this becomes the new mix 

design of the dual-stabilized material after verified with other required tests.  During the course of this 

research project, it was found that any mix design which passed the minimum IDT requirement, usually 

also met the UCS requirement.  



69 

It should be noted that the addition of calcium-based additives did not always yield positive 

effects. In those cases, the possibility of utilizing calcium-based additives alone should be explored.   
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Chapter 7 - Observations and Recommendations 

 

7.1 INTRODUCTION  

The goal of this study was to evaluate the current design specifications as outlined by TxDOT 

with regards to stabilization of base materials using asphalt emulsion.  The end goal was to develop a 

laboratory test protocol for selecting the correct combination of additives for dual stabilization of base 

materials and draft a guideline for the construction of bases with dual stabilization.  As part of this study, 

several different materials were sampled and subjected to various forms of testing in order to document 

the effects of several parameters on the engineering properties of dual stabilized bases.  Parametric 

studies were also performed on all of the materials used in this study.  In this chapter, recommendations 

on all aspects of emulsion only as well as dual stabilized base materials are included.   

7.2 M IX DESIGN SELECTION BASED ON RESULTS FROM IDT  TESTING 

The TxDOT Trial Specification specifies the UCS value as one of the main criteria for selecting 

the amount of emulsion to be added to the material.  After performing an entire matrix of testing using 

both the UCS and IDT, it was observed that the IDT test results are more sensitive to the amount of 

emulsion added.  Also, the strain at failure of the mixes with emulsion tested under IDT increased 

significantly as compared to mixes without emulsion.  This demonstrated one of the value added 

benefits of the emulsion that should be evaluated during mix design.  Due to the fact that soils can not 

hold tension, the increased strain which is seen by emulsion stabilized bases could have significant 

effects in reducing the cracking of the pavement.  As such, it is proposed that the main strength criteria 

for mix design to be based on the IDT strength as opposed to the UCS strength.  Additionally, using IDT 

as the first line of testing will inherently require less material.  

7.3 MOISTURE SUSCEPTIBILITY TESTING 

Under the current specification, the retained strength in compression is the main indicator of the 

moisture susceptibility of the mixes, with the dielectric constant value from TST tests to be reported in 

the final mix design.  The retained strength in compression was typically acceptable for almost all mixes 
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in tension.  This is partly because of the lack of penetration of moisture into the specimen during 

moisture conditioning.  The lack of penetration of moisture also caused reasonably small values of 

dielectric constant.  However, in several cases, the retained IDT strengths were less than 80%.  This 

could be due to the method of compaction; using a gyratory compactor instead of the kneading method 

as is the case for UCS specimens. Specimen height may have played a role as well.  The UCS specimens 

are generally larger and require more time for moisture to fully penetrate them.  As such, it is 

recommended that the retained IDT be considered as the main criterion for moisture susceptibility. 

7.4 INITIAL M IXING WATER CONTENT  

During the course of this study, it was observed that an initial mixing water content of 60% of 

the OMC was sufficient for adequate compaction.  Most materials used in this study followed this rule.  

It would be important to look at the index properties of the material or perhaps the RAP content in order 

to see why this is so.  These could be topics for further research.  

7.5 M ISLEADING MODULUS RESULTS 

As noted during the course of testing, materials which contained higher RAP contents and no 

emulsion what so ever generally reported high FFRC Modulus values.  However, the retained strength 

values of these specimens after undergoing mechanical testing did not follow the same trend.  Non-

emulsion stabilized bases showed very low retained strength values.  This modulus phenomenon could 

be a direct result of the temperature at which the specimens are initially cured (140ºF).  At this high 

temperature it may be that the asphalt in the RAP is being “melted” and then cooled again before testing; 

allowing for the re-cementation of the asphalt particles in the mix.  Hence, the specimens show higher 

stiffness values yet do not achieve the strength required.   

7.6 PARAMETRIC STUDY RESULTS 

After reviewing the results of the various parametric studies performed on a number of materials, 

the following conclusions were drawn: 

• Changes in gradation of the material have a minimal effect on the strength and stiffness 

of the specimens but do impact their retained strengths. 
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• Emulsion type (proprietary or generic) has no significant effect on the final strength 

results of these types of stabilized bases.  However, the retained strengths with the generic emulsion 

were generally lower.   

• The use of the high shear mixer as opposed to other means does significantly affect the 

strength of these materials, especially in the case of materials with higher fine contents.  A more uniform 

mix is supplied by the high shear mixer. 

• Compaction method does affect the strength/stiffness parameters of emulsion stabilized 

bases. The mixes with the gyratory compactor exhibit higher strengths and moduli.  The number of 

gyrations (30 and 50) also significantly impacts the moduli and strength.   
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Appendix A: Special Specification Emulsion Treatment Road Mixed (by TxDOT) 
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Appendix B: Mix design Procedure – Emulsion Treatment Road Mixed (By Sem 
Materials) 
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Appendix C: Preliminary Guideline for Mix Design and Lab Testing of Dual 
Stabilized Bases 
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1) Scope 
 
This guideline provides the lab procedures for determining the optimum amounts of water, asphalt 
emulsion and calcium-based additive (if required) for emulsion-treated base materials.   
 
2) Material Preparation  
 
Prepare the non-RAP materials (the old granular base and add-rock) as per procedure Tex-101-E, Part II.  
If RAP is used, the RAP should be crushed and dried to a constant mass without the use of an oven. 
 
3) Blending of Aggregates  
 
Blend the materials according to their percentages that will be mixed and used in road mixing.   
 
Perform sieve analysis on the base, RAP and add-rock as per Tex-110-E.  A No. 200 sieve should be 
added to the sieve stack.  Develop the mixture gradation by combining the gradations of the individual 
constituents according to their percentages that will be used in road mixing.   

 
4) Determination of OMC and MDD 
 
Determine the OMC and MDD of the blended material as per Tex-113-E.   
 
5) Determination of TLC and Emulsion Content 
 
A) Estimate the moisture content in the mix (preliminary 60% of OMC).   
 
B) Estimate the maximum allowable emulsion content to ensure constructability (based on the 

volumetric calculations from the excel spreadsheet). 
 
C) Prepare and test four specimens for indirect tensile strength (IDTS) tests. The nominal emulsion 

contents of the four specimens are zero (no emulsion), 1/3 of maximum allowable emulsion content, 
2/3 of maximum allowable emulsion content and maximum allowable emulsion content, 
respectively.  

 
D) Determine the optimum emulsion content as the minimum amount of emulsion added to the material 

which meets or is closest to the minimum requirements by the TxDOT Special Specification.   
 

Preparation of IDTS Specimens 
 

a) Prepare the material of approximately 12 lbs for each specimen of 6 in. in diameter and 4.5 in. in 
length. 

 
b) Thoroughly add mixing water (preliminarily 60% of the OMC) to the material 
 
c) Allow the wet material to cure for a minimum of 12 hours in a sealed container at ambient 

temperature.   
 
d) Mix the material and emulsion of the given amount as described in step 5C for 60 seconds (+- 10 

seconds) at ambient temperature using a high-shear mixer.  In the absence of a high-shear mixer, 
hand mixing is recommended. 
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      Note: The emulsion shall be added to each mixture only after the entire sample is placed in a 

high-shear mixing bowl.  Failure to do so may result in loss of emulsion 
 
e) Transfer the mixture to a plastic container with a diameter of no more than 6 in. and place the 

container in an oven set to 140°F for about 30 minutes (+- 3 min).   
 
f) Remove the mixture from the container and compact the mixture as per Tex-241-F, Section 5 

“Compaction”. 
 

Note: Given that the density varies with the type of material and moisture content, a number of 
trial and error specimens may be needed, varying the amount of material placed into the 
gyratory mold, in order to ensure the proper specimen height is achieved.   

 
IDTS Testing   

 
a) After compaction, allow each specimen to cure in an oven set to 104°F for 72 hours, depending 

on the requirement by individual mix designs.   
 

b) Cool down the specimen to ambient temperature (about 77°F)  
 

c) Perform IDTS testing on each specimen as per procedure Tex-226-F.  Perform modulus testing 
on each specimen with a V-meter (if available) shortly before IDTS testing. 

Addition of Calcium-Based Additive  
 

Prepare and test two additional 6” by 4.5” specimens following the procedure described in 
“Preparation of IDTS Specimens”: one with 1% cement and another with 1% lime.  Each of them 
contains the emulsion content predetermined. 

 
Note: The addition of calcium-based additive may not always yield positive results.  In that case, the 
final mix design is the minimum amount of emulsion which yields the closest results in accordance 
with the TxDOT Special Specification. 
 

6) Verification by UCS Testing 
 
A) Prepare two 6” by 8” specimens with the amounts of emulsion and calcium-based additive (if 

applicable) determined previously from IDTS tests following the procedure described in 
“Preparation of IDTS Specimens” except for compaction. Procedure Tex-113-E should be used for 
compaction. 

 
B) Allow each specimen to cure in an oven set to 140°F for 48 hours.   
 
C) Perform UCS testing on each specimen using the procedure described in Tex-117-E.  Perform 

modulus testing on each specimen with a FFRC device (if available) shortly before UCS testing. 
 
D) Ensure the mix design yields satisfactory results in accordance with the TxDOT Special 

Specification.   
 
7) Verification by Moisture Susceptibility Testing 



96 

 
A) For each mixture, prepare two specimens in manner similar to that as described for UCS testing.  
 
B)  Cure the specimens at 140°F for 48 hours.  
 
C) Perform UCS testing on one specimen as per procedure Tex-117-E after the specimen is cooled down 

to ambient temperature (about 77°F). 
 
D)  Put the rest specimen under moisture-conditioning for eight days in manner similar to that described 

in procedure Tex-144-E (Tube Suction Test). 
 
Note: During this time period the specimens are monitored daily for changes in dielectric constant and 
modulus using a FFRC device (if available). 
 
E) After final readings for modulus and dielectric constant, perform UCS testing on the specimen after 

eight-day moisture conditioning using the procedure described in Tex-117-E. 
 
F) Calculate the retained UCS strength and the retained modulus (if modulus tests are performed) in 

manner similar to that as described in procedure Tex-144-E, ensure the mix design yields 
satisfactory results in accordance with the TxDOT Special Specification.   

 
8) Report  
 
1. Blend percentages used and percent passing of material 
2. Max Dry Density of material with emulsion to nearest 0.1 pcf 
3. Optimum Moisture Content to nearest 0.1% 
4. Optimum Emulsion Content to nearest 0.1% 
5. Amount of calcium-based additive (if required) to nearest 0.1% 
6. Unconfined Compressive Strength to nearest 1 psi 
7. Indirect Tensile Strength to nearest 1 psi 
8. FFRC Modulus to nearest 1 ksi 
9. Retained UCS and modulus to nearest 1% 

 

 

 

 

 

 

 

 

 

 



97 

Appendix D: Mix Design Flowchart 
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Appendix E: Emulsion Analysis Tool Manual 
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This spreadsheet was designed to give TxDOT personnel a more precise starting point for 

emulsion selection when deciding the initial amount to be added to stabilized base materials.  With some 

basic knowledge of the material in question, the engineer can make an educated decision as far as the 

quantity of emulsion to be used in their initial mix design considerations; in turn saving time going 

through a costly trial and error process. The analysis can also be run for dual stabilized materials. 

Note:  This is a multi-part spreadsheet, only those sections which pertain to emulsion stabilized 

materials are included in this text.  

Material Specific Gravity 

This section of the sheet requires the user to input mixture specific information.  The specific 

gravity of the material is to be determined for each separately and then entered into their corresponding 

cells.  The value for "Percentage used in Mixture" should be calculated based on the volumes to be used 

during construction.  A brief description of how to do so is shown in the following figure.   

 

 

Example calculations for material proportioning if not being used in combination with Blending 

Analysis Tool 
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Emulsion Information  

A basic knowledge of the emulsion to be used during actual construction is required for this 

section of the sheet.  The user is asked to input the amount of residual asphalt within the emulsion itself.  

This value is the amount of asphalt that the emulsion is comprised of expressed as a percentage.   

Note: Although the user is free to assign a value for specific gravity of the emulsion, the 

recommended value is 1.02.    

Cementitious Additive 

For this section of the sheet the user is asked to choose between two different types of 

cementitious additives to used (cement or lime).  It is recommended that the user first run the analysis 

with no cementitious additive and then perform the analysis with the addition of a dual stabilizing agent 

to compare the results.  Default values of specific gravity for both lime and cement (1.2 and 3.15, 

respectively) are used for any calculations if one or the other is chosen to be included in the mix.   

Desired Degree of Saturation 

The user can vary the degree of saturation in order to compare results of moisture within the 

mixture.  It is recommended however that the analysis be run with a value of 90% saturation in order to 

optimize compaction of the material.   

Moisture Density Curve Data 

In order to ensure accurate analysis of the mixture properties, the user must first perform 

moisture-density testing on the material in question.  It is important that this testing is performed on the 

material according to the gradation percentages previously found so as to accurately represent field 

conditions.  The moisture content of the material is to be entered in integer form and not as a percentage.   

Run Emulsion Analysis 

After entering all of the values required, the user is then ready to run the analysis.  The emulsion 

analysis will run automatically.  Afterwards, a graph of the maximum possible emulsion content vs. 

initial mixing water content will be generated.  This graph gives the user a general idea of what 

emulsion content to start off with during the initial mix design.  The initial moisture contents are 

expressed as percentages of the optimum moisture content for the material.    
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Note:  It is important to state that the percentage of emulsion required as shown on the 

spreadsheet is based on the maximum amount of emulsion that can be introduced into the mixture in 

order to optimize compaction for a given degree of saturation.  These values are calculated based on the 

optimum total liquid content of the emulsion stabilized base.   

What if analysis (Maximum Recommended Emulsion) 

After performing the analysis, the user can vary the initial percentage of OMC in order to 

compare its effect on the maximum recommended emulsion content.  Once a desired emulsion content 

has been entered into the required field, the analysis is performed by clicking on the button labeled 

“Calculate” (see Figure 16).  The black line on the graph is the maximum amount of emulsion that can 

be used in the mixture for the desired degree of saturation.  The blue line on the graph represents the 

same values, however is limited to a value of 6% emulsion.   

MD Characteristics 

This portion of the analysis is intended for use after the final mix design has been decided upon 

by the user.  The percentage of emulsion is entered in the required field and the top button labeled 

“Update Graph” (see Figure 16) is then clicked.  After which a graph of TLC vs Dry Density will be 

generated (red line on top graph in blue section).  The two curves can then be compared against each 

other in order to evaluate the effects of emulsion on the density of the material.   

The bottom graph in the orange section illustrates the total liquid content for the material based 

on varying initial moisture contents. This graph is generated by clicking on the bottom button labeled 

“Update Graph” (see Figure 16) after initial mixing water content is entered into the required field.  The 

final output gives the designer a general idea of the apparent moisture content which can be anticipated 

during field testing. 

Note: This section of the analysis is intended for reference use only.
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Example of Report Sheet 
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