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temperature had an inverse effect on the stiffness value of 
the mixture. lt may also be noted that AE content and 
aggregate type had a marked effect on tensile stiffness at a 
test temperature of 10°C (50°F). 

Tensile strain at failure was affected by AE content and 
curing. Large tensile strains at failure were obtained for 
air-cured mixtures with 4 percent A E residue in comparison 
with oven-cured mixtures with 3.25 percent AE residue. 

SUMMARY AND CONCLUSIONS 

A laboratory technique for preparation of specimens to be 
used in the characterization of AE mixtures has been 
established. The technique was developed based on the 
coating of the aggregate, the workability of the mix, and 
the curing rate of the mixture before and after compaction. 
The mixture was characterized by using a modification of 
the Marshall method and the indirect tensile test. A 
modified water-sensitivity test developed by the Asphalt 
Institute was used to evaluate the resistance of an AE 
mixture to moisture. 

The optimal initial added-moisture and AE contents 
should be selected to provide the best AE coating of 
aggregate particles. Two levels of added-moisture content 
and three levels of A E content would be adequate for the 
design of the mixture. Evaluating the mixture at two curing 
periods that represent the initial and long-term curing 
conditions would provide good understanding and control of 
mix performance. 

The interaction of initial added-moisture and AE 
contents had a marked effect on the modified Marshall 
stability as well as Marshall stiffness and index of the 
mixture. There is an optimal liquid content that provides a 
mix with a maximum Marshall stability value. This liquid 
content was found to be in the range of 4-4.5 percent by 
weight of dry aggregate (for the materials and mixing 
procedures used in this study). 

Test temperature and curing both had a substantial 
effect on the tensile properties of the AE mixtures. 
Moreover, the tensile strength of the mixture was markedly 
affected by aggregate type and initial added-moisture 
content. The AE content has a significant effect on tensile 
stiffness and tensile strain at failure. 

The water-sensitivity test should play a major role in the 
evaluation of AE mixtures. Characterization of mixture 
specimens both before and after vacuum saturation would be 
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beneficial in providing more realistic results, and this would 
in turn make it possible to establish better control over 
mixture properties. 
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Use of the Hveem Stabilometer Test in Design Procedure 
for Emulsified-Asphalt Mix 

LLOYD D. COYNE 

The selection, proportioning, testing, and criteria recommended for the various 
uses of emulsified-asphalt mixes are discussed. Mix design incorporates the use 
of Hveem equipment to measure mix stability and cohesion. New testing 
techniques include the use of vacuum curing and vacuum saturation. The reasons 
for each test are reviewed. The mix-design procedure appears suitable for pre· 
dieting the performance of emulsified-asphalt mixes. The intended use of the mix 
dictates the procedure and criteria to be used. 

In the design of emulsified-asphalt mixes (EAMs), the 
intended use of the material determines the mix-design 
procedure and criteria. This paper discusses the design of 
such mixes according to their intended use. 

CONSTRUCTION AID 

Small percentages of emulsified asphalt (2-3 percent) may 
be added to sands and granular bases as part of the normal 
mixing water during the construction operation. The 
emulsified asphalt imparts cohesion to otherwise 
noncohesive materials, minimizing segregation during 
placement. It also aids in compaction and allows these 
materials to be used as a base and working table. The use of 
primes can frequently be eliminated. No testing of the 
EAM is required, provided the untreated aggregate meets 
the specifying agencies' requirements. 
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Table 1. Properties of aggregates 
suitable for base treatment with 
emulsified asphalts. 

AASHTO or 
ASTM Test 
Method 

C136 

C2419 

T190 

T97 

Property 

Gradation (percentage 
passing) 

1.5 in 
1 In 
0.75 in 
0.5 in 
No. 4 
No. 16 
No. 50 
No. 100 
No. 200 

Minimum sand 
equivalent (~) 

Minimum untreated 
resistance R-value 

Maximum Joss (Los 
Angeles rattler at 
500 revolutions) 

Processed 
Dense-
Graded 
Aggregates' 

100 
90-100 
65-90 
30-60 

13-30 
7-25 
5-18 
4-12 

35 

78 

50 

23 

Semiprocessed 
Pit- or Bank-Run 

Sands Aggregates 

Poorly Well- Low High 
Graded Graded Silty Sand Sand Total 

100 100 
80-100 80-100 

100 100 100 
75-100 75-100 75-100 25-50 50-85 

35-75 10-30 30-75 
15-30 

15-65 
0-12 5-12 12-25 3-8 3-15 

35 35 35 35 

60 60 60 60 

50 

11 Must have at least 65 percent by weight crushed particles. 

Table 2. Properties of processed, dense· and open-graded aggrega1B suitable for wearing surface with emulsified asphalts. 

ASTM or 
Other 
Designation Property 

C136 Gradation (percentage 

D2419 

C131 

California 
205 E' 

C88 

D3042 

passing by weight ) 
1-1.5 in 
1 in 
0.75 in 
0.5 in 
0.375 in 
No. 4 
No. 8 
No . 16 
No. 30 
No. 50 
No. 100 
No. 200 

Minimum sand equiv
alent (i) 

Maximum loss (Los 
Angeles rattler 
500 revolutions) 

Minimum crushed 
faces(:') 

Maximum soundneee 
(five cycles) 

Maximum acid re
sistance' 

1 Thicknea of courw > 3 in. 
"Thlcknea of cou110 • 2·3 In. 
'Thicknea of cou110 • 1-2 In. 
•st1111 of C.llfomi1 tett method. 
• Applicoble to llmntone airf1CO mlxn. 

TREATED BASE 

Dense-Graded Aggregate 

A B c D 

100 
90-100 100 

90-100 100 
60-80 90-100 100 

60-80 90-100 
25-60 35-65 45-70 60-80 
15-45 20- 50 25-55 35-65 

3-18 3- 20 5-20 6-25 

1-7 2- 8 2-9 2-10 

45 45 45 45 

40 40 40 40 

65 65 65 65 

12 12 12 12 

10 10 10 10 

Emulsified asphalt has been used to upgrade the quality of 
granular materials by providing tensile strength and 
reducing the movement of moisture into the mix. The 
design of emulsified-asphalt-treated bases includes the steps 
discussed below. 

Selection of Aggregates 

Aggregates suitable for emulsified-asphalt-treated bases 
consist primarily of granular materials: open-graded 
aggregate, processed dense-graded aggregate, natural 
gravel, slags, shells, reclaimed demolition waste, synthetic 
aggregate, sands, and silty sands. Clayey sand, loam, silty 
sands, and sandy clay may also be suitable. Heavy clays are 
best handled by using other stabilizing materials, such as 
lime or cement. 

The sand-equivalent test is used to detect the presence 

Open-Graded Aggregate 

E F Coarse• Medium' Fine' 

100 
95-100 100 

90-100 
25-60 100 

100 20-55 85-100 
80-100 100 0-10 0-10 
65-100 95-100 0-5 0-5 0-10 
40-80 85-100 0-5 
20-65 70-95 
7-40 45-75 
3-20 20-40 
2-10 9-20 0- 2 0-2 0-2 

45 45 

40 40 40 

65 65 65 65 65 

12 12 

10 10 10 10 10 

of clay- type fines or sand in the aggregate. Predominantly 
granular materials with a sand equivalent greater than 35 
percent can usually be stabilized by using emulsified 
asphalt. The chance for success with materials that have a 
lower sand equivalent depends on the nature of the fines and 
the ability of the asphalt to retard the movement of 
moisture into these fines. Materials that have a sand 
equivalent of less than 25 percent are usually not suitable 
for emulsified-asphalt mixes. 

Aggregates found to be suitable for base treatment and 
wearing surface with emulsified asphalts are given in Tables 
1 and 2. 

Selection of Emulsified Asphalt 

In selecting the type of emulsified asphalt, consideration 
must be given to aggregate type and gradation, climatic 
conditions, and construction methods. Three categories of 
mixes are suggested: sand mix, coarse-aggregate mix, and 
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dense mix. The sand mix (i.e., CMS-2S) contains some 
solvent to allow it to coat dry or damp sands and 
intermediate-graded aggregates. Coarse mixes (i.e., CMS-2) 
are used with open-graded aggregates. The solvent in these 
emulsions assists in coalescence-i.e., the merging of 
asphalt particles into a tough asphalt film. The emulsifiers 
are selected to react rapidly with aggregate surfaces so as 
to resist rain damage and washoff. The dense mixes (i.e., 
CSS-lh) are designed for maximum mixing stability and are 
used with dense-graded aggregates that have a large surface 
area. They have a low viscosity that can be further reduced 
by adding water, thus facilitating longer workability times 
to ensure good coatings. 

Specimen Preparation and Testinir 

The centrifuge kerosene equivalent (CKE) test is used for 
estimating the emulsified-asphalt content for dense-graded 
mixes. Trial mixes are normally made at emulsified-asphalt 
contents to 1.1, 1.4, and 1. 7 times the CKE oil ratio. For 
open-graded mixes, the recommended emulsified-asphalt 
content, based on experience, is 4.5-6.5 percent, 5-7 
percent, and 6-8 percent for coarse, medium, and fine 
gradation, respectively. 

Mixing tests are conducted to determine the minimal 
water content required to obtain a workable, homogeneous 
mix. Generally, a 30-s cycle with a laboratory mechanical 
mixer or a 2-min bowl mix with a spoon is sufficient. A 
batch size of 1200 g is generally used. Smaller batch sizes 
may give misleading results. 

Sand-mix and coarse-mix types of emulsified asphalt are 
mixed dry or at the aggregate in situ moisture content. 
Excess mix\ng water may induce stripping. Sufficient 
moisture is added to the dense-mix types of emulsified 
asphalt to just darken the aggregate (usually 3-5 percent). 
Coatings of 50 percent or more are acceptable; 100 percent 
is preferred, provided the increase in mixing water required 
to achieve 100 percent coating does not adversely affect 
compaction. The intermediate emulsified-asphalt content 
(1.4 x CKE) is generally selected for determining the 
optimal mixing-water content. Mixing-water contents for 
the other emulsified-asphalt contents are adjusted to give 
the same total water content (i.e., mixing water plus water 
in the emulsified asphalt). 

In compaction, the mixes undergo l 0-50 blows at 250 
lbf/in

2 
in the kneading compactor (ASTM Dl 561) and 

then a 40 000-lbf static load held for l min. The amount of 
fluids exuded during the static loading is noted. Mixes that 
exude 2-10 g of fluids are considered optimal for 
compaction. The moisture content in the mix should be 
adjusted to achieve this optimal fluid content. For 
open-graded mixes, it was necessary to reduce the static 
load to 20 000 lbf to avoid fracture of the aggregate. 

The preliminary kneading compaction is felt to be 
desirable because it orients the aggregate particles and 
prevents fracture during subsequent static loading. Limited 
studies that incorporate the use of hand rodding appear to 
accomplish this objective so that it may be possible to 
eliminate the need for a costly kneading compactor. 
Densities achieved by using the modified procedure were 
found to correlate with field results. 

Laboratory specimens are tested at two curing 
conditions, identified as "initial" and "final" cure. The 
initial cure consists of a 24-h ambient cure (73 ± 5°F) in 
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the mold. The final cure consists of a total seven-day cure 
that includes three days in the mold followed by four days of 
room-temperature vacuum desiccation at 10-20 mm of Hg 
to facilitate the removal of moisture. 

Early rainfall damage is of concern mainly in 
open-graded mixes, because of their high permeability. 
Dense mixes are generally not susceptible to early rainfall 
damage because of their lower permeability. The resistance 
of a particular mix to possible early rainfall damage is 
measured by a washoff test. 

Water intrusion from surface or subsurface water can 
damage some mixes. Dense-graded mixes are subjected to 
vacuum saturation to evaluate the effect of water. After 
the initial cure, the specimen is covered with water, and the 
desiccator is evacuated to 100 mm of Hg for l h. Then the 
vacuum is slowly released, and the specimen is allowed to 
soak for an additional hour. 

Strength tests are then run to determine whether the 
EAM will meet minimal bearing-strength requirements when 
it is saturated with water. Open-graded mixes are not 
tested for strength. These mixes are considered to have 
adequate stability. The Hveem stabilometer (R-value) and 
cohesiometer (C-value) tests are run on dense-graded mixes 
after the initial- and final-cure vacuum-saturated 
condition. Mixes are tested at 73 ± 5°F to simulate 
temperatures within the treated base. The results are 
expressed as an Rt value (R + 0.05C). 

WEARING SURFACE 

Both dense- and open-graded EAMs have been used as the 
wearing surface. The highest emulsified-asphalt content 
consistent with mixing and stability requirements is 
recommended. Typically, 6-15 percent emulsified asphalt is 
used depending on the aggregate selected. 

Procedures for the selection of materials and sample 
preparation are similar to those recommended for treated 
bases. Hveem stabilometer and cohesiometer tests are run 
after the final cure. Specimens are tested at 140° ± 5°F. 

SUMMARY 

A summary of the design criteria for base and wearing 
surfaces is given in Table 2 in the paper by Waller elsewhere 
in this Record. In addition to the requirements given, the 
mix must be reasonably workable-i.e., not too stiff or 
sloppy. The intended use of the material dictates the design 
procedures followed, as summarized below: 

1. Construction aid-No testing is required, provided the 
untreated aggregate meets the requirements of the 
specifying agency. 

2. Treated base-The material must meet minimum 
coating and stability requirements. The resistance 
Rr-value is used to measure mix stability after the 
initial-cure and final-cure vacuum-saturated condition. 

3. Wearing surface-Mixes are tested at 140°F for both 
stability and cohesion by using the Hveem procedures. 
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