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PREFACE 

The Waterways Experiment Station was authorized to investigate the 

possibility of using bituminous cold mixes for upper bank stabilization 

as one phase of a comprehensive.program covering several phases of the 
• 

use of asphalt for riverbank protection. The program, prepared as a 

"Plan of Test," was approved in part by ls-t Indorsement, dated 12- November 

1948, to basic letter from the Waterways Experiment Station, dated 

23 October 1948, to the Mississippi River Commission, subject "Investi-

gation of Bituminous Materials for River Bank Protection." The "Develop-

ment of Cold Mixes" under the "Upper Bank Protection" phase of the Plan 

of Test was an approved item. 

This investigation was conducted by the Flexible Pavement Branch, 

Soils Division, Waterways Experiment Station. Levee paving using bitumi-

nous cold mixes in the Memphis District was observed by Experiment Station 

personnel. The Mississippi River Commission provided general over-all 

guidance. Mr. W. K. Boyd, former chief of the Flexible Pavement Branch, 

was active in planning and conducting the investigation. Engineers of 

the Waterways Experiment Station actively connected with the study were: 

Messrs. w. J. Turnbull, c. R. Foster, J.M. Griffith, o. B. Ray, and 

E. c. Meredith. This report was prepared by Mr. Meredith. 
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SUMMARY 

One of the current methods for protecting upper banks of the river 

and levee slopes includes the use of penetration-grade asphalt and river 

bar sand. Both materials must be heated before being blended into a hot 

sand-asphalt mix. The utility and satisfactoriness of the hot mix has 

been amply demonstrated during the past several years. However, there 

are occasions when mobilization costs for producing hot-sand-asphalt are 

not justified. Two such instances are maintenance or repair work and 

small projects. Utilization of bituminous cold mixes was considered to 

have merit provided satisfactory mixes for slope protection could be 

developed. Furthermore, properly designed cold mixes might approach the 

effectiveness of hot mixes and become competitive with them for large

scale use. Laboratory and field tests were performed in an effort to 

develop satisfactory bituminous cold mixes composed of as-dredged wet 

sand and liquid bitumen. 

v 

A range of materials and mixtures was investigated in the laboratory 

tests and the more promising mixtures were studied in small-scale field 

tests. A bituminous cold mix was utilized in paving the riverside slope 

of one section of a Mississippi River levee during the period of, but 

not as a part of, this study. 

Bituminous cold mixes were developed that satisfied the objectives 

of this study with the exception of that objective concerning stability 

for a period of at least 15 years. This objective can only be accomplished 

by actual experience records of cold-mix placements over the required 

period of time. 



INVESTIGATION OF BITUMINOUS COLD MIXES 

FOR THE PROTECTION OF UPPER RIVER BANKS 

PART I: INTRODUCTION 

Current Method of Upper-bank Protection 

1 •. Since 1944, paving of upper banks of the river and riverside 

levee slopes with bituminous materials has been employed rather ex-

tensively in the Lower Mississippi Valley Division as a protection 

against the scouring action of rivers. The principal paving mixture 

used has been hot sand asphalt, consisting of locally available river 

bar sand and about 6 per cent asphalt cement.* Filler (material finer 

than a No. 200 sieve) is not added to the mix to increase density as is 

customary in regular paving mixes. The hot mix is not compacted since 

a pervious pavement is desired. The required thicknesses have been 

determined, on the basis of performance, to be about 5 in. for upper 

banks of the river and 4 in. for ievee slopes. This type of pavement, 

in general, has been satisfactory. 

2. Sand-asphalt revetments at several locations in the New Orleans 

District were among the first placed by this method. Inspection of these 

facilities by Waterways Experiment Station representatives in 1945 re-
. 

sulted in the recommendation that a laboratory study of asphalt paving 

mixtures be made. The study was authorized for the purpose of deter-

mining the general trends of the effects of certain variables in an 

* All percentages of bituminous materials, aggregates, water, and ad
mixtures referred to in this report are by weight. 
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asphalt paving mixture. Formulation of final design criteria was not 

within the scope of the study, since it was believed that these criteria 

could best be established in the field. Results of the laboratory study 

were presented in a report entitled "Laboratory Study of Asphalt Paving 

Mixtures for Upper Bank Protection," dated 15 July 1945. Since publica

'tion, this report has served as a guide in the selection of asphalt mixes 

for upper-bank paving in the Lower Mississippi Valley Division. 

3. .one part-icular section uf -asphalt slope paying, placed on the 

riverside slope of a levee just south of Baton Rouge, La., in 1945, has 

been observed periodically by Waterways Experiment Station personnel. 

Inspec.tions were made in 1945, 1947 and 1949. Observations indicate that· 

the original estimates of pavement life (8 to 10 years) might be increased 

to 15 years. Copies of the three inspection reports are included in this 

report as appendix A. 

4. The most widespread use of sand-asphalt revetment has been as 

a protection of upper banks of the river where the subaqueous banks are 

covered with articulated concrete mattress. The concrete mattress usually 

is placed to a few feet above the water surface so that proper connection 

with the asphalt pavement can be made "in the dry." The sand asphalt is 

ordinarily dumped into spreader boxes near the toe of the prepared slope 

and the boxes are pulled up the slope by a cable. A typical view of this 

type of construction appears in fig. 1. Fig. 2 shows the large floating 

plant required to produce the hot sand-asphalt mixture for work on the 

river. 

5. The asphalt pavement may or may not extend to the top of the 

bank. In either case, a key ditch is usually excavated to a depth of 



• l. Typical sand-asphalt revetment 
concrete mattress, Hardscrabble Bena., l949 

• 2. Main items of river 
in ~ ... ~,.""' 
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about 18 in. at the upper limit of the pavement and backfilled with sand 

asphalt to guard against undermining from erosion. An asphalt pavement 

placed to the top of the bank at Mayersville, Miss., in 1949 was inspected 

after one high-water period and no failures were found. Fig. 3 shows the 

condition of this pavement a~d bank. Another area at Mayersville was not 

paved to the top of the bank and failures did occur at the key ditch as 

a result of scour on the unprotected part of the bank during high water. 

F--ig_. 4 illus_trates this failed condition. The original teeth marks of 

the ditching machine are indicated by an arrow in this photograph. 

6. Typical but infrequent types of failures that occur in upper 

banks are shear in the underlying soil accompanied by rupture of the as-

phalt pavement and ruptures caused by flanking overbank scour and occa-

sionally by large logs piercing the 5-in.-thick pavement. A more frequent 

Fig. 3. Satisfactory condition of sand-asphalt revetment placed to top 
of bank, Mayersville 



• 4. Failure of pavement caused by overbank scour, 
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type of failure is separation of the paving and the mattress caused by 

minor movement of the mattress. Complete failure of a sand-asphalt revet

ment is nearly always attributed to loss of the underwater bank, as il

lustrated in fig. 5. It is pointed out that failures seldom occur at 

joints between stri~s of sand asphalt placed with spreader boxes. 

7. The Waterways Experiment Station has observed the performance 

of existing revetments and made recommendations to the Mississippi River 

C-ommi--s-si-on --±n -regard to both mix design &"1d method -0f placement of sand

asphalt paving. The existing specifications for hot-mix bituminous 

paving, though not the ultimate, are considered basically sound. Ways 

to improve the performance of such paving and reduce its cost should be 

sought continuously. 

The Problem 

8. The brief review in the preceding paragraphs of the current 

method of protecting upper banks of the river shows that the method is 

workable and fairly adeq_uate. However, the unit cost for such prote.ction 

was considered excessive during the early years of its use, particularly 

on maintenance work and small jobs. Although this cost decreased con

siderably with improvements in techniq_ue and plant utilization between 

1945 and 1950, it was felt that protection comparable to that afforded by 

hot bituminous mixes might be obtained at lesser cost with cold bituminous 

mixes, since the aggregate and asphalt req_uire little or no heat in pro

ducing the latter type of mix. 

9. A plan of test for a study of cold-mix bituminous pavements 

for riverbank protection was prepared in 1947. However, the study was not 
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authorized at that time since a prior review of the results of similar 

experimental field work, performed by the New Orleans District in 

October 1944, was deemed advisable. The results of this experimental 

work were reported by memorandum dated 23 December 1944, subject "Experi.: 

mental Levee Paving - Cold Type Asphalt Mixture - Southport Levee," and 

letter from New Orleans District to the Mississippi River Commission 

dated 14 August 1947, subject "Experimental Asphalt Cold Mix Paving." 

The memorandum presented data on construction and materials (RC-2 cutback 

asphalt was used). The letter presented observations of performance of 

various pavement items about 2-1/2 years after placement. A study of the 

construction report indicated that cold mixes could be mixed and placed 

utilizing cutback asphalt and wet aggregate. However, the material 

failed to cure and harden within a reasonable length of time, and was 

potentially subject to damage before it became stable. Subsequent in-

spections indicated that· a crust had formed over the surface of the mixes, 

that they were stable and in a satisfactory condition. It appeared that 
•. 

if a means could be developed of enabling the material to withstand wave 

attack during the critical stage of the curing period, cold bituminous 

mixes could be placed that would serve the intended purpose. 

10. The research study was again recommended at a conference in 

August 1948 attended by representatives of the Mississippi River Commis-

sion, the Memphis, ~ew Orleans and Vicksburg Districts, and the Waterways . 
Experiment Station. The plan of test described below was approved and the 

investigation initiated in June 1949. Certain observations were continued 

through the spring of 1952. 

' 
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Objectives of this Investigation 

11. The principal objective of this investigation was to determine 

if practical methods could be developed to combine liquid bituminous ma-

terials and sand with a minimum amount of heat to provide a pavement 

giving satisfactory protection to upper banks of the river and levee 

slopes. Specific requirements of a satisfactory cold-mix pavement were 

that it: 

a. 

c. 

d. 

Be capable of placement on slopes without creeping. 

Require no compaction or only limited compaction. 

Be capable of withstanding without damage a heavy rain of 
say, one inch, within 24 hours after placement. 

Harden sufficiently within ten days to withstand wave wash 
{during high water). 

~· .Be capable of resisting the stripping of bitumen from ag
gregate in the presence of water. 

f. Remain stable and intact for a period of years {at least 
15 years) when placed on a slope. 

Test Program 

12. The three main steps planned for accomplishment of the objec-

tives were: 

~· Laboratory and simple small-scale tests utilizing a range 
of liquid asphalts, river bar sand, and additives. Evalua
tions were to be made of combinations of variables of grade 
and type of asphalt, amount of asphalt, type of asphalt 
treatment or additive, amount of moisture in the sand, com
paction and resu~tant degree of permeability and stability. 

E•' Investigations of the more promising developments of the 
laboratory study by means of field tests of panels con
structed on as large a scale as Waterways Experiment Sta
tion facilities would permit. High-water conditions on 
the river could not be simulated in the tests but the 



performance of the various mixtures could be observed over 
a considerable period of time. 

c. Final experiments to consist of large-scale tests under 
actual field conditions. 

9 
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PART II: LABORATORY TESTS 

13. The laboratory program for determining limiting criteria to 

meet the requirements outlined in paragraph 11 was divided into two 

main phases. Portable box samples were prepared for subjection to wave 

action (preceded by simulated rainfall and a curing period) and stability 

tests. The effect of wave action was determined by visual observation. 

Stability, on the other hand, must be measured. No definite limiting 

criteria have been established for the stability of bot-mix sand asphalt. 

The main requirements are that the mix be stable enougn to resist wave 

attack and movement on a slope as well as to support farm animals that 

normally roam over the slope. A blanket that will resist penetration up 

to about 50 psi is considered to have adequate stability. The types of 

tests listed above provided limiting criteria that met all requirements 

except that of remaining stable and intact for a period of years. Such 

a determination must be made under actual field conditions. In connec-

tion with the stability tests, an instrument for measuring stability was 

developed for use in both laboratory and field. The equipment, materials 

and procedures for the tests are described first, followed by a discussion 

of the tests and results. 

Egui-pment 

Equipment, Materials, and Preparation of 
Test Specimens 

14. Substantial wooden boxes having inside measurements of about 

9 in. square by 4 in. deep were utilized for molding samples. A metal 

band tamp was used where compaction of the material was specified. 
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A section of perforated pipe was used to simulate rainfall. The wave

action tests were conducted in a hydraulic model equipped with a wave 

machine. The wave machine had a plunger about 20 ft long that provided 

uniform wave attack to about twenty box samples at a time. Stability of 

a given mix was determined by measurement of penetration resistance. For 

these tests the cone penetrometer having a 30° cone, as previously de

veloped by the Waterways Experiment Station for testing soils, was modified 

by replacing this standard cone with a flat disc o.4 in. thick and 1.0 sq 

in. in area. Two other cone types were also tried but not adopted. 

Fig. 6 shows the modified penetrometer being used on a box sample. The 

dial inside the proving ring is calibrated so as to read directly in 

pounds. 

Materials 

15. Aggregates. Two aggregate types, coarse and fine river bar 

sand, were selected for use in thes~ tests because these aggregates are 

normally used in field placement of sand-asphalt mixes. Sands ranging 

from coarse to very fine may be found at specific locations on the river, 

but generally the sands of the Lower Mississippi River bars are within 

the limits of "medium" to "very fine." Gradation curves for the two 

aggregates used in this investigation are shown on plate l. The fine 

sand was used in a majority of the laboratory tests and in all small

scale field tests. 

16. Asphalts. Two general types of liquid bituminous materials, 

cutback and emulsion, were used in the study. Cutback asphalts RC-3, 

RC-5, and MC-5 were supplied by a commercial producer; an SC-5 grade was 

blended in the laboratory. Routine laboratory tests showed that these 
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. 6. Modified cone with flat 
disc for stability measurements 

cutback asphalts met Federal Specifications. Rapid-breaking and slow-

breaking emulsified asphalts were supplied by a commercial producer. The 

rapid-breaking emulsion (not designated in this report) required blending 

with hot sand and was subjected to a very limited number of tests. Test 

properties were not determined. Test properties of the slow-breaking 

emulsion, designated Brand A, are listed on the following page. Another 
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producer furnished a slow-breaking emulsion, designated Brand B, after 

the laboratory studies were completed but in time for use in the small-

scale field tests. Comparable test properties of this material are also 

given in the following tabulation. 

Per Penetra- Ductil- Miscibility 
Designa- Cent tion of ity of Per Cent (Modified) 

ti on Residue Residue Residue Demulsibility With Water, % 
Brand A 60.0 124 74 O* 48.2 

Brand B 67.2 153 142 O* 

* No residue remained when treated with calcium chloride solution. 

17. Admixtures. Three admixtures were used in the tests. A com-

mercially produced anti-stripping agent was blended with cutback asphalt 

to promote the coating of wet aggregate. Portland cement and hydrated 

lime were blended with the slow-breaking emulsion apd wet aggregate. 

Preparation of test specimens 

18. Cold mixes were prepared in a small laboratory pug mill. The 

material was run through the mill two or more times {depending primarily 

on the amount of water in the aggregate) to obtain a satisfactory mix. 

One mixing operation would have been adequate in most cases if the mixing 

blades had not been worn, as was later substantiated in the preparation 

of field mixes. The resultant mix was immediately placed in a box for 

molding {see paragraph 14). Where compaction was not required, the box 

was overfilled and struck off. Compacted specimens were molded in two 

layers to insure uniform density. One blow of a metal hand tamp was 

applied per layer. 
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Tests and Results 

19. A total of 105 samples were prepared and tested in the labora

tory program. The variables involved were (a) gradation of aggregate, 

(b) amount of water in aggregate, (c) type and quantity of liquid as

phalt, (d) type and quantity of admixture, (e) degree of compaction, and 

(f) length of curing period. Mixes were prepared with dry sand and sand 

that was one-fourth and one-half saturated. Saturation was considered 

to be the moisture content obtained after the sand had been inundated and 

allowed to drain. Saturation for the coarse and fine sands, plate 1, 

used in the laboratory and small-scale field tests was 20 and 24 per 

cent, respectively. Thus, one-fourth and one-half saturated fine sand 

contained 6 and 12 per cent water, respectively. A majority of the 

samples were subjected to the tests outlined in paragraph 20; however, 

the results of a parti~ular series of tests were used as a guide in se

lecting mixes for further tests. 

Test procedures 

20. The box sample was allowed to cure for 24 hours and then sub

jected to the equivalent of slightly over one inch of rainfall. The sur

face of the sample was slanted at a 45° angle to simulate a 1-on-l slope. 

Following the rainfall test, the samples were allowed to cure for seven 

more days before subjection to wave-action tests. Stability measurements 

were taken on some of the samples with a penetrometer during that period 

to determine the rate and extent of curing. After the gross curing 

period of eight days, samples were placed just above the water surface 

in a hydraulic model. The boxes were supported and held in place on a 
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1-on-l slope by bricks and concrete blocks. The entire surface area of 

each sample was subjected to wave attack for 48 hours or until prior . 

failure occurred. Stability of unfailed samples was determined and 

crust measurements were made upon completion of the wave-action tests. 

Small samples of each mix were cut from the surface and tested for perme

ability and density. 

Tests without admixtures 

21. Initial tests were confined to uncompacted mixes containing 

10 per cent emulsion or cutback and no admixture in order to determine 

general trends of behavior of the basic components of the mix. These 

data are presented in table 1. 

22. Examination of table 1 indicates that all specimens prepared 

with dry sand withstood wave attack satisfactorily (shown in table as 

C1o water in sand). However, the mixes containing slow-curing cutback 

(sc~5) were soft and not cured. Also, the specimens containing slow

breaking emulsion were not well mixed (asphalt was concentrated in balls) 

and probably would have disintegrated under longer testing periods. The 

difficulty of poor mixing was not experienced with the rapid-breaking 

emulsion and dry sand since the sand had to be heated to 200°F for 

proper application of this type emulsion. No further testing was sched

uled with dry sand since heating was required in one case, a nonhomogeneous 

mix resulted in another, and sand available for work in the field would 

normally be dredged and thus retain a considerable amount of moisture 

When stockpiled. 

23. All specimens containing wet sand (both one-fourth and one-half 

saturated) failed as a result of stripping (bitumen stripped from aggre~ate) 
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while being subjected to wave attack for from 2 to 40 hours. These 

specimens, with the exception of slow-breaking emulsion· mixes, had with-

stood the rainfall test satisfactorily one day after molding even though 

the larger aggregate particles were uncoated and the finer particles were 

separated from the asphalt by a film of water. One specimen, No. 23, 

containing slow-breaking emulsion and wet sand was compacted. The mix 

withstood the rainfall test but disintegrated completely during the first 

four hours of the wave-wash test. It may be noted that the last six sam-

ples listed in table l were emulsion mixes that were either cured for 

more than the specified one day after placement, or cured for three days 

after mixing butJ?rior to placement~ One -of the producers of emulsion 

had recommended a longer curing period prior to test as a possible solu-

tion to the problem of unsatisfactory coating of aggregate. Results were 

not promising. Three of the four samples that were cured in place disin-

tegrated during wave-wash tests. The fourth sample, though not a complete 

failure, developed a very thin crust and was wet and soft underneath. The 

stockpiling of material for three days prior to placement did not result 

in the development of satisfactory pavement. The uncompacted mix, No. 28, 

disintegrated within the first four hours of wave wash and the compacted . 
mix, No. 29, remained soft and unstable at the end of the wave-wash test. 

No further testing was scheduled on mixes without admixtures since ade-

quate adhesion to the sand particles was not accomplished and failure by 

stripping occurred under test. 

Tests with admixtures 

24. Mixtures containing admixtures were tested at various asphalt 
~ 

contents, moisture contents of aggregates, percentages of admixtures, and 
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degrees of compaction. Emulsion mixes were confined to those containing 

the slow-breaking type of emulsion, commonly known as the "mixing grade." 

The decision to use this type only was made on the basis of results of 

initial tests without additives. Admixtures of lime and cement used in 

combination were recommended by one of the producers. Lime was suggested 

for the purpose of promoting the coating of aggregate in the presence of 

water whereas cement was used to accelerate development of stability in 

the mix. Cutback asphalt mixes were confined to those containing the 

rapid-curing type (heavier grades) because of the poor results obtained 

in initial laboratory tests with other types and poor performance in the 

field with a lighter grade of the rapid-curing type. The one admixture 

used in the various cutback mixes was an anti-stripping compound. 

25. Emulsion mixes. The results of tests performed with slow

breaking emulsion mixes, including pertinent observations and notes, are 

summarized in table 2. The emulsion content was varied from 4 to 12 per 

cent (2.4 to 7.2 per cent bitumen). The recommended amounts of 1 per 

cent cement and O.l per cent lime were used as well as variations there

from. A limited number of specimens were compacted for comparison with 

similar mixes that were molded without compaction. The density and per

meability of all samples were determined after the wave-action test. 

Stability was measured with a cone penetrometer (three cone types as 

listed in table 2) on a group of specimens containing the approximate 

amount of emulsion proposed for field mixes. Another purpose of these 

Penetration tests was to develop a tool for measuring stability that 

would assist in design and field control of cold mixes. 

26. All mixes shown in table 2 satisfactorily withstood the rainfall 
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and wave-action tests, indicating that admixtures can be used that will 

prevent stripping. However, the condition and appearance of the various 

mixtures at the end of the test period varied considerably. 

27. The lCP/o emulsion content (6.Cff/o bitumen) appeared to be the 

minimum amount that would provide reasonable coating of the fine sand 

aggregate. The sand was adequately coated with 12}& emulsion and the 

resulting mix was more stable, all other factors being equal. 

28. In general, sand that had &/o water content (one-fourth saturated) 

was more satisfactory than sand that had lf1o water content (one-half satu

rated). The surface crust formed more rapidly because of the shorter cur

i!1g_period requjred to dissipate t-he -water i.n both t'ne. sand and emulsion. 

29. The incorporation of both cement and lime additives was bene

ficial and the recommended quantities appeared to be adequate. The in

clusion of '2!lfo cement rather than the recommended l~ did not improve the 

stability of the mix. In fact, the resulting surface crust was thinner 

and the mass tended to remain wet and soft. Increase in the lime content 

above the 0.1~ produced no marked improvement, indicating that only a 

very small amount is required to prevent stripping and an increase does 

not improve stability of the mix. Stability of the mix decreased sharply 

when cement was omitted. The surface was broken during the rainfall test 

in one instance and during the wave-action test in another. When the hy

drated lime was omitted the mix developed practically no surface crust 

and the mass remained soft and wet. It is interesting to note that 

stripping did not occur in the mix containing cement but no lime, indi

cating that cement aids in obviating stripping as well as in promoting 

early stability. 



30. The average density of mixes that were molded without compac

tion was 95 lb per cu ft, the densities varying from 86 to 104 lb per 
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cu ft. All mixes were pervious and stability after wave-action tests 

varied from low to high depending on the admixtures used. The limited 

number of specimens that were compacted had an average density of 106 lb 

per cu ft, with values ranging from 104 to 109 lb. Compaction was 

definitely beneficial. In general, the surface crust was thinner on the 

compacted mixes but the mass was more stable throughout. The increased 

density reduced the permeability but did not make the mix impervious. 

31. In table 2 stability values obtained by the penetration test 

are shown for selected mixes. The standarQ ~ cone of' the cone- pene• 

trometer was not used in the initial tests because it was felt that the 

depth of penetration required to make the test would cause the values 

obtained to reflect stability below, rather than in, the surface crust. 

Therefore, this cone was replaced with a 160° cone, a hemisphere, and a 

180° cone (flat disc) in order to concentrate the penetration in the 

crust. The 160° cone had a thickness of 0.1 in., the hemisphere was o.6 

in. thick, and the i8o0 cone or disc was o.4 in. thick. Penetration 

readings (average of three) were taken when the top of the cone reached 

the surface of the sample. This procedure seemed advisable since the 

crust was broken in the initial penetration and very little effort was 

required to move the cone downward from that point. Of the three con

figurations used, the hemisphere and flat disc were the most satisfactory. 

The 160° cone was not thick enough for accurate penetration and readings 

obtained were erratic. The readings with the three configurations were 

somewhat comparable for a given specimen; however, individual readings 
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(before averaging) were more consistent with the disc. Furthermore, the 

range of values that could be obtained with the disc was greater, making 

the instrument more adaptable for comparing stabilities. Using the 

values obtained with the disc as shown in table 2, it can be seen that 

the highest stability was obtained on the compacted mix (sample 55) con

taining l'C{o emulsion, 1% cement and 0.1% lime. The same mix, uncompacted, 

had almost the same stability in the crust but was soft underneath. In 

tests of mixes with the cement additive omitted, stability decreased 

sharply. When the amount of lime was increased to 0.5% and cement was 

included, the stability did not improve. These trends substantiate ob

servat~ons -1Il.8.de on -earlier sampleB that were not subjected to the sta

bility test and show that the penetrometer test results are indicative 

of relative stability when the asphalt content is high enough to coat 

the sand particles. 

32. Cutback mixes. The results of tests with rapid curing cutback 

mixes, including pertinent notes and observations, are summarized in 

table 3. The cutback content was varied from 4 to 14%. The anti-stripping 

compound was blended with the cutback in the proportion of 3% by weight, 

as recommended by the manufacturer, and also of 5% for comparison. The 

RC-5 cutback had to be heated slightly for mixing with wet sand, whereas 

the RC-3 grade was not heated. ·None of these mixes were compacted. Den

sity and permeability were determined after the wave-action test. Sta

bility was observed but not measured in this series of tests. 

33. AlJ. mixes satisfactorily withstood the wave-action test, showing 

that the admixture used prevented stripping. No improvement in the mix 

was noted when the percentage of anti-stripping compound was increased 

from 3 to 5. There was no noticeable difference between mixes containing 
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6 and 12% moisture in the sand (one-fourth and one-half saturated sand). 

34. The cutback asphalt content of the mix was more critical in 

several re!?pects than the emulsion content of previous mixes. The 14% 

mixes were impervious and completely unstable. A crust of nominal thick

ness formed on the surface but the volatiles in the mass could not be re

leased. The lCY/o mixes with RC-5 were almost impervious and were generally 

not very stable. The &/a mixes with RC-5 were pervious, the sand particles 

were adequately coated, and stability was fair to good. The &/o mixes with 

RC-5 were even more pervious and stability continued to be fair to good 

but the sand particles were not completely coated. The 10 and 8% mixes 

with RC-3 were impervious and completely unstable. The 6% mixes with 

RC-3 were pervious but stability was low and the sand particles were not 

completely coated. All 4% mixes were quite pervious and stable but lacked 

durability because of the uncoated sand. 

35. Densities of these uncompacted specimens varied from 103 to 120 

lb per cu ft and averaged 112 lb as compared to 95 lb for emulsion mixes. 

Compacted specimens were not tested, even though the stability was im

proved, because the mass was impervious at a relatively low asphalt content. 

36. Stability measurements were not made in this series of tests but 

the observed stability, which was found to be in agreement with measured 

stability on emulsion mixes, indicates that the optimum cutback content 

is quite critical (about 7%) and is the minimum amount that will ade

quately coat the sand particles. Mixes containing RC-3 were much less 

stable at the optimum cutback content than were RC-5 mixes • 

.§:pecial penetrometer tests 

37. Box samples of mixes containing cutback and emulsified asphalt·· 
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were prepared for the specific purposes of measuring the development of 

stability within the first week after placement, and of comparing the 

flat disc used in the initial series of penetration tests with the stand

ard 30° cone used in soil tests. Specimens were prepared (including ad-

ditives in most cases), allowed to cure for 1 day, and subjected to the 

equivalent of one inch of rainfall. Penetration tests were started im-

mediately and measurements were made each day for a period of seven days. 

These samples were not subjected to wave-action tests but were.allowed 

to cure at room temperature between measurement periods. The various 

mixes that were prepared and the stability values obtained with the two 

cone tYIJes are summarized in table 4. 

38. A wide range of stability values was obtained on the mixtures 

tested, as shown by table 4. The higher values for a given mix were ob

tained with the flat disc, being about lOOi greater than those measured 

with the 30° cone. This difference is attributed to the fact that pene

tration with the shallow flat disc (0.4 in. thick) was confined mainly 

to the surface crust whereas the long 30° cone penetrated about 2.0 in. 

into the softer uncured material beneath the crust. Furthermore, the 

range of values for all mixes was greater with the flat disc, making it 

a much better tool to use in soft mixes. Low and high values were much 

more consistent with the flat disc, and results obtained prove it to be 

the most applicable of the cones tried. 

39. Table 4 also shows that the stability values do not follow a 

pattern for good and unsatisfactory mixes as previously established by 

wave-action tests and observations. That is, the results on samples con-. 
taining the minimum or more cutback or emulsion (7% for RC-5 and 10% for 
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HCM) indicate the quality of the pavement, but measurements on samples 

containing less than the minimum cutback or emulsion required to coat 

the sand are high in proportion to quality of the mix. This is not a 

serious difficulty in that the cutback or emulsion content is determined 

by observation of the amount necessary to coat the sand. Thus, all mix

ture~ containing more than the minimum amount of asphalt required to coat 

the sand particles can be evaluated in part by their stability. 

40. Plots of stability versus time for mixtures containing cutback 

asphalt and emulsion· (optimum and above) are shown on pla~es 2 and 3, 

respectively. Only values obtained with the flat disc are plotted. 

Plate 2 reveals that RC-5 cutback mixes do not develop high stability 

within seven days after molding. Mixes containing lz;/o cutback (impervious) 

had quite low stability whether they were compacted or not. Mixes con

taining optimum cutback (7%) showed noticeable improvement in stability 

with time, and somewhat higher stability for compacted specimens than for 

the uncompacted ones. Plate 3 shows that much higher stabilities were 

developed with some of the compacted emulsion mixes than with any of the 

cutback mixes. The uncompacted mix with 10% emulsion and no additive 

showed practically no improvement in stability with time, agreeing with 

previous results of other tests that showed this mix to be unsatisfactory. 

Compacted and uncompacted mixes containingJ..0% emulsion and lime additive 

Were slow in developing stability, with the former attaining reasonable 

stability in 7 days. The compacted mix containing lo/o emulsion with 

lime and cement additives developed excellent stability, being higher 

in 3 days than most of the previously mentioned mixes were at 7 days. 

The corresponding uncompacted mix did not reach such high stability but 
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was fairly satisfactory after 7 days. Stability of the uncompacted 14% 

mix was grea~er.than a similar mix containing la{o emulsion but the two 

mixes did not differ appreciably when they were compacted; high values 
~ 

were obtained in both'cases. 

Summary of Laboratory Test Results 

41. The results of the laboratory tests indicated that four main 

factors are involved in providing cold mixes that will meet the require-

ments listed in paragraph 11. First, a minimum cutback or emulsion con-

tent ror adequately coating the sand particles had to be determined just 

as for any bituminous mixture. Second, admixtures had to be incorporated 

to obviate stripping in the presence of water. Third, the mix had to be 

pervious so that pore pressures would not build up in the riverbank on 

which the mix was placed. Fourth, early surface stability had to be de-

veloped without a high degree of compaction to enable the mixture to with-

stand wave wash. The most satisfactory cutback mix developed by labora-

tory tests contained 7% RC-5 with 3% anti-stripping agent added and 93% 

fine river bar sand having a moisture content of 6 to 12£1,. Partially 

compacted specimens were slightly more stable than uncompacted ones. The 

best emulsion mix, considering the economics of holding the emulsion 
' 

content to a minimum, contained 10% slow-breaking emulsion (mixing grade) 

and 88.9% fine river bar sand to which was added 1% portland cement and 

0 .1% hydrated lime. The compacted emulsion mix was considerably more 

stable throughout than the uncompacted mix. 
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PART III: SMALL-SCALE FIELD TESTS 

42. In selecting mixes for placement in small test panels on a 

creek bank, it was considered desirable to use the mixes discussed in 

paragraph 41 in most of the panels with variations in cutback or emul

sion content, admixture, and water in the sand in a few panels. In ad

dition,· two grades of the cutback and two brands of slow-breaking emul

sion were selected. Other variables in the test panels were pavement 

thickness, degree of compaction, and curing period after mixing. Twenty 

test panels with paved transition areas at eacli end- or- tlie test section 

were placed. Pertinent information relative to each test panel is given 

in table 5. 

Construction of Test Panels 

43. The test panels were placed on a bank of Durden Creek within 

the Waterways Experiment Station reservation. The area selected was on 

the southern bank of the creek about 700 ft below the spillway of the 

Waterways Experiment Station lake. It was contemplated that at least a 

limited amount of wave wash would occur after heavy r~ins. Plans and 

sections of.the panels are not presented in this report since the data 

included in table 5 are.considered adequate. A general view of the test 

site is shown in fig. 7, with the lean clay bank partially graded and 

teat Panels l through 4 outlined with training boards. 

44. About 80 lin ft of bank were brought to a uniform slope of 1 

on 2. This grade is somewhat steeper than standard river and levee slopes 

and provides a more severe condition with respect to pavement creeping. 

32637 
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Fig. 7. Test site for cold mix test panels 
with grading operations under way 

As shown in fig. 7, riprap and sand bags were placed at the toe of the 

slope to provide stability. Each test panel was about 18 ft in length 

and extended to the top of the bank. Training boards l in. wide and 

either 3, 4.5, or 6 in. high were spaced 4 ft apart preparatory to place-

ment of the experimental mixes. 

45. Paving was accomplished during September-October 1949 under 

ideal weather conditions. None of the mixtures tended to creep during 

placement. The 11 panels with emulsion mixes were placed first, and 

numbered as shown in table 5. Mixing was accomplished in a small con-

crete mixer. Fig. 8 shows the mixer, drums of emulsion, a stockpile 

of moist river bar sand, sacks of lime and cement, and scales for pro-

portioning the desired mix. Mixing was first attempted using sand that 



Fig. 8. Plant setup for preparing experimental 
emulsion cold mixes 

was one-fourth saturated (6-7% water content) but the asphalt balled up 

and left much of the sand uncoated. However, increasing the water con-

tent to about 11% allowed intimate mixing and all panels were placed at 

that water content. The material was placed by hand, and hand-tamped 

immediately where compaction was specified. Increase in density, over 

that for material placed without compaction, averaged 10 lb per cu ft, 

being about 105 lb versus 95 lb, and agreeing with laboratory densities 

shown in table 2. Fig. 9 shows panel 3 completed with voids in riprap 

at toe filled with the same mixture. Training boards were removed when 

adjoining panels were paved. Two items should be pointed out in connec-

tion with emulsion panels: (a) the sand was not completely coated in 

the 7% emulsion mix (panel 6); the mixtures in panels 7, 8, and 9 contained 
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• 9. One completed test panel with emulsified asphalt cold mix 

a different brand of emulsion (Brand B) from the other panels but it was 

of the same type. Immediately after placement it was noted that this 

emulsion had broken too quickly, with the bitumen being concentrated in 

balls, leaving a great deal of the sand uncoated. Consequently, panels 

7, 8, 9 will not be evaluated because of defective bituminous material 

in the mix. Apparently, this emulsion was almost unstable when received 

in the drums, although routine laboratory tests did not so indicate. 

46. The nine panels with cutback asphalt were placed early in 

October 1949. Mixing was first attempted in the small concrete mixer 

but the asphalt balled up even worse than the emulsion had done. The 

pug mill of the Waterways Experiment Station central hot-mix asphalt 

plant was then employed and mixing was quite satisfactory. The RC-5 
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a was viscous and had to be heated ta about 150 F whereas the RC-3 flowed 

freely and required no heat. Placement operations were the same as far 

emulsion mixes except that an improvised wooden screed was used ta obtain 

a satisfactory surface. The mix was stiff as compared to the soft and 

wet emulsion mix where more water was used to obtain a more homogeneous 

mixture. The impervious RC-3 mix (panel 20) and RC-5 mix (panel 19) were 

particularly difficult to bring to desired final grade because of poor 

workability. The 4Pfo RC-5 in panel 18 did not coat all sand particles. 

Density of the loosely placed cutback mix varied considerably because of 

Placement difficulties; variation rangetl from about 80 to 90 lb per cu-fx._ 

These values are considerably lower than the average uncompacted laboratory 

density of 110 lb per cu ft where the effort required to mold box samples 

necessarily provided some compaction. Fig. lO shows the completed test 

section, with the cutback mixes on the right beginning with the arrow at 

Fig. lO. Completed test panels with emulsion mixes to left 
and cutback mixes to right of upper arrows 
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top of bank. The small holes near the bottom of each panel (indicated 

by lower arrow) are depressions left by penetrometer as stability was 

being measured. 

Tests and Observations of Panels 

47. Tests on the twenty panels were made from October 1949 through 

September 1950. Certain observations were continued through the spring 

. of 1952. The first test was to simulate one inch ?f rainfall on the emul

sion panels 24 hours after placement. The only noticeable effect was sur

I'ace stripping on panel 11 where no admixture was used. Material in this 

panel had been stockpiled for 3 days after mixing and before placement 

and had become lumpy as it cured. It could not be satisfactorily placed 

in a loose condition and had to be tamped into place. Even with the 

curing and the compaction, stripping occurred, but the surface did not 

erode. Simulation of wave action on these panels was not possible and 

since a comparable laboratory test had not been made, it is not known 

whether panel 11 would have withstood wave wash at that early date. 

Simulated rainfall was not applied to the cutback asphalt panels because 

a heavy rain (about 2.0 in.) fell about 24 hours after placement of panels 

12 through 20. The only noticeable effect was surface stripping on panel 

17 where the anti-stripping compound had been omitted from the mix. No 

erosion was observed. 

Stability tests 

48. Stability measurements, using the penetrometer with 1-sq-in. 

disc, were made on all panels starting the first day after placement. 

·These measurements were taken once a day for one week, once a week for 
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the next 5 weeks, and at various intervals during the next year. The 

hottest time of day was selected for testing so that minimum stability 

would be shown. A summary of all measurements is given in table 6. 

Values of 100 psi (110 psi or 120 psi) plus mean that the operator of the 

penetrometer was applying all his weight while positioned on the l-on-2 

slope but could not induce a great enough pressure to force the· disc the 

required distance into the pavement. Values of this magnitude were con

sidered more than adequate as far as stability itself was concerned. 

Values of 50-60 psi are considered adequate within 10 days after placement. 

49. Stabilities developed during the 7-da-y curin~ period (-when-pave-

ment temperatures were comparable) may be examined on the first page of 

table 6. The same trends were found with comparable emulsion mixes as 

shown on plate 3 for laboratory tests (lofo Brand A in both instances). 

The compacted mix containing admixtures had high surface stability (100 

psi plus) within 3 to 6 days in both cases. The same mix, uncompacted, 

required the full 7-day period to reach stabilities of 60 to 70 in labora

tory and field. Stability developed somewhat more slowly in the 3-in. 

pavement than in the 4.5- and 6.0-in. pavement, being 50 after 7 days. 

Mixes i~ panels 7; 8, and 9 were not considered satisfactory because the 

emulsion used broke too quickly and stabilities were low. The mixes that 

~ere prepared and allowed to cure for 3 days before placement in panels 

10 and 11 had reasonably high stability after 7 days. It will be recalled 

that these mixes were dry and lumpy and had to be compacted for adequate 

Placement.· 

50. Stability after 7 days on cutback mixes in the field was low 

but the values were e~en lower than in laboratory tests where density had 
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been higher. The compacted mix (7% RC-5) attained a fair surface stabil-

ity of 55 after 7 days as compared to 70 in the laboratory. The same un-

compacted mix, on the other hand, remained very soft with a stability of 

only 20 as compared to 55 in the laboratory after 7 days. There was no 

measurable difference in surface stability among the 3.0-, 4.5-, and 6.o

in. thicknesses (panels 14, 12 and 16). All of the uncompacted mixes 

(including the 4% RC-5 mix) were soft to the extent that they could not 

be walked on without depressions appearing in the surface. 

51. Stabilities measured at intervals for one year are also shown 

on table 6. Numerous trends may be noted, among which the following are 

considered most pertinent: 

a. The emulsion mixes, other than those in panels 8 and 9 
where the emulsion broke too quickly, developed excellent 
surface stability (100 psi plus) within 35 days after 
placement. Panel 7 also contained an emulsion that broke 
too quickly but compaction promoted high stability. The 
three compacted mixes were first to reach 100 psi plus and 
did so within 21 days. Uncompacted as well as compacted 
emulsion mixes developed adequate stability (50 psi or 
more) within 7 days after placement. 

b. No significant difference in stability was noted between 
mixes containing 10 and 12}(> emulsion (panels 3 and 5). The 
main difference noted was that the sand in the latter mix 
was better coated and the texture was less granular. 

c. All three thicknesses of uncompacted emulsion pavement 
(panels 1, 3, and 4) became satisfactory, with no notice
able difference after 35 days. 

d. The 7% emulsion mix in panel 6 (sand not completely coated) 
developed high stability and maintained it over the period 
of this study. High stabilities had also been obtained on 
a laboratory specimen (No. 11 in table 4) with less than 
the required amount of emulsion to coat the sand. However, 
the life of this lean mix under actual conditions on the 
river is problematical. 

e. The surface crust developed on emulsion panels prevented a 



sharp decrease in stability when pavement temperature 
reached 125 to 135 F. 

!• The only pervious cutback mix that developed excellent 
surface stability within 35 days and maintained it during 
warm weather was in panel 13 (compacted pavement with 7% 
RC-5). Stability was adequate at 7 days in this panel 
(55 psi) but not in uncompacted panels. The impervious 
mixes (10'/o RC-5 and 7% RC-3) developed relatively thick 
surface crusts and high stabilities in about 2 months but 
were not satisfactory because of their imperviousness. 
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15• The surface stability developed by the uncompacted cutback 
mixes (7% RC-5) did not remain high in warm weather until 
one year after placement. For example of fluctuation, 
note in table 6 differences in values at pavement tempera
tures of 95° and 135°F on 17 June 1950. 

E• Unsatisfactory pervious mixes were 0~01rerved- at- the- end of 
one year in panels 15 and 18. In·the latter, 4% RC-5 was 
not sufficient to hold the sand particles together. In 
the former, the higher water content of the sand used in 
the mix was the apparent cause for continued low stability • 

.!• Limited compaction of both cutback and emulsion cold mixes 
was quite beneficial (panels 2, 1and13), being essential 
for developing early satisfactory stability in cutback 
mixes (panel 13) and allowing proper placement of emulsion 
mixes that have been stockpiled prior to placement (panels 
10 and 11). 

Q__uring characteristics 

52. Samples were taken for the full depth of the pavement in each 

panel to determine rate and extent of curing. (Curing refers to dissipa

tion of water from emulsion mixes and water and/or mixing oil in cutback 

mixes.) Samples were taken about nine months after placement. Emulsion 

mixes had cured to a depth of 2 to 3 in. in all cases. Water was still 

Present at lower depths. The cutback mixes appeared to be substantially 

free of water from the wet sand but a great deal of the mixing oil re-

tna.ined, causing instability in warm weather. 

53. After 2 years (in October 1951) each panel was sampled again. 
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Measurements were made of total cured thickness from surface downward. 

The following tabulation gives total and cured thicknesses for each panel. 

It should be remembered in evaluating these thicknesses that most of the 

mixes are pervious and can draw a certain amount of water from the under-

lying soil. In these cases the mix may have cured to lower depths and 

become stable when the soil was dry because the material was observed to 

be rather stable even though water was present. 

Emulsion Total Thick- Cured Cutback Total Thick- Cured 
Panel No. ness 2 In. Thickness Panel No. ness z. In. Thickness 

1 6.o 5.0 12 4.5 4.o 
2 4.5 4.0 13 4_.5 4.o 
~ 4~5 4.5 14 3.0 2.0 -,:) 

4 3.0 3.0 15 4.5 3.0 
5 4.5 2.5 16 6.o 4.o 
6 4.5 2.5 17 4.5 3.0 
7 4.5 2.0 18 4.5 2.0 
8 4.5 3.5 19 4.5 2.0 

10 4.5 4.5 20 4.5 2.0 
'11 4.5 2.0 

Notes: 
1. Panels 6 and 18 soft and crumbly below cured depth, insufficient 

bitumen to coat sand particles. 
2. Panels 19 and 20 soft below cured depth, volatiles present. 

Special observations 

54. One of the first special observations was that of crust develop-

ment on emulsion mixes. A thin and somewhat brittle surface crust formed 

soon after placement (within 7 days) and provided stability for with-

standing wave wash. It was feared that if this crust were removed the 

softer material underneath might be subject to erosion. This possibility 

was tested by removing about 0.5 in. of material from the lower parts of 

panels 1 and 2 on 19 January 1950, a little over 4 months after place-

ment, and exposing these areas to the weather. The new surface was 
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cured and had rains had no effect 

new surface. A thin crust had formed 

the surface of this emulsion mix a new crust 

soon form and maintain the (20 after 

the over the of the Water-

Station lake to wave action for 

of l to l 1 and 2 

the crust had been but had no effect. Wave action was con-

and 

• 

of the water was estimated to be about 5 ft per sec. 

is shown in· ., .1 . 
..L..J... 

1 and 2 where crust was removed is indicated by an arrow. 

water occurred three times February 1950, and the 

• 11. High water and wave action on cold mix 
test , 9 February 1950 



panels were subjected to as much as 2 hours of continuous wave action 

each time. Minor surface erosion took place on emulsion panel 6 where 

the bitumen content was too low to coat all sand particles. Erosion 

also occurred on panel 9 where the emulsion had broken too quickly and 

on panel 18 which contained only 4% RC-5. Erosion observed near the toe 

of panel 5, see fig. 12, had occurred soon after construction as a re-
. 

sult of flow of drainage water from the road above through the pipe about 

halfway up the slope. This area has withstood the flow of drainage 

water satisfactorily since that time. 

56. Another special observation consisted of noting the ~owth of 

grass through the cold mix pavements. In grading the bank, prior to 

paving, no attempt was made to remove all grass roots but operations were 

• 12. Test after 2-1/2 years, with considerable increase in 
extent and density of turf on pavements 
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such that the surface was reasonably free of vegetation, as can be seen 

by ref erring to • 7 and 9. No grass appeared through the pavement 

during the fall of 1949 but growth was considerable in the spring and 

summer of 1950. The condition of the test panels in September 1950, one 

year placement, is shown in fig. 13. The extent of growth of grass, 

intentionally allowed to grow high for photographing, may be noted. Grass 

species included Johnson, crab, nut, and Bermuda. The nut grass, common 

in this locality on river and levee slopes paved with hot-mix sand as

phalt, appeared first. Eruption of the pavement resulted from the pene-

tration of the nut grass, but was not serious~ Johnson and-crab grass 

appeared next over scattered areas and eruption was of considerable magni-

tude. Finally, Bermuda ap~eared without causing noticeable eruption and 

• 13. Cold mix test panels after one year, showing grass 
growing through pavement 
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eventually became the predominant type, although nut grass was almost as 

rank during the spring and early summer months. Eruptions by the two 

predominant types (nut and Bermuda) have not been detrimental to the in-

tended use of the pavement. Pavement samples from these areas showed 

that the pavement was in a satisfactory condition for the full thickness 

through which grass had penetrated. The test panels are still being 

maintained after 2-1/2 years in place. The only maintenance required is 

cutting of the grass that now covers the greater portion of all panels, 

after which the bank has a pleasing appearance as can be seen in fig. 12. 

Sf_. _The _granulated-sand asphalt noted on the £Urface -Of paved river 

· slopes (appendix A) was more prominent on emulsion mixes in the test 

panels. This granulated formation on emulsion pavement is caused not 

only by eruption during grass-growing periods but by any type of 

scouring or scuffing action. The surface after 2-1/2 years is still in 

a satisfactory condition although somewhat more brittle and less alive 

than a hot-mix sand asphalt would be. The life expectancy of emulsion 

pavement cannot yet be predicted. The surface condition and texture of 

the impervious cutback mixes (panels 19 and 20) approached that of the 

hot mix. However, the pervious cutback mixes (panels 12 through 17) 

had a granulated texture on the surface comparable to that of emulsion 

mixes because of the minimum RC-5 cutback content necessary to keep the 

mixes pervious. As with the emulsion mixes, the life expectancy of the 

pervious cutback pavement cannot yet be predicted. 
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PART IV: LARGE-SCALE PLACEMENT 

58. Large-scale tests with experimental mixes under actual field 

conditions were not undertaken as a part of this study. However, during 

the course of this study, the Memphis District awarded a contract for 

paving about 5,800 lin ft of levee slope on the east side of the Missis

sippi River where the levee crosses the Tennessee-Kentucky state line. 

Efforts to protect this area against wave wash by turfing had not been 

successful during the previous four years and extensive maintenance work 

had been required near the toe of the slnp_a._ An_ emulsion mix type of 

pavement was specified in the contract and since none had ever been 

Placed on a large scale, results of Waterways Experiment Station labora

tory tests on emulsion mixes were furnished the Memphis District. No 

specific mix was recommended because at that time the Waterways Experi

ment Station test panels had not been constructed. However, the results 

of rainfall and wave-action tests obtained on box samples 10 days after 

molding bad shown that mixtures without additives were not satisfactory 

even for that short period of time. The levee paving on the Tennessee

Kentucky line was accomplished during October and November 1949. Engi

neers from the Waterways Experiment Station observed placement opera

tions on 16-17 November 1949 and inspected the section after.the first 

high-water period in May 1950. This project is discussed beginning with 

Paragraph 60. 

59. While the levee paving along the Tennessee-Kentucky line was 

in progress, another project specifying bituminous paving originated in 

the Memphis District. Certain upper slopes for the Memphis Harbor Project 
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were to be paved with sand asphalt. The specifications permitted alter-

nate types of construction: the conventional hot-mix sand asphalt for 

which adequate specifications were available, and cold-mix sand asphalt 

utilizing emulsified asphalt for which specifications had to be written. 

l 
i 
I 
! 

I 
The Mississippi River Commission prepared the cold-mix specifications and l 

t 
they were reviewed and commented on by the Waterways Experiment Station. 

The review is included herein as appendix B. The low bid for this paving 

was on hot-mix sand asphalt; therefore, details of construction and per-

formance are not included in this report. 

Asphalt Emulsion Paving Operations on Levee Slope 

Preparations for paving 

60. The riverside slope of the existing levee was graded (where re-

quired) to a uniform slope of 1 on 3 to 1 on 4. The upper half had been 

planted with Alta fescue grass and the lower half left unseeded for asphalt 

paving. A pit containing a very fine silty sand was located near the con-. 
struction site and sufficient material for a 4-in. pavement thickness was 

, removed and placed in a windrow along the toe of the slope. Gradation of 

this sand included lOC!'/o passing the No. 40, and at least 15% passing the 

No. 200 screen, which is considerably finer than that normally used in 

sand-asphalt paving. Fig. 14 is a view of the graded levee slope with 

windrow of selected sand at the toe. Erosion of the slope as a result of 

recent rains may be noted. The windrow of sand at the toe of the slope 

was saturated since there was no outlet for the water. 

61. The grading work and placement of the sand windrow were accom-

plished by government forces. The contract called for blade-mixing of 

j 
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~ 
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Fig. 14. Graded levee slope, prior to paving, with windrow 
of sand at toe of slope 
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this sand with emulsified asphalt at toe of slope, placement on the slope 

by clamshell, fine grading with a motor patrol, and compaction with mini

mum of 3 coverages of a rubber-tired roller. A key ditch at the upper 

edge of the slope, normally specified for upper-bank asphalt paving, was 

not specified on this project. One barge load of slow-breaking emulsion 

Was purchased by the government. This was the same type (Brand A) used 

in both laboratory and field tests at the Waterways Experiment Station • 

.§l:ecified paving operations 

62. The cold mix was initially produced by applying the desired 

amount of emulsified asphalt (without admixtures) to the sand windrow 

With a distributor, and blade-mixing. About 18oO lin ft of the 58oo ft 

Of Windrow were treated in this manner. However, a homogeneous mixture 
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was not obtained. The grade at the toe of the slope was not flat, making 

operation of the motor patrol difficult. Also, the windrow was rather 

large (10 cu ft per lin ft) for handling within the limited space avail

·able and rainy weather caused unstable subgrade conditions that fre

quently stopped mixing operations. A small Seaman mixer was secured but 

proved to be too slow~ and its use was discontinued about 1 November 

after salvaging about 30 per cent of the material in the 1800-ft section 

of the windrow where emulsion had been applied. It was 17 November before 

final placement of this salvaged material was completed. The mixture had 

dried out and a good surface was not obtained. 

Adopted paving operations 

63. The government and the contractor agreed to the use of a con

crete mixer (Rex paver with 1-cu-yd capacity) to insure satisfactory 

mixing. The asphalt distributor previously used to apply emulsion to 

the windrow was then available to supply emulsion into a 55-gal drum for 

batching at the mixer. A crane was used to transfer sand from the wind

row to the skip on the mixer. The bucket and boom on the paver were used 

for placement on the slope. A general view of this plant setup is shown 

in fig. 15 • 

. 64. The proportions of the components of the mixture manufactured 

in the paver could be determined much more accurately than by the initial 

method. One bucket load, approximately 2700 lb, of wet sand from the 

windrow went into each batch. When saturated after rains this sand con

tained about 20 per cent water, and no more water bad to be added at the 

mixer. When the sand was only partially saturated, water was added as 

required. The nonuniform moisture content of sand in the windrow was a 



continuous 

• 15. Equipment and 
and emulsion at toe 

in producing uniform batches as 

sand 

flow or slump 

of the mix, as discussed later. The quantity of emulsion 

in each batch was varied intentionally from 30 to 45 Conversion of 

amounts to based on dry weight of the sand values 

from 10.0 to 14.4. Laboratory mix percentages at the Waterways Experi-

ment had been based on dry weight of sand for and 

amount of bitumen (6afo of the emulsion content) was readily deter-

mined. per cent emulsion was sufficient to coat the particular sand 

Used laboratory tests. It was noted that the finer sand on this proj-

ect was not coated with that amount emulsion. However, a majority 

Of the produced contained at least emulsion based on dry 

Weight of sand and the sand was well coated. 
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65. As previously stated, admixtures to promote the coating of wet 

sand and accelerate development of stability (lime and cement, respec-

tively) were not specified for this project. However, a limited number 

of batches containing about 2'/o lime were prepared and the volume of this 

material covered about 100 lin ft of bank. No striking differences be-

tween mixtures with and without lime additive were noted at time of mixing 

and placing. Both the treated and untreated mixes were quite workable 

owing to the large amount of water used at the mixer, so that material 

could be discharged from the bucket on the paver. Curing of treated and 

untreated wet mixes was so slow in cool weather that no difference in . 
rate of curing could be detected. There was no rainfall during placement 

of the mixture containing lime. However, there was one rain during place-

ment of the mixture that did not contain lime and the stripping effect 

was clearly demonstrated. Batches produced a day or two before the heavy 

rain turned almost white on the. surface as a result of stripping, as il-

lustrated in fig. 16. The depth of stripping was negligible as may be 

noted in the background of the photograph where the bulldozer is pushing 

the material up the slope and it has again assumed its black color. If 

the heavy rain had continued for several days stripping of emulsion from 

the aggregate might have become a more serious problem. The laboratory 

wave-wash tests showed that disintegration can take place when additives 

are omitted, provided test conditions are sufficiently severe. 

66. Placement of the emulsion cold mix consisted of four main opera-

tions. The concrete mixer, located between the windrow of sand and the 

toe of the slope, deposited the material at toe of slope and as far up 

the slope as the boom would allow (see fig. 17). Generally, it was 



Emulsion cold mix without admixtures at 
surface after rain 

Initial of cold mix fro:rr;. concrete mixer on por-
to be 
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possible to dump' about half-way up the portion of the levee slope to be 

paved. Thus, instead of about a 4-in. thickness over-all, material was 

initially placed 8 in. thick over half of the slope. 

67. The material placed in the 8-in.-thick layer was allowed to cure 

for an indefinite period, depending on the weather. A crust formed over 

the surface and large shrinkage cracks appeared. These cracks formed as 

the excess moisture required for mixing evaporated at the surface. However, 

the large percentage of silt in the sand did seem to aggravate the shrink

age and necessitated allowing ~he mix· ·to dry considerably before final 

placement. After surface curing, the top 4 in. of material was pushed by 

bulldozer to the upper half of the area to be paved (see fig. 16). The 

upper material was dry enough for final placement but the lower 4 in. left 

near the toe of slope had not cured at all. 

68. After the bulldozer had roughly placed the material to about a 

4-in. thickness, an additional curing period of 1 to 2 days was allowed 

for the wet sand asphalt on the lower portion of the slope. Fine grading 

was then undertaken with a motor patrol. Results were good along the up

per portion of the paved slope where the material was relatively dry but 

the lower portion was too wet for satisfactory operation of the grader. 

Fig. 18 shows a section of the paved slope after initial fine grading 

operations. Ruts of the motor patrol's tires in the wet material near 

toe of slope may be noted. 

69. Final dressing of the section improved the condition near toe 

of slope as the material continued to dry out. To accomplish compaction 

and surface sealing, a wobble-wheel roller (five tires), was manipulated 

up and down the slope with the winch of a D-7 tractor (see fig. 19). The 



Fine motor after in-

Rubber-tire of emulsion cold mix after 
with motor 
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roller, initially weighted with sand, had to be used empty because the 

material at toe of slope was still too spongy for heavy rolling, as may 

be observed in fig. 19. Some sacrifice in density was considered war-

ranted in order to seal the entire section before the upper portion be-

came too dry. 

70. Penetrometer measurements were made at random over one rolled 

area on the same day that rolling was accomplished. The same penetration 

tool (1-sq-in. disc) adopted by the Waterways Experiment Station for de-

termination of stability was used. Values obtained varied from 30 to 

70 psi and averaged 50 psi, being lowest in the wetterJnaterial near toe 

of slope. This average stability is comparable to that initially ob

tained in compacted test panels at the Waterways Experiment Station (one

day values for panels 10 and 11, table 6). After one week the compacted 

test panels at Waterways Experiment Station had developed stability of 

about 100 psi (90, 76 and 110+ in table 6) but comparable measurements 

were not made on the levee project. 

Summary of observations 

71. In summary, certain comments appear appropriate concerning con-

struction on this project, as follows: 

a. Consideration should be given to the selection of as clean 
a local sand as it is possible to locate. The silty sand 
used required a high percentage of asphalt and increased 
the sh~inkage of wet mixes. 

b. Consideration should also be given to the use of small 
amounts of cement and hydrated lime, about l.C/fo and 0.1%, 
respectively. These admixtures are particularly desirable · 
in accelerating curing in cold weather, promoting early 
high stability, and providing a mixture from which the 
bitumen will not be stripped during heavy rains or high 
water. 



49 

c. Under most conditions along the river, blade-mixing is not 
satisfactory because suitable areas for this operation are 
not available. Also, production is rather limited with a 
concrete mixer, and more water than is actually needed for 
a homogeneous mix must be used so that the mixture will be 
fluid enough for discharge from the mixer. Consideration 
should be given to employing a central plant setup for· 
large-scale operations or possibly a traveling plant or 
continuous mix plant, where applicable. 

d. Improvement in placement operations would be highly desir
able. Handling material more than once after mixing is un

. economical; also uniform moisture conditions cannot be main
tained. The use of spreader boxes, as in hot-mix placement, 
might be an improvement •. 

e. Compaction requirements on cold mixes should be maintained, 
where possible, to insure an initial stability approaching 
that develo~ed by bot mixes. Compaction is mandatory where 
material is allowed to dry out and become lumpy before 
placement is completed. 

Performance of Emulsion Pavement 

!ffect of high water 

72. Following placement of the paving mix during the low-water stage 

in November 1949, a period of at least 30 days elapsed before the levee 

slope was subje~ted to wave attack. Neither the extent of curing by evap

oration of water in the mix nor the improvement gained in stability during 

that period of time is known. It is a matter of record that for the 

greater parts of the months of January and February 1950 the levee was 

subjected to wave attack that extended at times above the paved portion 

and required sand bagging of the upper unpaved areas to minimize s~our. 

Representatives of the Memphis District and the Waterways Experiment 

Station inspected the site on 23 May 1950 following the high water and 

the following observations were made. 
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73. The first general observation was that the paved area was over-

topped by several feet and the effect of wave action on the unpaved slope 

was detrimental. Wave attack was concentrated mainly at two elevations, 

just above the upper limits of the paving and about half-way up the paved 

area. A typical view at the higher elevation is shown on fig. 20. Terraces 

of various heights up to 3 ft resulted from erosion, and sand bags were 

placed at the most eroded locations during high water. 

74. The effect was just as severe at the lower elevation. Figs. 21 

and 22 are typical views at this elevation in a1rrerent locations ana show 

extreme and average loss of pavement by wave action, respectively. Waves 

attacked the pavement at other elevations but apparently were not con-

centrated at these points for a long enough period of time to cause such 

severe loss. 

Fig. 20. Typical condition of paved and unpaved areas after high water 
had overtopped paved area 



• 21. Area extreme loss of emulsion pavement as a result of 
high water and wave action 

Fig. 22. Area suffered average loss of emulsion 
high water and wave action 

as a result of 
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The -lin-ft section of the slope with an emulsion mix 

hydrated lime additive showed superior performance in re-

wave action. Also, less occurred above the paved area in 

this apparently because the pavement itself remained intact. A 

close-up view of the treated section along the upper limits of the as-

phalt blanket after the high-water is shown on • 23. A more 

view of the same section is shown on 24, with a area 

of untreated mix in It may be noted that nowhere sec-

tion did wave action cause noticeable loss of material. The performance 

of this small section of levee was so much to that 

of the where the mix was not that it was 

tified the 

condition of section of asphalt mix 
was treated with lime additive to obviate stripping 
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General view of 100-ft section where mix was treated with lime 
additive, with untreated mix and failed area in foreground 

76. Several where the mix was not treated with lime 

additive were also found to be in fair condition. A close-up view of 

the lower half of one of these sections is shown in • 25. A considerable 

• 25. Section of untreated mix where wave wash was not so severe 
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amount of material had been washed out from the upper portion and de-

at the Some of the material from the surface of the 

lower half was also lost. 

77. A turfed section of levee to the 

was also inspected and the effects of water were found to have been 

injurious. An area where attack was mos~t severe, is in 

• 26. 

Turfed area section 
of wave wash was deleterious 

78. Performance of this emulsion blanket high-water 

seems to substantiate the results of the laboratory on emulsion 

mixes with and without admixtures. A mixture of wet sand and slow curing 

emulsion would not withstand the attack of waves soon after placement 
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without being treated with an admixture to preclude stripping. The field 

mix containing the lime additive was tough and stable (not brittle) after 

the high-water period and the asphalt appeared to be tightly bonded to 

the sand particles. It was difficult to probe into the 4-in. thickness 

of this mixture. In the better sections of the untreated mix, the mate

rial was also tough. At least one of these sections was known to con

tain a higher than average asphalt content (14.4% emulsion) and apparently 

curing was further advanced. In sections where wave wash was severe, the 

untreated mix was soft underneath a thin bard crust that had formed after 

the water receded. This material could be dug out with the fingers and 

it was observed that the asphalt did not adhere tightly to all the sand 

particles. 

79. Three other items were noted in regard to the condition of the 

principal mix used in the blanket. Grass was growing through the pave

ment at a rapid rate (see. fig. 22), being less noticeable in the 100-ft 

section where the mix had been treated with lime (fig. 23). ·However, 

the growth of grass through conventional hot-mix pavements and the Water

ways Experiment Station cold-mix test panels observed over a period of 

2 to 5 years indicates that such growth is not detrimental. Stock roamed 

over the entire paved levee slope after high water but caused no damage. 

A thin hard crust had formed over all sections and stability measured 

with the penetrometer was in excess of 100 psi. Some small shrinkage 

cracks were noted throughout the pavement probably as a result of using 

a very fine silty sand aggregate in a wet mix. However, they were pri

marily surface cracks and were not considered harmful at the time of 

inspection. 
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Maintenance work after high water 

80. It was the unanimous opinion of the engineers who inspected the 

site that erosion had progressed to the point where extensive repairs 

were required before the next high water. Consequently, this section of 

levee was repaired by contract in Nobember 1950, one year after construc

tion, under the direction of the Memphis District. Rehabilitation of 

, the upper unpaved portion consisted of placement of selected soil in 

eroded areas and sodding. Repair of the paved portion consisted of 

placement of two 2-in. layers of washed gravel sprayed with 1.5 gal per 

sq yd of emulsified asphalt. Each layer was compacted. The Memphis 

District reported that the slope was in good condition in May 1952 and no 

additiona~ maintenance work has been required. The period November 1950 

to May 1952 included two high-water stages during which the paved portion 

was subjected to wave attack but was not overtopped. This performance 

record indicates that the original wet-sand-and-emulsion mixture has 

been satisfactory since curing after the first high-water stage. 



57 

PART V: SUMMARY AND ANALYSIS OF RESULTS OF STUDIES 

Findings 

81. The results of the laboratory tests and the small- and.large-

scale mix placements in the field are analyzed collectively in the fol-

lowing paragraphs with a view toward arriving at logical conclusions. 

The knowledge gained is presented in relation to the specific objectives 

set forth in paragraph ll~ 

Mix capable of placement 
on slopes without creeping 

82. This objective caused no serious problems in mix design al-

though there are certain limitations on quantity of water that should be 

used in emulsion mixes and quantity of asphalt in cutback mixes. These 

particular limitations on the mixes must he conformed to for other 

reasons also. If an emulsion mix is too wet, placement cannot be ac-

complished satisfactorily and curing will be too slow. If a cutback mix 

is too rich or contains a grade o~ cutback that is too light, it is im-

pervious as well as difficult to place. The proper bitumen content in 

each type of mix was satisfactory in all cases with respect to ·the capa-

bility of the mixture to withstand creeping on slopes as steep as l on 2. 

The proper emulsion or cutback depends primarily on the gradation of the 

sand aggregate. In laboratory tests with fine river bar sand (plate l) 

the minimum emulsion content that coated all sand particles was la{o. The 

12% emulsion coated the sand better and the mix was still pervious and 

otherwise satisfactory but somewhat less economical. Cutback mixes with 

the same sand were too lean with 6% cutback and tended to become impervious 



and unstable with 8 and leff/o. Therefore, T1/o was selected .as the design 

cutback content. Only the RC-5 grade proved to be satisfactory. Lighter 

grades such as RC-3 caused the mix to be impervious and unstable. All 

MC and SC grades were too slow in curing. 

Mix requiring no compaction 
or only limited compaction 

83.- Both types of cold mixes used in this study showed improved per-

formance when compacted, particularly the cutback mixes which were gener-

ally unsatisfactory when placeu without compact~un. Gompa~~on did not 

cause any of the mixtures that were pervious when placed loose to be im-

pervious. In fact, all emulsion mixes tested were pervious (up to and in

cluding 12$ emulsion with fine river bar sand). Compaction improved the 

stability of the mix. For example, the emulsion mix had a stability of 30 

psi after loose placement and 70 psi when compacted (panels 3 and 2, table 

6). Comparable values for the cutback mix (panels 12 and 13) were 7 and 

20 psi. Later stability measurements and observations showed that the un-

compacted cutback mix remained unstable for nearly two years except during 

cold weather whereas the uncompacted emulsion mix had developed a hard sur-

face crust and stability of 100 psi within 14 days; see table 6, panels 12 

and 3. Furthermore, the emulsion mix was not adversely affected (softened) 

by high pavement temperatures. It is considered from these tests that an 

emulsion cold mix that does not require compaction was obtained and that an 

equivalent cutback mix was not developed. Nevertheless, limited compaction 

is highly desirable and both types of compacted mixes were satisfactory. 

Mix capable of withstanding heavy 
rain soon after placement 

84. Laboratory cutback mixes#without additives and containing either 
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wet or dry sand withstood a 1-in. simulated rainfall test fairly well 

24 hours after placement. Minor stripping occurred at the surface and 

in a few cases small potholes developed. The wet sand mixes later failed 

in wave-wash tests. Similar slow-breaking emulsion mixes with dry sand 

withstood rainfall but those with wet sand failed unless compacted or al-

lowed to cure for 3 to 7 days prior to test. The wet sand mix used on the 

levee slope in the Memphis District showed surface stripping after the one 

rainfall before final placement. All mixes _containing admixtures were 

satisfactory. The anti-stripping agent used with cutback asphalt in the 

amount of 3 per cent of the asphalt in the mix was needed for withstanding 

wave wash. Larger amounts were not required. Emulsion mixes containing 

lime or cement, or both, did not strip. The mixture containing l.Cf/o cement 

·and 0.1% lime appeared to have the most stable surface after being sub- ' 

jected to rainfall. When either ingredient was used alone, one per cent 

based on the total mix was adequate. Thus, several mixtures were devel-

oped that would withstand rainfall. 

Mix capable of withstanding wave 
wash 10 days after placement 

85. This objective was investigated almost exclusively:by laboratory 

tests where box samples-were cured in air for eight days and then sub-

jected to wave wash for two days or to failure. All laboratory mixtures · 

that were not treated with admixtures to obviate stripping, as described 

in the preceding paragraph, failed during wave wash. The untreated emul-

sion mix used in the blanket for the levee slope in the Memphis District 

was again no exception, in fact, this blanket was more than 30 days old 

before wave action occurred. Test panels on the creek bank at the 
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Waterways Experiment Station were not subjected to wave action during the 

critical curing period so other comparisons on field mixes cannot be made. 

All laboratory mixtures that were treated with additives withstood wave 

action satisfactorily. The condition of the surface and the entire thick-

ness of the mass varied among the different mixtures and the relative 

merits of each were determined by stability tests. The stability tests 

on some of the laboratory mixes (emulsion specimens 54 through 64 on 

· table 2) were made soon after the wave-wash tests and reflect softening 

if and when it occurred in the presence of water. Emulsion mixes with 

both admixtures, compacted into place, developed both high surface sta

bility and fair stability throughout the 4-in. thickness. The same mixes 

molded without compaction had somewhat lower surface stability and were 

softer underneath. Those mixes containing only lime or cement usually had 

even thinner and softer crusts (lower stability) and were wetter and 

softer underneath the crust. Even though cutback mixes treated with an 

anti-stripping agent withstood the wave-wash tests, other factors made 

them unsatisfactory. The mixes containing l'Z{o RC-5 and 7°/o RC-3 formed 

rather hard surface crusts but were impervious, and material below the 

crust was extremely unstable. The compacted mix that contained "Flo RC-5 

was the only reasonably satisfactory cutback mix tested. Heating of this 

normally viscous asphalt is required and intimate mixing with wet sand 

is rather difficult. All known cutback cold mixes used in bank paving 

have contained a lighter grade of cutback (mainly RC-2) and were im-

pervious as well as .quite unstable for more than a year after placement. 

Mix that will withstand stripping 
of bitumen in presence of water 

86. A rather thorough general review of this objective was presented 
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in paragraphs 84 and 85 because stripping was the prime reason for fail-

ure of a mixture during rainfall tests in some cases and wave-wash tests 

in all cases. The use of additives to obviate stripping was also dis-

cussed. The broader perspective of this objective concerns the ability 

of an initially satisfactory mixture to withstand stripping of bitumen 

from aggregate over a number of years of periodic inundation and wave at-

tack. The ability of a cold mix to meet this requirement is not fully 

known. However, observations at one location in the New Orleans District 

where there is a blanket of cutback mix, and along the riverside slope 

of the Memphis District levee paved with the emulsion mix indicate that 

once a cold mix has survived its critical curing period it can be expected 

to withstand the action of water for the remaining years 9f its usable 

life. The life expectancy will probably depend on the rate of oxidation 

(becoming too brittle), cracking, and ultimate displacement, just as with 

hot mixes, rather than on disintegration of the mass by separation of ag-

gregate and bitumen. 

Mix that will remain stable and 
intact on a slope for years 

87. As indicated in the preceding paragraph, this objective was not 

fully met in these studies in that no satisfactory cold-mix asphalt blan-

kets have been placed on a large scale under actual field conditions and 

observed over a period of years. It appears entirely probable from work 

that has been accomplished, that cold mixes can be developed and placed 

that will remain intact and serviceable for a number of years. The mixes 

utilizing cutback asphalt were not very promising because the heaviest 

grade of rapid curing type (RC-5) was the only satisfactory cutback 

(lighter grades caused the mix to be impervious); furthermore, the 
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percentage of RC-5 used in the mix must be held to a minimum to avoid 

imperviousness, and it requires some heating and is difficult to mix 

with wet sand and place on a slope. However, there was good indication 

that a pervious cutback mix would provide a satisfactory blanket when 

compacted. The mixes with slow-breaking emulsified asphalt were inves

tigated rather thoroughly and it was found that not only could stripping 

be prevented but the mix was somewhat easier to produce and place along 

the river than were cutback mixes. Sand partially saturated after re

covery from the river could be used, and the mixing grade of emulsion 

could be used without heating, giving a completely cold mixture. Its 

durability and performance over a period of years, as compared to that 

expected of a hot mix (15·years or.more), are problematical at this time. 

Unrealized Objective 

88. The properties of a cold bituminous mixture necessary for pro

tection of upper banks of the river and levee slopes are considered to 

have been adequately determined, insofar as is pos~ible in laboratory 

and small-scale field tests. However, large-scale production and place

ment to date have been too limited for determination of such factors as 

thickness and compaction requirements, satisfactory placement procedures, 

performance under actual high-water conditions, usable life of the blan

ket, and relative merits, such as economy of placement, compared with 

conventional hot-mix bituminous blankets. Additional large-scale place

ment, including pertinent variables and observation of performance over 

a long period of time, is necessary before these factors can be resolved. 

Applicability of cold mixes to repair work and small-scale placement 



should also be considered where mobilization of a large plant setup is 

not warranted. Field placement procedures for emulsion cold mixes 

definitely need development. Ultimately, substantial savings may be 

realized in protection of upper slopes with bituminous materials as a 

result of elimination of heating both aggregate and asphalt. 
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PART VI: CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

89. Data collected in these tests, together with observations of 

certain bituminous blankets along river and levee slopes within the 

Lower Mississippi Valley Division warrant the conclusions listed below. 

No conclusion was reached concerning the ability of the cold mix to 

remain stable and usable for a period of at least 15 years as this ob

jective was not fully investigated; consequently it is not considered in 

the following discussion. 

General 

90. Bituminous cold mixes were developed that satisfied the ob

jectives of this study. Two liquid bituminous materials were tested 

that, when properly treated, provided satisfactory mixtures in combina

tion with cold wet sand. One material was the slow-breaking type of 

emulsified asphalt more commonly known as the mixing grade. The other 

was the heavy grade of rapid-curing cutback asphalt (RC-5). Limited 

compaction was highly desirable for both types of cold mixes tested, 

being particularly necessary for obtaining early stability in the cut

back asphalt mix. 

Specific 

91. The design bituminous binder content for the particular fine 

river bar sand used in laboratory and small-scale field tests was ·lc:t/o 

slow-breaking emulsion (mixing grade) or 7% rapid-curing cutback (RC-5 

grade). Use of coarser sand will permit a slight .reduction in the binder 



content, but when the sand contains a considerable amount of silt the 

percentage must be raised. 

92. An emulsion content slightly higher than the minimum required 

to coat sand particles was desirable in that the mixture continued to 

be pervious and would probably have a longer usable life because of 

increased durability. A cutback asphalt content higher than the minimum 

required to coat the sand was not satisfactory in that the mixture be

came impervious and stability decreased sharply. 

93. The amount of water in the sand used in bituminous cold mixes 

should be held to a practicable minimum which is usually about 25% of 

saturation (6% water content by weight) if dredged and stocked on a 

barge so that it can drain. The less water there is in the mix, the 

faster the rate of curing and development of stability in the pavement. 

However, in emulsion mixes a certain amount of water is required for 

homogeneous mixing, depending on equipment used. Where this amount is 

excessive, as needed in a concrete mixer, the mix is too fluid for im

mediate placement. 

94. The use of a quick-breaking emulsion in lieu of the slow

breaking type was not considered favorably because the sand had to be 

heated prior to mixing. Slow-curing, medium-curing, and grades of rapid

curing cutback asphalt lighter than RC-5 were not satisfactory in that 

impervious and unstable mixes resulted. The RC-5 grade has the disad

vantage that it must be heated slightly to·reduce viscosity. 

95. The uncompacted emulsion mix developed fairly good stability 

during this critical period but improved performance was obtained with 

the compacted mix. The cutback asphalt mix did not develop adequate 
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stability during the critical curing period unless placed with limited 

compaction. At least limited compaction of both types is highly desirable. 

96. Both emulsion and cutback asphalt mixes were developed that were 

capable of withstanding a heavy rain within 24 hours after placement. The 

emulsion mix was treated with hydrated lime and/or cement to obviate 

stripping. The cutback mix withstood heavy rainfall without being treated. 

97. The use of admixtures in both emulsion and cutback asphalt mixes 

was necessary to enable the material to withstand wave wash within 10 days 

after placement. For emulsion mixes, 0.1% hydrated lime permitted the 

asphalt to coat the wet sand and 1.00/o portland cement provided early sta

bility. These percentages are based on total mi;x. Increase in the quan

tity of either admixture did not improve performance of the pavement. 

Omission of the cement additive caused stability to decrease sharply and 

omission of the lime additive caused the mix to be soft and wet, probably 

as a result of poor coating of wet sand. For cutback mixes, an anti

stripping compound in the amount of 3% of the asphalt in the mix was 

required. 

98. I.ndications are that a cold mix designed to obviate stripping 

of bitumen in the presence of water during the critical period will con

tinue to do so for a period of years and probably for its entire usable 

life. 

99. Results of limited field tests indicate that no change in cur

rent thickness requirements for upper-bank pavements is warranted (4 in. 

for levee slopes, and 5 in. for upper banks of the river). 



Recommendations 

100. It is recommended that a slow-breaking emulsion be included 

in future cold mixes and that mixing and placing be accomplished in a 

· manner consistent with the findings given in this report. Adequate pro

cedures should be developed in the field prior to preparation of specifi

cations. If cutback mixes are used, the RC-5 type should be specified 

and the material as placed should be densified with at least a loaded 

wobble-wheel roller. 
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Table 1 

WAVE ACTION TESTS ON COLD MIXES WITHOUT ADMIXTURES 

Aggregate Water in 
S!!!!!.!:?le No. T~ ~halt ~e Sandz ~ {g} 

1 Fine sand Cutback ~RC-5){e) 0 
2 Coarse sand Cutback RC-5) 0 
3 Fine sand Cutback (RC-5) 6 
4 .Coarse sand Cutback (RC-5) 5 
5 Fine sand Cutback (RC-5) 12 
6 Coarse sand Cutback rC-5~ 10 
7 Fine sand Cutback MC-5 0 
8 Coarse sand Cutback MC-5) 0 
9 Fine sand Cutback ~MC-5~ 6 

10 Coarse sand Cutback MC-5 5 
11 Fine sand 

~= !~:;l 
12 

12 Coarse sand 10 
13 Fine sand Cutback SC-5 0 
14 Coarse sand Cutback SC-5 0 
15 Fine sand Cutback SC-5 12 
16 Coarse sand Cutback SC-5 10 
17 Fine sand Emulsion rapid breaking~(f) 0 
18 Coarse sand. Emulsion rapid breaking 0 
19 Fine sand Emulsion slow breaking) 0 
20 Coarse sand Emulsion slow breaking) 0 
21 Fine sand Emulsion slow breaking) 12 
22 Coarse sand Emulsion slow breaking) 10 

23(a) Fine sand Emulsion ~slow breaking) 6 

24(b~ Fine sand Emulsion slow breaking) 12 
25(b Fine sand Emulsion {slow breaking) 6 

2nc 
Fine sand 12 

~ ~~ Fine sand Emulsion slow breaking) 6 
Fine sand 6 

Emulsion tlow breaking) 

Emulsion slow breaking) 
29(a)(d) Fine sand Emulsion {slow breaking) 6 

Notes: Material molded in boxes without compaction except "Where noted • 
. None of the mixes tended to flow when boxes were placed at 450 angle. 

10 per cent cutback more than enough to coat sand particles. 
10 per cent emulsion (fl!, asphalt) minimum for coating sand particles. 

Hours of 
Wave Wash 

48+ 
48+ 
13 

7 
15 

3 
48-i· 
48 
ll 

7 
4o 

2 
48-i.· 
48-i: 
15 
15 
48-i: 
4S+: 
48-i: 
4S+ 

4 

4 
48+ 
4 
4 

48+ 

Condition after Wave Wash· 

Satisfactory 
Satisfactory 
85 per cent loss(h) 
75 per cent loss, uncoated sand 
50 per cent loss 
4o per cent loss, uncoated sand 
Satisfactory 
Soft, not cured 
6o per cent loss 
75 per cent loss, uncoated sand 
50 per cent loss 
6o per cent loss, uncoated sand 
Soft 1 not cured 
Soft, not cured 
10 per cent loss 
25 per cent loss 1 uncoated sand 

. Satisfactory 
Satisfactory 
Fair, uncoated sand(i) 
Fair, uncoated sand 
Failed during rain:fall test 
Failed during rainfall test 
$ample disintegrated 
Failed during rainfall test 
Sample disintegrated 
1/4-in. crust, soft and wet underneath 
Sample disintegrated 
Sample disintegrated 
Thin crust 1 soft and wet underneath 

l
a) Sample compacted to density of about 105 lb per cu ft as compared to 100 lb per cu ft on samples placed loose. 
b) Cured tvQ days after placement prior to rainfall test. 
c) Cured seven days after placement prior to rainfall test. 
d) Material stockpiled for three days after mixing prior to placement. 
e) 10 per cent cutback or emulsion in all mixes. 

(f) Rapid breaking emuJ.sion mixed with sand heated to 200° F. 
(g) Water in addition to l~ dry sand. 
(h) Per cent loss indicates material lost by stripping. 
(i) Stable emulsion and dry sand not well mixed, asphalt concentrated in balls. 

052052A 



Table 2 

OB.5ERVATIONS AND TESTS AFTER WAVE ACTION ON EMULSION COLD MIXES wITli A.IHIXTURES 

(b) Permeab1i~ty Penetration (t'67Sq iii.) (c) 
Se.mp le (a) Additive(~) Water Cam- Crust Coating Stability Density k x lo- Hemi- 180° Cone 
~ Emulsion(~) Cement Lllie in Sand{~} paction Thick.(In.) of Sand Of Mix LbLCu Ft Cm(_Sec , sphere Hio° Cone (Disc) Remarks 

30 10 1 0.1 12 1/4 Fair Fair 95 21 
31 8 1 0.1 12 1/4 Fair Fair ~ 23 
32 6 1 0.1 12 1/4 Poor Poor 31 
33 4 1 0.1 12 1/8 Very poor Veey poor 95 23 
34 10 l O.l 6 7/8 Good Good 93 44 
35 8 1 O.l 6 7/8 Good Good 87 39 
36 6 1 0.1 6 7/8 Fair Fair 91 56 
37 4 1 O.l 6 1/8 Poor Poor 93 54 
38 10 0.5 0.1 12 l/4(e) Fair Fair 96 31 
39 8 0.5 0.1 12 3/4 Fair Fair 86 61 
40 6 0.5 0.1 12 1/2 Poor Poor 93 63 
41 4 0.5 0.1 12 l/8(e) Very poor Very poor 89 50. 
42 10 0.5 0.1 6 1 Good Good 95 26 
43 8 0.5 0.1 6 3/4 Fair Good 94 39 
44 6 0.5 0.1 6 3/4 Poor Fair 97 37 
45 4 0.5 0.1 6 1/4 Veey poor Poor 86 67 
46 10 2 0.1 12 Negligible Fair Poor 99 29 
47 8 2 0.1 12 Negligible Poor Poor 100 21 
48 6 2 O.l 12 Negligible Poor Poor 99 56 
49 4 2 0.1 12 Negligible Veey poor Veey poor 95 51 
50 10 l 12 Iegligible Fair Fa:u- 101 32 
51 8 l 12 Iegligible Poor Poor 95 35 
52 6 l 12 Iegligible Poor Poor 96 50 
53 4 l 12 Negligible Veey poor Very poor 92 33 
54 10 l O.l 6 Yes(d) 1/8 Fall' Good 106 12 114 103 125 Stable throughout 
55 12 l 0.1 6 Yes(d) 1/8 Good Good 109 5 123 lo8 145 Stable throughout 
56 12 l O.l 6 1/4 Good Good 104 17 130 118 14o Soft under crust 
57 10 l.O 6 l/4(e) Fair Poor 50 30 50 Soft and vet under crust 
58 10 1.0 6 Yes(d) 1/4 Fair F..air 104 11 70 70 87 Soft under crust 
59 12 1.0 6 3/8(e) Good Poor 101 13 50 33 50 Soft and vet under crust 
6o 12 l.O 6 Yes(d) 1/4 Good Fair 105 10 90 82 102 Soft under crust 
61 10 l 0.5 6 1/4 Fair Good 102 17 103 90 120 Soft under crust 
62 10 l 0.5 6 Yes(d) 1/4 Fair Good 106 12 103 83 117 Soft under crusj; 
63 12 l 0.5 6 1/4 Good Good 99 20 90 73 113 Soft under crust 
64 12 l 0.5 6 Yes(d) 1/4 Good Good lo8 7 128 107 133 Stable throughout 

Notes: Observations, density, permeability, and stability tests made about 10 days after specimens vere molded. 052052B 

(a) Twelve per cent emul.sion adequately coated the sand, 10 per cent coated sand fairly veil, but 8 per cent or less was insuft'icient. 
(b) Per cent additive based on total mix. 
(c) Water in addition to 100 per cent dry fine sand. 
(d) Compaction with 6 blows of 10-lb hammer in tvo layers. 
(e) Crust broken in places, having eroded during rainfall or vave-action tests. 



Table 3 

OBSERVATIONS AND TESTS AFTER WAVE ACTION ON CUTBACK MIXES WITH AIMIXTURE 

(a) (b) (c) Crust (d) Perm.eablli ty 
Sample Grade and Per Anti-stripping Water Thick. Coating Stability DellBity k x lo-4 

No. Cent Cutback · Cbmpound (~) in Sand{~~ (In.) of Sand of Mix ~Cu Ft Cm/_Sec Re:am.rks 

65 RC-5, 10 5 12 7/8 Good Good 116 2 
66. RC-5, 8 5 12 3/4 Good Good lll 2 
67 RC-5, 6 5 12 3/8 Fair Fair 104 24 
li8 RC-5, 4 5 12 1/2 Poor Fair ·109 26 
69 RC-5, 14 5 6. 1/4 Good Very poor 103 I.mpervious Mix completely unstable 
70 RC-5, 10 5 6 3/8 Good Poor 121 1 
71 RC-5, 8 5 6 3/4 Good Fair 112 10 
72 RC-5, 6 5 6 3/4 Fair Good 106 29 
73 RC-5, 4 5 6 1/2 Poor Fair 107 36 
74 RC-5, 10 3 12 3/4 Good Good 120 1 
75 RC-5, 8 3 12 3/4 Good Good 114 6 
76 RC-5, 6 3 12 5/8 Fair Fair 109 23 
77 RC-5, 4 3 12 1/8 Very poor Poor 107 24 
78 RC-5, 14 . 3 .6 1/8 Good Very poor 119 Impervious Mix completely unstable 
79 RC-5, 10 3 6 3/8 Good Poor 117 2 
Bo RC-5, 8 3 6• 5/8 Good Fa.1r 110 11 
81 RC-5, 6 3 6 3/4 Fair Good lo8 20 
82 RC-5, 4 3 6 1/2 Poor Fa1r 103 27 
83 RC-3, 10 5 12 1/8 Good Very poor 116 I.mpervious Mix completely unstable 
84 RC-3, 8 5 12 1/8 Good Very poor 117 Impervious Mix completely unstable 
85 RC-3, 6 5 12 1/4 Fair Poor 119 5 
86 RC-3, 4 5 12 1/8 Poor Fair 113 19. 
87 RC-3, 10 3 12 1/8 Good Very poor 118 Impervious Mix campletely unstable 
88 RC-3, 8 3 12 1/8 Good Very poor 119 I.mpervious Mix completely unstable 
89 RC-3, 6 3 12 1/4 Fair :Poor 109 7 
90 RC-3, 4 3 12 3/8 Poor Fair 104 ·24 

Notes: All specimens molded without compaction. 052052C 
Observations, density and stability tests were made about 10 days after specimens were molded. 
(a) Mixes with 14 per cent cutback and some vith 10 per cent flowed on 1-on-l slope during test. 
(b) Per cent additive based on asphalt only. 
(c) 'Water in addition to lQO per cent dry f'ine sand. 
(d) Eight per cent cutback adequately coated the sand and 6 per cent was abpolute minimum. 



Table 4 
I 

LABORATORY PENEl'RATION TESTS USING DISC .AND 30'° CONE 

Per Cent Stabilitl Valuesz Lb Per Sq In.* 
Sample Emulsion Compac- 1 Dal 2 Dals 3 Dals 4 Dals 5 Days b Dals 7 Dals 

No. or Cutback Additive tion Disc 30° Disc 30° Disc 30° Disc 30° Disc 30° Disc 306 Disc 30° 

l RC-5 .12 3'ft anti- 12 5 14 6 . 16 6 18 10 20 10 30 12 
cutback strip 

2 RC-5 7 3'ft anti- 12 5 14 7 16 9 4o 22 45 24 54 26 
cutback strip 

3 RC-5 4 31' anti- 14 10 16 11 28 13 6o 26 70 32 92 4o 
cutback strip 

4 RC-5 12 3'/> anti- Yes 12 8 17 10 19 11 25 16 30 14 35 14 
cutback strip 

5 RC-5 7 3'ft anti- Yes 23 9 28 12 30 14 4o 24 55 28 . 70 30 
cutback strip 

6 RC-5 4 31' anti- Yes 32 13 42 16 50 26 65 36 70 4o 100 48 
cutback strip 

7 SlOlf break- 10 None Yes 30 12 32 20 35 20 35 20 4o 20 35 ' 20 38 20 
1Dg emu1sion 

8 Slow break- 10 l~ lime Yes 32 21 4o 21 40 22 48 26 47 35 48 30 70 4o 
1Dg emulsion 

9 Slov break- 10 l'/> lime 20 15 25 15 25 15 33 20 33 22 4o 20 45 30 
1Dg emulsion 

10 Slov break- 6 l~ cement Yes 55 38 80 4o 80 4o 100 55 100 55 100 55 110 6o 
1Dg emulsion O.l'I> lime 

ll Slow break- 6 l'I> cement 20 20 30 25 50 30 80 46 80 48 80 43 90 50 
1Dg emulsion 0.1~ 1ime 

12 Slow break- 10 1~ cement Yes 72 44 90 52 92 54 105 70 120 80 
1Dg emulsion 0.1~ lime 

13 S1ov break- 10 1~ cement 4o 21 50 35 46 32 46 33 6o 35 
1Dg emulsion 0.1~ lime 

14 Slow break- 14 l~ cement Yes 67 42 90 60 90 54 90 6o 105 75 
1Dg emu1sion O.l'I> lime 

15 Slow break- 14 1'1> cement 42 32 62 50 65 38 65 38 85 50 
1Dg emulsion 0.1~ lime 

* Stability values are averages of 2 or more tests. 052052D 

Note: Utica Creek fine sand containing 61> water used in all mixes. 



Table 5 

COLD MIX TEST PANEI.S 

Per Cent 
Emulsion (d) Panel Panel 

or Water in Width Thick. 
No. Asphalt Type Cutback Additive Sand {~} Ft In. Compaction 

1 Slow breaking emulsion, Brand A 10 li cement,O.li lime(b) 11 4 6.o 
2 Slow breaking emulsion, Brand A 10 li cement,O.li li.me(b) 11 fi. 4.5 Yes(e) 
3 Slow breaking emulsion, Brand A 10 li cement1 0.li lime(b) 11 4 4.5 
4 Slow breaking emulsion, Brand A 10 li cement,O.li lime(b) 11 4 3.0 
5 Slow breaking emulsion,· Brand A 12 li cement,O.li li.me(b) 11 4 4.5 
6 Slow breaking emulsion, Brand A 7 li cement,O.li lime(b) 11 4 4.5 
7 Slow breaking emulsion, Brand B 10 li cement,O.li lime(b) ll 4 4.5 Yes 
8 Slow breaking emulsion, Brand B 10 li cement,O.li lime(b) 11 4 4.5 
9 Slow breaking emulsion, Brand B 12 li cement,O.li li.me(b) 11 4 4.5 

10 Slow breaking emulsion, Brand A 10 li cement,O.li lime(b) 11 4 4.5 Yes 
11 Slow breaking emulsion, Brand A 10 None 11 4 4.5 Yes 

12 Rapid curing cutback, RC-5(a) 7 3i anti-strip(c) 7 4 4.5 
13 Rapid curing cutback, RC-5(a) 7 3i anti-strip(c) 7 4 4.5 Yes 
14 Rapid curing cutback, RC-5(a) 7 3i anti-strip(c) 7 4 3.0 
15 Rapid curing cutback, RC-5(a) 7 3i anti-strip(c) 12 4 4.5 
16 Rapid curing cutback, RC-5(a) 7 3i anti-strip(c) 7 4 6.0 
17 Rapid curing cutback, RC-5(a) 7 None 7 4 4.5 
18 Rapid curing cutback, RC-,-{a) 4 3i anti-strip 7 4 4.5 
19 Rapid curing cutback, RC-5(a) 10 3i anti-strip 7 4 4.5 
20 Rapid curing cutback, R~-3(a) 7 3i anti-strip 7 4 4.5 

Notes: Materials for panels 1 through 11 mixed in one-bag concrete mixer. 
Mixed materials in panels 10 and 11 stockpiled for three days before placement. 
Materials for panels 12 through 20 mixed in asphalt plant pug mill. 
(a) RC-5 heated to 150° F to facilitate manufacture of mix. 
(b) Per cent cement and lime based on total mix. 
(c) Per cent anti-strip based on cutback in mix. 
(d) Water in addition to lOOi dry fine sand. 
(e) Compaction by hand tamp. 



PEllE'lllATIO!I MEASUREME!ITS1 COU> MIX TEST PAllEIS 

Pave. Pave. 
Panel Date 

Per Cent 
»nulsion 
or Cut- ; Additive ; Water Thick. Compac- Vara 

~ Constructed back ~~~~~1...& 
1 9-20-l,9 . A-10 1 

1 

0.1 

0.1 

11 

2 

3 

Ii 

5 

6 

7 

8 

9 

10 

11 

12 

13 

ii. 

15 

16 

17 

18 

19 

20 

9-20-49 A-10 

9-20-49 A-10 

9-21-49 A-10 

9-21-l,9 A-12 

9-21-49 A-7 

9-22-49 B-10 

9-22-49 B-10 

9-22-49 B-12 

9-26-49 A-10 

9-26-49 A-10 

10- 6-1,9 RC-5 - 7 

10- 6-49 .RC-5 - 7 

10- 6-li9 RC-5 - 7 

10- 7-49 RC-5 - 7 

10- 7-l,9 RC-5 - 7 

10- 7-49 RC-5 - 7 

11 

1 0.1 11 

1 0.1 11 

1 

1 

0.1 10.5 

0.1 11.5 

1 0.1 11 

1 0.1 11 

1 0.1 10.5 

1 0.1 

Jl"one Jl"one 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Jl"one 

11 

11 

7 

7 

7 

12 

10 -7-49 RC-5 - Ii Anti-strip 

7 

7 

7 

7 

7 

3 
10 -7-49 RC-5 - 10 Anti-strip 

3 
10- 7-li9 RC-3 - 7 Anti-strip 

3 

Yea 

Yes 

Yes 

Yes 

Yes 

35 

70 

30 

20 

20 

30 

50 

20 

10 

50 

li5 

7 

20_ 

7 

Pave. 
Vara 

~ 

45 

8o 

50 

30 

40 

33 

6o 

32 

22 

6o 

li5 

5 

5 

5 

5 

12 

8 

Pave. 
Warm 

U!l! 
55 

105 

65 

40 

i.2 

i.2 

76 

6o 

7 

25 

7 

5 

5 

5 

5 

14 

8 

Stability Obtained with Penetrometer Having 1 Sq In. Disc, Psi 
Pave. Pave. Pave. Pave. Pave. Pave. Pave. 
Wlll'll Vara Wa.ra Wlll'll Warm. Warm Rot 

!!....!?!l.!. ~ 6 De.p 1..J!!z!. ii. Days 21 Pay• 28 Days 

6o 60 65 90 95 95 

llO 

70 

22 

75 

36 

22 

86 

74 

110+ 

70 

i.o 

50 

50 

78 

38 

22 

110+ 

70 

50 

50 

55 

8o 

40 

22 

90 

76 

100 

8o 

75 

55 

95 

55 

35 

90 

75 

120+ 

100 

8o 

75 

70 

95 

55 

i.o 

loo+ 

loo+ 

120+ 

100 

8o 

90 

90 

loo+ 

75 

50 

loo+ 

loo+ 

Pave. 
Cold 

35 Days 

loo+ 

120+ 

loo+ 

loo+ 

loo+ 

100+ 

100+ 

85 

6o 

loo+ 

loo+ 70 

7 10 20 (Pave. Rot) (Pave. Cold) (Pave. 55°) (Pave. 70°) 

32 

7 

5 

5 

5 

5 

14 

9 

11 

10 

10 

6 

6 

20 

10 

40 

16 

15 

15 

8 

12 

2i. 

20 

55 

20 

15 

15 

8 

12 

2i. 

20 

20 loo 52 1i2 

55 

20 

14 

10 

8 

12 

30 

22. 

70 

50 

28 

22 

20 

20 

50 

35 

95 

75 

40 

30 

25 

25 

8o 

70 

95 

55 

loo 

25 

20 

25 

6o 

6o 

Pave. 
70° 

1,5 Pay• 

loo+ 

120+ 

loo+ 

loo+ 

loo+ 

loo+ 

loo+ 

65 

50 

loo+ 

loo+ 

Jl"otes: (a) Emulsion 1n panels 7, 8, and 9 unstable at time ot placement and broke too quictl;y with bitumen concentrating in balls. 

(b) MixtUres 1n panels 6 and 18 contain less than the ainllnml asphalt required to coat the sand particles. 

(1 ot 2 Sheets ) 

( c) Mixturea 1n panels 10 and 11 prepared on 9-23-li9 and allowed to cure 1n stockpile until 9-26-49. 

(d) Panels 19 and 20 contain 1.mpervioua llixtures as determined irJ' laboratoey test. 

(e) Stabilit;r Y&luea shown are averages ot three or JOOre tests. 

(t) Panel 9 removed 1n Ma,- 1950 after material substantiall;r disintegrated, being the poorest ot three panels vllere 88-1 emilsion broke too quictl;y. 



Table 6 (Continued) 

Stability Obtained with Penetrometer Raving 1 Sq In. Disc, Psi 
A. M. Per Cent 

Emulsion 
Panel Date or Cut- ~ Additive 

Pave. 
~ Water Thick. Compac-

Pavg. Pave. Pa
68
:vg. Pave. Pave. Pave. Pa~. Pave. Pave. Pa~. Pa

11
ve
0 

• Pave. 
40 73° 55° 55° 50° 95 90° 100° 125 - 0 95° 

~ Constructed -"b""a"'"c::.k_ C_e_me_n_t _Lim_e in Sand In. tion 11-22-49 11-28-49 12-6-49 12-19-49 1-4-50 2-16-50 ,-18-50 3-24-50 4-22-50 5-7-50 6-10-50 6-17-50 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

i3 

14 

15 

16 

17 

18 

19 

20 

9-20-49 A-10 

9-20-49 A-10 

9-20-49 A-10 

9-21-49 A-10 

9-21-49 A-12 

9-21-49 A-7 

9-22-49 B-10 

9-22-49 B-10 

9-22-49 B-12 

9-26-49 A-10 

9-26-49 A-10 

10- 6-49 RC-5 - 7 

10- 6-49 RC-5 - 7 

10- 6-49 RC-5 - 7 

10- 7-49 RC-5 - 7 

10- 7-49 -RC-5 - 7 

10- 7-49 RC-5 - 7 

10- 7-49 RC-5 - 4 

10- 7-49 RC-5 - 10 

10- 7-49 RC-3 - 7 

1 

l 

l 

0.1 

0.1 

0.1 

11 

11 

11 

l 

1 

0.1 11 

0.1 l0.5 

l 0.1 11.5 

1 0.1 11 

l 0.1 11 

l 

l 

0.1 10.5 

0.1 

Bone Bone 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

Bone 

Anti-strip 
3 

Anti-strip 
3 

Anti-strip 
3 

11 

11 

7 

7 

7 

12 

7 

7 

7 

7 

7 

Yeo 

Yes 

Yes 

Yeo 

Yea 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

65 

6o 

100+ 

100+ 

55 

100 

65 

45 

35 

30 

30 

70 

6o 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

8o 

6o 

100+ 

100+ 

70 

100+ 

75 

6o 

40 

40 

30 

100 

6o 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

Bo 

6o 

100+ 

100+ 

8o 

100+ 

100+ 

75 

6o 

6o 

45 

100 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

8o 

6o 

100+ 

100+ 

100+ 

100+ 

100+ 

75 

70 

6o 

50 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

8o 

6o 

100+ 

100+ 

100+ 

100+ 

100+ 

70 

70 

50 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

8o 

6o 

100+ 

100+ 

6o 

100+ 

6o 

45 

40 

40 

30 

100+ 

100+ 

Rotes: (a) Emulsion in panels 71 81 and 9 unstable at time ot placement and broke too quick]J- with bitumen concentrating in ba,lls. 

(b) Mixtures in panels 6 and 18 contain less than the min1mua asphalt required to coat the oand particles. 

( c) Mixtures in panels 10 and 11 prepared on 9-23-49 and allowed to cure in stockpile until 9-26-49. 

(d) Panela 19 and 20 contain impervious mixtureo as deterained by laboratory teat. 

(e) Stabilit7 valueo shown are averages ot three or more tests. 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

8o 

6o 

100+ 

100+ 

8o 

100+ 

8o 

6o 

50 

50 

35 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

6o 

50 

100+ 

8o 

100+ 

8o 

55 

45 

45 

35 

100+ 

100+ 

100+ 

100+ 

100+ 

7Q 

100. 

100+ 

50 

100+ 

100+ 

30 

90 

30 

25 

25 

25 

20 

50 

55 

(t) Panel 9 removed in 1181' 1950 art.er -terial substantially disintegrated, being the pooreot ot three panels where 68-1 l!lllllaion broke too quickl7. 

05m52F 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

70 

100+ 

100+ 

6o 

100+ 

6o 

6o 

40 

30 

30 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

75 

100+ 

P. M. 
Pavg. 
135 

6-17-50 

100+ 

100+ 

100+ 

8o 

90 

100+ 

100+ 

100+ 

100+ 

30 

8o 

30 

20 

15 

15 

15 

50 

70 

100+ 

100+ 

100+ 

100+ 

100+ 

100+ 

70 

100+ 

100+ 

100+ 

100+ 

100+ 

6o 

100+ 

100+ 

50 

100+ 

100+ 

(2 qt 2 Sheets) 
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PENETRATION TESTS ON 
·COLD MIXES WITH CUTBACKS 

STABILITY VS TIME 
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APPENDIX A 

CORPS OF ENGINEERS, U. S. ARMY 
Office of the Director 

WATERWAYS EXPERIMENT STATION 
Vicksburg, Mississippi 

4 September 1945 

MEMORANDUM TO GENERAL M. C • TYLER . (THROUGH MR. G. H. MATTHES) : 

SUBJECT: Field Inspection of Asphalt Paving Mixtures on Levee Slopes. 

1. The undersigned accomp.anied by Lt. Col. A. B. Pickett made a 
field inspection on 31 August 1945 of sand asphalt mixtures recently 
placed on a levee slope approximately five miles south of Baton Rouge, · 
Louisiana. Two small units were examined on Cottage Levee. According 
to Colonel Pickett the first unit was placed early in 1945 prior to the 
spring high water. Fine river bar sand was mixed with 5 per cent 40-50 
penetration asphalt cement and placed 4-1/2 inches thick over the pre
pared slope. This pavement is in excellent condition and shows no ef
fects from wave wash and no deterioration except for the very slight 
hardening and drying appearance of the surface. It is believed that 
more asphalt would have been desirable in the mix to assure longer life 
and greater flexibility. It was noted that grass and some weeds were 
growing through the pavement. The weeds are undoubtedly from seeds that 
were covered by the asphalt and should largely disappear after the first 
year. It can be expected that the grass will continue to spread and will 
eventually cover the entire surface. 

2. The second unit has been completed only a short time and is 
located at a site known as Bail~y's Point. The pavement is similar to 
the first unit except 6-1/2 per cent asphalt cement was used in the mix
ture. A treatment of salt to kill the vegetation was placed under one
half of the pavement to furnish a comparison with pavement that received 
no treatment. The pavement appears well constructed and in comparison 
with the first unit appears to have greater flexibility because of the 
higher asphalt content. 

3. From this inspection it appears to the writer that the protec
tion of levee slopes from the erosion of water by paving with asphalt 
mixtures is entirely reasonable and should prove to be satisfactory. 
Because the mat will lie exposed to the elements in an inert condition 
without the remolding action of traffic, it can be expected that some 
deterioration will occur and will become manifest by a gradual granula
tion of the surface with cracking throughout the mass. This should occur 
gradually and the ultimate serviceable life of the material is entirely 
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problematical, but it should be at least satisfactory for a period of 
8 to 10 years and perhaps longer. 

4. It is believed that considering several aspects of the problem 
a heavy growth of grass over the entire surface should be encouraged. 
It is recognized that the stems passing through the pavement separate 
small particles and may eventually over a long period partially disinte
grate the pavement. However, it is not believed that this would occur 
to any detrimental amount within the reasonable life expectancy of the 
pavement. The beneficial effects of a grass cover would be to (l) bond 
the mat securely to the levee by a heavy root system assuring conformity 
with the slope should subsidence occur, (2) protect the surface of the 
mat from exposure to the sun rays and wind and thereby slow up the 
hardening of the mix, and (3) may even permit a gradual building up of 
a silt layer on the surface during periods of high water giving further 
protection to the pavement. Under such conditions it can be visualized 
that even though marked granu-iation or the mixture sllou1.a eventually take 
place the levee would remain effectively protected. 

5. It is suggested that on some future project short strips con
taining several amounts of asphalt be placed for comparison. By actual 
experience the proper grade and a.mount of asphalt can be determined that 
will provide the maximum amount of durability combined with flexibility 
and stability. 

W. K. BOYD 
Engineer 
Chief, Flexible Pavement Branch 



CORPS OF ENGINEERS, U. S. ARMY 
Office of the Director 

WATERWAYS EXPERIMENT STATION 
Vicksburg, Mississippi 
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LMWSF 2 October 1947 

MEMORANDUM FOR THE PRESIDENT, MISSISSIPPI RIVER COMMISSION: 

SUBJECT: Field Inspection of Asphalt Paving Mixtures on Levee Slopes 

1. Reference is made to an inspection report submitted by Mr. 
W. K. Boyd, Chief of the Flex±b-le- Pavement- Branch-, same- subject- a-a- · 
above, dated 4 September 1945. In company with Messrs. Goode and Mansur 
of the Embankment and Foundation Branch, Mr. Boyd made a second inspec
tion of those units placed at Bailey's Point on Cottage Levee on 
29 September 1947. 

2. The paving mixture placed about 4-1/2 in. thick (without com
paction) is composed of fine river bar sand with 6-1/2 per cent of 40-
50 penetration asphalt. From Station 315 to 320, the slope was first 
treated with salt to kill the vegetation, while from Station 320 to 328 
no treatment was added. Pavements placed on both the treated and un
treated areas are in excellent condition. No cracks are visible and the 
surface remains entirely stable. That portion which was not treated is 
covered with a heavy growth of Bermuda grass. By examining the pavement 
surface closely, there can be found a very thin layer of granulated sand 
asphalt. This may be attributed perhaps to the grass breaking through 
the pavement.· However, the loss in pavement thickness at this time is 
negligible. Except for casual areas; the Bermuda grass is not present 
in the treated zone. However, thinly scattered over the area is a growth 
of CYPERUSrotundus or nut grass. This grass is somewhat coarser in tex
ture and appears to rupture a small spot in the pavement at the point of 
eruption. While this condition is not serious, as a matter of comparison, 
it would appear that the heavier stalks of the nut grass are more detri
mental than the Bermuda. 

3. The views of Mr. Boyd with respect to grass growing through 
pavements are unchanged from those expressed in the memorandum dated 
4 September 1945. Since it apparently is difficult to eliminate plant 
growth completely, it is thought that the favorable growth of fine
textured grass, such as Bermuda, should be encouraged. It was observed 
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that the slope was excellent for forage purposes and has a much more 
pleasing appearance than a bare, black surface. The estimate of life, 
which is from 8 to 10 years and possibly longer, remains unchanged. 

R. D. KING 
Lt. Col., Corps of Engineers· 
Director 



CORPS OF ENGINEERS, U. S. ARMY 
Office of the Director 

WATERWAYS EXPERIMENT STATION 
Vicksburg, Mississippi 
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WES SF 6 January 1950 

MEMORANDUM FOR THE PRESIDENT, MISSISSIPPI RIVER COMMISSION, CE: 

SUBJECT: Field Inspection of Asphalt Paving Mixtures on Levee Slopes 

1. Reference is made to inspection reports from this office, sub
ject as above, dated 4 September 1945 and 2 October 1947. A third in
spection of those units placed at Bailey's Point on Cottage Levee during_ 
the early part of 1945 was made on 30 November 1949. 

2. The hot-mix pavement, placed about 4-1/2 in. thick without com
paction, consists of fine river bar sand and 6-1/2 per cent of 40 - 50 
penetration asphalt cement. The riverside slope of the levee from Sta
tion 315 to 320 was first treated with salt to kill vegetation, whereas 
no treatment was made from Station 320 to 328. The pavements on both 
the treated and untreated areas remain in excellent condition. No cracks 
have developed and there are no evidences of any required maintenance. 
A photograph of the paved slope taken at Station 320 is inclosed as In
closure 1. The untreated area, covered with a heavy growth of Bermuda 
grass, can be seen on the right side of the photograph, and the treated 
area, partially covered with nut grass, is shown on the left side. The 
very thin layer of granulated sand asphalt on the surface of the un
treated area, as described in the 1947 inspection report, has not in
creased in thickness and is not considered detrimental at this time. The 
nut grass in scattered areas of the treated section has not caused any 
serious eruptions. 

3. The views of this office in regard to grass growing through the 
pavement continue to be that the growth of fine-textured grass, such as 
Bermuda, should be encouraged. It is apparent that plant growth cannot 
be eliminated. After observation of the sand asphalt pavement at this 
site for five years, it is believed that the estimated life, originally 
projected as eight to ten years, might well be increased to fifteen 
years. 

1 Incl 
Photograph 

R. D. KING 
Lt. Col., Corps of Engineers 
Director 



Inclosure 1. Photograph of paved slope at 
sta 320 
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APPENDIX B 

CORPS OF ENGINEERS, U. S. ARMY 
Office of the Director 

WATERWAYS EXPERIMENT STATION 
Vicksburg, Mississippi 

5 December 1949 

MEMORANDUM FOR THE PRESIDENT, MISSISSIPPI RIVER COMMISSION, CE: 

SUBJECT: Review of Specifications for Asphalt Upper Bank Pavement, 
Memphis Harbor 

1. At the request of Mr. Weller of your office, personnel of the 
Flexible Pavement Branch have reviewed the specifications for sand-asphalt 
pavement for certain upper slopes for the Memphis Harbor Project. Com
ments pertaining to the specifications have been made verbally in con
siderable detail to Mr. Weller; however, it is believed desirable to sup
plement these comments by a memorandum to your office. 

2. The specifications as now written permit alternate types of 
construction: hot-mix sand asphalt and a cold-mix sand asphalt utilizing 
emulsified asphalt. The use of hot-mix sand asphalt for work of this 
type is well established. Construction methods and criteria for its use 
are known, and it is considered that a pavement laid with this material 
will be entirely satisfactory. 

3. Insofar as the Waterways Experiment Station is concerned, the 
use of a cold mix with emulsified asphalt for a project of this type is 
still in the experimental stages. A considerable amount of laboratory 
work, together with small-scale field tests, has been completed during 
the past year. The results of this experimental work are encouraging, 
and it is considered entirely possible that ~atisfactory sand-asphalt 
pavements of this type will be developed and recognized as a useful al
ternate to other methods. It is believed that work has progressed to 
the point where it now is desirable to continue the study of cold mixes 
under prototype conditions to further establish proper construction 
methods and develop design criteria. An unofficial estimate of the 
quantity of work involved at Memphis Harbor was stated to be some 38,000 
squares, which might be equivalent to as much as 60 miles of highway pave
ment -- a project of considerable magnitude. It is the opinion of the 
Waterways Experiment Station that the project is of such scope as to make 
extremely questionable the desirability of contemplating the use of an 
admittedly experimental type of construction. 
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4. In the event that the use of cold-mix sand asphalt remains as 
an alternate, three items appear in the present specifications which are 
believed to be of major importance and will be discussed briefly. 

5. It is noted in the case of hot-mix pavement, 5 in. of uncom
pacted sand asphalt is to be placed. Since this consists of a mixture 
of dry sand plus about 6 per cent asphalt and because no further com
paction will be required, this produces a pavement which can be checked 
at any time in the future to determine the extent to which the contractor 
has fulfilled his obligation. It is noted that the placement of cold mix 
also is specified to be 5 in. uncompacted thickness. In this case the 
mixture consists of asphalt, water, and sand. It is conceivable that 
this material in placing could be in a fluffy condition. Since rolling 
is specified for the cold mix, it is entirely probable that under certain 
circumstances the finished pavement might be but 4 to 4-1/2 in. thick, 
and the extent to which the contractor fulfilled his obligation could be 
determined only at the time o~ p-iacement. It is recommended tbat tbe 
basis of placement for cold mix be on a compacted layer 5 in. thick. 

6. Another matter of major importance is the permission of the use 
of travel-plant, mix-in-place methods. In the case of a central plant, 
either hot mix or cold mix, it might reasonably be expected that the sand 
will be obtained from some river bar or major pit and stockpiled, which 
will insure a material of reasonably uniform gradation and moisture con
tent. The adjustment of a plant to produce a satisfactory mix under 
these conditions would be comparatively simple. It is understood that the 
travel-plant, method contemplates picking up material immediately ahead of 
the machine, processing it, and replacing it on the slope. The inspectors 
in such case must be prepared to accept and evaluate the material as it 
is found and make proper adjustments, if a satisfactory mix is to be pro
duced. The quality of the material on the slope and its suitability for 
use in a sand-asphalt pavement are not known, and it is conceivable that 
some portions might be entirely unsatisfactory for use. This would com
pel the contractor to resort to other methods of procuring and processing 
material, which might involve lawsuits. It also is believed doubtful 
that travel-plant machines can operate and mix successfully on the slopes 
shown in the plans. It is recommended that central plants only be con
sidered, or if travel plants are permitted, they be made to operate and 
mix materials from stock piles off the site of the work. 

7. It is noted that additives are not included in the cold-mix 
pavement. In setting up criteria for the experimental work conducted at 
the Waterways Experiment Station your office stipulated that the cold 
mix should be able to withstand heavy rain within 24 hours after place
ment and be able to withstand high water within seven days after place
ment. To comply with these criteria, use has been made of the addition 
of about one per cent cement plus about 1/10 of one per cent lime in 
the mix. The cement assists in developing early stability, while the 
lime promotes the coating of aggregate particles with asphalt in the 
presence of water. It has not been established definitely that these 
additives provide a sufficiently stable mix to meet the criteria which 



B3 

• 
have been stipulated, but it is believed they do. Untreated sand asphalt 
with emulsified asphalt will not set as quickly, and would be subject to 
detrimental erosion under certain circumstances. During the construction 
of a project involving 38,000 squares, it is entirely probable that sev
eral heavy rains will take place and possibly some high water will be 
encountered. The amount of damage to the untreated sand asphalt under 
such conditions is entirely speculative, and it is a matter of judgment 
whether it would be cheaper to replace such areas as are seriously 
damaged, or if it would be cheaper to insure the job to the extent of 
adding perhaps $20 1000 for cement and lime. 

8. The design thickness of 5-in. hot-mix pavement is somewhat con
servative. The principal ~eason for thicker pavement is to provide 
greater stability and increased durability (longer life). Assuming a 
foundation slope that is reasonably firm, 5 in. of pavement is more than 
adequate to withstand routine casual traffic such as cattle, light cars, 
and trucks, or the occasional bump from a floating log. A 5-in. pavement 
or thicker will not be sufficient to protect the bank from caving or 
sloughing or from the damage of a blow from a floating barge. The dif
ferential in durability between 4 and 5 in. of pavement is unknown, but 
it probably is not great. It is recommended that consideration be given 
to placing the hot-mix pavement 4 rather than 5 in. thick. Should the 
cold-mix pavement remain in the plans as an alternate, it is believed 
best to keep the 5-in. thickness until it can be established that the 
uniformity of pavement quality is equal to that secured with a hot-mix 
pavement. 

R. D. KING 
Lt. Col., Corps of Engineers 
Director 




