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CHAPTER 1 

INTRODUCTION 

Crushed stone aggregates for use in building and highway construc­
tion are not present in the Coastal Plain Province of Georgia [1,2]. In 
this area which covers almost one-half of the state, all of the coarse 
aggregate presently used is shipped in from the Piedmont Province of the 
state which lies above the fall line. For example, during the construc­
tion of a portion of Interstate I-95, the crushed stone used in the 
asphalt concrete was shipped from Stockbridge, Georgia, to near Bruns­
wick which is approximately 240 miles (460 km). Bringing in the large 
quantity of aggregate required for construction in the Coastal Plain has 
always been expensive. The cost of construction aggregates has risen 
steadily due to the present energy crisis and the rapidly increasing cost 
of rail freight. In some instances construction has been delayed by 
transportation problems such as strikes and shortages of rail cars. 
These factors have contributed to greatly increased construction costs 
in the Coastal Plain, and cause the aggregates presently used in con­
struction to be highly energy intensive. An inportant need therefore 
exists for finding suitable sources of local aggregates and developing 
the required technology for using these aggregates in the construction 
industry . 

Extensive deposits of sand and gravel are found throughout the 
Coastal Nain waterways and along the continental shelf. The types of 
material 's available in the coastal waterways have been briefly described 
in earlier Sea Grant projects (Harding and Woolsey, 1972-1973 and 1973-
1974, Hicks and Martin, 1975). Hicks and Martin [1] concluded that an 
abundant quantity of good quality sands are present in the coastal 
waterways of Georgia, and that these sands are suitable for construction 
and industrial purposes. The findings of Hicks and Martin were based on 
the examination of approximately 500 small samples of sand and gravel 
obtained by Harding and Woolsey [3] at various locations along the 
Georgia coast. If river and marine sources of the sand are utilized, 
dredging operations would have to comply with the applicable regulations 
of the Corps of Engineers [4) . 

The most important potential uses of natural alluvial and marine 
deposited sands found in the Coastal Plain are in (1) highway construc­
tion including asphalt concrete, sand asphalts, sand-cement and unstabi­
lized sands or sand-stone blends, (2) concrete for use in general con­
struction, and (3) the replenishment of beaches with new sand. In this 
investigation emphasis was given to studying the use of local sand de­
posits in flexible pavement construction, although use of portland 
cement concrete is also considered. 

1 
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Flexible Pavement Design Considerations 

A flexible asphalt concrete pavement should be designed to provide 
a durable, skid-resistant surface which is both (1) resistant to a 
fatigue-type failure under in-service conditions, and (2) does not under­
go an excessive amount of rutting under the design traffic loading. 
Fatigue resistance is the ability to withstand cracking of stabilized 
layers due to repeated flexing of the surfacing that occurs with the 
passage o~ a large number of heavily loaded vehicles over the pavement. 
The structural design of a pavement consists of selecting compatible 
combinations of materials and layer thicknesses which minimize the 
occurrence of both fatigue and rutting failures in the pavement. 

A fatigue failure of a stabilized surface or base course results 
in cracking which in turn allows water to enter the pavement structure. 
As a result, the load spreading capability of the pavement is reduced 
which, together with the detrimental effects of the water, can eventually 
lead to serious rutting in the base, subbase, and subgrade. Fatigue 
cracking of flexible pavement sections is the most .important distress 
mode in the United States [5] and hence deserves careful consideration 
in the design of sand-asphalt mixes. 

The asphalt concrete surface and base courses are critical compo­
nents of a flexible pavement structure, and it is essential to minimize 
cracking and rutting in these layers. Laboratory investigations [6,7,8] 
have indicated that the fatigue and durability performance of an asphalt 
concrete mix is significantly influenced by the asphalt content, per­
cent voids , mineral filler, the characteristics of bitumen binder, and 
to several other less important variables. The effects of these vari­
ables on the fatigue and rutting performance of sand-stone asphalt 
concrete mixes and sand-asphalt mixes have not been previously determined 
by laboratory studies for uniformly graded mixes such as those used in 
the United States. Rutting in sand-asphalt pavements has been found to 
be significantly greater than for pavements using asphalt concrete. 
Careful consideration of rutting, therefore, must be given in developing 
stable sand-asphalt and sand-stone mixes. 

Primary variables affecting the performance of a soil-cement base 
are the type and gradation of soil, the percentage of port1and cement 
used, and the compaction level . Important problems in the use of soil­
cement bases which can greatly affect pavement performance are dura­
bility and shrinkage cracking which usually reflect to the surface . 
Durability usually can be handled by using a sufficiently high cement 
content, but the problem of shrinkage cracking has not yet been fully 
solved. 

Project Objectives 

The overall purpose of this project is to determine the feasibility 
of using coastal sands and gravels as construction or specialty materi­
als. Specific objectives are as follow: 



1 . Locate sources of local sands and gravels, 
2. Obtain bulk coastal sand and gravel deposits for use in 

detailed testing, 
3 . Ident ify potential uses of coastal materials7 

4 . Develop aggregate and aggregate-admixture combinations for 
the most promising of the potential uses and determine their 
engineering properties; 

5 . Develop material specifications for use in construction or 
as specialty products, 

6. Evaluate the economic feasibility of using these materials 
for the indi cated specific construction applications. 

The above objectives were accomplished by obtaining over six tons 

3 

of sand from the Altamaha and Ogeechee Rivers and also sand samples from 
selected sand pits . Samples were tested routinely for grain size, sand 
equival ent , and specific gravity. Further, fatigue tests were performed 
on a wide range of soil-cement, sand-asphalt and sand-stone asphalt 
blends utilizing local materials. The fatigue test consisted of placing 
a rectangular beam specimen of stabilized material on a rubber (elastic) 
subgrade. A repeated load was applied at the center of the beam until 
fatigue failure occurred. The fatigue tests were performed at 80°F 
(27°C) in an environmental chamber . The rutting characteristics of the 
asphalt-stab i lized materials were determined using a repeated load tri­
axial test . The rutting tests were performed at a temperature of 95°F 
(35°C) which is approximately the theoretical mean temperature in Georgia 
and Florida for rutting of asphalt concrete pavements that consist of 
approximately 10.5 in. (257 mm) asphalt concrete [6]. 

A comprehensive study was made of the variables affecting the fa­
tigue and rutting performance of sand and sand-stone blend asphalt mixes 
having approximately 16, 40, 70, and 100 percent sand. Other variables 
studied included asphalt content, voids content, gradation and aggregate 
source. The fatigue performance of sand-cement specimens was evaluated 
for two different sands with fatigue tests performed on seven different 
mixes. Variables studied included gradation, crushed stone content and 
cement content. Soluble salt contents of the sands were also evaluated 
to determine if the salt concentrations were high enough to affect 
performance. 

Preliminary des i gn criterion and mix specifications were developed 
for utilizing local sands in sand-asphalt and sand-stone asphalt mixes 
and also in sand-cement bases of flexible highway pavements. The re­
commendations presented were based on the results of the detailed 
laboratory studies and also interviews and field inspect i ons that were 
conducted in Florida, Georgia, Maryland and South Carolina . Most of 
the significant findings of the study are presented in Chapter 7. 



CHAPTER 2 

LITERATURE REVIEW 
USE OF SAND IN PAVEMENT CONSTRUCTION 

Introduction 

In 1976 the production of construction aggregates in the United 
States was in excess of 1 3/4 billion tons (9]. When compared with the 
annual demand, present construction aggregate production appears to be 
quite favorable, and projections for the next twenty years indicate that 
the supply of aggregates probably will meet the demand. Despite these 
facts, many areas of the southeastern United States are experiencing a 
severe shortage of high quality aggregates as illustrated in Figure 1. 
Shortages generally occur in areas which do not have developable supplies 
of construction aggregates (1,2,9,10]. In urban areas, zoning laws 
often prohibit or limit the size and number of stone quarries and gravel 
pits [14]. Probably the most extensive shortages are in the coastal 
plains and glaciated areas where rock suitable for producing crushed 
stone aggregates is not located close enough to the surface to be an 
economically viable alternative. 

In recent years, the cost of energy has increased significantly. 
Greater energy costs have resulted in a significant increase in trans­
portation costs associated with shipping gravel and crushed stone from 
the area of production to the construction site. The effect has been 
increased transportation costs and has doubled or tripled the cost of 
aggregates since 1974 in many areas (2]. The cost of shipping crushed 
stone aggregates to Brunswick and Savannah from the Piedmont area of 
Georgia was about 1.7 times the cost of the stone in 1978. Recent 
figures indicate that a shipping distance of 40 miles (70 km) can be 
considered the maximum possible before the adverse economics of trans­
porting aggregates become serious. 

High quality crushed stone and gravel are utilized in every phase 
of highway construction from the base course to the wearing surface. 
In 1977, almost 50 percent of all aggregates produced were utilized in 
the construction of highway pavements [10]. More extensive utilization 
of local materials in highway construction, therefore, is of great 
interest to local, state and federal governmental agencies responsible 
for constructing and maintaining public transportation systems at the 
lowest cost to the taxpayer. 

Highways often are constructed many miles from approved or available 
stone sources. In Georgia, for example, construction of I-95 required 
the transportation of aggregates over distances usually exceeding 100 

4 
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FIGURE 1. COASTAL PLAIN AREAS OF THE SOUTHEASTERN UNITED STATES GENEAALL Y HAVING A LACK OF 
CONSTRUCTION AGGREGATE (AFTER WALKER) 
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miles (170 km) and were as great as 250 miles (400 km) resulting in 
transportation costs far exceeding the cost of the aggregates. For these 
reasons, a number of state transportation organizations have become in­
terested in determining the feasibility of more extensive use of. lo~ 
cally available aggregates and waste materials as replacements for high 
quality crushed stone and gravel in highway construction. 

The search for locally available materials has taken the following 
three diverse directions: 

1. The utilization of marginal sands and gravels (and in some in­
stances marginal crushed stone) which may not meet standard 
highway specifications but which have potential as substitutes 
when adequately stabilized for conventional base and subbase 
materials, 

2. The use of domestic, industrial, and mining wastes as aggre­
gate replacement, and, 

3. The utilization of manufactured or synthetic aggregates. 

In the literature review, only the use of natural materials in highway 
construction are considered since these materials are readily available 
in many areas and have a low-energy intensity. 

Marginal sands and gravels are those materials which do not meet 
conventional accepted highway specifications. Usually sands in their 
natural state do not have sufficient strength to be used as base 
materials since the stress in the base is relatively great under heavy 
truck traffic. Therefore, stabilization of marginal materials using 
asphalt and portland ~ement are given primary emphasis in both the 
literature review and research investigation. 

Performance of Sand-Asphalt 

The most important advantage of using sand-asphalt bases compared 
with soil-cement is that shrinkage cracking is not a problem. Sand­
asphalt mixes usually have much lower strengths than conventional asphalt 
concrete mixes, as indicated by conventional methods such as Marshall 
stability tests. As a result, if not properly designed and constructed, 
pavements using sand-asphalt mixes with low Marshall stabilities have 
the potential for excessive rutting and premature fatigue distress. 

Marianna Test Road 

During 1964, the Florida Department of Transportation constructed a 
sand-asphalt base test section at Marianna, Florida [61] . The test 
sections at Marianna have now been subjected to approximately 1 .3 million 
equivalent 18 kip (80 kN) axle loads. The test pavement consisted of 
sixteen sections, each 100 ft. (30m) in length. All test sections had 
a 3 in. (75 mm) thick asphalt concrete surfacing. Eight of the test 
sections were composed of a low-stability sand-asphalt base (566 lb., 
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SO blow Marshall stability mix) 4 to 8 in. (100 to 200 mm) in thickness; 
the other eight sections had a high-stability sand-asphalt base (674 lb., 
50 blow Marshall stability mix) of similar thicknesses. The sand used in 
the sand-asphalt base had 4 percent fines with essentially 100 percent 
passing the No. 4 seive. The high-stability sections were stabilized with 
6.4 percent asphalt, and the low-stability sections were stabilized with 
6.9 percent. A summary of the basic material properties of the test 
pavement as constructed is given in Table 1. 

The natural soil subgrade (A-7 soil by the Bureau of Public Road 
Classification System) was undercut for a depth of 24 in. (0.6 m) and 
replaced with sand (A-2-4 Classification). The resulting modulus of 
elasticity of the prepared subgrade was found from field plate bearing 
tests to be approximately 12,000 psi (83,000 kN/m2) under the high­
stability sections and 22,000 psi (150,000 kN/M2) under the low-stability 
sand - asphalt base sections. 

Since construction, the surface roughness of the pavement has been 
measured using a CHLOE Profilometer and a Mays Ride Meter. Static sur­
face deflection has been determined under a twenty kip static axle load­
ing. Recoverable deflections have been found to decrease with time 
indicating a general stiffening of pavement structure as compaction and 
hardening occurs in the asphalt concrete surface and sand-asphalt base. 

The observed 'pavement performance expressed in terms of the Present 
Serviceability Index (PSI value) 1 is summarized in Fig . 2 and Fig. 3. 
The average traffic Ian~ PSI value for the high-stability sections was 
found to be 4.0 compared to 3.67 for the low-stability sections. In the 
passing lane, however, the average PSI value in high-stability sections 
was 3 .86 compared with 4.10 for low-stability sections. 

The observed variation in surface rut depth with sand-asphalt base 
thickness is shown in Fig. 4. The average rut depth in the traffic lane 
of high-stability sections was 0.25 in. (6 mm) compared with an average 
rut depth in low-stability sections of 0.43 in. (11 mm). On the average, 
a negl igible difference in rut depth was found to exist between the pass­
ing and traffic lanes. High-stability sections show a decreasing rut 
depth with increasing sand-asphalt base thickness. In contrast, average 
rut depth in the traffic lane of low-stability sections appeared not to 
vary with base thickness, while rut depth in the passing lane increased 
with base thickness. Only one low-stability section reached a rut depth 
greater than 0.5 in. (13 mm). This section had an 8 in. (200 mm) base 
thickness and a rut depth of 0.6 in. (15 mm). Problems due to excessive 
rut depths have not been reported in this or other sections at the Mari­
anna Test Road. Surface rut depth was found to increase almost linearly 

1The Present Serviceability Index (PSI) is a subjective rating de­
veloped at the AASHO Road Test. The PSI ratings vary from 0 to 5 with a 
rating of 5 indicating the theoretically best possible condition. The 
pavement is usually considered to have reached a condition of failure 
when the PSi value becomes 2.5. 
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Table 1. Summary of Construction Materials Used at Marianna 
Test Road 

Sand Asphalt 
Gradation Embank- Hl.gh Low 

(% Passing) ment(l) Subgrade(4) Stability Stability Binder Surface 

1-1/2 in. - 100 
sieve 

1 in. sieve - -
3/4 in. sieve - 74.5 

1/2 in . s i eve - --· 100 - 99 . 8(6) 

No. 10 sieve 100 100 95 21.4 34.5 

No. 40 sieve 7"5.2 76.8 31 - 20.9 

No. 60 sieve 54.2 55.5 8 (5) - -
No. 200 sieve 21.8 18.9 4 - 3.6 

Max. Dry 120.6(2) 122.5(3) 
Density (pcf) 

Field Density 99.8 103.6 125 124.4 146 pcf 
(% max. dry (pcf) (pcf) 
density) 

Asphalt (7) 6.4 6.9 4.5 5.0 
Content (%) 

Marshall(lbs) 674 566 1694 1962 
Stability 

Air Voids 11.4 16.0 
(%) 

1. Embankment Soil: 7.2 percent clay and 10.7 percent silt; Mean LBR value 
of 55.5. 

2. AASHTO T-99 Maximum Dry Density 

3. AASHTO T-180 Maximum Dry Density 

4. Mean CBR values were as follows: High Stability Sections - 52.0; Low 
Stability Sections - 72.1 

5. No. 80 U. S. Standard Sieve 

6. No. 3/8 in. U.S. Standard Sieve 

7. All asphalt cement was 60-70 penetration grade asphalt cement 
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with the number of 18 kip (80 kN) axle loads up to at least one million 
load repetitions . 

Field observations from the Marianna Test Road indicate the follow­
ing general trends: 

1. All the sand-asphalt base sections at the Marianna Test Road 
performed well. Based on the PSI values, the sections with 
8 in. (200 mm) sand-asphalt bases performed no better than 
sections with thinner bases and in several instances performed 
worse; 

2. Average rut depth in low-stability sections was 0.43 in. (11 mm) 
and was 0.25 in. (6 mm) in high-stability sections. Therefore, 
for conditions existing at the Marianna Test Road, increasing 
a mix with a Marshall stability of 566 lbs. (2500 kN) to 674 lb. 
(3000 kN) resulted in a significant reduction in rut depth in 
the traffic lane; 

3. The large difference in observed rut depths in low- and high­
stability sections was not reflected in measured (Present 
Serviceability Index) values for the test sections; 

4. Thickness of the sand-asphalt base for values between 4 and 8 in. 
(100 and 200 mm) did not significantly affect performance of the 
pavement as defined by the PSI; and 

5. Rut depth was influenced by factors other than base thickness 
and Marshall stability, such as stiffness of the subgrade and 
other layers. As a result, no clear trend was observed between 
base thickness and rut depth. 

The Marianna Test Road was constructed over a very stiff subgrade 
having a modulus of elasticity which was greater than the reported modu­
lus of the sand-asphalt base. The presence of the stiff subgrade un­
doubtedl y influenced the observed results and must be considered in 
extrapolating these results to other pavements. Rutting in low-stability 
sections was roughly proportional to the thickness of the base, while 
rutting in high-stability sections was inversely proportional to base 
thickness. This experimental finding indicated that a sand-asphalt base 
threshold strength may exist which separates widely varying rutting 
mechanisms. More field test results are needed to verify or disprove 
this finding. 

Lake Wales Road Test 

In late 1970, the Florida Department of Transportation completed 
construction of a flexible test pavement located at Lake Wales. The test 
road is composed of twenty test sections, half with sand-asphalt bases 
and half with limerock bases. Base thickness varied from 3 to 10 in. 
(75 to 250 mm). Both 1 1/2 in. (38 mm) and 3 in. (75 mm) thick asphalt 
concrete surface courses were used over the two bases. For comparable 
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sections, the rut depths in the traffic lane were found to be approxi­
mately twice as large in the sand-asphalt base sections as in the lime­
rock sections as shown in Table 2 (on the average 0.43 in. compared with 
0.24 in.). Nevertheless, PSI trends in the traffic lane of the sand­
asphalt base sections were slightly greater than those with limerock 
bases as summarized in Table 3 (on the average 4.41 compared with 4.35). 
Figure 5 shows the PSI trends for the sections with sand-asphalt bases. 

Total rut depths measured in the traffic lane of sand-asphalt sec­
tions were smallest for the section that hada 3 in.(75 mm) sand-asphalt 
base and reached a maximum value for sand-asphalt bases of approximately 
4 in. (100 mm) in thickness for both the 1 1/2 in. (38 mm) and 3 in. 
(75 mm) asphalt concrete surface courses (Fig. 6). The rut depth became 
slightly less for base thicknesses greater than about 5 in. (125 mm). 
The variation in measured rut depth with number of 18 kip equivalent 
single axle loadings is shown in Fig. 7 for sections that had sand­
asphalt bases. The rut depth in sections with sand-asphalt bases con­
tinued to increase significantly with wheel loadings up to at least 1 x 
106 repetitions. At this time, the observed rut depths began to level 
off with additional wheel load applications. 

The Lake Wales sand~asphalt base mix consisted of approximately 50 
percent local sand and 50 percent crushed stone screenings. The original 
Hubbard Field mix design resulted in a recommended asphalt content of 
7.5 percent with a corresponding Hubbard Field stability of 1283 (5.7 kN). 
The 50 blow Marshall laboratory density was 123 to 126 pcf (2.01 gm/cc) 
for all sections. The field nuclear density was relatively uniform for 
all sections varying from approximately 114.1 to 116.6 pcf (1.83 to 1.87 
gm/cc) which corresponds to a density of only 92.7 percent of the Mar­
shall design value. In the traffic lane of each section, mean Marshall 
stabilities varied from 340 to 528 lb. (1.5 to 2.3 kN), and mean asphalt 
content varied from 7.4 to 7.9 percent. The sand-asphalt mix had SO to 
57 percent passing the No. 40 seive and 2 to 4 percent passing the No. 200 
seive. 

Maryland Base Course Study 

Stromberg [16,17] studied the performance of thirty-one pavements in 
Maryland with various base types including sand-asphalt, soil-cement, 
sand-aggregate, crushed stone, gravel and water-bound macadam. Pavement 
roughness, amount of cracked and patched areas, rut depth, and Benkleman 
beam deflections were determined in the field for each section. From 
these results the PSI was determined for each section and the Performance 
Index values were estimated by extrapolating PSI value trends. The Per­
formance Index (PI) is defined as the logarithm of the number of 18 kip 
axle loadings tolerated by the pavement before the PSI value reaches 2.5. 

The performance of pavement sections studied within Region II is sum­
marized in Table 4 including structural information, cracking and patch­
ing, rutting, PSI, and the extrapolated number of 18 kip equivalent wheel 
loads that resulted in a PSI value of 2.5. Some of the properties of the 
sand-asphalt and soil-cement bases are given in Table 5. Extraction 
tests indicated that the sand-asphalt bases had an average asphalt content 
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Section 
Number 

lA 

1B 

2A 

2B 

3A 

3B 

4A 

4B 

SA 

SB 

Avg. 

6A 

6B 

7A 

7B 

SA 

8B 

9A 

9B 

lOA 

lOB 

Avg. 

Table 2 . Measured Surface Rut Depths at the Lake Wales 
Test Road 

Layer Thickness Surface De f. (in.) (l) 

Surface Base Passing Traffic 
(in . ) (in.) Lane Lane 

LIMEROCK BASE SECTIONS 

3 10 .12 .29 

1.5 10 .07 .15 

3 4 .16 .30 

1.5 4 .14 .20 

1.5 3 .15 .18 

3 3 .19 .28 

3 6 .16 .32 

1.5 6 .15 .22 

1.5 8 .13 .18 

3 8 . 18 .29 
-- - -

Avg.= 0.15 Avg. 0.24 

SAND ASPHALT BASE SECTIONS 

3 3 .24 .38 

1.5 3 .21 .25 

1.5 6 .17 .43 

3 6 .24 .53 

3 4 .25 .53 

1.5 4 .18 .42 

1.5 8 .18 . L1.1 

3 8 .22 . 51 

3 10 .27 .42 

1.5 10 .27 .38 
- - - -

Avg. 0.22 Avg. 0. 43 

1. Rutting survey made December, 1974. 
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Table 3. Measured Present Serviceability Trends at the 
Lake Wales Test Road 

Section Thickness (in.) PSI Value Psi Value(l) 

Nunber Passing Traffic Passing Traffic 
Surface Base Lane Lane Lane Lane 

LIMEROCK BASE 

lA 3 10 4.41 4.22 4.12 4.45 

lB 1.5 10 4.36 4.36 4.30 4.38 

2A 3 4 4.48 4.37 4.45 4.46 

2B 1.5 4 4.26 4.36 4.23 4.29 

3A 1.5 3 4.26 4.45 4.13 4.35 

3B 3 3 4.26 4.31 4.26 4.38 

4A 3 6 4.37 4.35 4.32 4.37 

4B 1.5 6 4.28 4.19 4.18 4.22 

SA 1.5 8 4.46 4.21 4.33 4.18 

5B 3 8 4.39 4.34 4.32 4.45 
-- -- -- --

Avg. 4.36 4.32 4.26 4.35 

SAND ASPHALT BASE 

6A 3 3 4.36 4.32 4.26 4.38 

6B 1.5 3 3.99 4.41 3.91 4.48 

7A 1.5 6 4.36 4.45 4.24 4.45 

7B 3 6 4.47 4.53 4.22 4.40 

8A 3 4 4.44 4.46 4.21 4.39 

8B 1.5 4 4.44 4.55 4.22 4.44 

9A 1.5 8 4.47 4.97 4.21 4.27 

9B 3 8 4.42 4.52 4.30 4.42 

lOA 3 10 4.41 4.27 4.35 4.41 

lOB 1.5 10 4.40 4.41 4.38 4.47 
-- -- -- --

Avg. 4.38 4.49 4.23 4.41 

1. The PSI values were determined in December, 1974. 
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Table 4. Performance of Highway Pavements Constructed in Region II 
of Maryland [9] 
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Section 
No. 

4 

17B 

18 

19 

Notes: 1. 

2 . 

3. 

4. 

5. 

Table 5. Summary of Soil-cement and Sand-Asphalt Mat erials Used in 
Region II of Maryland 

Field Sand-Asphalt 
Type Base Fines Density (%) A. C. Beam Voids(.)) Pa. A.C. (pcf) (%) Flexure (psi) (%) (77°F) 

Soil-Cement - 119.9 - - - -
Sand-Asphalt 3.7 132.1 4.4 245(l) 13.8 40 

Sand-Asphalt 3.9 134.0 3.8 269( 2) 13.9 30 

Sand-Asphalt 4.3 129.7 5.4 (4) 338(3) 14 . 6 32 

Asphalt concrete surfacing/binder had average flexural strength of 439 psi. 

Asphalt concrete surfacing/binder had average flexural strength of 500 psi. 

Asphlat concrete surfacing/binder had average flexural strength of 494 psi. 

Average of lower 3 of 5 asphalt contents was 4.1%. 

Obtained from extraction tests after traffic loading. 

Sand-Cement 

Comp. Strength 
(psi) 

1653 

-

-

-
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of 4 to 4.5 percent. Also, the sand-asphalt bases had 3.7 to 
fines and void contents in the range of 13.8 to 14.6 percent. 
cement base had an average unconfined compressive strength of 
(11,400 kN/m2) which is high for this type base. 

4,3 percent 
The soil-

1653 psi 

The relationship between performance predicted using the AASHO In­
terim Guide [1] and the estimated performance obtained from extrapolating 
measured PSI values to 2.5 is given in Fig. 8. The AASHTO structural 
coefficients used in this comparison are given in Table 30 and were those 
used by the Maryland Department of Transportation during the base course 
study. A comparison of the predicted number of wheel load repetitions 
and those measured indicated that predicted pavement life was generally 
greater than life observed in the field. The soil-cement pavement 
sections typically consisted of a 6 in. (150 mm) soil-cement base placed 
beneath 6 in. (150 rnm) of asphalt concrete. The sand-asphalt sections 
consisted of 3 to 3.5 in. (75 to 90 mrn) of asphalt concrete above a 5 to 
7 in. (130 to 180 mm) sand-asphalt base. Traffic loadings were on the 
order of 1 to 2 million 18 kip (80 kN) equivalent axle loads (Table 4). 
Two of the three sand-asphalt base pavements were found to perform ex­
tremely well, while the performance of the third section (178) was below 
that predicted. The soil-cement sections showed reasonably good per­
formance, although two of three pavements predicted the number of wheel 
load repetitions at about twice the probable number of repetitions (as 
predicted from the PI value) which gave a PSI value of 2.5. Due to 
shrinkage of the base, reflection cracks were present on the surface of 
soil-cement sections allowing water to penetrate the pavement, leading 
to more rapid deterioration. The performance of pavement sections 
that had dense-graded aggregate bases was less than predicted in almost 
every instance. I~ general, the section with sand-asphalt and soil­
cement bases exhibited good performance when compared with the dense­
graded aggregate base pavements. 

After one million repetitions, rutting in the sand-asphalt base 
sections was found to be approximately the same as in the dense-graded 
aggregate base sections, and was approximately 0.15 in. (4 mm). Probably 
the relatively small amount of rutting in the sand-asphalt bases was due 
to: 

1. an average asphalt content of only 4 to 4.5 percent, 
2. a relatively high degree of compaction, and 
3. a 3 to 3.5 in. (75 to 90 mm) asphalt concrete surface 

over the sand-asphalt base. 

Of considerable practical importance is the fact that pavements with 
sand-aggregate bases were found to perform quite well. All three sand­
aggregate bases studied performed either as well as or better than pre­
dicted. Also, the unstabilized sand-aggregate base sections had smaller 
rut depths (Fig. 9) than either sand-asphalt or dense-graded aggregate 
bases. This type base, which consists of local sands mixed with slag, 
should be studied more carefully for future use as a base material. 
Crushed stone could, of course, be used rather than slag . The sand­
aggregate bases had about 88 percent of the aggregate smaller than 1/2 
in. (13 mm) and 10 percent fines (Table 6). The two sections showing 
the best performance had an average field density of 95 percent of AASHTO 
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Section 
Number 

3/4 

1 100 

2 99 

3 98 

Table 6. Summary of Material Properties of Sand-Aggregate Base Used 
in Region II of Maryland 

Gradation Compaction 

CBR 
Base Lab T-180 

1/2 4 10 40 60 200 Max.yd Opt. w Yd 
(pcf) (%) (%) 

88 75 72 46 29 10 45 129. 4 7.7 96 

88 70 67 41 21 9 32 128.6 8.2 93 

86 68 66 41 33 11 22 129.8 7.8 87 

Field 

w(%) 

6.7 

6.6 

7.8 
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T-180 (modified Proctor) density and an average CBR value of 39; the 
poorer performing section had a base with an average AASHTO T-180 density 
of 87 percent and an average CBR of 22. Results indicated the use of un­
stabilized blends of sand and aggregate should be considered for use on 
l ow to moderately trafficked pavements as a low-energy intensive alter­
nate to presently used stabilized base materials. 

Washington State University Test Track 

An extensive base course study was conducted at the Washington 
State University Test Track [19] involving: 

1. sand-asphalt, 
2. crushed stone base, 
3. emulsion treated crushed stone, 
4. special asphalt treated aggregate, and 
5. asphalt concrete base. 

A circular test track was used which had a diameter of 83ft. (25m). 
Each pavement section was 8 ft. (2.4 m) in width and varied from 18 to 
43 ft. (5.5 to 13m) in length. All sections had a 4 ft. (1.2 m) wide 
shoulder on each side. The pavement sections were subjected to a moving 
10.6 kip (47 kN) dual wheel loading. The test sections had either a 3 
or 4.25 in . (75 or 110 mm) thick asphalt concrete surface with base 
thicknesses varying from 2 to 12 in. (50 to 305 mm). Pavement sections 
were constructed over a clayey silt subgrade (A-6 Soil Classification) 
having a liquid limit of 35 and a plastic limit of 15 with the CBR 
value varying from 2.2 to 13.5. 

A summary of properties of materials used in the test track is 
given in Table 7. The sand used in the sand-asphalt base was a clean, 
uniform white sand having 3 percent fines. The sand-asphalt was laid 
in 4 in. (100 mm) loose lifts at a temperature between 195°F and 250°F 
(90° and l21°C). The sand-asphalt base was compacted immediately using 
a steel wheel roller followed by a pneumatic roller, and then a steel 
wheel roller. The steel wheel roller caused tension surface cracks to 
develop if the mix cooled too much (Fig. 10). 

A summary of base course equivalencies obtained from the test track 
is given in Table 8 and measured rut depths are summarized in Table 9. 
In the fall when the subgrade was not sautrated, sand-asphalt was found 
to have approximately the same strength as the asphalt concrete base. 
However, in the spring when the clayey silt subgrade was saturated, ap­
proximately 1.6 in. (40 mm) of sand-asphalt was found to be equivalent 
to 1.0 in. (2.5 mm) of asphalt concrete. The untreated crushed stone 
base performed better when compared with the asphalt concrete base in 
the spring than the fall, having equivalencies of 2.38 and 4.76 respec­
tively. 

Different failure modes were found to occur in spring than fall. 
In fall, transverse fatigue cracks first developed in the thin sections 
which eventually led to a general alligator crack pattern. Cracking 
began after a wet, cold period followed by warmer weather. In spring, 
a punching (rutting) type failure occurred very rapidly due to the 
saturated subgrade conditions present. In the thickest sections, severe 



Table 7. Summary of Materials Used at Washington State University Test Track (25]. 

Crushed Emulsion Treated Asphalt(l)Treated Asphalt Sand Asphalt 
Asphalt Concrete(!) 

Item Crushed Stone Concrete Base Surface 
Stone Base Base (2) Special Aggr. (2) (Class ~· ) 

Base Class B (2) 

Aggregate Gradation (% Passing) 
1-1/2 in . sieve 
1 in. sieve 100 100 (3/4) 
5/8 in . sieve 100 100 95 100 
1/2 in. sieve 60 (1/4) 99 89 93 100 (1/4) 100 
No. 10 sieve 32 59 41 36 100 42 
No . 40 sieve 13 25 20 9 33 23 
No . 200 sieve 4 9.2 7.6 5 3 9 

~lax . Dry Density (pcf) 137.5(5) 133 . 5 143 . 2 146.6 128 .1 149 . 4 
Field Density (% max . dry) 103.4 96.6 95 . 3 <4> 88.6(3) 98.2 
Asphalt Content (%) 2.9 3.0 5 .8 5.3 5.7 
Cement Content (%) 
7-day Comp. strength (psi) 
Voids (%) 17 1.2 

Fractures (%) 100 3 72 75 min. 
Sand Equivalent (specified) 40 min. 40 35 45 30 45 
Asphalt Grade SS-kh 60- 70 85- 100 85- 100 60- 70 

Materials Identification: Subgrade: clay-silt, LL-34 . 9, PL=l4.7, A-6(10), Max. dry density=l08 pcf, Optimum moisture•l8.8% (ASTM D-698) , 
R-valve = 16, CBR = 2 . 2 to 13.5 

1 . 60-70 penetration grade asphalt 
2. Values from Ring 3 
3. % of specified 128 . 1 pcf density 
4 . % of specified 146.0 pcf density 
5 . Standard Proctor Test 



Table 8. Base Course Equivalencies Determined at the 
Washington State Test Track [19] 

Ring 1 (1) Ring 2-4{ 2) 
Base 1 

Type Initial 
Cracking Failure Fall Spring 

Asphalt 1.0 1.00 1.0 1.0 Concrete 

Special Agg. 0.93 1.00 1.0 1.0 Asphalt-Treated 

Cement Treated 1.95 1.90 Crushed Stone - -

Emulsion Treated 
1.52 1. 79 Crushed Stone 

Sand-Asphalt 1.0 1.60 

Crushed Stone 4.76 2.38 

1. Saturated Subgrade Condition; 4.25 inches of asphalt concrete 
wearing course. 

2. 3 in. of asphalt concrete wearing course 

Table 9. Rut Depths Observed at Washington State 
University Test Track A~fyr 177,501 
Wheel Load Applications 

Type Base Average Rut 
Base Thickness (in.) 

Sand-Asphalt 6 1. 36 

Sand-Asphalt 8 0.675 

Asphalt Concrete 5 0.663 

Crushed Stone 12 0.438 

1. For a 3 in. asphalt concrete surfacing; 143,370 wheel 
applications were applied in the fall with remaining 
applications applied in the spring. 

Depth 

27 
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Table 10. Recommended Relative Structural Coefficients 
for Selected South Carolina Base and Subbase 
Materials 6 ( 21] 

Base Coefficients (a2) 

Pavement Components 
Layer Thickness (in.) 

4 6 8 10 

I. Base (Under 3 in. Asphalt Concrete Surface 

Bit . Stabilized Macadam (on sand-clay, soil) 0.28 0.30 0.32 0.34 

Bit. Stabilized Macadam (on Cem.-mod . soil) 0.34 0.36 0.38 0.40 

AASHO Dolomitic Limestone 0.19 0.16 0.13 0.11 

Type 2 Macadam - Crushed Granite-Gneiss 
(On weak support)x 0.16 0.13 0.11 0 . 09 
(On firm support)+ 0.11 0.09 0.07 0.06 

Sand-Asphalt 0.23 0.22 0 . 21 0.20 

Soil Stabilized Aggregate 0.23 0.21 0.19 0 .17 

Fossiliferous Limestone 0.21 0. 21 0. 21 0.21 

Cement Stabilized Macadam (3% cement) 0 0.34 0.36 0.38 0 . 40 

Sand-Clay 0.21 0.20 0.19 0.18 

* Cement-modified Soil (4.6% cement) 0.23 0.25 0.27 0.29 

II. Subbase (Under 3 in. A.C. Surface and 5 in. Base) 

Sand-Clay 0.16 0.14 

Cement-modified Soil 
(Under Bit. Stabilized Macadam Base) 0.28 0.33 
(Under Type 2 Macadam Base) 0.17 0.22 
(Under Other Flexible Bases) 0.24 0.28 

III. Subbase (3 in. A.C. Surface and 10 in. Base) 

Sand-Clay 0 .12(1 0.10 

Cement-modified Soil 
(Under Bit. Stabilized Macadam Base) 0 . 32 0 . 36 
(Under Type 2 Macadam Base) 0.10 0.12 
(Under Soil Sta. Agg . or Sand-asphalt Base) 0.16 0.18 
(Under AASHO or Fos. Limestone Base) 0.20 0.25 

l. These structural coefficients are for a base thickness of 5 in. 

X Weak support is assumed if Structural Number of subbase plus one-third of 
Soil Support Value is 2.3 or less. 

+ Firm support is assumed if Structural Number of subbase plus one-third of 
Soil Support Value is 3.0 or more. 

o Values have been reduced by 50% because of layer rigidity. 

* Soil used was 50%/50% mixture of "B" and "C" horizon Cecil Sandy Loam . 
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15 

0 .16 

0.34 

0 .12 

0.38 
0.26 
0.32 

0 . 08 

0 . 40 
0.14 
0 .20 
0.30 

subgrade 

subgrade 

Relative strength values of similar materials having different plastic properties 
will differ from those recommended in this table. 



(a) Condition in April After 143,370 Wheel Loads -
Before Spring Loading 

(b) Condition in May After 162,774 Wheel Loads 

FIGURE 10. SAND-ASPHALT 6 in. BASE SECTIONS WITH 3 in. ASPHALT CONCRETE 
SURFACING - WASHINGTON STATE TEST TRACK 

29 
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rutting developed but cracking was not observed in these sections. The 
average rut depth in the 8 in. (200 mm) thick sand-asphalt section was 
found to be 0.7 in. (18 mm) which was essentially the same as in the 
section with a 5 in. (130 mm) thick asphalt concrete base, The section 
with an 8 in. (200 mm) sand-asphalt base exhibited about one-half the 
rut depth as a section with a 6 in. (150 rnm) sand-asphalt base. Probably 
the large difference in rut depths between 6 and 8 in. (150 and 200 mm) 
sand-asphalt base sections was due partially to variations in the very 
soft subgrade conditions encountered at the test track site. The dif­
ference in failure modes in fall and spring indicated the important 
effect that environmental conditions, including a saturated subgrade, 
had on pavement performance. The sand-asphalt base which had an asphalt 
content of 5.3 percent was placed at 88.6 percent of the 128.1 pcf (2050 
kg/cm3) design density. In comparison, the asphalt concrete base which 
had an asphalt content of 5.8 percent was compacted to 95.3 percent of 
the 146.6 pcf (2350 kg/cm3) design density. The sand-asphalt base which 
consisted of a uniform, clean sand was compacted to a relatively low 
density. Therefore, the sand-asphalt would not be expected to perform 
as well as a better graded sand having a higher percent fines and com­
pacted to 95 percent of the design density. 

Three Rivers Test Road 

In Minnesota, the U.S. Forest Service constructed twelve 1,000 ft. 
(300m) long test sections using sand-asphalt [20]. The sand used in 
this investigation was uniformly graded and did not meet standard high­
way specifications. This sand had a dry density (AASHTO T-180) of 118 
pcf (1890 kg/m3), and less than 2 percent passed the No. 200 sieve. 
Test sections having sand-asphalt surfacings 3.5, 5 and 8 in. (90, 130 
and 203 mm) thick were stabilized with both a 250 to 300 penetration grade 
asphalt cement and a medium curing, MC-800 cutback asphalt. The test road 
was placed over a 24 in. (600 mm) prepared subgrade. The underlying 
natural subgrade was predominantly sand but some sections were underlaid 
by silty and clayey sands. Specimens used to design the pavement were 
prepared using 80 blows of the Marshall hammer on each side with a re­
sulting average density of approximately 120 pcf (1800 kg/m~). An asphalt 
content of 5 and 7 percent AC-250 to 300 asphalt-cement and 7 and 9 per­
cent MC-800 was used in the test sections. 

All sections were found to be in good condition after they were 
subjected to traffic for two years. The average Present Serviceability 
rating of the cutback sections was 3.1 compared with 3.78 for the sand­
asphalt sections. Surface thickness was found to have minimal effect 
on observed rut depth for the MC and AC sand-asphalt sections . The 250 
to 300 penetration sand-asphalt sections had slightly less rutting than 
the MC cutback sections with average values for all sections being 0.1 
in. (2.5 mm) and 0.07 in. (1.8 mm), respectively. 

Clemson University Base Course Study 

Bushing et al. [21] studied the performance of six base course 
material s in a-full-scale laboratory investigation. The following base 
materials were studied in this investigat ion: sand-asphalt, bituminous 
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stabilized macadam, cement stabilized macadam, dolomitic limestone, 
crushed granite-gneiss and soil stabilized aggregate. Tests were per­
formed using a 3 in. (76 mm) thick asphalt concrete surfacing on two 
subgrades having effective mod~li of subgrade reactions of 50 pci (1.4 
kg/cm3) and 257 pci (7.1 kg/em). After a stationaty dual wheel was . 
subjected to 1,500 l oad repetitions, the deflection was measured as a 
function of load up to either 9,000 lbs. (40 kN) or 0.02 in. (0.5 mm), 
whichever was reached first. 

Base course coefficients for use in the AASHO Interim Design Guide 
[18] were developed based on the deflection relationships observed for 
the test pavements. Recommended base course coefficients determined 
from this study are summarized in Table 10. Foran Bin. (200 mm) thick 
base, the base course coefficient was found to be 0.21 for the sand­
asphalt, 0.27 for the cement modified soil (4.h percent cement content), 
and 0. 32 for the bituminous stabilized macadam. The base course coeffi­
cients developed during this investigation were based on the resilient 
deflection. Long-term ·effects such as rutting, fatigue, water and 
weathering effects were not directly considered,! Results of a compre­
hensive field study of pavements performed by Stromberg [16] indicated 
that a direct relationship does not appear to exist between deflection 
and long-term performance, although the results of the relatively short­
term AASHO Road Test indicated that a relation?hip might exist. The 
results of this study, therefore, should be used with considerable cau­
tion in evaluating the general trends in performance between the dif­
ferent bases studied. 

Laboratory Studies 

Walker [2] investigated the use of pit sands in sand-asphalt bases. 
Marshall stabilities of the sand-asphalt mixes studied varied from ap­
proximately 200 to 600 lbs. (0.9 to 2.7 kN). Repeated load triaxial 
tests and fatigue tests were performed to evaluate potential performance 
of the material under simulated field stress conditions. Fatigue tests 
were performed on rectangular beam specimens supported only at the ends. 
Walker concluded that sands having stabilities of approximately 500 to 
600 lbs. (2.2 to 2.7 kN) had fatigue properties which compared favorably 
with presently used crushed stone concrete base materials. Walker's 
results, however, were based on a direct comparison of fatigue curves 
which led to erroneous conclusions if the stiffness of the mix was not 
properly considered [6,54] . 

Gap-Graded Surface Mixes 

Gap-graded surface mixes generally consist of a combination of 
coarse aggregate and sand in such proportions that the gradation curve 

1The small resilient deflections observed for the soil cement 
sections were apparently arbitrarily increased to crudely consider the 
long-term deterioration of this type pavement due to cracking and 
weathering. 
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has a gap in it. A mineral filler frequently is used in the gap-graded 
mixes with a relatively hard binder. In addition to utilizing local 
materials, gap-graded mixes generally have been reported [22-24] to have 
better workability and fatigue resistance than conventional mixes, and 
have an adequate level of stability and durability as well. In England, 
about 60 percent of the major highways are constructed with gap-graded 
mixes, and all of the freeways in South Africa are presently being built 
with this type mix [23,24]. 

Until recently, most gap-graded mixes were designed according to the 
well-known British Standard BS594~1961 [25]. Following the recipe ap­
proach given in BSS94, wearing courses generally had the following com­
position: 

Material Content (%) 

Stone 30 
Sand 53 
Binder 8 
Fill er 9 

The binder commonly used in Great Bri tain consisted of a blend of bitumen 
with pitch or lake asphalt and had a penetration of about 50 at 25°C 
(77°F). In 1973 BS594 was changed to include a gap-graded mix design 
method based on the Marshall Stabilit y test. 

An angular, fine aggregate was f ound by Price, Please, Lees and 
Duthie as reported by Acott [22] to give higher stability mixes than 
rounded fine aggregates. The shape of the coarse aggregate apparently 
influenced stability and rutting less than the shape of the fine ag­
gregate. Wheel tracking tests and Marshall Stability tests, however, 
did indicate that mixes that had a rounded gravel as the coarse aggre­
gate underwent more rutting than mixes that used a crushed rock with a 
more angular shape. 

Considerable research [26, 27,28] has been devoted to developing 
ideal gradation curves for continuously graded mixes. Lees [29] con­
cluded that an ideal grading curve did not exist since the minimum 
voids in a mix were influenced by particle shape, degree of compaction, 
and lubricating effects. Further , Hveem [27] found that in some in­
stances irregular grading curves were associated with pavement that had 
shown good performance. 

The gradation requirements for gap-graded mixes specified by BS594: 
73 are summarized in Table 11. The allowable amount of coarse aggregate 
varied with the layer thickness. Coarse aggregate stone contents up to 
55 percent were permitted for a 2 in. (50 mm) surface course. For 30 
percent stone mixes, Duthi e (30] f ound that mix with the largest coarse 
aggregate had a lower optimum binder content. Further, an increase in 
stone content increased the density and stability, and decreased the 
optimum binder content. Tracking tests (24] indicated an increase in 
stone content resulted in a decrease in rut depth. Marshall ;tabilities 
were found to increase with stone content increases up to about 60 percent. 



Table 11. 

DESCRIPTION 

Nominal thickness of layer, mm 

Coarse aggregate content, % 

Nominal size of aggregate, mm 

BS Sieve, (mm) 

Coarse Agg. Fine Agg. 

50 5.0 

37.5 2.36 

28 600 J.lm 

20 212 ].lm 

14 75 J.lm 

10 

6.3 

Gap-Graded Surface Mix- Fine and Coarse Aggregate 
Grading Requirements for BS 594(1)[22] 

WEARING COURSE MIXTURES 

25 35 40 50 

0 15 or 30 30 40 or 55 (2) 

Not 
Appli- 10 or 14 14 or 20 20 
cable 

Coarse Aggregat e Fine Aggregate 
(% by Weight Passing) (% by Weight Passing) 

100 

Not 95 -100 Appli-
cable 100 100 75- 100 

100 85 -100 85- 100 15- 60 

85- 100 0-100 0-60 0-5 

0-100 0-60 -

0-60 - -

1. Material retained on a 2.36 mm sieve 
2. 40 only for gravel or slag 
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BS594:73 required the amounts of soluble binder and mineral filler 
specified in Table 12 [22] for the wearing course. Further, BS594:73 
required the mineral filler to consist of limestone or Portland cement 
with· at least 85 percent of particles passing the 75~m si~ve. For 55 
percent stone, 6.4 percent soluble binder and 6.4 percent mineral filler 
(material passing the 75~m sieve) were required (Table 12). Further, 
BS594 requi~ed an increase in binder content as mineral filler increased. 
Several studies using the Marshall test indicated, however, that maximum 
Marshall Stability was reached at lower binder contents with increased 
filler content [29,30,31 ]. 

Acott [22] gave a thorough review of design methods for gap-graded 
mixes. Some methods reviewed include a modified vibrating hammer test, 
a rational gradation design method, and the Shell Method proposed by 
Brien [32] . The new BS549:1973 specification that was also reviewed 
used a modi fied Marshall procedure that tested only the fine aggregate 
and hence gave misleading results. Probably the best designed method 
presently available for gap-graded mixes was propo~ed by Marais [22,24]. 
The procedure was based on the Marshall Mix Design Method and used the 
complete gap-graded sand-stone mix . The design requirements proposed 
by Marais are summarized in Table 13. Requirements for 30 to 35 percent 
stone mixes included a minimum Marshall stability to flow ratio at 140°F 
(60°C) of 1.5 kN/mm, maximum Marshall stability of 2,500 lbs. (17,200 
kN), 2 to 10 percent voids in the mix, a calculated film thickness of 
6.0 ~m. and a minimum filler to bitumen ratio of 1.0. 

The relationship between rutting and the stability/flow ratio ob­
tained by Marais [24] for gap-graded mixes is shown in Fig. 11. Marais 
found that a gap-graded test pavement section underwent less densifica­
tion than a continuously graded mix. Both mixes approached equilibrium 
densities close to the maximum density obtained in the 75 blow Marshall 
test . 

Freeme [23] found that the most important indices influencing the 
sand used in 30 percent stone, gap-graded mixes are as follows: 

1. the sand equivalent which insures cleanliness, 
2. fineness modulus which insures reasonable grading, and 
3. the shape factor which insures reasonable shape. 

Table 14 summarizes the criteria proposed for accepting and rejecting 
sands used in gap-graded mixes. Category B sands should not be rejected 
if either the fineness modulus or shape factor criteria is not satis­
fied . One of the correlations upon which the design criteria given in 
Table 14 was based is presented in Fig. 12. For fineness moduli greater 
than approximately 1.5, the required binder content of the gap-graded 
mixes was generally less than 6.5 percent (Fig. 13). 



Table 12. Composition of Gap-Graded Course Mixtures by 
Recipe Method - Crushed Stone Aggregate [22] 
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Schedule No. 
Coarse aggregate Aggregate passing(!, 
retained on 2.36 Soluble binder 75 ].lm 
mm BS test sieve BS test sieve 

0 10.3 13.0 
15 9.1 11.0 

lA 30 7.9 8.9 
40 7.1 7.5 
55 5.9 5.4 

0 10.8 14 . 0 
15 9.6 12.0 

lB 30 8.4 9.9 
40 7.6 8.5 
55 6.4 6.4 

0 11.3 15 . 0 
15 10.1 13.0 

lC 30 8.9 10.9 
40 8.1 9.5 
55 6.8 7.4 

1. Bulk density in tolvene must be between 0.5 g/ml and 0.9 g/ml. 
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Table 13. Design Criteria Proposed by Marais for Gap-Graded 

Surfacing Mixtures with Stone Contents Between 
30 and 50 Percent [22] 

Traffic Ca tegory All Limits 

No. of compaction blows each 75 
end of specimen 

Test Property Surface Property Max 

Marshall stability/flow at Deformation or 
60°C (kn/mm) distortion -

Indirect tensile strength Toughness, fatigue 
at 40°C (kn/m2) resistance, and 680 

or fracture strength 
Marshall stability 11 

Immersion index Stripping by Water -
Air permeability (cm2) 

Imperviousness lxlo-8 durability 

Voids in mix (%) Balance in design 10 

Film thickness of bitumen 
Durability ().llll) -

Filler/bitumen ratio Balance in design 

Bulk density in benzene Distortion 0.95 
of filler (g/ml) toughness 

Table 14 . Criteria Proposed by Freeme for Preliminary 
Acceptance of Gap-Graded Surface Mixes [23] 

Mixes 

Min 

1.5 

-
-

0.75 

-
2.0 

6.0 

1.0 

0.50 

Category Description Criteria Accepted, (%) 

Sands with a Sand Equivalent SE>JO 78 
A greater than 30 

Sands with a Sand Equivalent 15<SE<30 
between 15 and 30 but having -and 

B either a Fineness Modulus FM > l.O 42 
greater than 1.0 and/or a or 
Shape Factor greater than SF> 0. 7 
0.7 

Sands with a Sand Equivalent SE <15 0 
c less than 15 
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Sand-Cement Stabilized Bases 

Introduction 

Portland cement has been used as a stabilizing agent since 1935 
when the South Carolina Highway Department combined it with soil in five 
experimental test sections [33 ]. Soil cement is made by blending gener­
ally 6 to 10 percent portland cement with soil, adding the proper quan ­
tity of water and compacting the mixture to a high density (34]. Upon 
hydration, the soil cement mixture becomes strong and durable provided 
a suitable soil is stabilized with a sufficient quantity of cement. Sand 
is particularly suitable for stabilizing with cement since it is cohe­
sionless , mixes readily, and gives high strengths upon hydration provided 
a sufficient amount of fines is present. Required cement contents for 
sand bases typically vary from 5 to 8 percent, with the quantity of 
cement required being generally less than for silts and clays but 
greater than for gravels and crushed stone. 

A cement stabilized base must have a cement content sufficiently 
great to be both durable and have strengths capable of withstanding the 
applied wheel loads. Strength usually is expressed in terms of the 7-day 
unconfined compressive strength of cylindrical specimens of the mixture. 
Durability usually is evaluated by subjecting specimens to standard 
freeze-thaw and/or wet-dry cycles [35] . In areas with severe climates 
having considerable freeze-thaw cycles, the effective in situ long-term 
durability of the material is probably the most important criteria. In 
Alberta, Canada, for example, a simplified mix design technique (36] de­
veloped for soil cement blends uses a freeze-thaw test as the basis for 
selecting cement content. 

Rutting in pavement sections having cement treated bases has been 
found to pose no problem [17·]. However, the development of transverse 
reflection cracking is frequently an important problem resulting from 
pavements constructed with cement treated bases [17]. Surface reflection 
cracking results from shrinkage cracks that originally develop in a ce­
ment stabilized base upon hydration of the cement. These cracks gradu­
ally propagate to the surface through the asphalt concrete surfacing. 
Zube et al. [37] found that to minimize longitudinal and transverse re­
flection-cracking, a minimum thickness was required of 3 1/2 in. (90 mm) 
of asphalt concrete surfacing. In Virginia, McGhee [38] found that 
transverse shrinkage cracks can reflect through a 3 in. (76 mm) bitumi­
nous concrete surface course in as little as 18 months and through 7 in. 
(180 mm) in less than 5 years. Research by Barksdale and Vergnoble [39] 
on a micaceous silty sand indicated that use of an expansive cement 
reduces shrinkage cracks in some cement stabi lized silty sand bases, 
thus minimizing the problem of reflection cracking. Other methods at­
tempting to reduce shrinkage cracks in cement stabilized bases include 
the addition of sodium chloride, calcium chloride, and sugar [40]. 
Also, use of lime and flyash has been found in some instances to reduce 
shrinkage cracks. Use of such additives as expansive cements should be 
studied as a means of controlling shrinkage cracks in cement stabilized 
sand bases. 
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Burns and Ahlvin [47] found at the Waterways Experiment Station that 
for heavy aircraft loadings (30 kip wheel loads), sections having an un­
crushed gravel sand subbase stabilized with 6 percent cement were still 
in satisfactory condition after 10,460 coverages. In contrast, a simi­
lar section having a lean clay subbase stabilized with lO . percent with­
stood only 1,200 coverages. These results indicate that under some 
conditions, a cement stabilized granular material will perform better 
than a cement stabilized cohesive soil stabilized at an equal or higher 
level. 

At the Brampton Road Test [48], the June rebound deflections were 
after three years close to twice the va lue measured the first year for 
a section having a 6 in. (150 mm) granular subbase treated with 10 per­
cent cement by weight. Increase in rebound deflections also occurred 
elsewhere [ 43] and was caused partially by gradual cracking and deteriora­
tion with time of the cement treated base . Because of a hi gh modulus 
of elast i city and britt l eness , high t ensile st res ses are developed in 
a cement-stabilized base. As a r esult, smal l cracks may develop in the 
tensile zone which gradually become larger wi th the appl i cati on of wheel 
loadings and result in an increase in def lection. In Japan, studies 
have shown that the increase in deflect i on is roughly proportional to 
the logarithm of the number of loads applied to the pavement. Fossberg, 
Mitchell and Monismith (44] found that if the deflection of a cracked 
base is 20 percent larger than an intact base, the stress transmitted 
to the soil is nearly SO percent greater . 

AASHO Road Test 

Comparative performance of cement treated granular bases was 
studied at the AASHO Road Test [43]. The cement treated, gravelly sand 
base had 90 percent passing the 1/2 in. (13 mm) seive, 71 percent pass­
ing the No. 4 seive, and 7 percent passing the No. 200 sieve and hence 
was classified as a gravelly sand. The granular base was treated with 4 
percent cement by weight resulting in an average seven-day unconfined 
compressive strength of 840 psi (5,800 kN/m2). Comparison in performance 
between the sand-cement, bituminous stabilized and crushed stone base 
sections is shown in Fig. 14 for a PS I of 2.5. For approximately one 
million 22.4 kip (100 kN) single axle loadings and environmental and 
loading conditions, and materi als used at the AASHO Road Test, one 
inch (25.4 mm) of asphalt concrete base was f ound to be equi valent to 
1.2 in. (30 mm) of cement treated base and 1.80 in. (46 mm) of crushed 
stone . Rutting in the cement treated sect i ons was found to be signifi­
cantly less than in the other two sections. Results indicate that the 
cement trea~ed base section, which had an average unconfined compressive 
strength of 840 psi (5,800 kN/m2), performed quite favorable when com­
pared with the asphalt concrete base sections if the aesthetics of 
transverse shrinkage cracks are not considered. 

Rhode Island Test Pavement 

Wang and Nacci [45] described the field performance of seven test 
sections constructed in Rhode Island using cement stabilized bases 
(Fig. 15). All sections had a 3 in. (75 mm) asphalt concrete surfaci ng 
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with a base thickness of 6 in. (ISO mm). Five test sections were con­
structed with a non-plastic silty sand base [AASHTO A-4(3) Soil ] stabi­
lized with 6 to 11 percent Type I portland cement; two of these sections 
also had 1 percent sodium sulfate. Two control sections were constructed 
with an asphalt mac~dam penetration rock base. Unconfined compressive 
strengths of the cement stabilized bases varied from approximately 500 
to 1,000 psi (3,500 to 7,000 kN/m2) at 28 days, while th~ subbase strength 
varied from 125 psi to 550 psi (850 kN/m2) to 3,500 kN/m ). 

After the application of approximately 60,000 equivalent 18 kip 
single axle loadings during the 4-year investigation, relatively exten­
sive surface reflection cracking developed in the cement stabilized 
sections (Fig_. 16). The measured surface roughness of the cement sta­
bilized base sections, however , was only about 10 percent greater than 
for the penetration asphalt macadam control sections (Table 15). There ­
fore, the cracking which occurred in these sect ions did not significantly 
affect the overal l riding qualities as reflected by the roughness index. 
An insignificant difference of less than 10 percent was noted in the 
various cement stabilized sections in total surface reflective cracking. 
Section 6 which was stabilized with 6 percent cement had the most 
transverse cracks, while section 3 which was stabilized with 9 percent 
cement had the most longitudinal cracking. As found by coring, cracking 
was found to extent through the entire base course to about the center 
of the subbase. Surface cracking was not observed in the penetration 
macadam control sections. 

Controlling Reflective Cracking 

Nordling [41] reviewed various methods for reducing reflection 
cracking in pavements constructed with cement treated bases. Nordling's 
pertinent recommendations include: 

1. Using a granular base material having a m1n1mum clay content, 
2. Compacting the base material at or slightly below optimal 

levels to a high density, 
3. Using the highest penetration (lowest viscosity asphalt cement 

in the surfacing that will meet stability requirements , and 
4. Waiting until initial shrinkage cracking has occurred in the 

base before applying the surfacing. 

Nordling found that double and triple surface treatments compared 
with asphalt concrete surfacings resulted in the development of fewer 
reflection shrinkage cracks of light to moderately trafficked pavements. 
A triple surface treatment gave good performance on 400 miles (670 km) 
of secondary roads in one Louisiana parish. For the first application, 
the triple surface treatment construction consisted of applying 0.40 
gal. of asphalt and 0.0200 cu. yd. of 1/2 in. (13 mm) maximum size 
aggregate to each square yard of pavement; 0.30 gal, asphal t and 0.0111 
cu. yd. of 3/4 in. (19 mm) maximum ·size aggregat e for the second applica­
tion; and 0.20 gal. of asphalt and 0.0075 cu. yd. of 1/2 in. (13 mm) 
aggregate for the third application . In New Brunswick, two surface 
treatment applications were placed the first year followed by a third 
application the second year. To minimize reflective surface cracking, 
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Table 15. Summary of Pavement Performance For 
Rhode Island Test Sections 

Average 
Section Roughness 

Total 1 Cracking ( ) 
(i~. /mile) (ft.) 

1 - -
2 110 -
3 120 1090 

4 111 -
5 123 590 

6 120 900 

7 110 725 

1. Transverse and longitudinal crack length. 
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North Carolina developed a special treatment called a "prime, mat and 
seal" surface, and the Nova Scotia Highway Department began use of a 
special armor coat for soil-cement pavements. 

In general, a minimum of 3 in. (75 mm) of asphalt concrete surfacing 
has been used in California and Washington to minimize reflection crack­
ing in pavements having moderate to high volumes of traffic {41]. Oregon 
has used a 2 in. (50 mm) asphalt concrete surfacing over granular cement 
stabilized bases. The asphalt concrete surface course, however, with 
an asphalt content of 6 1/2 percent, made the surfacing relatively 
flexible and reportedly healed small surface reflection cracks {41]. To 
reduce reflective cracking in subdivisions in DeKalb County, Georgia , 
the soil-cement bases were first overlaid by a 1 in. (25 mm) binder 
course. The 1 in. (25 mm) surfacing was not placed unti l one week 
after the binder. 

Cement Stabilized Stone Bases 

Zube and Gates [46] described a comprehensive study involving 175 
pavements constructed with cement stabilized granular stone bases which 
were subjected to 5 million or more equivalent 5 kip (22 kN) wheel loads. 
Although the study was not conducted on cement stabilized sand bases, the 
cement stabilized gravel and crushed stone bases used were similar enough 
that results should be generally applicable to pavements having sand­
cement bases. Sixty-four percent of the 175 pavements studies gave ex­
cellent performance, 17 percent good performance~ and 8 percent fair 
performance with only 11 percent requiring extensive early maintenance. 

One very important cause of failure was found by Zube and Gates to 
be insufficient cement content. To perform satisfactorily, the minimum 
required in-place compressive strength of a cement stabilized base was 
found to be 500 psi (3,500 kN/m2). Class A cement stabilized bases con­
structed in California now require minimum 7-day compressive strengths 
of 750 psi (5,000 kN/m2). No significant increase in longitudinal or 
transverse cracking was found when compressive strength of the base was 
increased. Increased compressive strength did, however, significantly 
reduce block cracking in the pavement. Relatively rapid deterioration 
of some pavements was found to be due to nonuniform blending of cement 
during mixing and placing which resulted in localized areas having in­
suffici ent strength. Plant mixed cement stabilized bases showed con­
siderably better uniformity than bases mixed in-place; however, studies 
on three projects using plant-mixed bases indicated a deficiency in 
cement content by more than the specified 0.4 percent in 3 to 8 percent 
of the cement stabilized base. 

In 4 of the 35 projects studied by Zube and Gates, placing extremely 
thin lifts of cement stabilized bases to bring the layer up to grade, or 
reworking the surface after it had been compacted was found to be the 
probable cause of disintegration of the upper surface of cement stabi­
lized bases. Bonding one layer of cement stabilized base to another 
was also found to be a problem; however , bonding asphalt concrete to 
a cement stabilized base presented no problem. 
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Additional conclusions reached by Zube et al. for conditions exist­
ing in California follow : 

1 . Extending the cement stabilized base at least one foot beyond 
the pavement edge into the shoulder can reduce block cracking, 
but does not affect longitudinal or transverse cracking. 

2. Plant-mixed cement stabilized bases have less cracking than 
mixed-in-place projects. 

3. Cement stabilized granular bases perform better when compacted 
in 4 in . (100 mm) thick layers rather than 8 in. (200 mm) layers. 

4. The time of year when cement stabilized granular bases are 
placed has no significant effect on cracking. 

5. Block cracking can be reduced by using Type 2 rather than Type 
1 Portland cement. 

6. Cement stabilized granular bases should be designed to have 
strengths 25 to 30 percent greater than desired at the end 
of construction to insure satisfactory in-place strength. 
This recommendation is justified since the cement stabilized 
bases with the highest compressive strength have 
the longest maintenance-free service life. 

7. To prevent cracking of both the cement stabilized base and 
the surfacing, cement treated granular bases less than 6 in. 
(150 mm) thick should not be used. 

Maine Test Pavements 

In Maine, McNaughton and Rand (49] compared the performance of 
sections having soil c~ment, asphalt concrete and crushed gravel bases. 
The report did not describe the soil type that was stabilized with 
cement. All sections had a 3 in. (75 mm) thick asphalt concrete sur­
facing. Although the soil cement sections had a specified base thick­
ness of 6 in. (150 mm), two of the three sections had measured thick­
nesses of only 4 and 5 in. (100 and 125 mm). Soil-cement base sections 
had an average 7-day compressive strength of 522 psi (3,600 kN/m2). 
Asphalt concrete sections had a 4 in. (100 mm) thick base and only 
about 3.85 percent asphalt cement as determined from extraction tests. 
The crushed gravel base varied in thickness from 6 to 9 in. (150 to 
230 mm). 

After 160,000 equivalent 18 kip single axle loadings , the PSI 
Ratings were 3.2 for the soil cement sections, 4.2 percent for the 
asphalt concrete ana 4.3 for the crushed gravel base sections; visual 
ratings indicated a similar ranking. The PSI ratings remained almost 
constant during the study for asphalt concrete and crushed gravel sec­
tions. The PSI ratings for the soil cement base sections gradually 
decreased with time. In fact, by the end of four years, the surface 
deflections of sections with soil-cement bases had increased to almost 
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the same value as the crushed gravel sections. These results indicate 
insufficient levels of cement stabilization of the base achieved in the 
field to withstand severe environmental conditions experienced in Maine. 
Also, McNaughton and Rand found soil cement base sections to exhibit 
more expansion and contraction cracks than did other test sections. 
They did not have the ability to regain their PSI ratings after the 
spring thaw. Wire mesh reinforced asphalt concrete overlay 1.75 in. 
(45 mm) thick over some of the soil-cement sections was found to in­
crease the observed amount of reflection cracking. 

Inverted Construction 

Successful use of cement stabilized subbase layers which were over­
laid by unstabi lized granular bases were reported by Johnson [42] in New 
Mexico in addition to a Virginia study reported by McGhee [38]. These 
so-called "inverted" or "upside down" sections were used successfully in 
New Mexico on urban projects having weak subgrades; a test section was 
also built in New Mexico which included this type construction. In New 
Mexico, a 6 in . (150 mm) thick granular subbase stabilized with 3 to 5 
percent cement was used. This laye~ was overlaid by 4 to 6 in. (100 to 
150 mm) of unstabili zed granular base which in turn typically was over­
laid by 3 1/2 to 4 in. (90 to 100 mm) of asphalt concrete. Frequently 
a 1/2 to 5/8 in. (13 to 16 mm) plant mix seal coat was also placed over 
the surfacing either at the time of construction or several years later 
[39] . British Columbia used a 3 in. (75 mm) unstabilized granular layer 
in "inverted" sections that had a maximum of 9 percent fines and a plas­
ticity index no greater than five. 

Advantages of inverted construction include: 

1. Reduction in reflection cracking since the cement-treated 
layer is placed deeper in the section, 

2. Deeper overall thickness of the structural section, 

3. Better compaction of unstabilized materials placed over the 
stabilized layer which acts as a working platform where soft 
subgrades are encountered, and 

4. Protection of the subgrade from moisture. 

The inverted design makes optimum use of the good tensile strength prop­
erties of the cement stabilized subbase to bridge over weak subgrades 
through "beam" action. Optimal use is made of the excellent compressive 
characteristics of unstabilized crushed stone or sand by placement in 
the upper part of the pavement structure where stresses are compressive. 
Although this type of construction might tend to trap water in the 
upper layers, a 'degree of protection from moisture would be given to 
the subgrade. Based on the studies reported by McGhee [36] and Johnson 
[40], inverted construction appears to offer promise, particularly for 
construction of pavement over weak subgrades. This type of construction 
certainly deserves further study. 



CHAPJ"ER III 

PREDICTING RUTTING IN PAVEMENTS WITH 
SAND-ASPHALT BASES 

Introduction 

Based on the results of pavement field inspections in Florida, 
Georgia, Maryland and South Carolina, rut depths from 0.25 to 0.5 in. 
(8 to 13 rnrn) are usually developed in pavements having sand-asphalt 
bases. Since rut depths greater than about 0 . 4 in. (10 rnrn) are some­
times considered excessive, a rational method is needed to predict rut 
depth in this type pavement. In this chapter a practical method is de­
veloped to predict rut depth that uses the plastic properties of the 
sand-asphalt and asphalt concrete mixes measured using the repeated 
load triaxial test and standard test conditions. The rut depth of the 
asphalt layers are then calculated considering the geometry of the 
section, stress level, and number of equivalent 18 kip axle load applica­
tions in addition to the plastic properties of asphalt layers. 

Average Stress State for Rutting Tests - The Z Function Approach 

Under the centerline of the wheel loading, according to layered 
theory, the bituminous layer is subjected· to a compressive stress state 
in the top portion of the layer and tensile stress in the bottom . Ap­
plication of a tensile stress state in the laboratory to reproduce the 
theoretical stress condition in the bottom of the layer is difficult 
and not suitable for use in a practical design method for evaluating 
the rutting characteristics of bituminous pavements. When an element 
of material in the tensile zone starts to deform laterally in the direc­
tion of the tensile stress, lateral passive resistance is encountered 
due to the presence of the surrounding sand-asphalt or asphalt cement. 
Therefore, the lateral tensile stress developed in the field may be 
less than predicted by layered theory. 

Near the center of the asphalt concrete layer at the neutral axis, 
the lateral stress is zero, and an axial compressive stress state exists 
simi lar to that in the unconfined compression test. The existence of a 
simple unconfined compressive stress state near the center of the layer 
suggests that such a stress condition may be reasonably close for de­
sign purposes to the average of the tensile and compressive stress states 
within the layer. 

Using the average stress condition within the bituminous layer for 
testing purposes to represent the stress conditions within the entire 
layer is a practical alternative to using considerably more complicated 
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stress states involving both tension and compression. An approximate 
average unconfined stress state for determining rutting within a layer 
can be determined using the Z-function method originally proposed by the · 
Shell-Amsterdam researchers [6,55,56]. Using this approach, the effective 
axial stress found for a condition of no confinement is somewhat higher 
than the vertical stress predicted by layered theory to occur in the 
vicinity of the neutral axis. 

The Z-function, which is dependent upon the pavement structure, 
geometry and wheel load spectrum, is defined as the ratio of the average 
vertical elastic strain occurring in the asphalt concrete layer to the 
vertical strain occurring in an unconfined compression test on a similar 
specimen of material. For convenience, the Z-function can be determined 
from elastic layered theory as follows : 

where z. 
1 

H. 
1 

l:!H. 
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E. 
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0 
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Z-function for the ith layer 
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(1) 

vertical displacement within the ith layer evaluated from 
elastic layered theory 

modulus of elasticity of the ith layer 

tire contact stress at the surface of the asphalt concrete 
pavement 

The average stress to apply to an asphalt concrete specimen in an 
unconfined creep test is derived by rearranging equation (I) as follows: 

l:!H/H = Z (o /E) 
0 

where l:!H/H is the average elastic strain in the layer, giving 

£ = z layer (o /E) 
0 

The average unconfined axial stress, o required to cause the same 
strain in the layer being considered i~vBqual to 

= 

(2) 

(3) 

( 4) 
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Substituting equation (4) into equation (3) and rea~ranging gives 

0 = z avg 0 
0 

(5) 

Equation (5) gives the vertical stress that would have to be applied to 
an unconfined specimen to give the same elastic strain as that calculated 
to occur in the layer. The modulus of elasticity of the specimen and the 
layer are taken to be the same . Even though the theoretical prediction 
of average stress in the asphalt concrete layer (for no lateral confine­
ment) is based on the elastic deformation of the layer, this admittedly 
idealized approach does consider the combined effect of tension and com­
pression in a three-dimensional stress field. Hence, the Z-function 
method should give a reasonable first approximation of the stress state 
for use in testing to evaluate plastic deformation. 

Mean Pavement Temperature for Rutting 

A simplified method is used for estimating the mean pavement temper­
ature at which rutting occurs for a given climatological region and re­
presentative traffic conditions [6,54]. Laboratory tests then only need 
conducting at the mean pavement temperature to evaluate the average 
rutting characteristics of a mix. Hofstra and Klomp [57] and Lister and 
Addis [58] established from model pavement studies the relationship 
between rutting and pavement temperature for selected asphalt mixes 
(Fig. 17). This figure shows that rutting occurring in the bituminous 
layer is sensitive to temperature and that essentially no rutting occurs 
below a pavement temperature of 75°F (24°C). 

In this study, mean pavement temperature for rutting was developed 
for the climatological and traffic conditions representative of Marianna 
and Lake Wales, Florida where test pavements were located having sand­
asphalt bases. Mean temperature for rutting was calculated for a sec­
tion with 3 in . (75 mm) asphalt concrete surfacing and a 6 in. (150 mm) 
sand-asphalt base. A previous study L6,54] indicated that long- term 
monthly average temperatures could be used to determine the mean pavement 
temperature for rutting. The long-term climatological weather data for 
Marianna that was used to predict temperature profiles through the pave­
ment is given in a report by Schroeder [64]. Mean daily air temperature 
from May through August was 79°F (26°C) with the long-term daily differ­
ence in temperature being 22°F (l2°C). For Lake Wales, mean daily tem­
perature from May through August was about 80°F (27°C) with the long­
term daily difference in temperature being l9°F (l0°C). Temperatures 
used in the analysis for Marianna and Lake Wales were obtained from 
weather stations located at Chipley and Winter Haven, Florida, respec­
tively. All other cl imatological information was obtained for Marianna 
from Tallahassee and for Lake Wales from Tampa and included solar radi­
ation, cloud cover; and wind speed. The climatological data used were 
long -term averages from weather data collected between 1931 and 1976. 

The method proposed by Barber (59] was used to predict the temper­
ature distribution within the asphalt concrete layers throughout the 
year. The Barber method assumes that the asphalt concrete is a 
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FIGURE 17 (b). PAVEMENT TEMPERATURE AS A FUNCTION OF CUMULATIVE PERCENT OF ASPHALT 
CONCRETE RUTTING IN GEORGIA-TYPICAL CONDITIONS 
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semi-infinite mass in contact with the air with temperature within the 
mass varying as a sinusoid with time. Consensual agreement has been 
reported between predicted and measured pavement temperatures using this 
method [60]. The thermal conductivity of the asphalt concrete was taken 
to be 0.70 BTU-ft/ft2-F-hr, the specific heat to be 0.22 BTU/lb-F, and 
the absorptivity of the asphalt concrete to be 0.90. In addition to 
the monthly mean air temperature, meteorological data used included 
diurnal range, solar insolation, cloud cover and wind speed. For the 
Marianna pavements, a weighted average unit weight of bituminous layers 
of 132 pcf [61] was used and for Lake Wales, 124.5 pcf. These densities 
were weighted averages of each layer measured in the field. Extraction 
tests indicated average measured air voids in each mix to be 8.4 percent. 

Hourly temperature profiles were calculated using the above data and 
a computer program developed by Kasianchuk [6] for the average day of 
each month for July through December at depths from 0 to 8 in. (200 mm) 
in 2 in. (50 mm) increments. Only data for six months was used in the 
analysis because climatological information for the following months 
were similar: Dec./Jan., Nov./Feb., Oct./Mar., Sept./April, Aug./May, 
and July/June. Amount of temperature data to be analyzed was reduced 
further by dividing the day into six time intervals with average pave­
ment temperature calculated within each time interval for each month. 

In a similar analysis by Ngowtrakul [62], the relative amount of 
rutting during each of six time intervals was calculated using average 
monthly distributions of heavy truck traffic occurring throughout the 
day as obtained by mechanical and manual traffic counts. Although the 
hourly traffic distributions used were for middle Georgia, the overall 
error introduced in the analysis by using these distributions for the 
locations in Florida was not considered significant. 

The analysis to determine the mean pavement temperature for rutting 
was performed using the relative values of rutting observed by Hofstra 
and Klomp [57] using a test track as previously described by Barksdale 
(6]. Our assumption was that the relative rut depth due to each wheel 
load passage in the field was equal to that observed in the test track 
for the same temperature. The relative rut depth for each time inter­
val was then determined using the distribution of truck traffic and 
calculated average temperature in the asphalt concrete. By tabulating 
the relative rut depth occurring in each 5°F (3°C) temperature interval 
from 50°F to ll0°F (10° to 44°C), the relationship shown in Fig. 18 was 
established between average pavement temperature and cumulative rut 
depth for the Marianna and Lake Wales pavements. From this figure, the 
mean pavement temperature at which rutting develops was a~proximated 
to be 92.5°F (33.6°C) for the Marianna pavements and 93.5 F (34.2°C) 
for Lake Wales for the conditions used in the analysis. Almost all 
pavement rutting occurred between an average pavement temperature of 
75°F and 100°F (24° ·and 38°C) which corresponds to typical surface 
temperatures between about 62° and 87°F (17° and 30°C). This analysis, 
of course, assumed the relative relationship between temperature and 
rut depth for the mixes studied by Hofstra and Klomp to be similar to 
that for the sand-asphalt mixes studied in this investigation. 
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A similar study [6,62] found that the mean pavement temperature for 
rutting in the central portion of Georgia was 95.8°F (35.4°C). A stan­
dard laboratory testing temperature of 95°F (35°C) was used in this 
earlier study. Since the mean temperatures for rutting found at both 
locations in Florida were only slightly less, 95°F (35 C) was also used 
as the standard testing temperature to evaluate rutting (plastic) prop­
erties of the sand-asphalt and sand-stone blends so that the properties 
of the various mixes studied could be directly compared. Since rela­
tively little variation in the mean pavement temperature for rutting was 
found from central Georgia to middle and northeast Florida, a testing 
temperature of 95°F (35 C) was considered valid for most of the Coastal 
Plain areas of South Carolina, Georgia and Florida. 

Theoretical Prediction of Rut Depth in Sand-Asphalt Pavements 

Introduction 

The rut depth occurring in an asphalt concrete mix composed of 
crushed stone can be estimated using the results of the repeated load 
triaxial test and the following simplified engineering expression 
recently developed by Barksdale (6]: 

= 
{

1.4 Z'o0~5} {1.25N} 
65 -Z 0o 300 + N 

X · e: . H 
p 

where Z = the Z- function which has been previously defined 

a = tire contact pressure in psi 
0 

(6) 

N = number of 18 kips (80 kN) equivalent ~xle loads expressed 
in thousands 

e: = measured axial plastic strain in a specimen p 

H = layer thickness in inches 

03 = constant confining pressure used in the repeated load 
triaxial test 

A = correlation factor 

The correlation factor A varies from approximately 2.5 to 3.2 when the 
plastic strain e:~ i s evaluated for 100,000 load repetitions from the 
repeated load tr~axial test for the following conditions: 

1. 

2. 

3. 

a constant confining pressure, a
3 

of 5 psi (34 kN/m
2
), 

2 a deviator stress a 1-a
3 

of 25 psi (170 kN/m ), and 

the average temperature at which rutting occurs in the 
pavement (approximately 95°F (35°C) in Georgia and Florida). 
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Total specimen deformation is used to calculate the plastic strain, For 
heavy truck traffic, use of an 85 psi (590 kN/m2) tire pressure is rec­
ommended . The results of the AASHO Road Test indicate that for thick­
nesses of asphalt concrete greater than 10 to 12 in. (250- 300 mm), ad­
ditional rutting does not occur. Therefore, for usual conditions, an 
equivalent limiting depth of the pavement structure of 10 to 12 in. 
(250 - 300 mm) is recommend~d to estimate rut depth. 

The proposed expression for predicting the rut depth of pavements 
having asphalt concrete bases is suitable for immediate design use. 
Basically, the rut depth using equation (6) is obtained by multiplying 
the average plastic strain in the layer by its thickness. The first 
hyperbolic term in braces corrects the measured plastic strain, Ep for 
the effective deviator stress level actually applied in the field using 
the Z-function concept of average stress. The second hyperbolic term 
corrects the measured plastic strain obtained in the laboratory (for 
100,000 load repetitions) for the number of load applications to be 
actually applied in the field. This term was developed from field 
measurements of the relationship between rut depth and number of load 
repetitions for conventional and full-depth asphalt concrete pavement 
sections at the AASHO Road Test and also for a number of conventional 
sections studied in Maryland. 

Pavements with Sand-Asphalt Bases 

Figure 19 shows the relative relationship measured between number 
of equivalent 18 kip load applications and rutting in four sand-asphalt 
test roads. The measured relationships for rut depth development shown 
represent the average of the actual observed variation with time. The 
general trend of rut depth development is shown as a heavy solid line 
in Figure 19 and is used for design purposes. Rut depth development 
in pavements having sand-asphalt bases was found to occur over a greater 
number of wheel load repetitions than in a pavement having conventional 
asphalt concrete or crushed stone bases. Now assuming a hyperbolic 
relationship between relative rut depth, o and the number of load repe-

. . N r t1. t1.ons, : 

0 = r 
(7) 

where a and o are undetermined constants, o is the relative displace-u r 
ment shown by the heavy line in Fig. 19, and N the number of equivalent 
18 kip single axle load~ expressed as thousands. 

The parameter Al anal~gous to that in equation (6), was determined 
for 1,200,000 load repetitions with the correction term o equal to 1.0. 
Therefore the relationship (7) must pass through this poifit which im­
poses the further restraint: 

1.0 
( 1200 \ 

= \;200 + i) 0 
u 

(8) 
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For axle loadings up to about 3 x 106 repetitions, for a best curve fit 
using trial and error values of ou and a, the set of ou and a values which 
gave a satisfactory curve fit was found to be 2.1 and 1320, respectively, 
giving: 

0 = 
r 

2.1N 
N+l320 

(9) 

Equation (9) corrects the calculated rut depth which is for 1,200,000 
load repetitions fo! the actual number of applied repetitions for pave­
ments with sand-asphalt bases. This expression is valid for up to ap­
proximately 3 million equivalent 18 kip axle loadings. 

The correction term used to adjust the plastic strains measured in 
the repeated load test to consider the actual stress level in the pave­
ment is developed using the Z-function concept previously introduced. 
The laboratory established relationship between axial stress and perma­
nent (plastic) strain for a typical asphalt concrete and sand-asphalt 
base course mix have an asphalt content of approximately 4.8 and 5.5 
percent, respectively, which is shown in Fig. 20. These relationships 
are very nearly hyperbolic and deviator stress as a function of percent 
strain can be approximated for the sand-asphalt mix by the following 
hyperbolic expression: 

£ 
01=03 = 

p so (10) 
1 + £ p 

The total vertical stress 01 in a layer is, from the basic definition of 
the Z-function, equal to 

= z . 0 
0 

and hence the deviator stress can be expressed as: 

= Z · p - 5 psi 

. (ll) 

. (12) 

for the standard 5 psi (35 kN/m2) used in the triaxial test to evaluate 
the plastic properties of the mix. The correction term for stress level 
can then be expressed as 

Stress Level Correction = 
£p @ field o1 - o3 
£p @ o1 - o3 = 25 psi 

. (13) 

The denominator for equation (13) which is the plastic strain for 
o1 - o = 25 psi (170 kN/m2) is obtained from Fig. 20 and equals 1.0 
perceni plastic strain. For any pavement geometry the applied vertical 
stress o1 can be calculated from (12). The corresponding deviator 
stress is then obtained by subtracting the standard 5 psi (35 kN/m2) 
confining pressure used in testing from o1 . Now substitute this deviator 
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stress into the equation analogous to (6), and solve for plastic strain 
£p. Substituting the above terms for plastic strain into equation 13 
g~ves the correction factor for stress level: 

Substituting equation (9) and (14) into (6) gives 

>.. ·£ ·H 
1 p 

. (14) 

. (15) 

This equation is suitable for use in calculating rut depths in pavements 
using sand-asphalt mixes and may also be applicable for some pavements 
having asphalt contents greater than about 6 to 6 1/2 percent. 

Marianna Z-Functions 

Appropriate Z factors are now determined for use in calculating the 
rut depth in typical pavements having sand-asphalt and sand-stone blend 
bases. Since the proposed expression given above for estimating rut depth 
is correlated with the results observed at the Marianna and Lake Wales 
test roads, Z-functions are determined representative of these pavements. 
The Marianna Test Road had a subgrade modulus of elasticity that varied 
between 10 , 000 and 20,000 psi (70,000 and 140,000 kN/m2) as determined in 
the field by plate load tests. A modulus of 10,000 psi (70,000 kN/m2) 
was taken to be a conservative value and hence was used in the analysis. 
Using the result s from the temperature distribution analysis for the 
Marianna pavement sections, the ratio of the modulus of elasticity of a 
combined 3 in. (75 mm) asphalt concrete surface course and 6 in . (150 mm) 
sand-asphalt base course to the subgrade modulus was found to be approxi­
mately 25 . 5 . The generalized relationship between the Z-function and 
layer for this modular ratio is shown in Fig. 21. The layer thickness 
is expressed in the dimensionless form a/H, where a is the radius of 
loading and H the layer thickness. For a typical Marianna pavement sec­
tion having a 3 in . (75 mm) asphalt concrete surfacing and 6 in . (150 
mm) or 8 in . (200 mm) sand-asphalt base, the corresponding Z factors 
were found from Fig. 21 to be 0.370 and 0.352, respectively. Linear 
elastic layered theory was used to calculate the above Z-functions for 
a single axle dual wheel loading. Each layer was assumed to have a 
Poisson's ratio of 0.5, although this variable was found not to have a 
significant effect on the Z-function. 

As shown on the figure, the Z values for the Marianna sections are 
somewhat lower than those found by Ngowtrakul [62] for pavements having 
a 4,000 psi (27,600 kN/m2) subgrade modulus and temperature conditions 
that exist at Marianna, Florida. Since the temperature distributions 
and mean rutting temperatures at Macon, Lake Wales and Marianna were 
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all nearly the same, the Z-functions determined for Marianna were also 
applicable for pavement sections at the other locations. 

Development of Al for Sand-Asphalt Pavements 

Rut depths in pavements having sand-asphalt bases can be calculated 
using equation (15). However, before computations can be carried out, 
appropriate values of Al in this expression must be developed using ob­
served rut depths in pavements with sand-asphalt bases and plastic strain 
properties of the asphalt layers evaluated using the repeated load tri­
axial test. 

Solving equation (5) for Al 

= 
0 

£ H 
p 

gives 

{
N + 1320} (55 - Z·ai\ 

2.1 N Z·a
0 
-a~ 

(16) 

For a typical asphalt concrete mix having an asphalt content of 6.5 
percent, the results of Barksdale and Miller [54] indicate that the 
plastic strain is approximately Ep = 0.0073 in./in. for the standard 
test conditions of 100,000 repetitions, a = 5 psi (35 kN/m2) and a 
temperature of 95°F (35°C). The Marianna ~est section was subjected to 
approximately 1,200,000 repetitions of an equivalent 18 kip (80 kN) 
wheel load, while the Lake Wales section was subjected to approximately 
1,160,000 repetitions. · 

The Marianna sand-asphalt bases had a typical asphalt content of 
6.5 percent. For an asphalt content of 6.5 percent, the average of the 
two larger measured plastic strains out of three tests was 0.0087 in./in. 
Using these values of plastic strain which are for the standard testing 
conditions, the weighted average plastic strain in a section with a 3 in. 
(75 mm) asphalt concrete surface course and a 6 in. (150 mm) sand-asphalt 
base was 0.00823 in./in. For a corresponding pavement with an 8 in. 
(200 mm) sand- asphalt base, £ = 0.00832 in./in. The Marianna test sec­
tions had an average measuredPrut depth of 0.32 in. (8 mm) in the 6 in. 
(250 mm) base sections and 0.26 in. (7 mm) in the 8 in. (200 mm) base 
sections. For these conditions, the calculated Al were 3.85 and 2.86, 
respectively. 

For the Lake Wales test sections having a 3 in. (75 mm) asphalt con­
crete surface course and 6 and 8 in. (150 and 200 mm) sand-asphalt base, 
the average measured rut depth was approximately 0.47 in. (12 mm). The 
repeated

2
load triaxial tests performed at a confinin~ pressure of 5 psi 

(35 kN/m ) and a deviator stress of 25 psi (170 kN/m ) failed, and hence 
had an infinitely large plastic strain. Th~refore, the test was repeated 
using a deviator stress of 20 psi (140 kN/m ) and the same confining 
stress giving a plastic strai n of Ep = 0 . 0091 in./in. The ratio of plas­
tic strains at selected number of load repetitions for the two stress 
conditions before failure of the specimen subjected to a 25 psi (170 
kN/M2) deviator stress was found to be approximately 5.6. To correct the 
plastic strain measured at 100,000 repetitions using a deviator stress 
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of 20 psi (140 kN/m2), this plastic strain was multiplied by two, which 
is approximately one-third of the 5.6 correction factor. The plastic 
strain obtained was Ep = 0.0182 in./in. The average plastic strain in 
the section with the 6 in. (150 mm) base was therefore 0.0146 in./in. and 
for the 8 in. (200 mm) base section was 0.0152 in./in. For the sections 
with the 6 in. and 8 in. (150 and 200 mm) sand-asphalt bases, the calcu­
lated values of x1 were 3.24 and 2.88, respectively. 

Tentative values of x1 for both a sphalt concrete pavement sections 
and sand- asphalt pavements are given in Table 16. These values of x1 were determined by correlating equation 6 and equation 15 with the mea­
sured rut depth in pavement test sections. Using the values X1 given in 
Tsble 16 should give approximately the average total rut depth of pave­
ments having approximately 8 to 12 in. (200 to 300 mm) of asphalt con­
crete or sand-asphalt. The X1 function has been found for the sections 
studied to apparently decrease somewhat as the pavement thickness in­
creases. Also Al for sand- asphalt pavements i s about 20 percent greater 
than for asphalt concrete pavements . 

Table 16. Tentative Recommended Values of AlObtained by 
Correlation with Test Pavement Sections 

Total Thickness Sand Asphalt 

(in.) Asphalt Concrete 
Base , A1 Base, A1 

9 3.9 3.3 

11 2.9 2.5 



CHAPTER 4 

SAND AND GRAVEL SAMPLING PROGRAM 
AND BASIC MATERIAL PROPERTIES 

Introduction 

The coastal plain has an abundant supply of natural sedimentary 
sands which were deposited in relatively recent geologic time in alluvial 
or marine environments. Presently, sand sources are located on land and 
in rivers and marine coastal areas. Martin and Hicks [l] proposed allu­
vial deposits of sand and gravel as one possible source. Swift moving 
streams and rivers carry a heavy load of sediment including sands from 
the Piedmont and mountain regions in the northern portion of Georgia to 
the coast. As the rivers approach the ocean, velocities are signifi­
cantly reduced causing the particles to settle out. As a result, almost 
10,000 cubic yards of coarse and fine sands are deposited in the coastal 
region each year [1]. Since deposition of sands has occurred for cen­
turies, extensive natural sand deposits are found throughout the coastal 
region. These are evident both inland, where former deposition created 
ancient coastlines and old stream channel deposits as well as in present 
day river channels where active deposition still occurs. 

Walker [2] conducted a preliminary investigation of inland sands 
obtained from sand pits and concluded that the sands could be used for 
highway construction when carefully selected and stabilized with asphalt 
cement. Harding and Woolsey [3] conducted an extensive sampling program 
of river and marine sands. Approximately 500 one-pound (454 gm) samples 
obtained by Harding and Woolsey were tested in a preliminary study by 
Martin and Hicks [1] to determine the feasibility for use of these sands 
in highway construction. Each sample was subjected to basic tests in­
cluding specific gravity, grain size analysis, and sand equivalency. 
Test results are summarized in Table 17 for each of the rivers and marine 
locations sampled. Although some samples were unsuitable because of 
high shell content, Hicks and Martin concluded that the sands studied 
generally could substitute for high-quality aggregates i n selected appli­
cations . 

The one-pound (454 gm) samples tested by Martin and Hicks were too 
small to perform extensive tests including general mix designs, fatigue 
and rutting tests to evaluate the sands for use in highway construction. 
Therefore, the first phase of this investigation was to obtain bulk 
samples of sand from promising locations as determined by the preliminary 
investigation conducted by Hicks and Martin. 
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Location 

Upper A1tamaha 
River 

Lower Altamaha 
River 

Ogeechee 
River 

Satilla 
River 

Doboy Sound 

Wassau Sound 

St. Catherines 
Sound 

Sapelo Sound 

St. Marys 
River 

Saint Simons 
Sound 

Continental 
Shelf 

Ossabaw 
Sound 

Table 17. Summary of Physical Properties of Sands Measured by Martin 
and Hicks [1) 

Gradation 
Percent Passing Sand Fineness 

Equivalent Modulus 
#8 ltl6 1150 lt200 

98 89 6 0 92- 100 2. 31- 3 . 01 

93 76 25 0 80- 93 2.40-3 .19 

100 95 23 0 85- 95 1.49-2.22 

100 100 90 0 76- 90 0. 71- 1. 08 

85 65 7 0 52- 95 2. 94- 3. 38 

88 82 60 0 52 1. 91 

98 88 13 0 47 2.47 

77 61 4 0 83 3.46 

96 91 71 0 85 1.38 

70 59 23 0 73 3.31 

95 81 11 0 98 2.66 

60 38 4 0 95 4.07 

Specific 
Gravity 

2.62 

2.60 

2.59 

2.51 

2.57 

2.57 

2.56 

2.56 

2.61 

2.49 

2.58 

2.59 
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Sampling 

Sampling the sands in the coastal region was conducted over shallow 
water by means of a combined air -water uplift sampling system mounted on 
a low draft barge . The sampling system used was originally developed by 
Harding and Woolsey [3] in an earlier Georgia Sea Grant Program research 
project . The combined air-water uplift system was found by Harding and 
Woolsey to be extremely effective at depths up to 20ft. (7 m) and per­
formed better than either a water jet or air jet sampling system. 

Air-Water Uplift System 

The air-water uplift system used in this study is shown in Fig. 22 
and 23 and consists of two concentric pipes driven to the desired sam­
pling depth . The inner pipe concentrates a stream of air and water under 
pressure at the sand by means of a jet bit located at the bottom of the 
pipe (Fig. 23) . The combined air-water jet scours a hole around the bit 
and f orces the sand-water slurry up through the outer pipe to the sur­
face . The sand-slurry mi xture is discharged from the sampler at the top 
of the pipe t hrough the wash head. The sand is removed from the slurry 
by simple sedimentation principles. Using this system, approximately 
3 lbs . /min . (1 . 4 kg/min) of a representative sample of sand is obtained 
from t he depth being sampled . 

The basic sampler consisted of an outer pipe 1.5 in. (38 rnm) in 
diameter and 20 ft . (7 m) long enclosing a 0.5 in (12 mrn) diameter inner 
pipe. Other important components of the air-water uplift system were 
as follows: 

Hammer: The hammer was utilized to drive the pipes to the 
sampling depths and to remove them after sampling was 
complete. The 100 lb. (0.4 kN) steel hammer was 
lifted by a pulley system attached to a 5 horsepower 
cathead winch located on the barge deck. To advance 
the drill pipe, the hammer was dropped on the anvil 
above the washhead. To raise the drill pipe, the 
hammer was lifted repeatedly against the shock rods 
causing them to react against the washhead thus lift­
ing the washhead and drill pipe. 

Compressor: The compressor supplied air at a pressure of 60 psi 
(400 k fm2) to the drill pipe. A Sears (Model 30 H 
17516N) air compressor was used which had a rated 
capacity of 17 SCFM at 175 psi (1200 kN/m2). 

Water Pump: The water pump was a 1.25 in. (31 rnm) Jabsco pump 
rated at 30 GPM at a pressure of 40 psi (280 kN/m2) . 
The water pump was connected to the air compressor 
by a hose which in turn led to the drill pipe. 

Spuds: The spuds provided the anchoring system for the barge 
and consisted of 3 in . (75 mm) dia. steel pipes which 
were dropped through guides to the bottom of the river 
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channel . The ends of the spud pipes were left open 
and penetrated the soft sediment on the river bottom. 
Upon completion of drilling operations, the spud 
pipes were pulled up to the deck level using a hand 
operated, 0.5 ton (4.4 kN) winch attached to each spud. 

The general sampling procedure was as follows: 

1. a site was selected and the barge was maneuvered over it, 
2 . t he spuds were dropped to stabilize the barge, 
3. the air compressor and water pump were started, 
4 . the drill pipe was driven to the sampling depth by means of the 

hammer/cathead winch system, 
5. sand samples were collected on the surface of the barge through 

the washhead discharge, 
6. steps 4 and 5 were r epeated for each desired sampling depth, 
7. the drill pipe was r emoved by the upward force of the hammer 

against the shock rods , 
8. the water pump and air compressor were turned off, and 
9. the spuds were winched to deck level. 

Sampling Locations 

Preliminary tests conducted by Martin and Hicks [1] indicated that 
the lower reaches of the Ogeechee and Altamaha Rivers contained sands 
relatively free of shell and clay and generally had good sand equivalent 
values. Therefore , bulk samples of sand were obtained from the Ogeechee 
and Altamaha Rivers in the vicinity of Richmond Hill and Darien, Ga. 
at the locations shown on Figs. 24 and 25. Sand samples were obtained 
from the Ogeechee at 24 locations (Fig . 24) . At each location, approxi­
mately 50 lbs. (0.22kN) of sand were obtained at depths of 5, 10, 15 and 
20ft. (1.5, 3, 4.5 , and 6 m) . The barge Harding and Woolsey utilized 
was refurbished and used for sampling on the Ogeechee River. The nearly 
5,000 lbs. (22 kN) of sand obtained using this barge made . opera-
tion and maneuverability difficult. For this reason, the barge was 
redesigned and assembled specifically for the b~lk sampling operations 
(Fig. 22). A 415 HP Johnson outboard motor made this version of the 
barge self-propelled . In addition, a new guide system composed of two 
steel channels connected together to form a rigid frame was used and 
greatly improved the ease of bulk sampling by holding the drill pipe 
vertical . Bulk sand samples were obtained drom the Altamaha River at 15 
locations in the general vicinity of Darien, Ga. as shown on Fig. 25. 
Due to the tremendous sediment load, the Altamaha River became highly 
braided in this area resulting in the Darien, Butler, Champney, and 
South Altamaha Rivers. The South Altamaha River is maintained as a 
navigable waterway by dredging and is relatively free of sand deposits. 
The Darien, Butler and Champney Rivers are not dredged, and as a result 
considerable deposits of sand are found in these rivers. Sampling was 
carried out from depths of 5 to 20 ft. (1.5 to 6 m) on the Altamaha 
River. Additional bulk sand samples were collected near the surface to 
insure adequate quantities for testing. Approximately 3 tons (27 kN) 
of sand were obtained from the Altamaha River. 
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Basic Material Tests 

After sampling operations were completed, the sands were transported 
to the Geotechnical/Materials Laboratory at the Georgia Institute of 
Technology for testing. To obtain a general evaluation of the materi­
als sampled, basic material tests were performed including grain size 
analysis (ASTM C33)1, specific gravity (ASTM C128), and sand equivalency 
(GHD63)2. 

In addition, a new shape factor test described by Freeme [50] was 
performed to evaluate the overall effect of shape and surface texture of 
the sand. This test consisted of determining the time required for sand 
to flow through a standard size orifice so that light could be seen 
through the hole. The specific procedure used for determining the shape 
factor follows [50]: 

1. Sieve the sand through a 5.75 mm sieve to remove material which 
could clog the hole in the test apparatus. 

2. Pour the sand retained on the sieve into a lucite cylinder 
(Fig. 26). 

3. Level the top of the sand without causing compaction of the 
sand in the cylinder, and place a collection pan beneath the 
plugged hole. Remove the cork from the bottom of the cylinder 
while at the same time starting a stop watch. 

4. Allow the sand to flow from the cylinder until light is seen 
through the bottom hole, at which time the flow of sand and 
the watch are stopped. 

5. Weigh the sand which has flowed out the hole during the timed 
period. 

6. Calculate the shape factor from the following expression: 

Shape Factor = (17) 

where: Q = weight of sand which flows from the container 
divided by the time recorded on the stop watch 
(gm/sec.) 

D = Diameter of the hold in the bottom of the 
cylinder (em) 

G = Specific Gravity of the sand s 2 g = Acceleration due to gravity (em/sec. ) 
d = Diameter D 0 of the sand at which SO percent 

of the san~ is smaller (em) 

The Altamaha and Ogeechee River sands sampled were generally a 
clean, uniform, subrounded to subangular, fine to medium sand. Typical 
micrographs magnified to 7 times the original size of selected sands 

~American Society for Testing Materials, Standard Test Procedures. 
Georgia Department of Transportation, Standard Test Procedures. 
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are shown in Fig. 27. The average percent passing the No. 200 sieve for 
the Ogeechee River sand was 0 . 5 percent, and one percent for the Alta­
maha River sand . Trace to moderate amounts of organics usually consisting 
of fibrous material were found in many of the sand samples. The sand 
equivalent values of the Ogeechee River sands were generally between 80 
and 100, while those for the Altamaha River sands varied from 60 to 100. 
Descriptions of the bulk samples obtained from the Ogeechee and Altamaha 
Rivers are given in Tables 18 and 19, respectively, and results of the 
basic tests performed are summarized in Table 20. Average gradation and 
gradation limits are shown in Figs. 28 and 29, respectively. 



(a) Borin~ B-2 at 5 ft. (b) Boring B-3A at 5 ft. (c) Boring B-3A at 10 ft. 

(d) Boring B-7 at 5 ft. (e) Boring B-7 at 10 ft. (~) Boring B-7 at 20 ft, 

FIGURE 27. SELECTED SAND SAMPLES OBTAINED FR.CM THE OGEECHEE RIVER. 
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B-1 

B-2 

B-3 

B-3a 

B-4 

B-5 

B-6 

B-7 

8-8 

B-9 

B-10 

B-11 

B-12 

B-13 

B-14 

B-15 

Table 18. Description of Bulk Sand Samples Obtained From 
the Ogeechee River 

10' light gram, subrounded sand with organic matter 
15' subrounded, uniform-graded, fine sand 

5' light brown subrounded sand with organic matter and some mica 
10' light gray, subrounded sand with organic matter, clay lumps and 

s ome mica 
15' light gray, subrounded sand with clay lumps and mica 

5' light gray, subrounded sand with clay lu1:1ps 
10' white, subrounded sand with organic matter, clay lumps and mica 
20' light gray, subrounded, sand with organic ma t ter 

5' light brown, subrounded sand with organic matter 
10 ' light gray, subrounded sand with organic matter, clay lumps and 
mica 

5' light tan, subrounded sand with organic matter 
10' light gray, subrounded sand with organic matter and clay lumps 
15' white, subrounded sand with clay lumps and organic matter 
12' light gray, subrounded sand with organic matter 

10' light gray, subrounded sand with numerous clay lumps and organic 
matter 

5' light gray, subrounded sand with some organic matter 
10' sand with some organic matter 
15' white, subrounded sand with some organic matter 
20' white, subrounded, uniformly graded, medium sand with some 

organic matter 

5 ' light gray, subrounded, sand with organic matter 
10' white, subrounded, uniformly graded, fine sand with clay lumps and 

some organic matter 
15 ', 20' light gray, subrounded, uniformly graded, medium sand with 

organic matter and clay lumps 

10', 15' white, sub rounded uniformly graded, medium sand with organic 
matter and some clay lumps 

10' white , subrounded, uniformly graded, fine sand with organic matter 
15' light gray, subrounded sand with organic matter 
20' light gray, subrounded, uniformly graded, fine sand with organic 

matter 

10' white, subrounded, uniformly graded, fine sand with organic 
matter, some clay lumps and some mica 

15' white, subrounded sand with organic matter 
20' white, subrounded , uniformly graded, fine sand with organic matter 

15' uniformly graded, medium, subrounded sand 

S' white, subrounded sand with clay lumps 
10' white, subrounded, uniformly graded, fine sand with clay lumps 
15' light tan, subrounded, uniformly graded, medium sand with organic 

matter 

5' uniformly graded, fine, subrounded sand 

5' light tan, subrounded, uniformly graded, medium sand with organic 
matter 

10' white, subrounded, uniformly graded, fine sand with organic 
matter and clay lumps 

5' light gray, subrounded, uniformly graded, fine sand with organic 
matter and clay lumps 

10' light gray, subrounded, sand with organic matter and clay lumps 
15' light gray, subrounded, uniformly graded, fine sand with organic 

matter and clay lumps 

B-16 

B-17 

B-18 

B-19 

B-20 

B-21 

B-22 

B-23 

B-24 

5' white, subrounded , uniformly graded, fine sand with organic matter 
and some clay lumps 

10' light gray, subrounded, uniformly graded, fine sand with organic 
matter and some clay lumps 

5' light tan, subrounded, uniformly graded, medium sand with organic 
matter 

10' light, subrounded sand with organic matter 
15' light gray, aubrounded, uniformly graded, medium sand with organic 

ma t ter 

5', 10', 15' light gray, subrounded, uniformly graded sand with 
organic matter 

5' light gray, subrounded, uniformly graded, medium sand with organic 
matter 

10' light gray, subrounded sand, with organic matter 
15' light gray, subrounded, uniformly graded, fine sand with organic 

matter 

5' light tan, subrounded, uniformly graded, medium sand with organic 
lliBtter 

10' light tan, subrounded sand with organic matter 
15' uniformly graded, medium sand 

5', 15' uniformly graded, medium sand 

10' light gray, subrounded, uniformly gr aded, medium sand with organic 
matter 

15' light gray, subrounded, uniformly graded, medium sand with organic 
matter and clay lumps 

10' light gray, subrounded sand with organic matter and clay lumps 
15' white, subrounded sand with clay lumps some organic matter 

5 ' white, subrounded sand with organic matter 
10', 15' white, subrounded sand with organic matter and mica 
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A-1 

A-2 

A-3 

A-4 

A-5 

A-6 

A-7 

A-8a 

A-8b 

A-9 

A-10 

A-ll 

A-12 

A-13 

A-14 

A-15 

Table 19. Description of Bulk Sand Samples Obtained From 
the Altamaha River 

Light gray, subrounded, uniformly graded, fine sand, with mica, 
shells, and organic matter 

Light gray, subangular, uniformly graded, fine sand, with mica, 
shells, and some clay lumps 

many 

some 

Light gray , subrounded, uniform to well gr&ded, fine sand, with few 
shells, clay lumps, and some organic matter 

Light brown, subangular, uniformly graded, fine sand, with few shells, 
mica, many clay lumps, and organic matter 

Light brown, subangular, uniformly graded, medium sand with mica 

Clear, subrounded, uniformly graded, fine sand with clay lumps and 
some organic matter 

Light brown, subrounded, uniformly graded, fine to medium sand, with 
mica , organic matter and some clay 

Clear with orange tint, subrounded, uniformly graded, fine sand with 
mica 

Light brown, subrounded, uniformly graded, fine to medium sand, with 
many clay lumps, some organic matter, and some mica 

Clear with some orange tint, subrounded, uniformly graded, medium sand 
with some organic matter 

Clear with some orange tint, subrounded, uniformly graded, medium sand 
with some mica and some organic matter 

Brown, subrounded, uniformly graded, fine to medium sand with clay 
lumps, organic matter, and some mica 

Clear wi th some orange tint, subrounded, uniformly graded, medium sand 
with some organic matter 

Medium sand, uniformly graded (sample not available) 

Clear, subrounded, uniformly graded, fine to medium sand with clay 
lumps and some organic matter 

Orange-brown, subrounded, uniformly graded, medium sand with some 
small clay lumps 



CHAPTER 5 

SAND-ASPHALT AND SAND-CEMENT MIX DESIGNS 

Introduction 

Stabilized local sands and sand-stone blends can be utilized in new 
pavement construction as surface, base and subbase layers. One of the 
most promising immediate uses of local sands, however, appears to be in 
base construction. Therefore, the laboratory phase of this study was 
limited primarily to investigating the use of local sands and sand-stone 
blends in base course construction. Asphalt and Portland cement were se­
lected as the stabilizing agents since these agents are most commonly 
used at the present time. While fatigue and rutting characteristics of 
sand-asphalt mixes and sand-stone asphalt blends are important, the 
controll ing factors in the design of sand-cement bases are fatigue and 
shrinkage characteristics. However, before fundamental fatigue and 
rutting properties of these mixes can be studied, mix designs establish­
ing the level of stabilization and density must be developed for each 
sand blend investigated. 

Sand-Cement Mix Designs 

Although Portland cement has been utilized as a soil stabilizer for 
many years, mix design criteria have not been standardized and vary 
widely with geographic location. The Portland Cement Association [51] 
developed a comprehensive mix design for soil cement invluding compres­
sive strength, wet-dry, and freeze-thaw tests. Most state transporta­
tion agencies, however, developed more simplified design approached re­
lated approximately to existing local environmental conditions. The 
Georgia Department of Transportation has used a 7-day unconfined com­
pressive strength of 300 psi (2100 kN/m2) or greater [52) as the design 
criteria . Because of the relatively mild climate in the southeast and 
the successful use of an unconfined compressive strength design criteria 
by many transportation agencies, this procedure was selected as the 
basic mix design method for this study . All mixes prepared used Type I 
Portland cement. 

The amount of cement required to give a cement-stabilized base the 
strength necessary for satisfactory performance was found to be inversely 
proportional to the amount of fines in the mix up to approximately 15 per­
cent [51]. The sands encountered along the Altamaha and Ogeechee Rivers 
contained only about one percent fines. As a result, excessive amounts of 
cement would be required for the necessary strength using the existing 
gradation. To reduce the required quantity of cement and upgrade the 
material, either crushed stone fines or flyash fines was added to the sand. 
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Table 20. Results of Tests Run on Altamaha Sands 

Gradation 
Boring Percen1 Passim! Sand Fineness Shape Specific 

No. 1/8 1116 {/50 11200 Equivalent M.odulus Factor Gravity 

Al 98 86 60 1 68 1.65 2.68 

A2 98 89 64 2 70 1.54 2.59 

A3 94 85 28 1 57 2.21 2.68 

A4 98 93 46 1 68 1.81 0.6863 2.61 

A5 98 87 5 0 98 2.64 0.0691 2.62 

A6 100 100 68 0 95 1.32 0.6968 2.65 

A7 100 99 36 1 94 1. 78 0.8091 2.65 

A8a 100 99 33 1 93 1.87 0.7840 2.65 

A8b 100 100 90 6 31 .96 0.6438 2.67 

A9 96 74 9 0 98 2.77 0.9107 2.66 

AlO 99 90 18 0 93 2.41 0.8403 2.67 

All 100 98 21 0 92 1.99 0.7579 2.69 

Al2 100 96 7 0 96 2.34 0.8695 2.66 

Al3 99 93 3 0 96 2.57 0.8200 2 .67 

Al4 100 99 23 0 95 1.91 0.8185 2 .67 

A15 100 98 6 0 98 2.25 0.8146 2.67 

Bl 99 93 10 0 98 3.64 2.65 

B2 100 99 63 1 92 1.32 2.68 

B3 96 82 9 1 98 3.32 2.67 

B4 97 88 17 0 98 3.66 2 .67 

B6 99 90 17 2 96 2.31 0.8284 2.67 

B7 100 91 12 0 97 2.53 0.7763 2.66 

B8 100 96 16 0 95 2.16 0 .8607 2.68 

B9 100 98 20 0 92 1.90 0.7780 2.65 

BlO 100 96 16 1 91 2.01 0.8421 2.67 

Bll 100 100 20 2 91 1.80 0 . 8178 2.67 

Bl2 85 70 11 1 92 3 . 00 0.9338 2.68 

B13 99 99 78 2 84 1.13 0.6604 2.64 

B14 100 100 18 0 89 1.84 0.8583 2.66 

Bl5 100 99 18 1 92 1.92 0. 7764 2.69 

B16 100 99 13 0 95 1.98 0.8450 2 .62 

B17 100 97 7 0 97 2.17 0.8970 2 .63 

B18 96 83 8 0 96 2.59 0.9107 2.62 

Bl9 100 96 23 0 97 2.09 0.8639 2.66 

B20 99 90 34 0 93 2.09 0.8479 2.67 

B21 100 94 17 1 90 2.19 0.8620 2.66 

B22 99 92 17 0 92 2 . 26 0.8773 2 .67 

B23 100 100 10 1 97 2.10 0 .8567 2 .65 

B24 99 97 65 0 82 1.49 0.8657 2.66 



Table 21. Sand- Cement Mixes Used in Beam Fatigue Tests 

BLENDS Camp. (1 ) Compaction()) Gradation (% Passing) 
NIX Sand Stone Fines Cement Str. Opt .w yd~ SOURCE 

(%) (%) (%) Cant . (%) (psi) en (pcf) 318 in. No.8 No . l6 No.50 No.lOO No . 200 

PALT 100 0 0 8.5 375 9.0 121.3 100 99 93 27 3 1 Altaroaha River Sand 

95 0 5 8 . 0 335 9.0 123 . 1 100 99 93 30 7 6 Altamaha River Sand (1% fines) APF with Crushed Stone Fines 

APS 47 . 5 47.5 5 6.0 630 7.0 130 . 1 97 73 62 22 7 6 Combined Gradation 

100 99 93 27 3 1 A1tamaba River Sand 

94 45 28 10 0 100(2) Crushed Granite Gneiss 

PPS 100 0 0 6.0 315 9.0 123 .1 100 100 97 42 16 10 Finley Co. Pit Sand 

-· 

PS 50 50 0 6.0 695 7.5 132.0 97 73 62 26 8 5 Combined Gradation 

100 100 97 42 16 10 Finley Co. Pit Sand 

94 45 28 10 0 0 Crushed Granite Gneiss 

1. Seven Day Unconfined Compressive Strength 

2. Crushed Granite-Gneiss Fines 

3. Standard Proctor Compaction Test (MSHTO T-99) 
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To obtain a wide variation of strength and material properties, 
mixes were prepared for both natural sands and blends having up to 50 
percent stone . A single sand gradation was used in all tests to minimize 
effects of variation in gradation. The gradation used corresponds to the 
average gradation of all locations sampled on the Altamaha and Ogeechee 
Rivers. Altamaha River sands were sieved and recombined to give the 
gradation and basic properties shown in Fig . 30. By using only Altamaha 
River sand, the effects of variation in grain size, shape and surface 
texture were minimized. The properties of the standard crushed granite 
gneiss stone used in the cement stabilized stone-sand blends are summarized 
in Fig. 31. Crushed stone was obtained from the Norcross Quarry of Vul­
can Materials Company. The granite gneiss stone was sieved and regraded 
to Georgia DOT specifications for coarse aggregate, except that aggregate 
larger than the 3/8 in. size was scalped and replaced with finer material 
to minimize the effects of large aggregates in the specimen. 

A standard Proctor moisture density test (AASHTO T-99) was performed 
on each mix to determine the optimum density and water content, and test 
results are given in Appendix A. Specimens then were prepared in Proctor 
molds for unconfined compression testing at optimum density and moisture 
content. The required amounts of sand, aggregate, cement and water were 
weighed out separately, combined and blended thoroughly in a mixing bowl 
The specimens were compacted in three layers of equal thickness. 
For each layer, one-third of the mixture was spooned into the mold, and 
the material was compacted by 25 blows of the standard Proctor hammer. 
The surface was scarified between each layer to prevent the formation of 
weak planes, and the specimen was then removed from the mold with a 
hydraulic extruder, sealed in a plastic bag , and stored in a moisture 
room. Placing the specimen in a plastic bag prevented fine material in 
the soil cement specimen from washing away during curing in the moisture 
room. After a curing period of 7 days, the cylindrical specimens were 
removed from the moisture room and weighed. The ends were then capped 
with a sulfur compound, and the specimens were tested in unconfined com­
pression. 

The cement contents used in the blends were estimated from the em­
pirical relationships based on dry density developed by the Portland 
Cement Association [51]. The blends investigated for fatigue resistance 
consisted of the combinations of sand, crushed stone, Portland cement, 
crushed stone fines, and flyash and are presented in Appendix A and 
Table 21. Mixes varied from natural sand with 5 percent crushed stone 
fines to blends having 23 percent sand and 70 percent stone. Cement 
contents varied from 6 to 8.5 percent and 7-day unconfined compressive 
strengths from 315 to 695 psi (2170 to 4790 kN/m2). These sand blends 
had combined gradations having 1 to 10 percent fines. The corresponding 
moisture-density and stress-strain relationships for these and other 
blends studied are presented in Appendix A. To determine the effect of 
a lower cement content and reduced amount of fines on the unconfined 
strength, tests SC-11 through SC-13 were performed on selected blends 
(Appendix A). The maximum strengths for the pure sand blend, the 75/25 
sand/stone blend, and the 50/50 sand-stone blend, were 74, 59, and 107 
psi (510, 407, and 738 kN/m2), respectively. Because of the small amount 
of fines and low cement contents, none of these blends met the usually 
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FIGURE 32. FINLEY PIT SAND ASPHALT MIX - 461 lb . MARSHALL STABILITY 
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FIGURE 33. SAND-STONE BLEND MIX (16 - 84%) - FINLEY PIT SAND AND GRANITE GNEISS WITH 
2097 lb. MARSHALL STABILITY 
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FIGURE 34. SAND-STONE BLEND MIX (70- 30%) - FINLEY PIT SAND AND GRANITE GNEISS WITH 
573 lb. MARSHALL STABILITY 
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FIGURE 35. SAND-STONE BLEND MIX (40- 60%) - FINLEY PIT SAND AND GRANITE GNEISS WITH 
1527 lb. MARSHALL STABILITY 
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FIGURE 36. ALTAMAHA RIVER SAND MIX WITH 5% GRANITE GNEISS FINES - 308 lb. MARSHALL 
STABILITY 
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FIGURE 37. SAND-STONE BLEND (46.25- 53. 75%) - ALTAMAHA RIVER SAND AND GRANITE GNEISS WITH 
1383 lb. MARSHALL STABILITY 
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FIGURE 38. MARIANNA HIGH STABILITY SAND-ASPHALT MIX- 674 lb. MARSHALL STABILITY 
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FIGURE 39. MARIANNA LOW STABILITY SAND-ASPHALT MIX - 566 lb. MARSHALL STABILITY 
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FIGURE 40. LAKE WALES SAND-ASPHALT MIX-BLOW SAND WITH A 1283 1b. HUBBARD FIELD STABILITY 
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used m1n~um unconfined compressive strength criteria of 250 to 300 psi 
(1,700 to 2,000 kN/m2). Fatigue tests were not performed on these blends. 

Based on these test results, the following blends were chosen for 
fatigue testing: (1) pure sand with 8.5 percent cement, (2) SO percent 
sand/SO percent stone with S percent stone fines and 6 percent cement, and 
(3) pure sand with 5 percent stone fines and 6 percent cement. To compare 
the performance of these blends with currently used blends, large 
quantities of sand and typical mix designs were obtained from the Sam 
Finely Co. sand pit at Bloomingdale, Ga. 

Sand-Asphalt Mix Designs 

Sand and sand-stone asphalt mix designs were prepared using the SO 
blow Marshall Procedure by the Georgia Department of Transportation for 
a range of sand and sand-stone blends. Blends tested included natural 
Altamaha River sand with 10 percent fines, Altamaha River sand with S 
percent crushed stone fines, and sand-stone blends with 15, 40, 46 and 70 
percent sand. Complete Marshall mix designs for each blend are presented 
in Figs. 32 through 39. The mix designs given in Figs. 32 through 35 
were performed using sand from the Finley Co. pit. In most of the 
fatigue and rutting tests described subsequently, river sand was re­
graded and substituted for Finley pit sand. Properties of AC-20 as­
phalt cement used in all fatigue and rutting tests are given in Table 22. 

To relate the results of the laboratory tests with field experience, 
fatigue and rutting tests were performed on sands used in the sand-asphalt 
bases at the previously described Marianna and Lake Wales Test Roads 
in Florida. The Marshall Mix Design for these materials appears in 
Figs. 38, 39, and 40. The asphalt cement used in the original Marianna 
test road was refined from a Mexican crude oil but was not available at 
the time of this study. Therefore, an asphalt cement was chosen with 
properties similar to those used in the original test road. The asphalt 
cement used to prepare Lake Wales sand-asphalt base specimens was from 
the same South American source and had characteristics similar to those 
of the asphalt cement used in the test road. The specific properties 
of the asphalt cements used in the Marianna and Lake Wales tests were 
not determined. 
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Table 22. Physical Properties of the Asphalt Cement 

Asphalt Grade AC 20 Trumbull (Atlanta) 

Viscosity 

at 140°F 1761 

at 27 5°F 358 

Penetration 

at 77°F 68 

Specific Gravity 

at 60°F 1.017 

Ring and Ba 11 Softening Point 124°F 
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CHAPTER 6 

FATIGUE AND RUTTING TESTS 

Introduction 

This study used repeated load testing to evaluate rutting and fatigue 
characteristics of nine sand and sand-stone asphalt base course mixes 
with varying asphalt contents . Fatigue characteristics of five different 
cement-stabilized sand and sand-stone blends were also evaluated. Rutting 
characteristics of the sand-asphalt mixes were determined using the re­
peated load triaxial test. In the repeated load triaxial test to evalu­
ate rutting, a cylindrical specimen of sand-asphalt was subjected to a 
constant confining pressure, cr3 , while 100,000 repetitions of axial 
deviator stress cr

1
-cr

3 
was appl1ed to the specimen. No rutting tests were 

performed on the cement-stabilized materials. 

The fatigue test was performed by placing rectangular beam specimens 
of cement- or asphalt-stabilized sands and sand-stone blends on a rubber 
subgrade and applying a repeated load at the center. Fatigue test re­
sults were used to determine relative fatigue life of the mixes studied. 
Sand-asphalt specimens were tested between 7 and 21 days after prepara­
tion. Sand-cement specimens were tested after approximately 28 days 
of curing in a moisture room. In the fatigue test, a cyclic load was 
applied at the center of the beam. Fatigue test specimens were not sub­
jected to stress reversals during testing. 

A pneumatic loading system was used to apply the cyclic loading in 
both the rutting and fatigue tests. The cyclic load was applied by 
means of a Bellofram cylinder into which air was cycled by a S-way 
spool valve. The movement of the spool valve was controlled by two sole­
noid pilot valves actuated by electrical signals from an electronic 
cyclic t~mer. The duration of load pulse and the rest time between 
pulses was controlled by the electronic timer . The load pulse used in 
the repeated load triaxial and fatigue tests had a duration of 0.06 sec . , 
and the pulse had an approximately symmetrical haversine shape . The 
load pulse was applied 45 times per minute. 

All electronic instrumentation was carefully calibrated to ensure 
accurate test results. The linear variable differential transducers 
(LVDT's) used to measure deflections were calibrated with a micrometer 
calibration device accurate to 0.0001 in . (0.0025 mm). The operation 
and calibration of the outside LVDT's were checked before each test 
using a steel calibration block 0.030 in . (0.76 mm) thick. ThP. load 
cells were.calibrated statically by applying a load of known weight 
and record1ng the output from the load cell. The SR-4 strain gauges 
were calibrate~ statically by axially deforming a cylindrical asphalt 
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concrete specimen that had a strain gauge glued along its longitudinal 
axis . The specimen deformation was measured with a dial indicator and 
average specimen strain was calculated and correlated with the strain 
measured using the SR-4 strain gauge. 

Sample Preparati on 

The fatigue characteristics of the sand-cement and sand-asphalt 
mixes were evaluated using rectangular beam specimens. Rutting tests 
were performed on cylindrical specimens of the asphalt st~bilized 
materials. All aggregates used in this investigati-on \V"ere sieved and the 
resulting sand or stone sizes stored separately . Each specimen was 
prepared by weighing the required material for each sieve size and care­
fully blending the sizes together. 

All asphalt stabilized specimens were moulded using a kneading-type 
compactor. The kneading compactor produced laboratory specimens with 
structures (orientation of aggregate) similar to those developed in the 
field during the rolling operation . The load foot of the compactor was 
held at the proper temperature by an internal heating coil . The anti­
stripping agent , ADDELINE, was added to the mix at a rate of 0.5 per­
cent of the liquid asphalt by weight. The heated mould and mould base 
were placed on the kneading compactor. The moulds, aggregate and asphalt 
were placed in an oven and heated for approximately 2 1/2 hours at the 
prescribed temperatures. The aggregate, asphalt and anti-stripping 
agent were then weighed in the proper proportions and thoroughly mixed 
in a bowl to coat all the aggregate particles with asphalt cement. The 
asphalt concrete mixture then was placed immediately in the mould and 
compacted. 

The aggregate, asphalt, and mould were heated in an oven to the 
temperature recommended by the Asphalt Institute [53] based on the vis­
cosity of the asphalt cement. The mixing temperature for the specimens 
prepared using AC-20 asphalt cement was between 285°F and 295°F (140° 
and 146°C), and the compacting temperature was between 262°F and 278°F 
(128° and 137°C). 

Cylindrical Asphalt Stabilized Specimens 

The cylindrical specimens used in the repeated load triaxial and 
creep tests were 4 in. (100 mm) in diameter by 8 in. (200 mm) high. 
These specimens were compacted in a cylindrical steel mould using the 
kneading compactor . With the mou ld in place, the hot asphalt concrete 
mixture was spooned into the mould; as the mould was filled, the load 
foot was actuated so as to press down on the material in the mould one 
time between adding each spoonful of mixture . Filling the mould and 
compacting the specimen required approximately five minutes and took 
about 60 spoonfuls of material. This kneading action compacted the 
specimen to within 1/8 in. (3.2 mm) of the finished specimen height. 

A circular piece of filter paper cut to fit the inside diameter of 
the mould was placed on top of the compacted specimen, and a loading 
head was positioned on top of the filter paper. The entire mould 
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assembly was immediately positioned in a testing machine . A static 
load was placed on the specimen to level the top and to finish compacting 
it to the specified height of 8 in. (200 mm). The specimen was loaded on 
the top and bottom by two floating pistons to minimize end effects. After 
cooling under the static load, the specimen was extruded from the mould 
and then measured and weighed. A china marker indicated the sample number 
and circumferential lines 2 in. (SO mm) from the ends (100 mm apart) later 
used for positioning the LVDT clamps on the specimen. 

Asphalt Stabilized Beam Specimens 

All beams were compacted and mixed at the same temperatures as those 
used in preparing the cylindrical specimens. After heating, the beam 
mould was placed in the kneading compactor on a sliding rack. Since the 
loading foot of the compactor did not move laterally, the beam mould was 
moved manually in the sliding rack during the compaction operation. The 
aggregate, asphalt cement and anti-stripping agent were mixed together in 
preweighed amounts to completely coat all aggregate particles with 
asphalt cement. The hot asphalt concrete mixture then was placed in the 
mould in four layers. Each layer was compacted by 3 to 4 passes of the 
compactor along the length of the beam. After all asphalt concrete was 
placed in the mould, a loading plate was positioned on top of the beam 
and loaded until a height of 3.0 in. (75 mm) was reached. This procedure 
also served to level the surface of the specimen . 

The beam and mould were allowed to cool for approximately 2 1/2 
hours, and the mould was removed. After cooling, each specimen was mea­
sured, weighed and stored on a surface ground steel plate . The specimens 
were kept on the perfectly flat surface so they would lie flat on the 
rubber pad used in the fatigue test. Machined steel plates were used for 
storage of the beams to avoid inducing tensile strains in the beam before 
testing and to give uniform subgrade support to the beam during the 
fatigue test. The specimen number, asphalt content, date of compaction 
and the future location of the loading foot were marked on each specimen. 

A reference point for measuring the deflection of the centerline of 
the beam was then established by epoxy gluing a small aluminum tab on one 
side along the neutral axis at the midpoint of the beam. An SR-4 wire 
resistance strain gauge (BLH A9-4) was glued below the reference tab 
0 . 1 in. (2.5 mm) above the bottom of the beam. The strain gauge was 
oriented parallel to the neutral axis to measure the maximum bending 
tensile strain in the beam. A strain gauge having a relatively long gauge 
length of 2.0 in. (~0 mm) was used to minimize the effects of the large 
aggregate present in some of the base course mixes. 

A fast-setting epoxy glue was used to bond both the aluminum tabs 
and strain gauges to the beams. The glue dried in approximately 5 minutes 
and later permitted relatively easy removal of the reference tab and strain 
gauge from the beam. 
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Soil-Cement Beam Specimens 

The soil-cement beam specimens were prepared at the previously 
determined standard Proctor maximum dry density and optimum moisture 
content of the mix. The required aggregate, cement and water were weighed 
out and mixed by hand in a large bowl 'until a uniform blend was obtained. 
One-third of this mixture then was spooned into the steel mould, leveled 
and the mould cover placed over the surface. The specimen then was com­
pacted by applying 25 blows of the standard Proctor hammer to the top of 
the cover. The cover was removed and the process repeated with the re­
maining two-thirds of the mixture. After approximately one-half hour, 
the specimen was removed from the mould and quickly transported to the 
moisture room where it was placed on a flat glass plate and allowed to 
cure for a period of 28 days. The specimens were removed from the mois­
ture room and allowed to dry, weighed, and measured. The location of the 
loading foot, LVDT block and strain gauge were marked on the beam. 

Repeated Load Triaxial Test 

The repeated load triaxial test was used to compare rutting char­
acteristics of the different sand and sand-stone asphalt mixes. Rutting 
tests were not performed on the sand-cement blends since rutting caused 
no problems in this material. A multi-layered elastic analysis of typical 
pavement structures in conjunction with the Z-function approach [54] was 
used to determine appropriate axial and confining stress states to be 
used in the rutting test. The rutting test specimens were subjected to 
100,000 load repetitions, except in a few instances when the specimens 
failed. Only compressive stress states were used in the triaxial tests 
and most specimens were subjected to a confining pressure, a3 of 5 psi 
(34 kN/m2) and a deviator stress, a -a

3 
of 25 psi (170 kNjm2J. A recent 

study indicated that approximately bne-half of the pavement rutting in 
middle and southern Georgia occurred at pavement temperatures above 96°F 
(36°C), and one-half occurred below this temperature [54]. At two loca­
tions in Florida, the mean rutting temperature of the pavement was found 
to be approximately 93°F (34°C) [64]. Therefore, repeated load triaxial 
tests were performed at a standard test temperature of 95°F (35°C), which 
is approximately the mean pavement temperature for the rutting which 
occurred in southern Georgia and central and northwestern Florida. 

Specimens 4 in. (100 mm) in diameter were tested in a 6 in. (150 mm) 
diameter triaxial cell enclosed in a controlled environmental chamber 
(Fig. 41). Axial strain was measured by placing two clamps on the speci­
mens as illustrated in Fig. 42b and measuring the movement between these 
clamps using two small AC LVDT's. The LVDT's used to measure the axial 
deformation were wired together to give the average specimen movement 
between clamps. This instrumentation arrangement minimizes the effects 
of possible tilting of the specimen. Radial strain was measured by a 
single LVDT oriented horizontally in the plane of the diameter of the 
specimen at the open end of the lower clamp (Fig. 41). This LVDT mea­
sured a deformation directly related to the change in diameter of the 
specimen. The two clamps were placed one-quarter of the distance from 
each end of the specimen to reduce end effects. To minimize the size and 
weight of the measurement devices attached to the clamps, 0.375 in. (9.5mm) 
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diameter AC type LVDT's were used. The outputs from the inside axial and 
radial transducer measuring systems were recorded on a Hewlett-Packard 
two channel, strip chart recorder. 

The total axial specimen deformation was measured by a pair of DC 
LVDT's which reacted against a Lucite clamp attached to the loading pis­
ton outside the environmental chamber (Fig. 41). The output from these 
transducers was recorded on a Hewlett-Packard X-Y recorder. Load was 
measured by a 2,500 lb. (11 kN) capacity load cell and recorded on a two­
channel strip chart recorder. 

The test procedure used for the repeated load triaxial rutting test 
is summarized as follows: Each sand-asphalt specimen was first carefully 
examined to assure that it was free from defects such as excessive voids 
and that both ends were flat and parallel . A rubber membrane was then 
placed around the sides of the specimen. The specimen was positioned on 
top of a bronze porous stone resting on the bottom loading platen of 
the triaxial cell. Top end friction on the specimen was minimized by 
rubbing a silicone lubricant over the top of the specimen. A thin Tef­
lon pad was placed between the end of the specimen and the top platen. 
The rubber membrane was then pulled up over the top platen, and rubber 
0-rings were used to seal the membrane to the top and bottom platens. 

The inside LVDT clamps were placed around the rubber membrane, and 
the LVDT probes were set at approximately the null voltage output posi­
tion. The clamps were placed on the specimen tightly enough to prevent 
slippage during the test, but not so tight as to exert excessive addi­
tional confining stress on the specimen. Once the LVDT's were in place 
and adjusted, the triaxial chamber was assembled. The environmental 
chamber was then placed around the cell and the loading piston inspected 
to assure alignment with the top platen on the specimen. The top cross­
arm of the loading system was lowered so that a small seating load was 
applied to the specimen. The triaxial chamber and enclosed specimen were 
maintained at the desired 95°F (35°C) testing temperature overnight in 
order for the specimen to reach the desired temperature. 

The pens on the recorder monitoring the LVDT deflections were centered 
and the test started. Specimen deformation was measured continuously for 
the first ten repetitions, and then for a short time at approximately 
100, 1,000, 10,000, 50,000, and 100,000 load repetitions. After approxi­
mately 100,000 repetitions, the test was terminated. During the test, 
chamber temperature, cell pressure, pilot valve pressure, deviator stress 
and load pulse time were observed periodically to insure proper adjust­
ment. 

The resilient modulus, plastic (permanent) strain and Poisson's 
ratio as a function of the number of load repetitions were obtained 
from this test. 

Fatigue Test 

A rectangular beam fatigue test was used to evaluate the fatigue 
characteristics of the asphalt and portland cement stabilized base mixes. 
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In this study, an asphalt concrete beam placed on a rubber subgrade was 
used to simulate field support conditions. This test also eliminated 
the problem of beam weight which has been noted to affect the results of 
unsupported beam fatigue tests. 

The fatigue test equipment (Fig. 43) consisted of a load frame, a 
4 in. (100 mm) thick rubber pad supporting the beam, and a pneumatic 
loading system. The fatigue specimen and rubber support were enclosed 
within an environmental chamber maintained at 80°F ±l°F (27°C) . The 
rubber pad used in testing the sand-cement specimens had a Durometer read­
ing of 40 and a modulus of subgrade reaction of 284 pci (7,860 gm/cc) . 
Sand-asphalt specimens tested using the same 284 pci (7,860 gm/cc) rubber 
subgrade were found to partially fail due to the loading plate punching 
into the sand-asphalt beam. To prevent this type failure, a softer rubber 
subgrade (215 pci) was used on the surfaee ground base of the load frame. 

The load was applied to the center of the beam using a rigid steel 
plate which was 1.25 in. (32 mm) wide for the sand-cement specimens and 
1.5 in . (38 mm) wide for the sand-asphalt specimens. The steel loading 
plate was 3 in. (76 mm) long and 1 in. (25 mm) thick. An SR-4 strain 
gauge was glued with EPOXY-5 cement to the side of each beam in a direc­
tion parallel to its axis 0.10 in. (2.5 mm) above the bottom. The strain 
gauge was located symmetrically below the center of the load. Another 
SR-4 strain gauge was glued to a dummy block of similar material placed 
inside the environmental chamber. This temperature-compensating strain 
gauge was used to eliminate any errors in measuring the strain in the 
beam that could be caused by small changes in temperature occurring in 
the chamber. 

The deflection of the center of the beam was measured with a single 
DC LVDT and recorded on a Sanborn, two channel strip chart recorder. 
The constant load applied to the top of the beam was measured using a 
2,500 lb. (11 kN) capacity load cell and recorded on a Sanborn, two 
channel strip chart recorder. To determine the number of load repeti­
tions to failure, an automatic timing system was developed to measure 
at one-hour time intervals the centerline deflection of the beam. This 
system consisted of a mechanical cyclic timer wired into the paper drive 
motor on the Sanborn recorder and also to the 110-volt AC power cord 
leading to the 24-volt DC power supply for the LVDT. 

Before each fatigue test was begun, the rubber pad was removed and 
the machined surface of the load frame which supported the pad was tho­
roughly cleaned to ensure continuous contact at the interface. After 
cleaning, the pad was replaced and a beam specimen was carefully centered 
on the rubber pad. The strain gauge leads were then soldered to the 
connections on the strain gauge and the system checked for continuity . 
The load foot was placed inside the previously made reference marks on 
the top of the beam. An LVDT with the probe in place was positioned 
against the aluminum tab glued to the side of the beam and was vertically 
aligned. The deflection under the load at the center of the beam and the 
radial tensile strain were measured at 100 , 200, 300, 500, 750, and 1,000 
load repetitions. The tensile strain measured at 1,000 load repetitions 
and the number of repetitions to failure was used in interpreting the 



(a) General Testing System (b) Specimen and LVDT Clamps 

FIGURE 42. REPEATED LOAD TRIAXIAL TESTING APPARATUS 
.... 
0 
V1 



106 

ASPHALT BEAM 
SPECIMEN 

LOAD 

CONTRO~LEO TEMPERATURE CHAMBER 

(a) Schematic 

(b) Close-Up Photograph 

FIGURE 43. BEAM FATIGUE TEST APPARATUS 



107 

test results. The strain at 1,000 load repetitions was used to allow 
stabilization of the response of the beam to occur. After 1,000 repeti­
tions, the strain gauge and epoxy glue were removed from the side of the 
beam to eliminate any strengthening effect. After this,the automatic 
defiection measuring system was used to obtain the centerline beam de­
flection at one-hour intervals until failure. A cutoff switch located on 
the loading piston was installed to automatically stop the test upon 
failure of the beam. Cracking of the beam was generally initiated in the 
bottom directly beneath the load. This crack rapidly propagated upward, 
and upon failure the beam would usually separate into two parts. Failure 
of the beam was defined by a relatively sudden large increase in center­
line deflection of the beam as indicated by the automatically recorded 
beam deflections. Actual observations of the failure of several beams 
indicated the approach used was sufficiently accurate for establishing 
the number of repetitions to failure. Information from the strip chart 
recorders and calibration constants for the various electronic measuring 
devices were used to calculate radial tensile strain in the bottom of the 
beam, applied load, and tensile bending modulus of the asphalt concrete . 
A complete description of the procedure used to calculate the bending 
modulus has been given elsewhere [54]. 



CHAPTER 7 

FATIGUE AND RUTTING TEST RESULTS 

Sand-Asphalt 

Introduction 

Fatigue and rutting tests were performed on a wide range of sand­
asphalt and sand-stone base course mixes . The materials used in these 
blends were described in Chapters 4 and 5 and the test procedures and 
equipment in Chapter 6. Bituminous base materials tested included both 
pure sand-asphalt mixes and also sand-stone blends having stone contents 
varying from 30 to 84 percent . The asphalt cement content varied from 
5 to 7 percent and an AC-20 viscosity grade asphalt was used in all the 
tests. 

The fatigue test consisted of applying a cyclic load at the center 
of a supported rectangular beam specimen until failure occurred. A con­
stant temperature of 80°F (27°C) was maintained throughout the test. 
A 0.06 sec . load pulse time was used in both the fatigue and rutting 
tests . The repeated load triaxial test used to evaluate the plastic 
(rutting) properties of the mix consisted of subjecting a cylindrical 
specimen to 100,000 repetitions of axial load. The specimen was sub­
jected throughout the test to a constant confining pressure. The mean 
pavement temperature for rutting of typical pavement sections in the 
coastal plains of Georgia and central and northwest Florida varied from 
93°F to 96°F (34° to 36°C). Therefore, a standard testing temperature of 
95°F (35°C) for this study was selected. Standard stress conditions 
for the repeated load triaxial test adopted to evaluate the rutting 
properties of the sand-asphalt and sand-stone base mixes consisted of an 
axial repeated deviator stress of 25 psi (170 kN/m2) and a confining 
pressure of 5 psi (34 kN/m2). 

Fatigue Test Results 

Recent research has shown that, generally, in terms of strain, 
fatigue curves cannot be directly compared [6,54]. The constant load 
method of interpreting the fatigue test results, therefore, was used in 
this study [6]. The load method of interpretation consisted of comparing 
for a constant applied load (of equal magnitude for each test), the number 
of repetitions required to cause failure of different stabilized mixes. 
The load method gave a reliable comparison when the fatigue test simulated 
support and loading field conditions with reasonable accuracy [6]. The 
load method required neither determination of the bending modulus of the 
stabilized layer under consideration nor the theoretical calculation of 
tensile strain in the layer. As a result, the load method of interpreta­
tion of fatigue test results gave a straightforward, direct comparison 
of relative fatigue performance. 

108 
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On the other hand, interpretation of fatigue test results that used 
the elastic theory approach [6] required laboratory measurements of the 
relationship between tensile strain and number of repetitions to failure 
and also the relationship between bending modulus and repetitions to 
failure. For a given pavement structure, an appropriate layered theory 
then was used to calculate the theoretical tensile strain that should 
have existed in the stabilized layer under consideration. Measured bend­
ing modulus of the stabilized material was essential for use in the layered 
analysis. The number of repetitions to failure then was estimated from 
the laboratory fatigue curve that used the calculated tensile strain from 
layered theory. The layered theory approach, therefore, required use of 
layered theory, which involved a number of idealized assumptions, and 
measured bending modulus, which tended to be relatively difficult to ac­
curately evaluate. For these reasons, the load method of interpretation 
was favored for evaluation of relative fatigue life of mixes and was used 
in this investigation. Further studies might, however, show the elastic 
theory approach to give better comparisons of in-situ fatigue performance. 
The more flexible layered theory approach can be used to compare the 
performance of different structural sections. 

The fatigue tests were performed using a rectangular beam specimen 
supported on a rubber subgrade having a modulus of subgrade reaction of 
215 pci (5950 gm/cc). Since the rubber subgrade used in these tests was 
softer than that used in a previous investigation of asphalt concrete base 
mixes [54], the test results cannot be directly compared using the 
constant load method. A softer subgrade was used for the fatigue tests 
on the sand-asphalt and sand-stone mixes to prevent the centrally applied 
load from punching into the surface of the beam specimens which were 
softer than the asphalt concrete base course mixes previously studied. 

Test Results. Larger asphalt contents and lower air voids in the 
sand and sand-stone blend mixes were found to increase significantly 
fatigue life as illustrated in Fig. 44. The sand-stone percentages to­
gether with the material designation for each mix is shown by the cor­
responding data points on the figure; the SO blow Marshall stability of 
the mix in pounds is given in parentheses by the data points. The data 
shown in Figs. 44 and 45 are the average of all tests performed on a 
given mix at the same air void and asphalt contents. 

Close examination of the data given in Fig. 44 shows results for 
all sand-stone base mixes tested and indicates a general trend between 
an increase in fatigue life and an increase in Marshall stability. Fig­
ure 45 better illustrates the general trend and shows the relationship 
between 50 blow Marshall stability and fatigue life, but without consider­
ing other important variables such as asphalt content. This figure shows 
all individual data points from each test. A better relationship between 
fatigue life and stability is obtained if the influence of asphalt content 
variations and Marshall stability are considered for all sand-asphalt and 
sand-stone blends as illustrated in Fig. 46 . Increased fatigue life with 
increasing Marshall stability and asphalt content occurred fer Marshall 
stabilities between 200 and 2,000 lbs. (900 to 9,000 kN) which was the 
range of stabilities tested. A similar increase in fatigue life with 
both stability and asphalt content was found for just the sand-asphalt 
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mixes as shown in Fig . 47. In the present study of sand-asphalt and 
sand-stone b l end base mixes, a general trend was found between air voids 
in the mix and Marshall stability (Fig. 48). Therefore, it came as no 
sur prise that mixes with high Marshall stabilities generally exhibited 
long fatigue lives since these mixes also had low air void contents. 
The air void content of the mix was probably a more fundamental parameter 
with respect to fatigue life than Marshall stability . Generally, however, 
Marshall stability appeared to be directly related to the fatigue resis­
tance in the mixes investigated. 

The relationship between the dynamic bending modulus of the beam 
specimens and fatigue life is shown in Fig. 49. The dynamic modulus 
was calculated from the measured tensile strain in the beam using the 
procedure developed by Barksdale and Miller [54]. Fatigue life became 
larger at an increasing rate as the bending modulus increased and also 
increased with asphalt content, as can be seen from this figure. 

Fatigue test results indicated that the fatigue life of sand-asphalt 
and sand-stone blends was directly related to asphalt content and air 
voids in the mix . Previous research [cf. 7,17,54] indicated that asphalt 
content and air voids in conventional stone mixes were the primary indepen­
dent variables related to fatigue life. Due to the wide range of materi­
als and gradations of the sand-asphalt and sand-stone base mixes tested 
in this study, however, other variable(s) undoubtedly affected fatigue 
life in addition to asphalt content and air voids. Based on fatigue 
test results for the limited number of mixes studied in this investiga­
tion, the Marshall stability of the mix, in part, appeared to account for 
this observed variability. Although Marshall stability was probably not 
a fundamental independent variable, for the present time, Marshall 
stability of the mix together with asphalt content and air voids can be 
used in design for estimating the fatigue resistance of sand-asphalt and 
sand-stone blends. 

Rutting 

Rutting test results for the sand and sand-stone asphalt mixes are 
summarized in Table 23 and Figs. S0-52. In these figures, laboratory 
test results are presented in terms of the theoretical rut depth that 
would occur in the base of a typical pavement section having a sand­
asphalt or sand-stone blend base. Comparisons of rut depths were made 
for full-depth bituminous pavements that had a 3 . 5 in . (90 mm) asphalt 
concrete surfacing and a 7 in. (180 mm) sand-asphalt or sand-stone blend 
base. This pavement section was assumed to be constructed over a reason­
ably good subgrade that had a modulus of elasticity of approximately 
4,000 psi (28,000 kN/m2) . The pavement section was assumed to be located 
in the coastal plain area of the southeast where the mean pavement tem­
perature for rutting was close to 95°F (35°C). The rut depths given were 
for 1,200,000 equivalent 18 kip (80 kN) single axle loads. From the 
correlation studies of rutting described in Chapter 3, x1 was taken to 
be 3.0 (Table 16) and Z to be 0.42 (Fig. 21) for the given structural 
and environmental conditions. 
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Table 23. Summary of Repeated Load Triaxial Teet Results Performed 
on Sand and Sand-Stone

0
Blend Asphalt Specimens - 100,000 

Load Repe t i t ions at 95 F 

Blend Marshall Stress State 
Tes r. A. C. Voids 

Sand Stone No . (%) (%) Stability OJ 01 OJ 
(%) (%) (lbs . ) (psi) (psi) 

100 0 FP-I-1 6.5 15.0 461 5 40 

100 0 FP-I-2 6 .5 15 .0 461 5 25 

100 0 FP-I-3 6.5 15.0 461 5 25 

100 0 FP-I-4 6 . 5 15 .0 461 5 25 

100 0 FP-I-5 6.5 15.0 461 5 25 

100 0 FP- Il-1 5 .5 17 . 6 461 5 25 

100 0 FP-II-2 5 .5 17 .6 461 3 33 

100 0 FP-II- 3 5.5 17 .6 461 5 25 

16 84 2-FPS-I-1 5.5 6. 7 1963 5 25 

16 84 2-FPS-I-2 5.5 6.7 1963 5 25 

16 84 FPS-I-1 6.5 4.5 2097 5 25 

16 84 FPS- I - 2 6.5 4 . 5 2097 5 25 

16 84 FPS-I-3 6.5 4.5 2097 5 25 

16 84 FPS-1-4 6.5 4.5 2097 5 25 

40 60 FA-I-l 6 . 5 3.4 1359 5 25 

40 60 FA-I-2 (Void Test) 

40 60 FA-1-3 6 . 5 3 .4 1350 5 25 

40 60 FA-I-4 6 .5 3.4 1350 5 25 

40 60 FA-1-5 6 . 5 3.4 1350 5 25 

40 60 FA-II-1 5.5 5 .7 1350 5 25 

40 60 FA-Il-2 5.5 5.7 1350 5 25 

40 60 FA- II-3 5.5 5.7 1350 5 25 

40 60 .FA-ll-4 5.5 5.7 1350 5 25 

40 60 FA- II-5 5.5 5.7 1350 5 25 

70 30 FPS- II- 1 6 . 5 13.0 573 5 25 

70 30 FPS-II-2 6.5 13.0 573 5 25 

70 30 FPS-II-3 6.5 13.0 573 5 25 

70 30 2-FPS- II-1 5.5 15.0 533 5 25 

70 30 2-l'PS-II-2 5.5 15 . 0 533 5 25 

195-1-C 5 28 

Sand, Shell 195- 2- C 5 25 - - -Stone Blend 
195-3-C 5 25 

195-4-C 5 25 

Low Stability 
LS- I - 1 1 .a 5 25 - -
LS-I-2 7 .a 5 25 

50 50 LW- l-1 7.5 5 25 - -
50 50 LW- I-2 7.5 5 20 

HS-I- 1 6 .5 5 25 

High Stability HS- I-2 6 .5 - - 5 25 

HS-1-3 6.5 5 25 

100 0 FP-I-6 6.5 15 . 0 4 30 
100 0 FP-1-7 6 . 5 1.5 . 0 5 29 

100 0 FP-I-8 6 . 5 15.0 - 5 12 

100 0 FP- I-9 6.5 15.0 5 25 

100 0 FP- I-10 5.0 18 . 4 5 25 

100 0 AF-I-1 5 . 5 5 25 - -
100 0 AF-tl-1 6.5 5 25 

so 50 AFS-1-l 5.5 7.3 5 25 -
50 50 AFS-II- 1 6.5 5.0 5 25 

Plastic 
Strain 
tp(in ./in.) 

(Failed) 

0.0175 

0.0086 

(Failed) 

0 . 0111 

0.0106 

(Failed) 

0 . 0140 

0.004 

0.0046 

0.0121 

(Void) 

0.013 

0.0072 

0 . 005 

0.018 

0 . 0173 

0 . 012 

0.0045 

0 . 013 

(Fa iled) 

0 . 019 

0.0052 

0 . 025 

0. 017 

(Failed) 

0.0089 

0.0080 

0 . 0134 

0 . 010 

0.012 

0.0115 

0. 0036 

0.0045 

(Failed) 

0.0091 

0.0064 

0.0043 

. 001 

(Failed) 

(Failed) 

0.0045 

0.0088 

0 . 0107 

(Failed) 

0 . 0048 

0 . 007 

0 . 0041 
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For an asphalt concrete surface course mix that had 6.5 percent 
asphalt, the repeated load triaxial test results given by Barksdale and 
Miller (54] indicated that the typical plastic strain, ep. of the speci­
men when subjected to 100,000 repetitions was ~ ~ 0.0073 in./in. and for 
an asphalt content of 4.8 percent approximately 0.0043 in./in. These 
plastic strains were for the standard testing conditions corresponding 
to a confining pressure of 5 psi (35 kN/m2), a deviator stress of 25 psi 
(170 kNjm2), and a testing temperature of 95°F (35°C). The plasti c strain 
properties obtained from the repeated load triaxial test for the sand­
asphalt and sand-stone blends tested appear in Table 23 and were also 
for the same standard test conditions. 

By comparing predicted rut depths rather than the measured plastic 
strains, a better feeling was developed for the effect of the mix variables 
on the actual relative magnitude of rutting that was likely to develop 
in a typical pavement section. The theoretical approach used to calcu­
late the rut depth was described in Chapter 3 and i s summarized by equa­
tion (6) for asphalt concrete sections and equation (18) for pavements 
with sand-asphalt and sand-stone blend bases. The theoret i cal relation­
ships for rutting given in Figs. 50-52 were for the specific mixes tested. 
Since the magnitude of rutting was found to vary greatly for different 
mixes, great caut.ion should be exercised in generalizing these results 
to other mixes. 

Test Results: With an increase in asphalt content, rut depth in 
the sand-asphalt and sand-stone blends tested rose at an increasing rate 
(Fig. 50). For an increase in asphalt content from 5.5 to 6.5 percent, 
the rut depth increased by 40 to 70 percent for the sand-asphalt and 
sand-stone blends tested . This compared favorably with an increase in 
rutting of 70 percent for a typical asphalt concrete black base mix 
tested previously [54]. The pure sand-asphalt base mix was most affected 
in terms of increase in rut depth by an increase in asphalt content, with 
the effect becoming less with increasing stone content. These test 
results indicated that addition of stone to a sand-asphalt mix was quite 
effective in reducing rutting of the mix. For example, for an asphalt 
content of 6 percent, going from a pure sand-asphalt to a 40 percent sand/ 
60 percent stone base mix was found to reduce rutting in the base by ap­
proximately 25 percent. Similar blends using other materials may show 
even greater reductions in rut depth with i ncreasing stone content. The 
reduction in rut depth that accompanied increased stone content was pro­
bably due to increased internal friction of the mineral skeleton that 
resulted from the presence of large-size stone aggregate in the sand­
stone blends. The large-size aggregate tends to decrease the number of 
grain-to-grain point contacts and increase aggregate interlock . Since 
rutting was found to be directly related to asphalt content, an optimum 
asphalt content within normally used limits was not found that would 
minimize rutting. Rutting, of course, can be minimized by lowering as­
phalt content, blending sands, or by adding crushed stone or mineral 
filler to the mix. 

The large variation in rutting observed for the different materials 
tested is illustrated in Fig. 51 as a function of asphalt content. For 
comparison, the relationship between rut depth in the base and asphalt 
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content shown on the figure was for the typical crushed granite gneiss 
black base mix studied previously [54]. The I-95 sand-stone blend (tests 
were performed on both compacted specimens and cores taken from the 
roadway), the Lake Wales sand-asphalt, and the Altamaha sand-asphalt (AF) 
mix all indicated relatively large rutting in the base (greater than 0.3 
in.). In contrast, the Marianna sand-asphalt mixes and the Altamaha 50 
percent sand-50 percent stone (AFS) mix both indicated rut depths less 
than 0.24 in. (6 mm). 

The influence on rut depth of Marshall stability and asphalt content 
for the Altamaha sand-stone blends is shown in Fig. 52. Each Altamaha 
sand-stone mix was blended with the same type sand and crushed stone, and 
only the relative amounts were varied. For these mixes, which were com­
posed of similar materials, rut depth for a given asphalt content was 
found to be almost inversely proportional to the 50 blow Marshall stabil-
ity of the mix. This finding indicated that the Marshall stability ean prob­
ably be used as a general guide for evaluating the relative beneficial 
effect on rutting of blending crushed stone with sand or perhaps due 
to blending two sands together. The test results shown in Fig. 52 indi­
cate that both Marshall stability and asphalt content were related to 
rutting. However, when mixes composed of different materials were in­
cluded, the scatter in data shown on the figure indicated that other less 
well-defined characteristics of the mix (e.g., grain size and angularity 
of the sand) also had important effects on rutting. Figure 53 shows 
the theoretical relationship based on laboratory test results between 
rut depth in the base, air voids in the mix, and asphalt content. Once 
again when all mixes were considered, the scatter was relatively large. 
An apparent general trend was observed of increasing rut depth at an 
increasing rate with increased air voids and with increased asphalt 
content. 

The test results shown in Pigs. 50 through 53 indicate that rutting 
in sand-asphalt and sand-stone blend asphalt base mixes was influenced in 
a reasonably well-defined way by asphalt content and in a less well­
defined manner by both Marshall stability and air voids. Marshall sta­
bility and air voids in the mix, however, appeared to be interrelated 
~ariables since a reasonably well-defined relationship was found to 
exist between these variables (Fig. 48). Because of the scatter in the 
data shown in Figs. 51 and 52, apparently other factors influenced the 
overall rutting characteristics of the mix when subjected to heavy 
traffic. Acott (22] concluded that fineness modulus and shape factor 
are both important variables and that a sand suitable for use in a gap­
graded mix must have a fineness modulus greater than 1.0 when the shape 
factor is less than 0.7. Analogous relationships need to be developed 
for sand-asphalt base mixes. 

Sand-Cement 

The results of the beam fatigue tests performed on the sand-cement 
specimens are summarized in Table 25. A comparison of these fatigue re­
sults with those obtained for a typical black base asphalt concrete 
mix [54) are shown in Fig. 54. All of the sand-cement laboratory speci­
mens except those with low densities performed better with respect to 
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Table 24. Summary of Fatigue Test Results on Sand and Sand-St one Blend Asphalt ML~es 

A.C. Voids e: (1) N (2) Load E(3) Marshall Avg. 
Blend Sample (%) (%) r f (lbs.) (psi) Stability 

Nf (lbs.) 

Hariann.a HS-1-1 6.5 11.4 1.4 X 10- 3 2522 110 37 . 724 674 
High Stability HS- l - 2 6 .5 11 . 4 a.a X 10-4 2105 110 10,777.712 674 2270 

HS-1- 3 6.5 11.4 6.94 X 10-4 2182 110 91,059 674 

HS-1-4 6.5 11.4 8.24 X 10-4 * 4032 72 . 8 lbs. 41,806 6H 

Marianna LS-1-1 7.0 16 1.89 X 10- 3 700 110 23,900 566 
Low Stability LS- 1-2 7.0 16 1.14 X 10-J - 2000 110 47,000 566 3626 

LS-1- 3 7 .o 16 1.18 X 10-4 8180 72.8 103,248 566 

A1tamaha AF- 1-1 5 . 5 15.7 2.52 X 10-3 400 110 16,323 - 250 375 Sand AF-1-2 5 . 5 15.7 1. 79 X 10-3 350 115 27.311 - 250 
95% Sand AF-1-3 6.5 13.9 2.14 X 10-3 827 110 20,300 - 250 827 

5% Pines 

Alcamaha AFS-1-1 5.5 7.0 1.44 X 10-3 1000 110 34 ,1,00 1100 
River Sand APS-l-2 5 . 5 7.0 9 . 54 X 10-q 1900 110 59,600 1100 1167 
Stone 46.25% AFS-1-3 5 . 5 7.0 1.89 " 10- J 600 115 25,300 llOO Fines 7.5% 

AFS-ll- 1 6.5 s.o 1.31 X 10-3 2800 116 41 ,900 1100 2950 
AFS-II-2 6.5 5 . 0 1.2 X 10-3 3100 110 43,870 1100 

Pure Pit FP-1-4 6. 5 15.0 1.63 X 10-3 1233 110 29,167 461 
Sand FP-1 (4) 6.5 15.0 1 . 23 " 10-3 25,000 110 37,099 461 2375@ 6 -5% 

FP-II-2 5.5 17_ 6 1. 57 K 10-3 450 110 30,600 400 

FP- 2 6.5 15.0 1.13 X 10-3 5710 110 43,325 461 

PP-I-5 6.5 15.0 1.6 " 
10-) 400 100 29,900 461 525 @ 5.5% 

FP-I-3 6.5 15.0 1. 37 K 10-3 2150 110 37,660 461 

FP- Il- 3 5.5 17 . 6 6.3 X lQ-4 450 110 21,600 400 

FP-Il-1 5.5 17.6 1.6 K 10-3 375 110 29,900 400 

16% Sand FPS-1 (4) 6 . 5 4.5 1.11 X 10-J 28,658 110 45,400 2097 

84% St one FPS-2 (4) 6.5 4 . 5 6 .82 X 10-1, 30,000 110 M4,940 2097 18,170@ 6.5% 
Screenings 2FPS-I-2 5.5 6.7 l.7x 10-3 2, 716 110 27,600 1900 

2FPS-1-l 5 .5 6 . 7 l. 31 X 10-3 3,600 110 39,000 1900 3150 

FPS-1-4 6 . 5 4.5 1.31 X 10-J 7,200 110 39,000 2097 @ 

FPS-1-3 6 . 5 4.5 1.42 X 10-3 6,828 110 35,055 2097 5.5% 

(4) 
X 10-4 70% Sand FPS-II-1 6.5 13.0 9.74 24,300 110 52 ,800 573 10,552 

30% Stone FPS-II-4 6. 5 13.0 4.06 X 10-q 996 110 38,300 573 @ 
Screenings ~4) 6.5 13.0 7.1, X 10- 4 14,500 uo 73.700 573 6.5% FPS-Il-

FPS-II-3 6.5 13.0 1.57 X 10- 3 2,413 110 30' 700 573 

2FPS-II- 2 5.5 15.0 2.14 X 10-3 454 llO 20,300 - 520 
831 @ 
5.5% 

2FPS-ll-l 5.5 15.0 1.41, X 10-3 1,209 110 34,400 - 520 

40% Sand FA-1 6.5 3.8 9.84 X 10-4 5,000 110 57,200 1400 3. 210@ 

60% Stone FA-I-2 6.5 3.4 1.31 " 10-3 2,500 110 39,000 1400 6.5% 

FA- II-1 5.5 5. 7 1.32 X 10-3 2,100 110 38,640 - 1400 1,317@ 

FA-Il-2 5.5 5.7 2.6 X 10-3 534 110 5,649 - 1400 5.5% 

l. Resilient strain measured after 1,000 load repetitions using an SR- 4 strain gauge. 

2. Repe t itions to failure, Nf 

3. Resilient modulus of beam in bending calculated using the resilient strain. 

4. Fatigue tests performed on rubber subgrade having a modulus of Subgrade Reaction of 284 pci; all other tests were performed on a 
rubber subgrade having 8 modulus of Subgrade Reaction of 215 pc i . 

E 
Avg. 

(psi) 

35,700 

58,000 

21,800 

20,300 

39,760 

42,885 

35,430 

27,370 

51,000 

33,300 psi 

48 , 8/5 

21,350 

40,730 

27,100 



MIX r>escription 

PPS Fine Pit Sand 
6% cement 

PALT Altamaha River 
Sand - 8. 5% cement 

PS 50% Fine Pit Sand 
50% Crushed Stone-
5% cement 

APF Altamaha River Sand 
with 5% Crushed Stone 
Fines- 8% cement 

SPF Altamaha River Sand 
with 5% Crushed Stone 
Fines - 6% cement 

PPS Fine Pit Sand -
8% cement 

APS 50/50 Altamaha sand-
stone b lt>nd 
5% fines; 6% ceme~t 

Table 25. Summary of Fatigu Test Results For Sand and Sand-Stone Blend 
Cement Stabilized. Specimens 

Comp. Applied Tensue<2> Bending Modulus (psi) (2) 

Str. Density Load Rep. to Strain Strain) De~;ect1~n 
(osi) (ocf) Ubs . ) Failure (x lo- 4 in/in} (x 103 X 103 

315 122 . 2 198 179,433 1.59 692 126 

122 . 1 172 857,010 1.14 765 -
336 so 2.44 - -

375 112.3 230 4 3 . 44 468 42 

117.5 148 816,657 0.69 1 ,195 915 
245 1,757 - - -

395 (3) 129.8 200 25,800 l. 72 646 54 

131.1 226 440,367 1.05 1,195 85 

130.5 272 162,414 1.58 956 153 

335 122 . 7 119 1,900,000 0.97 656 160 
240 20 

122 . 2 131 0 . 69 1,060 236 
300 

117.5 175 435 1.5 648 -

235 115 . 8 144 166 1. 65 486 -
116 .1 121 151 1. 25 537 -

137.2 139 187,000 0 . 75 817 99 

135.4 245 1,100 1.58 861 44 
360 1 - - -

630 124.6 178 582,182 0.92 1,080 -
515 2 2.65 - -

127 . 6 230 2,720 0 . 96 1,335 -

1. All tests were performed on rubber subgrade having a modulus of subgrade reaction of 284 pci. 

2. Bending moduli values determined at 1,000 load repetitions. 

Comments 

No failure; load to 336 lbs. 

Low Density 

No failure; load to 245 lbs . 

No failure 

No failure; load to 240 lbs. 

No failure; load to 300 lbs. 

Low Density 

Low Density 
Low Density 

ltigb Density 

No Failure 
Failure at 360 lbs. static 

No failure; load to 515 lbs. 

J. The seven day unconfined compressive strength for 6 percent cement was 695 psi; the compressive strength for a 5 percent cement content 
was not determined. 
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fatigue than the asphalt concrete base mixes prepared using all crushed 
stone . The 50/SO blend of Finley Pit sand and crushed stone exhibited 
the best fatigue performance. This mix had a cement content of 5 percent 
and an estimated 7-day unconfined compressive strength of approximately 
500 psi (3,450 kN/m2). The 50/50 blend of crushed stone and Altamaha 
sand having a cement content of 6 percent had an unconfined compressive 
strength of 630 psi (4,300 kN/m2). Although this material exhibited 
reasonably good fatigue properties, it did not perform as well as the 
S0/50 blend using Finley Pit sand and a cement content of 5 percent. The 
trend of better performance for Finely Pit sand than for Altamaha River 
sand was generally true for fatigue tests on the sand-cement specimens 
as well as the fatigue and rutting tests on the sand-asphalt specimens. 
Since the unconfined compressive strengths of these two blends were rea­
sonably similar, fatigue resistance was apparently not a function of 
just the unconfined compressive strength of the mix . 

The APF, PPS, APF and PALT mixes had unconfined compressive strengths 
in the range of 315 to 375 psi (2170 to 2585 kN/m2J and did surprisingly 
well when compared with the standard asphalt concrete base mixes. In 
all cases, the fatigue life of these sand-cement mixes exceeded that of 
the asphalt concrete base mixes. The Altamaha River sand mix, which 
had 5 percent crushed stone fines and 6 percent cement content, had the 
worst fatigue performance of all sand-cement mixes tested,and the fatigue 
resistance was less than that of the sand-asphalt mixes. This blend 
had a 7-day unconfined compressive strength of 235 psi (1620 kN/m2) which 
was considered low. Low unconfined compressive strength resulted partially 
because the specimens were compacted to an average of only 94 percent 
of the standard Proctor maximum dry density. An analysis of other test 
data indicated that fatigue life of the sand-cement mixes tested was 
greatly reduced when density was significantly less than 100 percent of 
the standard Proctor value. The water content of low compressive 
strength mixes was found to have an important influence on compressive 
strength as shown in Fig. 55. Seven-day unconfined compressive strength 
was approximately doubled for two of the low-compressive strength mixes 
investigated when water content was reduced from 9 to S percent . 

Laboratory test results indicated that sand-cement mixes having 
field 7-day unconfined compressive strengths of 300 psi (2070 kN/m2) 
or greater should have sufficient fatigue resistance. Of great practi­
cal significance was the finding that both density and water content 
had a significant effect on fatigue resistance. In selecting an appro­
priate theoretical design cement content, variations in cement content 
that occur during mixing and placing and detrimental effects of weather­
ing must also be considered. The laboratory fatigue test results pre­
sented in this section, of course, did not consider the important ef­
fects of shrinkage cracking upon overall pavement performance. 
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CHAPTER 8 

DISCUSSION AND DESIGN RECOMMENDATIONS 

Introduction 

The cost of transporting large quantities of crushed stone to the 
coastal plain areas of Georgia is presently quite expensive. In the 
future, substitution of local sands for all or part of the presently 
used crushed stone designs will probably become an economic necessity. 
Also, as the cost of petroleum products continues to rise, structural 
sections will have to be employed that minimize the use of expensive 
stabilizing agents. Finally, construction practices will have to be 
modified to meet strict environmental requirements. The time for innova­
tion in pavement design now has come. The development of new structural 
pavement designs must be done on a sound basis by integrating the re­
sults of formal test sections, laboratory tests, and carefully performed 
inspections of existing pavements. The recommendations for design of 
sand-asphalt, sand-stone blend asphalt, and sand-cement bases given in 
this section are based on discussions with numerous engineers; field 
observations in Georgia, Florida, South Carolina and Maryland; and fatigue 
and rutting tests performed as a part of this investigation. 

Present Sand-Asphalt Design and Construction Practices 

Florida Department of Transportation 

The Florida Department of Transportation has used sand-asphalt bases 
extensively throughout Florida and has used sand- stone asphalt blends to 
a much lesser extent. Some natural sands were also used in the surface 
(15 to 20 percent) and binder courses. A 500 lb. (2 kN) 50 blow Mar­
shall stability mix was generally used for sand-asphalt bases, although 
in some areas, such as West Palm Beach, mixes were used with stabilities 
as low as 100 to 200 lbs. (0 . 45 to 0.9 kN). The air voids in sand­
asphalt mixes were limited to 12 percent. For sand-asphalt bases, two 
sands and/or crushed stone screenings were frequently blended to meet 
stability and gradation requirements. When possible, a well-graded 
sand was used having angular grains. The rounded blow sands found in 
the Lake Wales area were typically blended with 50 percent screenings. 
Specifications allowed up to 12 percent fines, but experience has shown 
that usually 6 to 7 percent fines or more was required to meet stability 
requirements. Up to 7 percent clay si ze material can be used for a 
sand-asphalt base, although former standar d specifications allowed only 
4 percent clay. 

In sand-asphalt bases, Florida t ypically used 6 1/2 to 7 1/2 percent 
of an AC-20 viscosity grade asphalt cement having a viscosity at 140°F 
(60°C) between 1600 and 2400 poises. As indicated by field experience, 
however, asphalt cements with viscosities in the range of 2000 to 2400 
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poises at 140°F (60°C) had fewer problems during laying than asphalt 
cements with lower viscosities, Silicone, which has been found effective 
in keeping the mix from tearing during laying and for use with adsorptive 
aggregates, was added at the rate of 1.5 ppm to the asphalt cement. The 
addition of more than 2 ppm silicone was found to cause problems with the 
mix. The Maryland and Georgia Departments of Transportation also added 
silicone to sand-asphalt mixes, although South Carolina has not followed 
this procedure. 

Sand-asphalts, mixed at approximately 250°F (12l°C), were laid at 
close to that temperature since the heat loss from the mix was generally 
relatively small during hauling and placing. The Florida Department of 
Transportation placed sand-asphalt mixes at about 92 or 93 percent of the 
50 blow Marshall maximum density. Experience has shown that even this 
density was attained with relative difficulty in the field. Also, the 
use of a sand-asphalt lift thickness greater than 3 in. (75 mm) was found 
to result in rolling of the layer during compaction. During construction, 
if the sand-asphalt hung under the screed of the paving machine, the 
stability of the mix had to be reduced by adjusting the cold gate at the 
plant, changing the blend, or increasing the asphalt content of the mix. 
Louisiana used 2 percent mineral filler in all mixes to increase the 
stability and decrease the air voids . Florida is presently considering 
requiring 1 1/2 to 2 percent crushed stone screeings. 

Pavements in Florida having sand-asphalt bases were found to show 
good performance (Fig. 56) with surfacing rutting usually less than 0.5 
in. (12 mm). A cross-slope of 2 percent was used in Florida and no 
problems of ponding of water were reported. The surface cracking that 
developed was typically longitudinal. Because of the favorable climate 
and good subgrade conditions found throughout most of the state (usually 
a CBR of 15 to 25), relatively light structural sections were used 
in Florida. For pavements that endured high volumes of traffic, a 3 to 
5 in. (75 to 130 mm) thick asphalt concrete surfacing mix was placed over 
approximately 10 in. (250 mm) of sand-asphalt base. A 12 i n. (300 mm) 
prepared subgrade was placed below the base. For low volume roads, a 
1 . 5 in. (40 mm) thick sand-asphalt surfacing was placed over 6 to 8 in. 
(150 to 200 mm) of unstabilized limerock base. An intermediate section 
consisted of 1 . 5 in . (40 mm) of asphalt concrete surfacing placed over 
a 4 in . (100 mm) sand-asphalt base. For shoulders on interstate pave­
ments, a similar section was used with the sand-asphalt base being 5 in. 
(130 mm) rather than 4 in. (100 mm). In areas of concentrated traffic 
that required relatively high stability, such as in metropolitan areas, 
a sand-asphalt base that had a stability of 750 lbs. (3.3 kN) was some­
times specified. Usually, however, a sand-stone blend asphalt concrete 
mix was used to meet higher stability requirements. This type mix has 
presently been used on 6 or 8 jobs. Sand-stone blend asphalt concrete 
mixes can be placed in lifts up to 5 to 6 in. (130 to 150 mm) in thick­
ness, and can have up to 25 percent sand. 

The Marianna test sections inspected were in excellent condition 
after 1.2 million equivalent 18 kip axle loadings, and had an average 
PSI of 3.91 . Only minor longitudinal cracking was observed locally in 
some sections (Fig. 56) . The section used consisted of a 3 in. (75 mm) 
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thick asphalt concrete surface and binder overlaying a sand-asphalt base 
4 to 8 in. (100 to 200 mm) in thickness. The test sections rested on an 
excellent sand subgrade. Rut depths (Fig. 57) in the sections were typi­
cally 0.25 to 0.3 in. (6 to 8 rnm) at time of the field inspection with 
maximum observed rut depths of 0,5 in. (12 mm). The sand-asphalt base 
was constructed using an excellent local sand having a small amount of 
clay . The Marshall stability of the sand asphalt base mix on the average 
varied from 566 to 675 lbs . (2.5 to 3.0 kN). 

The performance of sand-asphalt and limerock bases was compared at 
the Lake Wales Test Road. The sand-asphalt and limerock base sections 
both had a 1 1/2 in. (40 mm) and 3 in. (75 mm) asphalt concrete surfacing 
and a 3 to 10 in . (75 to 250 mm) thick base. After approximately 1.75 
mi llion equivalent 18 kip axle loads, the sections having limerock 
bases all were in good condition, although some longitudinal cracking 
was observed in the thinner sections (Fig. 58). The sand-asphalt base 
sections that had a 3 in. (75 mm) surfacing and 8 in. (200 mm) base were 
not cracked (Fig. 59), whereas the sections having a 1.5 in~ (40 mm) 
surfacing were cracked. Moderate transverse cracking was observed in the 
sand-asphalt sections having 4 to 6 in. (100 to 150 mm) bases for both 
1.5 in . (40 mm) and 3 . 0 in. (75 mm) asphalt concrete surfaces. 

In the Lake Wales Test Road, after 1.75 million 18 kip axle loadings, 
the limerock base sections performed better than those constructed wi t h 
sand-asphalt . Perhaps one factor that partially accounted for performance 
difference was the fact that the natural sand used in the sand-asphalt 
was a local blow sand known to be inferior to the more angular sands 
found in the northern part of the state. To improve the characteristics 
of the mix~ therefore, these sands were blended with equal amounts of 
crushed stone screenings. The resulting mean Marshall stability of the 
mixes used in each section varied from 340 to 528 lbs. (1 . 5 to 2 . 3 kN) . 

Georgia Department of Transportation 

The Georgia Department of Transportation has used sand-asphalt 
for surfacing, leveling, and base courses since about 1974 . Therefore, 
extensive histories of the performance of sand-asphalt construction have 
not been developed. In the 4th District, sand-asphalt was used most often 
for leveling and thin overlay surfacing work. Sand-asphalt surfacing and 
leveling mixes are now generally used for the levels of traffic summarized 
in Table 26. Sand can be used in asphalt concrete surface, binder, and 
base mixes as long as the standard specifications are satisfied including 
gradation and stability requirements. The amount of local sand that can 
be used is limited in only the surface E mix to 30 percent. 

Recently Georgia has been using an asphalt content of 5.5 to 7 per­
cent in sand-asphalt mixes. In the Albany and Bainbridge areas, screen­
ings were generally blended with the sand and an asphalt content of 7 to 
7 . 5 percent was usually required. Type 1 Sand-Asphalt (SA-l) required 
a minimum 50 blow Marshall stability of 350 lb . (1.55 kN) while Type 2 
Sand-Asphalt (SA-2) required a minimum stability of 700 lbs. (3.1 kN) . 
Both sand-asphalt mixes required a maxi mum air voids content of 15 per­
cent, a flow of 5 to 15, a 24-hour immersion compression retention of 70 
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FIGURE 56. MARIANNA SECTIONS AFTER 
1. 2 x 106 EQUIV. LOADINGS -
3 IN. SURF. AND 4 IN. LOW 
STABILITY SAND-ASPHALT 
BASE 

FIGURE 58. LIGHT LONG. CRACKING IN 
LAKE WALES LIMEROCK BASE 
SECTION - 1.5 IN. AC SURF. 
AND 4 IN. BASE AFTER 
1. 7 5 x 106 EQUIV. LOADING 

FIGURE 57. 0.25 IN. RUT IN LOW STABILITY 
MARIANNA SECT. - 3 IN. AC 
OVER 4 IN. S.A. BASE 

FIGURE 59. LONG. CRACKING IN LAKE 
WALES SAND-ASPHALT BAS~ 
SECTION AFTER 1. 7 5 x 10 
EQUIV. LOADS - 3 IN. AC 
SURFACE AND 6 IN. BASE 



Table 26 . Practice Presently Usually Followed by the Georgia 
Department of Transportation for the Use of 
Surfacing and Leveling/Patching Sand- Asphalt Mixes 

Vehicles Truck 
Per 
Day 

0 - 499 

0 - 499 

500 - 999 

500 - 999 

1000- 1999 

2000 

Traffic 
(Percent) 

< 7 

> 7 

< 7 

> 7 

any 

any 

Allowable 
Mixes 

(1) 
SA-l for surface and 
leveling/patching 

(2) 
SA-2 for surface and 
patching 

SA-2 for surface and 
leveling/patching 

Sand asphalt surface not 
permissible; use G or H 
mix for leveling and 
patching 

Sand asphalt not 
permissible; Use G or 
H mix for leveling and 
patching 

Use H, F, E, modified 
B or D mix. 
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NOTES: 

1. Sand-Asphalt Mix SA-l: 5.5 to 7.0% A.C., 5 to 16 flow, 50 Blow Marshall 
Stability of 350 lbs. 

2. Sand-Asphalt Mix SA-2: 5.5 to 7.5% A. C., 5 to 16 flow, 50 Blow Marshall 
Stability of 700 lbs . 
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percent, and 95 percent unstripped aggregate. The sand equivalent 
required was 25, although if blending was performed, the sand equivalent 
of the natural sand could have been as low as 20. Some problems with 
clay balling were reported with sands that had sand equivalents in the 
vicinity of 20 to 22 when a drum mixer was used. In conventional asphalt 
plants, the clay balls were screened out and have not caused any problems. 
Gradation specifications for the sand required that 100 percent pass the 
No. SO sieve and between 2 and 20 percent pass the No. 200 sieve. 

Experience in Georgia has shown that a dirty sand with approximately 
4 to 7 percent clay was probably best,provided the clay broke down and 
did not form balls during mixing. Silicone was added to the sand-asphalt 
mix 1which reduced the problem of tearing during placement . 

Sand-asphalt base courses .were placed in 2 in. (50 mm) maximum-lift 
thicknesses with a total thickness of usually 6 in. (150 rom). Leveling 
courses were placed in 1 in . (2S rom) lift thicknesses with a maximum 
total thickness of 2 in , (SO rom). The sand-asphalt mix was generally 
laid at 280 to 300°F (140 to 150°C), although mixes were sometimes placed 
at temperatures as low as 240°F (ll6°C). Some problems with obtaining a 
good bond of the sand-asphalt was experienced. As a result, specifica­
tions now require either an SS-1 or AC tack coat, although the AC tack 
coat is preferred by some engineers. 

At the present time, the in-place costs of sand-asphalt leveling, 
resurfacing, and base course mixes are on the average $0 .80, $0 .78, and 
$0 . 86 per square yard per inch of mix; average prices for corresponding 
asphalt concrete mixes are $0.91, $0.89, and $0 .83/yd2/in. of mix . These 
figures are for average project sizes of about 2,000 tons for the level­
ing and base course mixes and 4,000 tons for the surface mixes. It is 
surprising that bid sand-asphalt prices in Georgia are only slightly less 
than asphalt concrete for the resurfacing and leveling mixes and more 
expensive for the base course mix. These high bid prices are not con­
sistent with those reported by other states and with the actual material 
costs. As more experience with sand-asphalt mixes is gained by local 
contractors, the bid prices of this type mix should significantly de­
crease. 

When alternate bids for sand-asphalt and soil cement bases have been 
obtained for the same project, soil cement generally has been found to be 
less expensive which is in agreement with the findings in Maryland. A 
7-day unconfined compressive strength of 300 to 350 psi (2100 to 2400 
kN/m2) has been specified generally. The Moultrie By-Pass used a 6 in. 
(150 rom) sand-cement base that had a 5 percent cement content. In addi­
tion, a number of streets have used 6 in. (150 mm) sand-cement bases 
underlying typically a 1.5 in . (38 mm) E mix surface course. A single 
surface treatment layer has been frequently placed over the sand-cement 
base to obtain good bond between the base and surface course. 

Maryland Department of Transportation 

The Maryland Department of Transportation typically has placed 5 to 
7 in. (130 to 180 mm) of asphalt concrete over a 6 in . (50 rom) sand-asphalt 
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base. Sand-asphalt bases have not been used usually on either interstate 
or secondary road construction. Specifications allowed the use of either 
a natural sand, screenings, or sand-aggregate blends. The only gradation 
requirement was that not more than 12 percent pass the No . 200 sieve. 
Also, the sand-asphalt base mixes were required to have a 50 blow Marshall 
stability of not less than 250 1bs. (1.1 kN) with flows less than 16. The 
sand-asphalt base was placed at a density of 95 percent of the SO blow 
Marshall value . An asphalt content of typically 4.2 to 4.8 percent was 
used in sand-asphalt mixes by the Maryland Department of Transportation. 
Good performance has been found from this type construction (Fig. 60). 
In some adsorptive sands, crushed stone screenings have been blended 
with the sand. A cross-slope of 1.6 percent was used in Maryland . Pre­
sently, the approximate in-place cost of sand-asphalt bases is about 
$0.85/sq ,yd./in . compared to $0.59/sq.yd./in. for soil cement (not in­
cluding a curing c£mpound which is always used) and $0.51/sq.yd./in . 
for crushed stone. 

To overcome problems experienced with separation between 3 in. (75 
mm) layers, Maryland began to use either one 6 in. (150 mm) layer or an 
increased asphalt content by approximately 1/2 percent [70]. The sand­
asphalt was mixed at a temperature of about 300°F (149°C) and rolling 
began at about 260° to 270°F (77° to 132°C). The mix was compacted using 
a roller speed of about 1.5 to 2.0 mph (0.9 to 1.2 km/hr.) in low gear. 
A 6 in. (150 mm) deep lift construction was found to be superior to 
placing the mix in a 3 in. (75 mm) deep lift in regard to higher densities 
and better heat retention characteristics. Although the roughness of 
3 in. and 6 in. (75 and 150 mm) bases was about the same (170 to 200 
in./0 . 1 mile), the 6 in. (150 mm) sand-asphalt base apparently resulted 
in more grade control problems than the thinner sections. In the 3 in. 
(75 mm) lift 94 to 96 percent of the SO blow Marshall density was ob­
tained, while in the 6 in. (150 mm) lift, densities were about 97 to 100 
percent. Of interest is the fact that the compaction energy required to 
obtain these densities in the 3 in. and 6 in. (75 and 150 mm) lifts was 
approximately the same. 

The following rolling pattern was developed to give the best com­
paction qualities of the sand-asphalt base mix studied [70] based on 
observed rutting and displacement of the surface: 

1. An initial stabilizing pass consisting of one pass with a 10 ton 
(88 kN), unballasted Buffalo Springfield steel wheel roller. 
Lift densities were increased from 80 to 87 percent of the 50 
blow Marshall value in the 3 in. (75 mm) lift, and from 72 to 
87 percent in the 6 in. (150 mm) lift. 

1These figures are based on average 1975 bid prices which have been 
increased by 17 percent to reflect 1977 price levels. The price given for 
crushed stone is for short to moderate haul distances and would be low 
for projects located a long distance from a quarry. 



{a) Dover Road, Baltimore - 6.5 in. 
AC Surf. and 5 in . S.A. Base, 
Heavy Truck Traffic 

(b) Moderate Long. Cracking in M-100 
After 7 yrs. - S.A . Base Under 
7 in. AC 

FIGURE 60. MARYLAND SAND-ASPHALT BASE PAVEMENTS WITH 4 to 4.5 
PERCENT ASPHALT 

(a) General View: 8 in. AC Overlying 
8 in . · S.A. Base 

{b) Rut Depth of 0.4 in. 

FIGURE 61. I-20 EAST OF COLUMBIA, S.C. AFTER 1.2x 106 EQUIV. 
LOADS: SAND-ASPHALT BASE WITH APPROX. 4.5% 
ASPHALT, NO CRACKING 
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2. Two passes with an unballasted, pneumatic seven-wheel Bros SP 
6000 pneumatic roller having a 40 psi (275 kN/m2) tire pressure 
(dry). 

3. One smoothing pass of a 10-ton wheel roller. 

4 . Two passes with the unballasted pneumatic tired roller at 75 
psi (50@ kN/m2) immediately followed by a second 10-ton (88 kN) 
steel wheel roller to finish the surface. 

Soil cement construction has not been used very extensively in Mary­
land since some problems with reflection cracking have been encountered 
with this type construction. In-place mixing has been used in the most 
recent soil cement jobs. A 7-day unconfined compressive strength of 450 
psi (3,000 kN/m2) has been required. Typically, a cement content of ap­
proximately 7 percent by weight has been used. Generally, a 6 in. (150 
mm) base course has been constructed and a curing surface treatment placed 
over it. 

On the eastern shore of Maryland, an unstabilized mixture of sand 
and slag has been used sometimes for base course construction. Approxi­
mately 30 to 40 percent slag with 100 percent that passed the 1 in. (25.4 
mm) sieve and 3 to 5 percent that passed the No. 4 sieve was blended with 
sand in a plant mix operation. This sand-aggregate blend was compacted 
to 100 percent of AASHTO T-180 density. Usually 7 lbs. (30 N) of calcium 
chloride was added at the pugmill to the top coarse of the sand-aggregate. 
The addition of calcium chloride was commonly practiced in Maryland for 
sand-aggregate and dense graded stone bases. A field study [16] has 
shown that these unstabilized sand-aggregate bases performed exceptionally 
well (Fig. 8). 

Sand-asphalt base mixes have been frequently used for subdivision 
streets, parking lots, and other private work in Maryland. Usually a 
1 . 5 in. (40 mm) asphalt concrete surfacing was placed over a 5 in . (130 
mm) sand-asphalt base. Very loose gradation requirements were used with 
this material. A dirty sand was used to keep the required quantity of 
asphalt cement down. Typically, 4 percent asphalt-cement was used in 
the mix. The plant was run on the cold side at 250 to 275°F (120 to 
135°C), and a mixing time was used of 30 to 35 sec. After mixing, the 
aggregate sometimes appeared brown and not well coated with asphalt. 
Although this mix was indeed dry, coating of the aggregate has been found 
to occur during the rolling operation. This low asphalt content sand­
asphalt was compacted immediately after placement using a rubber-tired 
roller followed about 200 ft. (60 m) by a steel wheel roller. Six in. 
(150 mm) of this type sand-asphalt base mix was assumed locally to be 
equivalent to 4 in. (100 mm) of 1.5 in. (40 mm) maximum size crushed 
stone black base. 

South Carolina Department of Highways and Public Transportation 

The South Carolina Department of Highways used sand-asphalt exten­
sively for bases in the Coastal Plain, but sand-cement is not presently 
used in this area. An AC-20 viscosity grade asphalt cement usually was 
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used in sand-asphalt mixes with asphalt contents varying from 4 . 2 to 4.8 
percent . Substitution of local sands for the finer portions of surfacing 
and binder mixes has also been permitted in South Carolina. For sand­
asphalt base mixes, essentially the only gradation specification required 
that the sand have less than 12 percent fines, as determined by washing, 
with up to 6 percent clay as determined by the elutration test. Although 
a 300 lb. (1.3 kN) Marshall stability mix has been used for most work, 
a stability of 500 lbs. (2.2 kN) has been used on some primary and inter­
state construction. In some instances, sand-asphalt mixes were used and 
consisted entirely of crushed stone screenings that had a sand equivalent 
greater than 35. The sand-asphalt was mixed at temperatures from 250 to 
325°F (121 to 163°C) with a maximum reduction in temperature of 20°F 
(ll°C) at the time of rolling. No specification requirements were placed 
on either density or rolling procedures. South Carolina has experienced 
rutting problems in some sections with reported rut depths in the worst 
case of 1 to 1.5 in. (25 to 40 mm) on several roadways that used sand­
asphalt bases. Undoubtedly these rutting problems were caused partially 
by the lack of field density control and perhaps by the use of low sta­
bility sand-asphalt bases up to 10 in. (250 mm) in thickness. 

On interstate work, a structural section has been used consisting 
of a 2 in. (SO mm) asphalt concrete surfacing, 4 in, (100 mm) asphalt 
concrete binder, and 6 in. (150 mm) sand-asphalt base. Previously, 
thicker sections were used that typically consisted of 3 in. (75 mm) of 
asphalt concrete surfacing, 5 in. (130 mm) of asphalt concrete binder and 
8 in. (200 mm) of sand-asphalt base. Only A-4 soils or better have 
been used in the top 18 in. (460 mm) of the subgrade for interstate work. 
On primary roadways, a section often used at the present time consists 
of a 1 1/2 to 2 1/2 in. (40 to 60 mm) asphalt concrete surfacing, 2 1/2 
in. (60 mm) asphalt concrete binder, and a 6 in. (150 mm) sand- asphalt 
base. Sand-asphalt seldom has been used for new construction on lightly 
traveled roads in South Carolina. Sand-asphalt has been used as a thin 
surface overlay on existing secondary roads with the overlay thickness 
typically varying from 0.75 to 0.8 in. (19 to 20 mm). Many pavements 
constructed with sand-asphalt bases have performed satisfactorily, such 
as I-20 (Fig. 61). One section on I-20 was observed to be in excellent 
condition after 1.2 million equivalent 18 kip axle loads (one direction). 
Cracking was not observed in this or similar sections although rut depths 
measured with a 4ft. (1.2 m) straightedge were typically 0.25 to 0.4 
in. (6 to 10 mm). This section consisted of 8 in. (200 mm) of asphalt 
concrete overlaying an 8 in. (200 mm) sand-asphalt base. No problems 
with ponding of water were reported on I-20 which had a cross-slope of 
1.67 percent. 

Typical average costs of bituminous construction reported in the 
coastal plain area of South Carolina were as follows: Sand-asphalt: 
$0.55/sq.yd./in.; Crushed stone base: $0.41/sq.yd./in.; and Black Base: 
$0.80/sq.yd./in. These prices were the in-place cost of the material 
and did not include the cost of the asphalt cement which usually varied 
from 4.2 to 4.8 percent. 
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General Considerations for Sand-Asphalt Base Construction 

Fatigue Performance 

The relative beneficial effect of increasing the asphalt content and 
decreasing the void content on the typical sand-asphalt and sand-stone 
mixes studied in the lab is shown in Figs. 62 and 63, respectively. 
Increasing the asphalt content from 5 to 6 percent can double the fatigue 
life, while going from 6 to 7 percent can increase the fatigue life by 
a factor of approximately five . Approximately the same beneficial ef­
fect of increase in asphalt content on relative fatigue life has been ob ­
served for mixes with both high and low Marshall stabilities. Increasing 
the asphalt content can significantly increase the fatigue resistance of 
a sand-asphalt base mix and can be achieved relatively easily and con­
trolled in the field. 

As shown in Fig. 63, laboratory studies that decreased the void con­
t ent a small amount resulted in very important increases in fatigue life. 
For example, a decrease from 16 to 12 percent air voids would potentially 
double the life of a mix if other factors remained the same. The labor­
atory test results shown in Figs. 62 and 63 indicated that to maximize 
the fatigue life of a sand-asphalt or sand-stone blend, a mix should 
be developed that has a low air void content and the highest practical 
asphalt content that would not result in excessive rutting of the pave­
ment. The test results also suggest that for a given asphalt and air 
void content, mixes with higher Marshall stabilities probably have poten­
tially greater fatigue lives . The test results suggested this to be true 
in both the stability range from 1000 to 2000 lbs. (4.4 to 8.9 kN) which 
corresponded to low air void contents and for stabilities from 460 to 
600 lbs . (2 to 2.7 kN) which corresponded to high air void contents. The 
observed general trend of increased fatigue life for a given air void con­
tent for mixes with higher Marshall stabilities was based on the analysis 
of fatigue test results for a limited number of mixes. Additional tests 
need to be performed to verify that the observed trend is valid for a wide 
range of mixes . The general relationship observed between fatigue life 
and Marshall stability disregarding the effect of air void content is 
shown in Fig. 64 for an asphalt content of 6 1/2 percent. The test re­
sults indicated a definite relationship between increased fatigue life 
and increased Marshall stability. Variables that had the primary effect 
on fatigue life, however, appeared to be asphalt content and air voids 
with Marshall stability playing a secondary role. 

The fatigue performance of sand-asphalt mixes can be evaluated using 
the beam fatigue test described in Chapter 6. In general, however, the 
fatigue life of a mix can be adequately controlled primarily by limiting 
the air voids, using a reasonably high percent of asphalt in the mix, and 
controlling the Marshall stability. In special instances where aggregates 
may be weak or fracture readily (such as shells), beam fatigue tests 
should be used to evaluate the fatigue resistance of the mix. As 
a simpler alternative_ method for evaluating such mixes, an unsupported 
static flexure test could be performed on the suspect mix and the results 
compared with mixes having known performance records, 
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With time, sand-asphalt mixes constructed with high initial air void 
contents will undergo compaction due to traffic. A method for evaluating 
the beneficial effect of the application of heavy truck traffic and com­
paction of asphalt concrete has been developed by Barksdale [6]. Follow­
ing this approach, assume that the combined effects of traffic compaction 
and aging of a typical sand-asphalt base mix can be approximated by an ef­
fective transition period of four years [6,54]. Now consider two similar 
sand-asphalt mixes that originally were compacted to 14 and 16 percent 
voids. Due to traffic compaction, assume these mixes will eventually 
reach a limiting equilibrium void content of 12 percent. The correspond­
ing fatigue life curves for the two mixes constructed using the graphical 
approach developed by Barksdale (6] which approximately considers the 
effects of traffic and weathering are shown in Fig. 65.. The sand-asphalt 
mix with 14 percent air voids has a fatigue life ratio of 1.4. The fa­
tigue life ratio for the mix with 14 percent voids is defined as the 
ratio of the laboratory fatigue life of a mix with 12 percent voids (the 
assumed limiting air void content) to that of .a mix with 14 percent voids. 
The fatigue life ratio of the mix with 16 percent voids is defined similar­
ly and is 2.4. The fatigue life lines shown in Fig. 65 shows the remain­
ing fatigue life for each mix in terms of number of remaining wheel load 
repetitions as a .function of time. 

Considering only the laboratory fatigue test results and not the 
effects of traffic compaction, a sand-asphalt mix ~ompacted to 14 percent 
voids would have a theoretical fatigue life of approximately 7 years com­
pared to 4 years if the mix initially had 16 percent voids. The field 
fatigue life of these same two typical sand-asphalt mixes having 14 and 
16 percent voids, using the graphical procedure, would be approximately 
8.7 and 6 .8 years, respectively. These fatigue lives should be compared 
to a maximum limiting fatigue life of 10 years for a mix originally com­
pacted to the limiting 12 percent air void content that should ultimately 
be reached by the other mixes due to traffic compaction. The detrimental 
effects of an initial high air void content in the mix, therefore, are 
not nearly as great as indicated by the laboratory fatigue test results, 
which do not consider the significant beneficial effect of heavy traffic . 
on fatigue life. Nevertheless, a 2 percent decrease in initial air voids 
content can increase the fatigue life of the mix by as much as 25 per­
cent even when the traffic compaction effects are considered. 

The important beneficial effect of traffic compaction on mixes hav­
ing initially high air void contents partially explains the reasonably 
good performance of sand-asphalt bases constructed with very little field 
control on sand-asphalt density which is practiced by the South Carolina 
Department of Highways. South Carolina typically has used 4 to 8 in. 
(100 to 200 mm) of asphalt concrete above the sand-asphalt base which 
also would help to account for the reasonably good performance observed. 
Any sand-asphalt mix constructed at a high air void content would show 
greater rutting and less fatigue life than the same mix compacted to a 
higher density and hence lower air void content. Considering these 
factors, therefore, sand-asphalt mixes should be designed and initially 
compacted to as low an air void content as practical (high density). 
When a high density is not achieved in the field, however, the mix still 
will exhibit a reasonably large fatigue life due to the important bene­
ficial effects of heavy traffic. 
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Rutting Performance 

To exhibit good fatigue life, a sand-asphalt mix should have a rela­
tively high asphalt content. As the asphalt content increases, however, 
the resulting rutting in the mix also increases. Field experience 
shows that rutting in sand-asphalt mixes containing up to 7 percent 
asphalt content generally does not cause problems. Therefore, if reason­
able caution is exercised during design and construction with respect 
to rutting as discussed in this chapter, rutting should not be a serious 
problem. 

Important variables affecting rutting in sand-asphalt and sand-stone 
blends are asphalt content, Marshall stability (or air void content), and 
the characteristics of the aggregate. Presently, the specific basic 
characteristics of the mix affecting rutting are only partially defined. 
Undoubtedly, the aggregate top size and gradation, angularity, and amount 
and type of fines combine to influence the frictional resistance of the 
mineral skeleton and hence the susceptibility of the mix to rutting . In 
a sand-stone blend, the percent stone appears to be reflected in increased 
stability with increased stone content. 

An increase in asphalt content from 5.5 to 6.5 percent should increase 
the tendency to rut by 40 to 70 percent, Changing from a conventional 
crushed stone black base mix to a pure sand-asphalt mix .at the same as­
phalt content should increase rutting in the base by about SO to 100 per­
cent or more. The amount of rutting in a mix can be significantly reduced 
and the fatigue life increased if a sand-stone blend is used, as illus­
trated in Figs. SO, 51, and 52. Sand-stone blends should optimize the 
use of locally available materials while minimizing the poorer fatigue and 
rutting characteristics of sand-asphalt mixes . Blends that contain 15 to 
SO percent sand should retain most of the desirable characteristics of a 
crushed stone mix and should utilize a significant quantity of local ma­
terials while reducing the overall cost of the mix. Previous studies in­
dicated that Marshall stability and air voids in the mix were found to be 
related to rutting. For similar sand-stone mixes (i.e., mixes that use 
the same materials in different proportions), the relationship between 
rutting and Marshall stability and air voids was relatively well defined. 
Since a reasonably well defined relationship was found between Marshall 
stability and air void content (Fig. 48), either one of these variables 
could be used as a preliminary guide for limiting rutting. 

Marais [24] found that the ratio of Marshall stability to flow was 
a more reliable indicator of the rutting characteristics of mixes than 
Marshall stability alone. Because of the relatively small changes of 
flow with asphalt content in the tests performed in this investigation, 
the stability to flow ratio was not found to be as good an indicator of 
rutting as Marshall stability (or air voids) when considered with the 
asphalt content. Other mixes, however, might show a better correlation 
between rutting and the stability to flow ratio. 

The theoretical method proposed in Chapter 3 for estimating rutting 
in pavements that contain sand-asphalt and sand-stone blends should be 
used when a reasonably reliable estimate of rut depth is required. A 
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treliminary estimate of the susceptibility of a base mix to rutting can 
e obta1ned from the generalized design relationship given in Fig. 66. 

This relationship uses the test results and the theoretical procedure 
summarized by equation (15). Rut depth in the figure is given as either 
a function of asphalt content and SO blow Marshall stability of the mix 
or as a function of asphalt content and air void content. The rut depth 
in the base is given for a pavement section having a 3.5 in. (90 mm) thick 
asphalt concrete surfacing and a 7 i n. (180 mm) thick sand-asphalt or 
sand-stone blend base (AI = 3,0), The pavement is assumed to rest on a 
fair subgrade (E = 4,000 psi) and the rut depths given are for approxi­
mately 1,200,000 equivalent, 18 kip single axle loads. The total rut 
depth of the section is obtained by adding the rut depth in the sand­
asphalt base obtained from the figure to that which occurs in the surfac­
ing. Estimates of rut depth in the 3.5 in. (90 mrn) surfacing for from 
4,5 to 6.5 percent asphalt content mixes are shown on the figure. As a 
simplification, for small variations in surface course thickness, the 
rut depth is assumed to be independent of base thickness. 

The scatter in data upon which the chart was prepared was reasonably 
large, so the rut depths obtained from the figure should be considered 
as only rough, preliminary estimates. An indication of the accuracy can 
be obtained by estimating the rutting using both the measured Marshall 
stability and the a~r voids content. The proposed preliminary design 
chart overpredicts the rut depths observed at the Marianna Test Road 
(0.41 in. calculated compared with 0 .30 in.) and at the Lake Wales Test 
Road (0.51 in . compared with a measured value of 0.47 in.). 

Allowable Rut Depth 

The allowable rut depth which a pavement can undergo is controlled 
by both safety and structural considerat ions . If a sufficient amount 
of water ponds in a rut, hydroplaning or loss of skid resistance will 
occur. The amount of rutting that occurs before ponding depends upon 
the cross-slope of the pavement and upon the transverse wi dth of the rut. 
On a rolled asphalt construction in England, Lister and Addis [58] found 
rut depths greater than approximately 0.5 in. (13 mm) resulted in the 
ponding of water on pavement that had a 2.5 percent cross-slope . Lister 
and Addis also found that the optimum time for overlaying a rolled as­
phalt pavement corresponded to a rut depth of approximately 0.4 in. (10 
mm) measured with a 6 ft. (1.8 m) straightedge. The 0.4 in. (10 mm) rut 
depth is the limiting value of rutting before loss of structural strength 
starts to occur. In the United Kingdom, a rut depth of 0.75 in. (19 mm) 
is generally defined as pavement failure. 

The PSI value of sections at the AASHO Road Test were found by 
Lister and Addis [53] to be inversely proportional to rut depth (Fig . 67). 
This relationship, together with estimated rut depths, can be used to in­
directly estimate the corresponding PSI value of pavements having sand­
asphalt and sand-stone blend bases. Consider, for example, the average 
conditions at the Marianna Test Road. For all sections, the average 
rut depth in 1972 after 8 years was 0.27 in. (7 mm), and the average 
PSI value was 3.91. From Fig. 66, the PSI value corresponding to a rut 
depth of 0.27 in . (7 mm) measured with a 6 ft. straightedge (1 . 8 m) would 
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be 3 . 65 compared with the observed value of 3.91 g~v~ng a predicted PSI 
value slightly on the safe side. At the Lake Wales test road, 
the average rut depth in the sand-asphalt base sections was 0.43 in. (11 
mm). The ~or.responding PSI value obtained from the relationship devel­
oped by Lister and Addis was 3.2. The above two examples suggest that 
the chart relating PSI and rut depth developed by Lister and Addis may be 
conservative for pavements with sand-asphalt bases . 

The field inspections made during this investigation showed that the 
rutting in sand-asphalt base pavements developed was relatively wide which 
possibly accounted for the higher than expected PSI rating. To take into 
consideration the width of the rut, Verstraeten et al. [65] developed rut 
criteria for use in Belgium based on the transverse-slope of the rut. 
For four-lane interstate and primary type highways, they recommended that 
the rut slope o/6o should not exceed 0.02, and for two-lane primary and 
secondary highways the rut slope should not exceed 0.03. The rut slope 
o/6o is defined as the maximum rut depth divided by the half width of the 
associated rut. For a 6ft. (1.8 m) wide rut, the width usually used to 
measure rut depth, the maximum allowable depth would be 0 . 72 in . (18 mm) 
for interstate anJ primary type pavements and 1 in. (25 mm) . for secondary 
roadways. 

For highways in Switzerland, Huschek (66) proposed a 4 mm limiting 
water film on the surface . To satisfy this criteria, Huschek indicated 
that the rut depth must be less than 0.7 in. (18 . mm) for a 2.5 percent 
cross-slope, which agreed with the rut depth criteria proposed by Ver­
straeten et al . [65]. Huschek concluded that a limiting rut depth of 
0.7 in. (18 mm) corresponded to a PSI value of about 3.1, a somewhat 
higher value than that measured at the AASHO Road Test. 

In the United States, the average rut depth has been found in a 
nationwide survey to be approximately 0.18 in. (6 mm) on primary and 
interstate highways using conventional asphalt concrete construction. 
Therefore, in the past, rutting has not been a nationwide problem, and 
in some areas, rut depths greater than 0.25 in. (6 mm) have been con­
sidered to be excessive. In Europe, however rutting has been the pri­
mary distress mode for many years . Of significance is the fact that 
allowable rut depth criteria were developed i~ Europe based on safety 
considerations and varied from 0.5 to 1 in. (12 to 25 mm). From the 
work of Lister and Addis [58] and from a structural viewpoint, a rut 
depth of 0.4 in. (10 mm) is the optimum time to overlay a rolled as­
phalt pavement that has rutting as the failure mechanism. In general, 
rolled asphalt pavements would be more flexible than conventional as­
phalt concrete mixes used in the United States. The hypothesis can be 
made, therefore, that for conventional pavements, the optimum rut depth 
for overlaying should be somewhat less than for rolled asphalt pave­
ments. For mixes using asphalt contents greater than about 6 percent, 
the overlay criteria proposed by Lister and Addis is probably reason­
ably valid. 

In the future, use of sand-asphalt mixes will require that more 
realistic rut depth criteria be applied to pavement design. For the 
present time, an allowable average design rut depth of 0.4 in. (10 mm) 
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is recommended for primary and interstate pavements and 0,6 in . (15 mm) 
for secondary roads constructed using high asphalt contents and/or sand­
asphalt mixes . If necessary, an allowable rut depth of 0.5 in . (13 mm) 
could be used for primary and interstate highways and 0,75 in. (19 mm) 
for secondary roads. Rut depths up to 0.59 in. (15 mm) were measured 
at the Marianna Test Road. Rut depths of 0.5 in. (13 mm) or slightly 
higher also were measured at the Palllj Beach, Lake Wales, and Crestview 
Test Roads in Florida [61]. No problems due to this level of rutting 
were reported. The rut depth profile developed in pavements with sand­
asphalt bases extended laterally over a relatively large width so that 
the rut slope was reasonably small and not easily noticed . 

Structural Thickness Design 

At the present time, the required structural section can be most 
readily determined us ing the AASHTO Interim Guide (18]. Of course, 
other more mechanistic design methods based on the fundamental fatigue 
and rutting modes of distress could be used. When sand-asphalt, sand­
stone blends and/or high asphalt content courses are to be used in im­
portant projects, rutting can be limited to a tolerable level using the 
method developed in Chapter 3 for calculating rut depths. A preliminary 
estimation of the level of rutting can be obtained by using Fig. 66 . 

Based on past experience (Fig. 67), a pavement having a rut depth 
of 0 . 7 in. (18 mm) will have a PSI of approximately 2. 5, while one with 
a rut depth of 0 . 5 in . (12 mm) will have a PSI value in the vicinity of 
3.0 . Therefore, from a practical vie~point, the structural design of 
pavements having sand-asphalt bases snould be based on a PSI of not 
less than 2.5 . For pavements using thick sand-asphalt layers and/or 
sand-saphalts that may undergo excessive rutting, justification can be 
given for using a PSI design value of 3.0. 

Following the AASHTO Interim Guide design approach, the required 
weighted structural number, SN, can be obtained from the nomograph given 
in Fig . 68 . The design nomograph given is for a PSI value of 2. 5 which 
should give satisfactory design for most type construction and materials. 
Use of this nomograph to obtain the weighted structural number, SN, 
requires knowledge of the soil support value, S, which indicates the 
load-carrying characteristics of the subgrade. Figure 69 can be used as 
a general guide in estimating the soil support value. A conservative 
value of the laboratory test results should be used in estimating the 
soil support value. An analysis of the results of a field performance 
study in Maryland and also past experience indicated that the soil sup­
port value based on the CBR value is often too high. Therefore, caution 
should be exercised in selecting a conservative soil support value. The 
soil support values given in Table 27, which are based on the AASHTO 
soil classification, can be used as a general guide in establishing upper 
limiting soil support values. The equivalent number of 18 kip single 
axle loadings, also required in the AASHTO design procedure, can be 
estimated using Table 28. Finally, the regional factor, R must be esti­
mated (Fig. 70). The regional factor attempts to account for the vari­
ations in climatic factors including freeze -thaw, rainfall, and other 
environmental effects. 
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A pavement section(s) must then be selected having at least the 
required weighted structural number obtained from Fig. 68. The weighted 
structural number of a section is estimated from the following expres­
sion: 

where: = 

= 

Structural coefficients for the surface, 
base and subbase, respectively 

Actual thickness of the surface, base and 
subbase courses, respectively (in inches) 

(20) 

Recommended structural coefficients for the surface and base courses are 
given in Table 29 for construction utilizing sand-asphalt and sand-
cement pavement sections. The actual value of the structural coefficients 
can vary greatly depending upon the quality of materials used, level of 
stabilization, construction specifications and the quality control pro­
gram followed during construction. Therefore, careful consideration 
should be given to the above factors in selecting appropriate structural 
coefficients for design. To account for variation in materials, dif­
ferent classes of construction are given for each of the surface and 
base course materials . In general, the higher class of construction 
should be used where practical to optimize the life of the pavement 
by taking advantage of the dramatic increase in fatigue life and dura­
bility of materials stabilized with slightly higher levels of asphalt 
and Portland cement [17J. 

A comparison of the predicted and observed performance (as reflected 
by the PI value which is defined in Chapter 2) of pavement sections 
in Maryland indicates that use of the soil support value (S) obtained 
from the AASHO Interim Guide [18] procedure using the measured CBR 
value of the subgrade generally gives a predicted pavement life con­
siderably greater than that measured. Therefore, limiting soil support 
values were developed based on the AASHTO subgrade classification of 
the subgrade (Table 27) . In estimating the life of the pavement using 
the AASHTO Interim Guide procedure, it is recommended that the smaller 
soil support value obtained from Table 27 or from test results be used. 
This procedure for selecting soil support values gives better agreement 
between measured and observed performance although even then predicted 
performance is generally better than that observed. At the present 
time, the Georgia Department of Transportation usually uses a soil 
support value of 2. 0 in the Piedmont Province and 4.5 to 5.0 in the 
Coastal Plain . The corresponding regional factors used are 1.8 for 
the Atlanta area of the Piedmont and 1 .4 in the Coastal Plain . 

Sand-Cement Base Construction 

The use of sand-cement in pavement construction in coastal plain 
areas should be given more attention . Sand-cement bases 6 in. or 8 in. 
(150 or 200 mm) in thickness overlaid by a triple surface treatment 
offers a very cost-effective type construction for lightly trafficked 
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FIGURE 70. REGIONAL FACTORS FOR USE IN AASHO INTERIM 
GUIDE DESIGN METHOD (AFTER Van Til et. al., NCHRP 
Report 128) 



Table 27 . Limiting Soil Support Values Based on 
AASHTO Soil Classification 

Classification Description Upper Soil 
Support Value 

A-la 
Largely gravel but can 6.5 include sand and fines 

A-lb 
Gravelly sand or graded 

6 
sand; may include fines 

A-2-4 Sands, gravels with low 5 plasticity silt fines 

2-2-4 Micaceous silty sands 2.5 - 3.0 

A-2-5 
Sands, gravels with 4 plastic silt fines 

A-2-6 Sands, gravels with 4.0 5.0 -
clay fines 

Sands, gravels with 
A-2-7 highly plastic clay 4.0 

fines 

A-3 Fine sands 4.5 

A-4 
Low compressibility 

4.0 
silts 

High compressibility 

A-5 silts, micaceous silts 2.5 3.5 -and micaceous sandy 
silts 

A-6 Low to medium compress-
3.5 4 .5 ibility clays -

High compressibility 

A-7 clays, silty clays and 
3-4 high volume change 

clays 

155 
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Table 28. Total Daily Traffic Loadings -
Both Directions(!) 

Classification 

Light 

Medium 

Heavy 

Total Traffic( 2) 

100 - 2,000 

2,000 - 20,000()) 

> 30,000 

1. Thickness Design~ The Asphalt Institute, MS-1, August, 
1970, p . 12 . 

2 . Approximate Heavy Truck Traffic usage is as follows: 

City Streets (local): 5- 15% 
Urban Highways 

Primary : 5- 15% 
Interstate: 5- 10% 
Local Rural Roads: 15% or less 

3. More than two lanes is required for traffic volumes 
greater than 2,000 to 6,000 vehicles per day . 



1. 

2. 

3. 

Structural 
Layer 

Surface and Binder 
Course (Weighted Avg.) 

Asphalt Concrete 

Sand Asphalt 

Base Course 

Crushed Stone 
(Untreated) 

Asphalt Concrete 

Sand Asphalt 

Sand Cement 

(2) 
Inverted Structural 
Section- Experimental 

Table 29. Recommended AASHTO Interim Guide Structural Coefficient s 
for Thickness Des ign 

Class 
Structural General Requirements 
Coefficient 

1 0.48 > 6.0% ACi 2-4% Air Voids; > 1500 lb . Marshall Stabilit/1) 
2 0 .44 > 4 .8% AC; 2-6% Air Voids; > 1200 lb. Marshall Stability 
3 0 .35 < 4 .4% AC; 2-8% Air Voids; > 700 lb . Marshall Stability 

1 0.35 > 5 .8% AC; <14% Air Voids; > 550 lb . Marshall Stabilit/1) 
2 0 . 27 < 4.8% AC; < 18% Air Voids ; > 400 lb . Marshall Stability 

1 0.14 Well graded; 1-1/2 in. or greater top size; 3-8% fines; 
100% T-180 compaction 

1 0.34 > 5 . 8% AC; 2-4% Air Voids; > 1200 lb . Marshall Stability (l) 
2 0.28 < 4 . 8% AC; < 8% Air Vo ids ; > 1200 lb . Marshall Stability 

1 0 . 25 > 5.8% AC; 14% Air Voids; > 600 lb. Ma-t" shall Stability(!) 
2 0 . 17 < 4 .5% AC; 18% Air Voids; > 350 lb . Marshall Stability 

1 0.24 > 600 psi, 7 day Compressive Strength 
2 0 .18 > 400 psi , 7 day Compressive Strength 

Unstabilized Sand Base 0.10 to 0. 12 Clean,medium to coarse sand with less than 4 to 8 percent 
fines Unstabilized sand -

c rushed stone blend 
0 . 16 

NOTES: 1. Given Marshall Stabilities are for a 50 blow Mix Design 
2 . Structural section consisting of unstabilized clean sand or crushed stone placed between a sand-cement base and 

asphalt concrete surface course. Use structural coeffic ients for sand-cement base and asphalt 
concrete surface course given above . 
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roads. Inverted construction consisting of a cement stabilized subbase 
underlying an unstabilized crushed stone base also deserves further 
consideration for moderate to heavily trafficked roadways. This type 
construction has been successfully used in New Mexico and Virginia and 
makes optimum use of material properties while at the same time reduces 
or delays reflection cracking. In light to moderately trafficked road­
ways, a well compacted, unstabilized sand could be used as the base 
material for the inverted construction provided techniques could be 
developed for paving over the sand base. Appropriate design methods for 
selecting the required cement content for sand-cement construction has 
been given elsewhere [35,67]. 

The fatigue tests performed as a part of this study indicate that 
an unconfined compressive strength of 300 psi (2070 kN/m2) gives fatigue 
strengths equal to or greater than asphalt concrete black bases. Be­
cause of the high rainfall occurring in the southeast, sand-cement bases 
are subjected to severe conditions of wetting and drying. Also, signifi­
cant variations in cement content occur because of practical problems 
with mixing the sand and cement. Therefore, a minimum design unconfined 
compressive strength of, where practical, at least 400 psi (2760 kN/m2) 
should be used to insure a minimum amount of deterioration of the base 
with time. One of the most important factors in the design of cement 
stabilized bases is the use of a sufficient amount of cement . 

Soluble Salt Content 

Blight et al. (69] have found that soluble salt contents greater 
than 2 percent can cause deterioration of an asphalt concrete pavement. 
Also, even for lower salt contents, the surfacing may be rapidly abraded 
away, although the primary effect of rapid abrasion is to increase skid 
resistance. Excessive concentrations of salts can also affect the 
performance of Portland cement concrete. The Portland Cement Association 
(69] recommends that when the sum of dissolved carbonates and bicarbonates 
of sodium and potassium salts in mixing water exceeds 0 .1 percent (1,000 
ppm) and for 400 ppm of salts of manganese, tin, zinc, copper, lead tests 
for salting time and 28-day strength should be made. 

Since the sands obtained from the Altamaha and Ogeechee Rivers were 
taken from areas of tidal fluctuations, the dissolved salt content of 
a small sample of sand was tested from the mouth of the Altamaha (boring 
A-4) and Ogeechee Rivers (boring B-12), and also from boring A-9 along 
the Altamaha River. The soluble salt contents obtained from these tests 
are given in Table 31. The very small salt contents found in these 
sands should not cause any deterioration problems in sand-asphalt, sand­
cement, or Portland cement concrete. 

Use of River Sands As Concrete Sand and For Beach Replenishment 

The average gradation of the sands sampled in the Ogeechee and Alta­
maha Riversfallswithin the allowable gradation limits specified for 
concrete sand by ASTM C-33 except for the No. 30 sieve. In the vicinity 
of the No. 30 sieve, the sands are slightly finer than allowed by ASTM, 
and hence some sieving would be required. Although washing may be 
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Tabl e 30 . Selected Structural Coef ficients Used by Various 
Transpor ta t ion Or ganizations in the AASHO Interim 
Guide Des ign Met hod 

St r uctur al Coefficient 
Pavement Component 

Fla . Ga . Md . 

Surface and Binder Course (al ) 
(5) (1) 

Asphalt Concr ete 0 . 2-0 . 4 0 . 44 0 . 44 
Bituminous Surfacing - - -

Base Course (a2) 
(4) 

Asphalt Concrete 0 . 21 - 0 . 30 0 . 30 0 . 28 
Sand-Asphalt 0 .12 0 . 28 
Soil Cement 0 . 22 0.20 0 . 28 
Graded Aggregate 0 .18(2) 0.14 
Cement Stabilized Grad ed 0 . 22 0 . 22 

Aggregate 
Sand Aggrega t e - - 0 . 14 
Sand-Clay CBR > 49 0 . 12 - -
Limerock CBR > 80 0 . 15 - -
Limerock Stabilized 0 . 12 CBR > 56 - -

Base 

Subbase (a3) 

Graded Aggregate 0.14 -
Topsoil or Sand- Clay 0.10 -
Gravel or Screenings - - 0.07 
Soil Aggregate - - -
Cement Stabilized Earth - - -
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S.C. 

0.44 
0.35 

0 . 34 
0. 20- 0 . 25 

0.20 
0 .12- o. 20 

0.34 

-
-
-
-

-
-
-

0 . 08- 0 . 12 
0 . 15 

1. Georgia uses a coefficient of 0.44 for sur face and binder to a depth of 4 . 5 in . 
(110 mm) . 

2 . When compacted to 100% of T- 180 density. 

3 . Subbase coefficients are used in Georgia below a depth of 12 in. (300 mm). 

4 . The Florida DOT uses t he fo l l owing structur al coefficients for different base 
mixes: (1) Type I, 500 lb . Marshall stability, a2 = 0 . 21; (2) Type II, 750 lb. 
Harshall stabili t y, a2 "' 0 . 25; (3) Type III, 1,000 lb. Marshall stability, 
a 2 = 0 . 30 . 

5 . The Florida DOT uses the following structur al coefficients for different surface 
mixes: Type Sl, 1,000 lb. Marshall stability, a1 = 0.40; Type S2, 1,000 lb . 
Marshall stability , a2 = 0 . 20 ; and Type 53, 750 lb . Marshall stability, a1 = 0.30. 
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Table 31. Soluble Salt Contents of Selected 
Sands From tpe Altamaha and 
Ogeechee Rivers 

Composition of Water Extract 
mg/eg./100 grams soil 

Soluble Salt 

Calcium (Ca) 

Magnesium (Mg) 

Sodium (Na) 

Potassium (K) 

Carbonate (CO) 

Bicarbonate (C03) 

Chloride (Cl) 

Sulfate (S04) 

Phosphate (P04) 

Nitrate (N) 

Sample Locations : 

Sample A: 
Sample B: 
Sample C: 

A B 

0 . 84 0.02 

1. 20 0.08 

2.39 0.01 

0.01 0.01 

0 0 

0.0 0 . 04 

2 . 85 0 

0.05 0.11 

0.005 0 . 002 

< 0 . 01 < 0. 01 

A-4 Near Mouth of Altamaha River 
B-9 Middle Section of Ogeechee River 
B-12 Near Mouth of Ogeechee River 

c 

0 . 08 

0.12 

0.04 

0 . 01 

0 

0.04 

0 

0.21 

0 . 002 

< 0.01 
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required to remove some of the organics, the Altamaha and Ogeechee 
River sands offer a good source of concrete sands. Also, because of 
the fine to medium gradation and lack of fines, these sands offer a 
reasonably good sand source for beach replenishment although a coarser 
sand would perform better. 

General Discussion 

Sand-asphalt and sand-stone blend asphalt concrete can be successfully 
used as base courses, surfacings, and leveling courses. Also, use of 
gap-graded surface mixes with the finer portion consisting of local 
sands should be given more consideration. Gap-graded surface mixes have 
been found to be fatigue resistant and have been used successfully for 
a number of years in -both the United Kingdom and South Africa (Chapter 
2, p. 32). A reasonably comprehensive discussion of the present use of 
sand and sand-asphalt by selected transportation organizations was given 
in the previous section of this chapter. At the present time, two dif­
ferent approaches are followed in the design of sand-asphalt base mixes. 
Florida designs a sand-asphalt mix having typically 6 1/2 to 7 1/2 
percent asphalt content and a 50-blow Marshall stability greater than 
500 lbs. (2.2 kN) and often greater than 700 lbs. (3.1 k ) . This type 
sand-asphalt base mix is usually placed beneath asphalt concrete sur­
facings typically 3 in. (75 mm) in thickness and used for moderate to 
heavy traffic loading conditions. On the other hand, Maryland and South 
Carolina use a mix having typically 4 to 5 percent asphalt content. This 
type mix is generally placed beneath 5 to 6 in. (125 to 150 rnm) of 
asphalt concrete and used under moderate to heavy traffic loading condi­
tions. 

Sand-asphalt has been used in the construction of pavements in 
Georgia since only about 1974. Georgia has followed a mix design prac­
tice followed by Florida on the one hand and South Carolina and Maryland 
on the other. For most type materials, the asphalt content tends to be 
somewhat less than that used by Florida, but greater than South Carolina 
and Maryland. Generally the asphalt-cement content used is between 5.5 
and 6.5 percent with 5.5 percent and 6.5 to 7 percent being common for 
certain type materials. Sand-asphalt bases, when used, have been gener­
ally placed under 6 in. (150 mm) or more of asphalt concrete. Extensive 
use has recently been made of sand-asphalt for leveling and resurfacing 
in both Georgia and South Carolina . The design criteria presently being 
used by Georgia is summarized in Table 25. Although extensive field 
performance using this criteria has not been gained, the design criteria 
are generally consistent with the findings of this study, 

An increase in fatigue resistance and decrease in rutting potential 
is directly related to an increase in SO blow Marshall stability and 
inversely related to air voids content of the mix. The fatigue tests 
performed as a portion of this investigation indicate that the laboratory 
fatigue resistance of a sand-asphalt mix can be increased by a factor of 
approximately four by increasing the asphalt content from 4 1/2 to 5 l/2 
or 6 percent. Likewise an increase in Marshall stability from 350 lbs. 
(1.5 kN) to 700 lbs _ (3.1 kN) should increase the fatigue life by a 
factor on the order of three. Based on both the observed field 
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performance of pavements with sand-asphalt bases and also the laboratory 
fatigue tests, the recommendation is made that for at least moderate 
to heavy traffic conditions and asphalt concrete surfacings 3 to 4 in. 
(75 to 100 mm) in thickness, the higher quality sand-asphalt base con­
struction should be used having Marshall stabilities in the ~ange of 600 
to 700 lbs. (2.2 to 3 .1 kN). 

For thicker asphalt concrete surface courses or light traffic condi­
tions, lower stability and/or asphalt content mixes can be successfully 
used. For this type mix and construction, the sand-asphalt base very 
likely functions more like a subbase and has considerably lower strengths 
(and hence lower base course coefficients) than the higher quality sand­
asphalt mixes. For either type mix, to maximize fatigue life the sta­
bility of the mix should be made as great as practical and the air voids 
in the mix should be minimized. Typical guide specifications are given 
in Appendix C for the construction of sand-asphalt bases. 

The use of sand-stone blend asphalt concrete base course mixes 
offers an excellent way on some projects to reduce the overall cost of 
the mix while at the same time obtaining a high quality asphalt concrete 
base. Sand-stone blend mixes can be used having up to 40 or 50 percent 
sand. These mixes can be designed to have good fatigue properties and 
reasonably low asphalt contents in the range of 4 l/2 to 5 1/2 percent . 
At the same time, such mixes should experience on the order of 25 per­
cent less rutting than a pure sand-asphalt . Use of this type mix tends 
to optimi ze the fatigue and rutting characteristics while at the same 
time large asphalt contents are not required. These mixes are also 
suitable for use under heavy traffic including stop and go traffic flow 
conditions. Sand-stone blend mixes will probably be used more in the 
future. 

Sand-asphalt mixes can also be successfully used for surface 
courses on lightly trafficked roadways and also for leveling courses and 
overlays. One excellent way to reduce the cost of asphalt concrete 
surface mixes is to permit the replacement with sand of the finer por­
tion of a conventional crushed stone surface mix. Florida allows the 
use of up to 25 percent sand in such mixes. Finally, gap-graded sur­
face mixes such as those used in South Africa and the United Kingdom 
should be tried in the United States. These mixes have been found to 
exhibit excellent fatigue properties and were discussed in Chapter 2 . 

In the past, considerable discussion has arisen concerning what 
constitutes a suitable sand for use in sand-asphalt mixes. In general, 
the sand equivalent has been found in this study and others (23,24] ·not 
to be a very good indicator of the quality of a sand for use in sand 
asphalt. As a result, sands having sand equivalents as low as 15 can 
be successfully used in sand asphalt mixes. Clay balling in some mate­
rials may become a problem when the sand equivalent is less than 22 to 
24 when these materials are used in a drum dryer. Likewise sands with 
sand equivalent values greater than approximately 70 are too coarse 
and require the addition of fines. Generally, the fines content should 
be approximately equal to or greater than the asphalt content of a mix 
[22]. Experience and the laboratory tests performed in this study 
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indicate that some relatively small amount of clay is actually desirable 
in a sand-asphalt mix . The desirable amount of clay as determined by 
the elutration test would appear at this time to be in the vicinity of 
4 to 6 percent with 7 percent being an upper limit. For these reasons, 
the sand equivalent test is not a very valid indicator of potential 
performance, and sands should only be rejected if the sand equivalent 
is less than 20 and for some materials as low as 15. Of course, the 
sand should be angular and well-graded. The specific criteria developed 
for gap-graded mixes by Freeme [23] previously given in Chapter 2, p. 37, 
can also be used as a general guide for sand-asphalt mixes. 

Quite good performance has been obtained from unstabilized sand­
slag blend bases in Maryland (Chapter 2, p. 19), Unstabilized sand­
crushed stone or sand-slag blend bases could be effectively used on 
light to moderately trafficked roadways as the cost of transportation 
and stabilizing agents continue to rise. This type of unstabilized 
mix could also be used over a sand-cement subbase to give an inverted 
type construction. Finally, as discussed in the last section, more use 
should be made of sand-cement base construetion in areas where surface 
shrinkage reflection cracks are not aesthetically objectionable. Methods 
for minimizing reflection cracking in sand-cement bases have been de­
scribed in Chapter 2, 



CHAPTER 9 

CONCLUSIONS 

Approximately five and one-half tons of sand were obtained from 39 
locations on the Ogeechee and Altamaha Rivers for testing. The sand 
samples were obtained using a specially designed air-water uplift system 
mounted on a barge. Sand samples were also obtained from a local sand 
pit. The Altamaha and Ogeechee River materials sampled were generally 
a clean, uniform subrounded to subangular, fine to medium sand. The 
Altamaha River sand typically had one percent passing the No. 200 sieve, 
while the Ogeechee River sand had 0.5 percent passing. The sand equiv­
alent values of the Ogeechee River sands were generally between 80 and 
100, while those for the Altamaha River sands were somewhat lower vary­
ing from 60 to 100. Trace to moderate amounts of organics usually con­
sisting of fibrous material were found in many of the sand samples. 

The Ogeechee and Atlamaha River sands were found to be suitable 
for beach replenishment because of the relatively clean nature of the 
sand. The fine to medium gradation of these sands should not result in 
serious erosion problems. The average gradat ion of the Ogeechee and 
Altamaha River sands sampled fell within the allowable gradation limits 
specified for concrete sand by the American Society for Testing Materi­
als (ASTM C-33), except for the No.30 sieve size which was slightly 
finer than that allowed. In some instances, the sampled sands were 
sieved or washed to remove the organics for use as concrete sand. The 
very low soluble salt content found in three selected sand samples 
should not cause deterioration problems in sand-asphalt, sand-cement 
or Portland cement concrete mixes. 

An extensive series of fatigue and rutting tests was performed 
to evaluate the use of the river and pit sands in both sand-asphalt and 
sand-cement base course construction. The fatigue tests used consisted 
of placing a 3 in. by 3 in. by 20 in. long beam specimen on an elastic 
subgrade having a modulus of subgrade reaction of 215 pci (5,915 gm/cc) . 
The test was performed at a temperature of 80°F (27°C) by subjecting the 
beam to a constant repetitive load until fatigue failure occurred. The 
rutting tests used for the sand-asphalt and sand-stone blend mixes 
consisted of performing a repeated load triaxial test on cylindrical 
specimens of sand-asphalt base course material. 

Sand-Asphalt Bases 

Fatigue and rutting tests were performed on a wide range of sand­
asphalt mixes having varying asphalt contents and varying blends of 
sand and crushed stone. Specific conclusions based on field inspections 
made in Florida, Georgia, Maryland and South Carolina and also the 
laboratory fatigue and rutting test results are summarized as follows: 
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1. Sand-asphalt and sand-stone blend asphalt mixes can be suc­
cessfully used as base courses, surfacings, and as leveling 
courses. 

2. Rutting in pavements constructed using a sand-asphalt base is 
typically between 0.3 and 0.6 in. (8 to 15 mm). The rut depths 
observed in pavements having sand-asphalt bases is typically 
on the order of twice the rutting found in pavements using 
conventional asphalt concrete construction. As a result, more 
consideration must be given to rutt i ng in the mix design of 
sand-asphalt bases compared with conventional mixes. A study 
of the literature and field observations indicates that an 
allowable rut depth is approximately 0.4 to 0.5 in. (10 to 13 
mm) on primary and interstate pavements and 0,6 in . (15 mm) on 
secondary roadways, An approximate rut depth of 0.4 in. (10 
mm) has been found to be the limiting value of rutting before 
loss of structural strength starts to occur in a pavement 
structure. 

3. A practical method for predicting rutting was developed in 
Chapter 3 which considers the appropriate stress state in the 
pavement using the Z-function approach. Use of this method 
requires performing one repeated load triaxial test or pre­
ferably two tests and averaging the results on a sand-asphalt 
mix. 

4 . The repeated load test is performed at the mean temperature at 
which rutting occurs in the pavement structure. A confining 
pressure, a of 5 psi (34 kN/m2) is used together with a re­
peated axiai deviator stress, a - o3, of 25 psi (170 kN/m2). 
The test results obtained for t~e standard test conditions are 
then modified using hyperbolic correction functions for the 
stress level and number of repetitions to which the base will 
be subjected under in-service loading conditions. 

5, Important variables affecting rutting in sand-asphalt and 
sand-stone blends are asphalt content, Marshall stability (or 
air void content which was related to Marshall stability), and 
the characteristics of the aggregate. The characteristics of 
the finer part of the sand-asphalt mix apparently play a very 
important part in the mix performance, although the gradation 
and top size also effect performance. 

6. Fatigue characteristics of the mix can generally be controlled 
by limiting the void content to 12 to 14 percent, using asphalt 
contents greater than approximately S 1/2 to 6 percent and de­
signing a mix having a Marshall stability as high as practical. 
Secondary variables having the most influence on fatigue per­
formance were found to be angularity and gradation of the sand 
used in the mix. 
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7, The laboratory fatigue resistance of the sand-asphalt mix tested 
was increased by a factor of approximately 4 by changing the 
asphalt content from 4 1/2 to 5 1/2 or 6 percent. Likewise, 
an increase in Marshall stability from 350 lbs. (1.5 kN) to 700 
lbs. (3.1 kN) resulted in an increase in fatigue life by a 
factor of approximately three. 

8. Decreasing the air voids from 16 to 12 percent approximately 
doubles the fatigue life based on the laboratory test results. 
However, because of the beneficial effect of traffic on the 
higher void mixes discussed in Chapter 8, the actual difference 
in performance in the field would be less than indicated by the 
laboratory fatigue test results. Traffic compaction effects at 
least partially explain the reasonably good performance of 
sand-asphalt bases constructed with relatively high initial air 
void contents. Nevertheless, considering all factors, sand­
asphalt mixes generally should be designed and initially com­
pacted to as low an air void content as practical. 

9. The use of sand-stone blend asphalt concrete base course mixes 
offers an excellent way on some projects to reduce the overall 
cost of the mix, while obtaining a high quality asphalt concrete 
base at the same time. Sand-stone blend mixes can be used hav­
ing up to 40 or 50 percent sand. These mixes can be designed 
to have good fatigue properties, and reasonably low asphalt con­
tents in the range of 4 1/2 to 5 1/2 percent. Sand-stone blend 
mixes should experience on the order of 25 percent less rutting 
than a pure sand-asphalt. 

10. Sand equivalent is not a good indicator of the quality of the 
sand for use in sand-asphalt. As a result, sands having sand 
equivalents as low as 15 can be successfully used in sand­
asphalt mixes. In general, the fines content in a mix should 
be approximately equal to or greater than the asphalt content 
of the mix. A small amount of clay on the order of 4 to 6 
percent is actually desirable in a sand-asphalt mix. 

11. When a drum dryer is used, clay balling may become a problem. 
Since screening cannot be used to remove the clay balls, a 
limiting sand equivalent on the order of 25 may be required 
when a drum dryer is used. If a conventional asphalt plant 
is used, clay balls can be removed by screening. 

Sand-Cement Construction 

More use should probably be made in the Coastal Plain area of 
Georgia of sand-cement construction in areas where surface shrinkage 
reflection cracks are not aesthetically objectionable. If a sufficient 
level of cement stabilization is used, the reflection cracks do not 
seriously damage the structural integrity of the pavement. Sand-cement 
bases 6 to 8 in. (ISO to 200 mm) in thickness overlaid by a triple sur­
face treatment offers a very cost-effective construction for lightly 
trafficked roadways. The laboratory fatigue tests indicate that an 
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unconfined compressive strength of 300 psi (2,070 kN/m2) gives 
st rengths equal to or greater than asphalt concrete black bases. Be­
cause of t~e high rainfall in the southeast, sand-cement bases are 
subj ected to severe conditions of wetting and drying. Also, significant 
vari at i ons in cement content occur because of practical problems with 
mixi ng t he sand and cement together. Therefore, a minimum design un­
confined compressive strength,where practical, of at least 400 psi 
(2 , 760 kN/m2) should be used to ensure a minimum amount of deterioration 
of the base with time . 

Additional conclusions are as follows: 

1 . The cost of a sand-cement base has generally been found to be 
cheaper than either that of sand-asphalt or asphalt concrete 
base construction . 

2. Some reflection cracking will occur on the surface when a cement 
stabilized base is used. The amount of reflection cracking 
appearing on the surface can be minimized by: (a) using a 
granular base material having a minimum clay content, (b) com­
pacting the base to a high density at or slightly below optimum 
water content, (c) using the highest penetration asphalt cement 
in the surfacing that will satisfy stability requirements, and 
(d) waiting until initial shrinkage cracking has occurred in 
the base before placing the surfacing. 

3 . Double and triple surface treatments compared with asphalt 
concrete surfacings were found by Nordling to result in the de­
velopment of fewer reflection shrinkage cracks on the surface 
of light to moderately trafficked pavements. An effective 
technique that can be used is to initially apply a double sur­
face treatment and then after one to two years, place ~n addi­
tional surface treatment to help cover the shrinkage. 

4 . Inverted pavement construction consisting of placing an un­
stabilized crushed stone base over a cement stabilized sand 
subbase should be given more consideration for moderate to 
heavily trafficked roadways. This type construction has been 
successfully used in New Mexico and Virginia and makes optimum 
use of material properties while at the same time reduces and/ 
or delays reflection cracking. 

5. Relatively rapid deterioration of some pavements has been 
found to be due to non-uniform blending of the cement during 
mixing and placing, which can result in localized areas having 
insufficient strength. The plant-mixed cement stabilized bases 
have shown consistently better uniformity than bases mixed 
in-place. 

Recommendations 

The following recommendations were developed from the investigation 
of the use of local sands in sand-asphalt and sand-cement base mixes: 
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1 . The SO blow Marshall mix design procedure should be used as a 
basic method for designing sand-asphalt mixes. For moderate 
to heavy traffic conditions and asphalt concrete coverings of 
3 to 4 in. (75 to 100 mm), a Marshall stability should be used 
of 600 lbs, (2.7 kN). Where necessary, mineral filler, fines, 
or crushed stone should be added to the sand to give sufficient 
stability. The sand-asphalt mix should be designed to have an 
air void content in the range of 12 to 14 percent and an as­
phalt content on the order of 5 1/2 to 7 percent. The mix 
should be compacted to at least 95 to 96 percent of the 50 
blow Marshall maximum density. 

2. When an asphalt concrete surfacing thicker than approximately 
6 in. (ISO mm) is used above a sand-asphalt base, a mix can be 
used having a Marshall stability as low as 350 to 400 lbs. (1.6 
to 1.8 kN) and as asphalt content in the range of 4.5 percent. 
For this type construction, the sand-asphalt base probably 
acts more like a subbase, and adds only a relatively small 
amount of strength to the pavement structure. 

3, Under heavy start and stop traffic conditions and/or thin as­
phalt concrete coverings, sand-stone blend asphalt mixes should 
be used which have a stability of at least 1,000 lbs. (4.4 kN). 
This type of mix will have a low air void content and can be 
used with a relatively low percentage of asphalt in the mix. 
Sand-stone blends will also have good fatigue and stability 
properties. This type mix can be placed in lifts up to 6 in. 
(150 mm) thick. 

4. For primary and interstate highways, an allowable rut depth 
of 0.4 in . (10 mm) should be used in design. Rut depths as 
great as 0.6 in. (15 mm) should not cause any serious problems 
from the standpoint of structural performance or safety. The 
rut depth which should occur in the pavement can be estimated 
using the theoretical method developed in Chapter 3. Also, a 
simple design chart is given in Chapter 8 which can be used 
for making preliminary estimates of relative rut depths. 

5. The asphalt content and air voids in a sand-asphalt mix have a 
controlling effect on fatigue performance. To maximize 
fatigue life, the air voids in a base mix should be made as 
small as possible, preferably in the range of 12 to 14 percent. 
The fatigue life of a mix can be very significantly increased 
by small increases in asphalt content. The recommendation, 
therefore, is made that the asphalt content be as high as 
practical and still satisfy rut depth criteria. 

6. More use should be made in pavement construction of sand­
cement bases where reflection cracking is not aesthetically 
objectionable. A sand-cement base should be constructed 
where practical having an unconfined laboratory compressive 
strength at 7 days of at least 400 psi (2,760 kN/m2). 
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7. Con·sideration should be given to using inverted pavement con­
struction where unstabilized crushed stone or sand/gravel 
mixtures are placed above a cement stabilized base. This 
type construction will minimize the use of stabilizing agents 
and also reduce reflection cracking which normally would be 
more prevalent when a conventional sand-cement ·base is used. 



APPENDIX A 

MOISTURE-DENSITY AND STRESS-STRAIN RELATIONSHIPS 

FOR SAND CEMENT BLENDS 
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DESIGN EXAMPLE 

The following design example is presented to illustrate the AASHO 

l11terim Guide M.ethod. The data given in the design problem were taken 

from the Marianna Test Road [16]. 

DESIGN INFORMATION: 

Traffic: 6 1.5 x 10 equivalent 18 kip axle loads 

Subgrade: Compacted A-2-4 sand having a dynamic modulus of 12,000 -
22,000 psi (83,000 to 152,000 kN/rn2); Field CBR value of 
50 to 70. 

Design: (a) A 3 in. (75 mm) asphalt concrete cover will be used 
consisting of a 1 in. (25 mm) asphalt concrete surfacing 
(2000 lb. Marshall Stability, 4.5 percent asphalt con­
tent). 
(b) A sand-asphalt base wherein thickness is to be 
established (670 lb. Marshall Stability, 6.5 percent 
asphalt content). 

STRUCTURAL DESIGN: 

The structural design for the condition given above is as follows: 

1. Soil Support Value: From Fig. 69 for a resilient modulus of 
10,000 to 20,000 psi (70,000 to 140,000 kNjm2) the soil support 
value would be 6 to 8, and for a CBR value of 50 to 70, the 
soil support value would be approximately 7.5 to 8.0. Based 
on Table 27, however, the limiting soil support value for an 
A-2-4 soil is 5.0. Considering the very high modulus and CBR 
values measured for the subgrade; and the fact that the sub­
grade had only 2.9 percent fines passing the number 200 sieve, 
a design soil support value of 5.5 will be used. 

2. Regional Factor: From Fig. 70, the regional factor is 1.0. 

3. Weighted Structural Number: For the above information, a weighted 
structural number of 3.0 is obtained from Fig. 68 (PSI= 2.5). 

4. Structural Coefficients: For the given construction, the 
weighted asphalt content of the surfacing and binder is [l in. 
(5.5) + 2 in. (4.5)/3 = 4.8%). From Table 29,a1 = 0.44. The 
sand-asphalt base has an asphalt content of 6.5 percent and 
stability of 670 lbs. (298 N), therefore, from Table 2~ a2 = 0.25. 

5, Sand-Asphalt Base Thickness: From step 3, the required weighted 
structural number was found to be 3.0,which must equal the right­
hand side of equation 20, giving: 
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(A-1) 

3.0 ~ (0.44) 3 in. + o.zs o2 (A-2) 

Solving equation (A-2) for the required thickness o2 of the sand-asphalt 
base, gives a thickness of 6.7 in. (170 mm). This pavement has been 
subjected to over 1.2 million repetitions and bas a PSI of 3.84. Only 
a surface treatment has been applied since construction in 1964. The 
above-average performance of this section is attributed at least partly 
to (1) the use of a very good sand-asphalt mix, (2) a very excellent 
subgrade, and (3) good quality control during construction as indicated 
by constructed records. 
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Guide Specifications for Sand-Asphalt Base Construction 

The following specifications are given for guidance in developing 
a suitable sand-asphalt mix design and detailed construction specifica­
tions. The specifications given in this section summarize the important 
aspects of sand-asphalt construction, but are not intended to be a com­
plete, detailed set of construction specifications. These specifications 
are based on the results of the field inspections made in Flordia, Georgia, 
Maryland, and South Carolina, the current practices of each state and 
the results of the laboratory fatigue and rutting tests performed on the 
sand-asphalt and sand-stone blend asphalt concrete mixes. These specifi­
cations are felt to reflect reasonably well the current state of the art 
in the design and construction of sand-asphalt bases. 

Asphalt Cement: 

Aggregate: 

Sand: 

AC-20 viscosity grade 1 2,000 to 2,400 poises at 140°C 
300 poises at 275° 

Add silicone to the asphalt cement at the rate of 25 cc 
of silicone to each 5,000 gal, of asphalt cement. 
Blending of the silicone mixture shall be done prior 
to shipment. 

The aggregate shall be composed of local sands, a blend 
of local sand or a local sand and an additive such as 
mineral filler, commercial sand, or crushed stone 
screenings or other approved materials, 

The local sand shall be sharp and non-plastic, shall 
contain not more than seven percent by weight of 
clay, shall be composed of hard, durable grains free 
of loam, roots, and other deleterious substances, and 
shall be suitable for use in a bituminous mix, as 
determined by laboratory tests. 

If the local sand deposit consists of stratified layers 
of varying characteristics and gradation, the Contractor 
shall employ such means as necessary (such as vertical 
excavation) to secure a uniform blend. Should the 
loss of fines during drying operations be such that the 
stability of the mixture is reduced below the minimum 
specified, the Contractor shall add mineral filler or 
other approved material in such quantities as necessary 
to compensate for the loss in stability. Any clay 
present shall be of a type which will not produce clay 

1Asphalt cements with viscosities less than 2,000 poises may tear 
during the rolling operation. If experience with the asphalt cement to 
be used has shown that tearing will not occur during construction, the 
allowable viscosity range can be increased to 1,500 to 2,400 poises at 
140°C. 
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Mineral Filler: 

balls in the mixture that cannot be removed by scalping 
at the plant. 

Mineral filler is not required unless needed to produce 
the specified stability. The mineral filler-aggregate 
blend shall meet the gradation requirements given for 
sand. Mineral filler shall be thoroughly dry and free 
from lumps and shall meet the following gradation: 

Sieve Size 

30 
100 
200 

Minimum 
Percent Passing by 

Dry Weight 

100 
90 
65 

Mix Proportions: The prescribed constituents shall be combined in such 
proportions as to produce a mixture conforming with the 
following composition limits by weight: 

Mineral Aggregate 
Asphalt Cement 

92-96% 
4-8 % 

For highly absorptive aggregate, the upper limit of 
asphalt content can be raised by not more than 2 per­
cent. The mixture shall meet the exact formula set up 
for the project within an allowable job tolerance of 
plus or minus 0.4 percent asphalt content. When com­
bined in the proportions for the job mix formula, the 
sand equivalent shall be greater than 20 as determined 
by the AASHTO Designation T-176. 

The combined aggregate for the sand-asphalt job mix 
shall satisfy the following gradation requirements: 

Sieve Size Total Passing Permissable Variation 
(Square Openings) (% by Weight) (% by Weight of Total Mix) 

3/4 in. 100 
3/8 in. 85 - 100 ± 5.0 
No. 8 60 - 100 ± 12.0 
No. 30 25 - 100 ± 8.0 
No. 200 3 - 15 3.0 

The mixture shall be spread only when the air temper­
ature in the shade away from a heat source is 40°F or 
more and rising, and there is no evidence of a frozen 
base. All aggregates to be blended or proportioned 
shall be placed in separate bins at the cold hopper 
and proportional by means of securely positioned 
calibrated gates or other approved devices. 
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Type 

1 

2 

3 
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Mineral filler, if required, shall be weighed-in sep­
arate from the other aggregates. The asphalt cement 
and the aggregates shall be heated and dried before 
screening to between 260°F and 325°F.l The temperature 
of the mix at the time of placing shall be wtihin 30°F 
of the mixing temperature. 

The sand-asphalt and sand-stone blend asphalt concrete 
mixes shall be designed using the 50 blow Marshall mix 
design method as specified by ASTM D-1559 test proce­
dure. The required Marshall stability and air voids 
for each class of construction is as follows: 

Marshall Required Air 
Stability Field Voids Comments 

(lbs.) Compaction (% total mix) 

1000 96 6 Sand-crushed stone 
blends; high traffic; 
placed beneath tin 
surfacings 

600 96 14 Moderate traffic con-
ditions; placed beneath 
1 1/2 to 3 in. surfacing 

350 95 18 Placed beneath 5 to 8 in. 
asphalt concrete for mod-
erate to high traffic; 
light traffic such as 
subdivisions used beneath 
1.5 in. to 2.5 in. as-
phalt concrete 

Compaction of Sand-Asphalt Mixture 

The sand-asphalt base material shall be compacted in lifts of 3 to 4 
in. (75 to 100 mm); lift thicknesses up to 6 in. (150 mm) can be used if 
the required grade and smoothness is obtained. Sand-stone blend asphalt 
concrete can be compacted in lifts up to 6 in. (150 mm) in thickness. 
Each lift shall be compacted to the density given in the above table 
according to the type mix. 

For each paving train in operation, the contractor shall furnish a 
separate set of rollers with operators. The rolling shall be performed 

1The Asphalt Institute [71] has found that due to lower laying 
temperatures, in some cases it may be necessary to reduce dryer temper­
atures and lower the angle of the dryer to hold material in it for a 
longer period of time. Sometimes parallel dryers are used because of 
reduced temperatures. 
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in the sequence indicated unless otherwise permitted by the Engineer: 

1. At least one unballasted 8 to 12 ton (70 to 110 kN) two-axle 
tandem steel wheel roller shall be used for the initial break­
down rolling operation. 

2. Two self-propelled pneumatic tired rollers equipped with at 
least seven smooth tread pneumatic tires of equal size which 
are capable of exerting average contact pressures varying from 
40 psi (280 kN/m2) (unballasted) to 100 psi (690 kN/m2) with 
ballast. The wheels of the roller shall be spaced so that one 
pass will accomplish one complete coverage equal to the width 
of the roller. There shall be a minimum of 0.25 in. (6 mm) 
overlap of the tracking wheels. The wheels shall oscillate but 
not wobble. The weight of the roller should be adjusted to the 
maximum that can be used without undue rutting of the pavement, 
probably 40 to 60 psi (290 to 410 kN/m2) . 

After the longitudinal joints and edges have been compacted, rolling 
shall start longitudinally at the sides and gradually progress toward the 
center of the pavement. This holds true except on super-elevated curves 
where rolling shall begin on the low side and progress to the high side, 
overlapping on successive trips by at least one-half the width of tandem 
rollers. The rollers shall move at a slow but uniform speed with the 
drive roll or wheel nearest the paver. The speed shall not exceed 2 mph 
(1.2 km/hr) for steel-wheeled rollers or 4 mph (2.4 km/hr) for pneumatic­
tired rollers. The line of rolling shall not be changed suddenly or the 
direction of rolling suddenly reversed. If rolling causes upward dis­
placement of the material, the affected areas shall be loosened at once 
with lutes or shovels and the loose material restored to the original 
grade before being rolled. Heavy equipment or rollers shall not be per­
mitted to stand on the finished surface before it has been compacted and 
has thoroughly cooled. 

When paving in single width, the first lane placed shall be rolled 
in the following order: 

1. Transverse joints 
2. Outside edge 
3. Initial breakdown rolling, beginning on the low side and prog­

ressing toward the high side 
4. Second and final compaction rolling, same procedure as (3) 
5. Finish rolling 

Transverse and longitudinal J01nts shall be carefully constructed and 
thoroughly compacted to provide a smooth riding surface. 

Care shall be exercised in consolidating the course being laid along 
the entire length of the edges. Before it is compacted, the material 
along unsupported edges shall be slightly elevated with a tamping tool 
or lute. This will permit the full weight of the roller wheel to bear 
on the material to the extreme edges of the mat. In rolling pavement 
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edges, roller wheels shall extend 2 to 4 in. (SO to 100 mm) beyond the 
pavement edge. Only experienced roller operators shall be used for this 
work. 

The rolling procedure found by Maryland to be most effective is sug­
iested as a starting point for field compaction. The equipment used, 
rolling sequence and densities obtained have been previously described 
in Chapter 8. For moderate to large jobs, this sequence would be as 
follows: 

Breakdown Rolling. Breakdown rolling shall immediately follow the 
rolling of the longitudinal joint and edges. Rollers shall be operated 
as close to the paver as possible without causing undue displacement. 
The breakdown r0ller shall be operated with the drive roll or wheel 
nearest the finishing machine. Exceptions may be made by the Engineer 
when working on steep slopes or super-elevated curves. When both pneumatic­
tired rollers and tandem rollers are used, the tandem rollers shall work 
directly behind the paver followed by the pneumatic-tired rollers. The 
two-axle tandem roller shall do the breakdown rolling. 

Second Rolling. At least two passes of the pneumatic-tired roller 
previously described shall be used for the second rolling. The second 
rolling shall follow the breakdown rolling as closely as possible and 
while the paving mix is still at a temperature that will result in maxi­
mum density from this operation. The contact pressure shall be 40 to 60 
psi (280 to 400 kN/m2) and shall not cause displacement of the mix that 
cannot be remedied by the additional rolling sequence. This rolling 
shall be followed by one pass with the steel wheel roller to smooth the 
surface. 

Final Compaction. At least two passes of the second pneumatic-tired 
roller shall be applied at a tire pressure between 60 and 80 psi (400 and 
550 kN/m2). 

Finish Rolling. Finish rolling is done solely for the purpose of 
smoothing the surface. It should be accomplished using two-axle tandems 
or three-axle tandems steel wheel rollers while the sand-asphalt is 
still warm enough for the removal of roller marks. 
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