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A limited field study was conducted to determine the amount of 
degradation that may occur in untreated aggregate base courses 
as a result of manipulation, compaction, and service exposure. 
The principal base aggregate types available in Wisconsin-hard 
and soft crushed dolomite and dolomitic and igneous gravels
were included in the study. 

Assessment of degradation was based on changes in the av
erage gradations of multiple samplings of test sections before 
manipulation (as-produced), after compaction, and after two 
and five years of service exposure. 

The test data indicate that the greatest amount of degrada
tion of the aggregates occurred during manipulation and com
paction, especially in the base courses placed in single lifts. 
The increase in the amount of clay-size particles was small 
(under 1.5 percent), and no change from the original "nonplastic" 
condition was experienced. No relationship was found between 
the magnitude of degradation and the type of physical properties 
of the aggregates. 

•NUMEROUS investigations of flexible pavement failures in Wisconsin during the period 
from 1957 to 1960 indicated that failure was partially caused by lack of adequate base 
support. Results of tests of the in:-place base materials showed many instances of ex
cessive fines (material passing the No. 200 sieve) or excessive plasticity. Because 
tests on these same materials during construction did not give evidence of these exces
sive values, it was believed that degradation or disintegration of the materials had oc
curred after having been placed in service. 

An investigation of possible in-service degradation was therefore proposed and ac
cepted for inclusion in Wisconsin's HPR program. The materials research unit initiated 
the investigation during the 1962 construction season. The projects were selected to 
include the principal types of aggregates available in Wisconsin. The investigation in
cluded sampling of base course aggregate immediately after spreading, after compac -
tion, and after two and five years of service. The results of tests on samples obtained 
at these various intervals of service are tabulated and discussed in this report. 

REVIEW OF PREVIOUS WORK 

Available literature on the subject of aggregate degradation in relation to highway 
pavement material use was limited at the time this study was initiated. The informa
tion that was available concerned laboratory studies of the degradation process (1) or 
general literature reviews of the subject preliminary to proposing further studies (2). 
There was almost no information published on in-service degradation of aggregates-ex
cept in some regions where abundant local materials had shown excessive degradation 
(3 ). 
- The majority of degradation information was concerned with surface aggregates 

rather than base or subbase materials. This was probably because degradation was 
generally more prevalent on the surface where the abrasive forces act. Also, the con
tact surface loads induced higher stresses than those at lower depths in the pavement 
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structure. Thus, most studies had been concerned with bituminous mixtures or surface 
treatment mixtures. 

The availability of literature was further restricted in that almost no information 
was available concerning degradation during construction, even though the fact that ag
gregates did degrade had been recognized for many years. Although most highway 
agencies had noted some degradation of aggregates, investigations had been made only 
by those agencies experiencing severe problems with regard to degradation. The term 
"degradation" was generally associated with aggregate breakdown into finer sizes. Spe
cific interpretations of how this action occurred varied. Certain areas (3, 4) had ob
served breakdown caused by the action of water or what might be termed''hydraulic 
action". In those areas, plastic fines were produced as a result of basalt aggregates 
degrading to form montmorillonite clay minerals. More often, aggregate degradation 
was associated with "mechanical actions" such as those produced by abrasion and im
pact resulting from handling, compaction, and service. These latter actions were the 
types that were believed to be the primary causes of degradation of certain Wisconsin 
aggregates. 

Measurements 

All aggregate materials are theoretically capable of degrading to a maximum density, 
provided that the acting forces and other contributing factors are of the required in
tensity. Moavenzadeh and Goetz (1) concluded that the. pattern of degradation was es
sentially a constant and could be m-easured or observed by gradation curves and sieve 
analysis data. 

The pattern of degradation is distinct from the magnitude of degradation. Fracture 
or degradation patterns are important in mining operations, whereas magnitude of deg
radation is more applicable to engineering uses. An exact measure of the magnitude 
of degradation would be very difficult and probably not practical to achieve. However, 
Moavenzadeh and Goetz (1) found that the percent increase in surface area was a satis
factory measure of degradation, provided that realistic surface area factors were used. 
The amount of P-200 material (material passing the.No. 200 sieve), as measured by a 
washed gradation, also was believed to be a simple and practical measure. 

If the possibility of plastic property changes exists in fines as a result of degradation, 
it may be necessary to combine several measures to present the overall results. A 
hydrometer analysis would indicate whether the P-200 fines were increasing in the silt 
or clay sizes. 

Affecting Factors 

Pertinent factors that were generally cited in the literature as controlling degradation 
were type of aggregate, maximum size and gradation of particles, aggregate shape, com
pactive effort, subbase and/or subgrade influence, water, time, weathering, layer thick
ness, and orientation of particles (2)·. In the case of base course aggregates, anotner 
factor would be the type of surface:- The relative effects of these factors would be dif
ficult to evaluate in the laboratory and would require extensive and time-consuming 
field studies. This investigation was therefore limited to determining the amount of 
degradation of a base course aggregate, and studying the effect of origin and type of base 
course material on the amount of degradation and the change in plasticity resulting from 
handling, compacting, and service . 

PURPOSE AND SCOPE 

The basic objective of this study was to determine the amount of degradation, if any, 
of base course aggregates that may take place during construction and during subse
quent service life in Wisconsin. The effect of origin and type of base course aggregate 
on the amount of degradation was also to be evaluated. 

The selection of projects for sampling was limited to flexible pavements consisting 
of hot-plant bituminous pavements placed on untreated crushed stone or on gravel base 
courses constructed during the 1962 construction season. At the time the study was 
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Test 
Section 

2 

TABLE I 

DESCRIPTION AND LOCATION OF TEST SECTIONS 

Type o{ Highway Location Type of Base Course Material 
lllUl Number of LIJU 

County Trunk Highway Racine County, Dolomitic gravel, two lifts 
(CTH-H) southeastern Wisconsin 

State Trunk Highway Racine County, Crushed dolomite, Niagara 
(STH-31) southeastern Wisconsin formation, three lUts 

County Trunk Highway Juneau County, Crushed dolomite, Prairie 
(CTH-G) central Wisconsin du Chien formation, single lift 

State Trunk Highway Barron County, Igneous gravel, two lifts 
(STH-48) northwestern Wisconsin 

County Trunk Highway Clark County, lgneoua gravel, single lift 
(CTH-Y) central Wisconsin 

7' 12' 7' 

3• Bituminou s 
,. .,. . ,. 

911 Dolomitic Gravel ( 2 U ft1) 

9 11 Granular Subbeae 

TEST SECTION 

I f I ' 

9" Granular Subba11 

TE ST SECTION 2 

11· 4 ' 

~ 2 11 
8 l1u minou 1 Sudoce 

TEST SECTION 3 

8' 

., 

9 11 Granu l ar Subbo1e or Stltc1 Embankmtftl 

TEST SECTION 4 

1211 Groriular Subbo1e 

TEST SECTION S 

Figure 1. Typical test sections. 
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initiated, the design criteria stipulated that base courses of flexible pavements be sta
bilized if the anticipated loadings would exceed 50 heavy commercial vehicles per day. 
Also, the sodium sulfate soundness test was being inaugurated as a requirement for base 
course aggregates. The adopted specification limited the loss to a maximum of 18 per
cent after five cycles of the test. Many aggregates from sources known to have pre
viously produced aggregate bases with poor service performance were not meeting these 
requirements, so these aggregates could not be included in the study. As a result of 
these limitations, it was possible to include only five projects in the study. However, 
the aggregates used for these selected projects did include the principal types of base 
course aggregates available in Wisconsin. The locations and general descriptions of 
these projects are given in Table 1. A typical cross section for each of the five test 
sections is shown in Figure 1. 

Variability can be expected between gradations of individual samples obtained within 
close proximity. This variability is caused by variances such as chance, sampling, 
testing, and the inherent variability of the material itself. Consequently, numerous 
samples were obtained from a given unit of roadway and the average gradation of these 
samplings was considered the representative gradation of material within the unit. As
sessment of degradation was based on changes in these average gradations after se
lected intervals of time. Material sampling and testing variances were therefore con
sidered to be essentially constant, and changes in average gradations were indicative 
of actual degradation. 

MATERIALS 

The types of aggregates included in this study were dolomitic gravel, crushed dolo
mites from the Niagara and Prairie du Chien formations, and igneous gravels. Litho
logical analyses of these materials are given in Table 2. 

PROCEDURES 

Field Sampling 

Sampling of the base course aggregates was accomplished withina24- by 1000-ft test 
section area on each project. An attempt was made to locate this section near the proj
ect midpoint, between the source of aggregate and the most distant point of haul. The 
factor of amount and type of traffic during and after construction was therefore con
sidered average for the individual project, but different from project to project. The 
restriction of sampling within a limited area also served to reduce possible variations 
caused by differences in exposure, weathering, and methods used for placing and com
pacting the material . 

Test 
Section 

Type of 
Aggregate 

l,llt 

TABLE 2 

LITHOLOGIC DESCRIPTIONS 

Rock Types, Percentages by Weight 

Igneous Sedimentary Metamorphlc 

Basalt Diabase Granite Poryphyry Rhyolite Chert Siltstone Sandstone Dolomite Schist QuartziteC 

Dolimitic 
gravel 

Crushed 
dolomite, 
Niagara 
formation 

Top 
Bottom 

Top 
Middle 
Bottom 
Bottom 

Dolomite, Single 
Prairie du Chien 
formation 

Igneous 
gravel 

Igneous 
gravel 

Top 
Bottom 

41 
26 

Singieg 40 
31 

0 indicotes mhlute of basic and acidic igneous rocks, 
61ndicoles troc•- not over I percent. 

4 
16 

13 

clncludes q,va11z. 
dlncludes j01pcr. 

10 

10 

10 

Trb 

eMay include hg,0 sandstone. 
f1ncludes 5 perctnt weathered particle,. 

11 

Bl 
BO 

100 
100 
100 
90 

99+ 

9Replicate samples, 

19 
35e 

15 
20 
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A grid system of 3- by 5-ft rectangles was established within each test section area, 
resulting in a total of 1600 incremental areas from which sample locations could be 
randomly selected. One sample was obtained from each selected incremental area. 

During construction, 30 samples were obtained both before and after compaction at 
each project. This number of samples was considered sufficient to provide a reliable 
estimate of the true average gradation. Each sample weighed approximately 25 lb. 

Wisconsin specifications state, "The work shall, in general, proceed from the point 
on the project nearest the source of supply of the aggregate in order that the hauling 
equipment will travel over the previously placed material, and the hauling equipment 
shall be routed as uniformly as possible over all portions of the previously constructed 
courses or layers of the base course." In a project requiring two or more layers of 
base course, the material in each layer could be different within any specific area be
cause of differences in traffic exposure and possible changes of source of aggregate 
within the pit or quarry during the time lapse between placement of each layer . Con
sequently, each layer (lift) was sampled as a separate entity. 

Sampling of the loose material prior to compaction consisted of locating the proper 
grid sampling point by random selection, and obtaining approximately 25 lb of material 
by use of a square, flat-bottomed shovel. To control variation caused by sampling, 
care was taken that no material was lost from the shovel during sampling. Generally, 
these samples were obtained immediately after deposition from the trucks, but in some 
instances a motor grader had made an initial pass to spread the material. 

Samples of the compacted material were generally obtained within a day after com
pletion of compaction; however, weekends or inclement weather occasionally delayed 
sampling for several days. Traffic during these periods of delay was relatively light 
and not regarded as producing a significant increase in degradation beyond that produced 
by compaction. 

An area of approximately 8 by 8 in. of the compacted material was removed as an 
individual sample. The material within this area was loosened by a pick or a long chisel 
formed from a ¾-in. reinforcing bar. Use of the pick and chisel were kept to a mini
mum to avoid possible degradation. A square-end trowel was used to remove the loos
ened material from the sample area. Material was removed to a depth about 1 in. less 
than the thickness of a compacted lift. This volume of compacted material yielded the 
desired sample weight. 

The void remaining after sampling had vertical sidewalls and a flat bottom. The ob
~P.divP. of thi R R::impling pror.P.n11rP. w::iR to l:,1> i;:11r1> that all m!'l.te.rial wa~ .rem0Yed, Ln.d11d
ing all fines. 

At least three 50-lb samples were obtained at each pit or quarry for use in determin
ing the physical properties of the aggregates. These samples were obtained at the same 
time as the material was being placed within a respective test site area. This sampling 
was repeated for each individual layer of base course aggregate placed on a project. 

Preliminary review of test results for the original sampling indicated that equivalent 
reliability of results could be obtained with fewer but larger samples. Because in
service sampling required removal of portions of the pavement surface, it was desirable 
to reduce the number of such samples. Consequently, only 12 samples of 75 lb each 
were obtained within a given test area after two and five years of service. Sample areas 
were randomly selected essentially in the same manner as previously described, except 
that no individual grid area previously sampled was resampled, and the selected area 
corresponded to either the outside or inside wheelpaths. Sampling was limited to the 
wheelpaths because degradation was expected to be prevalent within these areas of the 
bases. 

The general sequence of sampling after two and five years was as follows: 

1. Remove surface with air hammer; 
2. Remove ½ to 1 in. of top of base material leaving a level surface (to ensure that 

no asphaltic material was included in the sample because this material would hinder 
the sieving operations); 

3. Loosen material within an approximate 2- to 3-ft square area and 2 to 4 in. deep 
for sample of top lift (keeping use of the pick or chisel to a minimum to avoid excessive 
disturbance of the material); 
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4. Remove all material from the sampling area and place in a sample bag; and 
5. If two lifts were to be sampled, discard about 1 to 2 in. of the material to be sure 

that the second sample would be from the proper thickness of compacted material. 

Laboratory Testing 

A special technique of conducting wash gradings was used to ensure that all fines in 
the samples were accounted for within the proper sieve size fraction. This sequence 
involved several washings of the material and repeating certain steps if the results for 
two samples were not in close agreement. 

At least three hydrometer analyses were conducted for each series of wash grada
tions used to establish the average gradation of an individual lift. Results of these in
dividual hydrometer analyses were averaged to determine the percentages of silt and 
clay present in each respective lift. Atterberg limits testing was also conducted to 
determine the plasticity of the fines. These hydrometer and plasticity tests were con
ducted in accordance with applicable AASHO standard test procedures. 

METHODS OF ANALYSIS 

Average gradation results were separated and arranged into particle-size groupings 
to obtain comparisons of the changes in the distributions of the particle sizes produced 
by construction and service. These comparisons allowed an evaluation of the patterns 
of degradation for the aggregates. 

It was pointed out previously that a comparison of gradations may show a pattern of deg
radation, but an evaluation of the magnitude of degradation requires some type of nu
merical measure. Two numerical measures were adopted for this study as follows: (a) per -
cent of material passing the No. 200 sieve (referred to as P-200), and (b) surface area. 

The surface area values used in this study involved the use of special conversion factors 
that were based on the assumptions that all material passing the No. 4 sieve was spherical 
and that the material retained was one-third cubes and two-thirds parallelepipeds with 
sides of 1: 2: 4 proportions, as described in a report by Moavenzadeh and Goetz (1). 

Values used for computing surface areas were obtained from average particle-size 
accumulation curves because only selected sieve sizes were used to establish the aver
age gradations. The P-200 material values were taken directly from the average gra
dations. The hydrometer and plasticity test results were used to determine if changes 
in the composition of fines took place and if these changes produced plasticity. 

TEST RESULTS 

Results of tests conducted on samples of material obtained at the site of production 
are summarized in Table 3. These data provide for comparison of the physical prop
erties of the aggregates. 

TABLE 3 

SUMMARY OF PHYSICAL PROPERTIES" 

Property 

Top Bottom Top 

Bulk specific gravityb 2. 68 2. 68 2 , 69 

Absorptionb I. 57 I. 67 I. 04 

Percent wear, 100 
revolutionsc 12 71 

Percent wear, 500 
revolutionsC 291 29 271 

Soundnessd 7. 1[ 4. 6 0, 7[ 

Plasticity indexe N.P. N . P. N . P . 

0 Somples obtained either al plant, pil, or sloe'li: pilO", 
6Specific gravity and absorption of coarse 091)' e~ to, AASHO T 85. 
Clos Angeles abrasion of coarse aggregate, AASHO T 96, 

.2 

Center 

2. 70 

1, 00 

sc 

291 

I. 2[ 

N , P , 

Test Section 

Bottom Single Top Bottom 

2. 68 2. 64 2. 72 2. 70 

I. 18 2. 08 1.17 I. 17 

71 91 61 51 

301 401 231 20[ 

5. o1 6. 61 3, 21 2. or 

N.P. N. P . N. P . N.P. 

dsoundness of aggregate, AASHO T 104-57, 
•AASHO T 89, T 90, T 91. 
fAveroge of two tesls, 

9Average of four tests. 

Single 

2.71[ 

I. 50[ 

61 

231 

5. lg 

N . P. 
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Sieve Size 

1 in. to 1,/4 in. 
¾in.to%1n. 
'/2 in. to % in. 
3/e in. to No . 4 
No. 4 to No , 10 
No. 10 to No. 40 
No. 40 to No. 200 
No. 200 

1 in. to'/, in . 
¾in . to1f.tin. 
/i21n a to3/e1n. 
1/, In. to No . 4 
No. 4 to No . 10 
No. 10 to No . 40 
No. 40 lo No. 200 
No. 200 

1 in. to¾ in . 
½ 1n. to 1/1 in. 
/,2 in. to'/, in . 
1/, In. to No. 4 
No. 4 to No . 10 
No. 10 to No. 40 
No. 40 to No. 200 
No. 200 

1 in. to¾ in. 3/4 in. to ½ in . 
½ in . to 3

/ 1 in. 
3
/ 1 in . to No . 4 
No. 4 to No. 10 
No. 10 to No. 40 
No. 40 to No. 200 
No. 200 

TABLE 4 

AVERAGE GRADATIONS, PERCENT BETWEEN SIEVES 

Test Section I-Dolomitic Gravel 

Sampled During 
Construa tlona 

Original Compacted 

Top Lill 

5 5 
15 16 
9 8 

14 15 
13 12 
21 22 

16.1 14. 4 
6. 9 7. 6 

2 Yearsb 

4 
14 

9 
14 
13 
21 

16. 8 
8. 2 

5 Yearsb 

5 
14 

8 
15 
12 
21 

17. 0 
B.O 

Sampled During 
Constructiona 2 Yearsb 

Original Compacted 

Bottom Lift 

5 4 4 
15 15 13 
9 8 9 

15 15 14 
13 13 14 
20 20 21 

16. 9 17. 5 17. 9 
6.1 7. 5 7. I 

Test Section 2-Crushed Dolomite {Niagara) 

Sampled During Constructiona 

Original Compacted Original Compacted 

Top Lift Center LUt 

5 4 5 4 
21 17 20 18 
15 13 13 12 
23 22 20 19 
12 14 12 14 
10 13 12 14 

4. 5 5. 4 6. 4 6. 3 
9. 5 II. 6 11 . 6 12. 7 

Test Section 3-Dolomite (Prarie du Chien) 

Sampled During 
Constructlona 2 Yearsb 5 Yearsb 

Original Compacted 

Single Lill 

8 4 4 4 
23 19 16 18 
14 12 12 12 
21 21 21 22 
12 13 14 14 
8 9 11 10 

7 . 9 10 . 3 10 . 8 9. 3 
8. 1 II . 7 II . 2 10. 7 

Original Compacted 

Bottom Lift 

6 
24 
13 
18 
12 
II 

6. 1 
9, 9 

5 
22 
13 
19 
13 
12 

6. 2 
9. 8 

Test Section 5-lgneous Gravel 

Sampled During 
Constructlona 2 Yearsb 

Original Compacted 

Single Lilt 

5 3 4 
16 13 14 
10 9 9 
14 13 14 
10 11 10 
25 27 25 

14. 3 15. 7 15. 2 
5. 7 8. 3 7. 8 

Test Section 4-TvnP.nui;i ~r::.VF~l 

Sampled During Sampled During 
Constn1ctlona 2 Yearsb 5 Yeareb Conitnactiona 2 Yearsb 

Original Compacted Original Compacted 

Top Lill Bottom Lift 

7 8 7 6 6 6 6 
18 19 18 17 17 18 17 
10 9 II 10 9 9 10 
15 16 15 15 14 15 14 
12 11 11 10 11 10 11 
21 20 19 22 22 22 21 

10. 8 10. 3 11. 5 12 . 0 14. 2 13. 2 13. 3 
6.2 6. 7 7. 5 8. 0 6. 8 6. 8 7. 7 

0 Averoge of 30 sompl.s, 25 lb each: Original, iomp/ad bafora- ~mpaction; compcu;ted, sampled aher compaetion. 
bAverage of 12 samples, 75 lb each: $copied oher 2 ond 5 ye<ln of service, 

5 Yearsb 

4 
13 
8 

15 
13 
21 

16. 4 
7. 6 

5 Yeareb 

4 
16 

9 
14 
10 
24 

14. 8 
6.2 

5 Yearsb 

7 
17 

9 
15 
10 
21 

13. 5 
7. 5 

The thicknesses of bituminous concrete placed on the base courses varied from 2 to 
3 in. for test sections 1, 3, 4, and 5. An additional 5 in. of bituminous base course was 
placed in test section 2, so that the total thickness of cover over this base course was 8 
in. It was considered impractical to remove 8 in. of pavement to sample this base 
course; consequently, no sampling of test section 2 was attempted after placement of the 
bituminous base and surface courses. Evaluation of degradation of the crushed dolomite, 
Niagara formation, was therefore limited to that produced by compaction during con
struction. 

Average gradations for each lift of each test section are presented in Table 4 on a 
percent between-sieves basis, which provides for interpretation of changes in gradation. 



Particle 
Size and 

Description 

Coarse aggregate 
No. 10 to 3 In. 
Coarse sand 
No. 40 to No. 10 
Fine sand 
No. 200 to No. 40 
Slit 
0. 005 mm to No. 200 
Clay 
< 0.005mm 
Plastic! ty Index 

Coarse aggregate 
No. 10 to 3 In. 
Coarse sand 
No. 40 to No. 10 
Fine sand 
No. 200 to No. 40 
Slit 
0. 005 mm to No. 200 
Clay 
< 0.005 mm 
Plasticity Index 

Coarse aggregate 
No. 10 to 3 In. 
Coarse sand 
No. 40 to No. 10 
Fine sand 
No. 200 to No. 40 
Slit 
0. 005 mm to No. 200 
Clay 
<0.005 mm 
Plasticity Index 

Coarse aggregate 
No. 10 to 3 In. 
Coarse sand 
No. 40 to No. 10 
Fine sand 
No. 200 to No. 40 
Silt 
0. 005 mm to No. 200 
Clay 
<0.005 mm 
Plasticity Index 

TABLE 5 

PARTICLE SIZE DISTRIBUTION, PERCENT OF TOTAL MATERIAL 

Test Section 1-Dolomitic Gravel 

Sampled During Sampled During 
Constructiona 2 Yearsb 5 Yearsb Constnictiona 2 Yearsb 

Original Compacted Original Compacted 

Top Lift Bottom LIit 

56 56 54 54 57 55 54 

21 22 21 21 20 20 21 

16.1 14. 4 16.8 17. 0 16. 9 17. 5 17. 9 

3. 7 5. 0 5.1 5.1 4.0 4. 5 4. 5 

3. 2 2. 6 3.1 2. 9 2.1 3. 0 2. 6 
N.P. N.P. NP. N.P. N.P. N.P. 

Test Section 2-Crushed Dolomite (Niagara) 

Sampled During Constructlona 

Original Compacted 

Top Lift 

76 70 

10 13 

4. 5 5. 4 

7.1 7. 9 

2. 4 3. 7 
N.P. N.P. 

Original Compacted 

Center Lift 

70 

12 

6. 4 

8. 7 

2. 9 
N.P. 

67 

14 

6. 3 

9.1 

3. 6 
N.P. 

Test Section 3-Dolomite (Prairie du Chien) 

Sampled During 
Constructlona 2 Yearsb 5 Yearsb 

Original Compacted 

Single Lift 

76 69 67 70 

9 11 10 

7. 9 10. 3 IO. 8 9. 3 

6.1 8. 6 8. 9 8. 5 

2. 0 3.1 2. 3 2. 2 
N.P. N.P. N.P. N.P . 

Original Compacted 

Bottom Lill 

73 

11 

6.1 

7.1 

2. 8 
N.P. 

72 

12 

6. 2 

6. 8 

3. 0 
N.P. 

Teat Section 5-lgneous Gravel 

Sampled During 
Constructiona 

Original Compacted 

2 Yearsb 

Single LIit 

55 49 52 

25 27 26 

14. 3 15. 7 15. 2 

3. 7 5. 2 5. 3 

2. 0 3.1 2. 5 
N.P. N.P. N.P . 

Test Section 4-Igneoue Gravel 

Sampled During 
Constructiona 

Original Compacted 

Top Lilt 

62 63 

21 20 

10.8 10. 3 

4. 2 4. 7 

2.0 2.0 
N.P. N.P. 

2 Yearsb 5 Yeareb 

62 58 

19 22 

11. 5 12. 0 

4. 7 5. 4 

2. 8 2. 6 
N.P. N. P . 

Sampled During 
Constructlona 

Original Compacted 

2 Yearsb 

Bottom Lift 

57 58 58 

22 22 21 

14. 2 13. 2 13. 3 

4.4 4.0 5. 3 

2. 4 2. 8 2. 4 
N.P. N.P. N.P. 

aAverage af 30 samples, 25 lb each: O rlgfoal, sampled before compaction; compacted, !amp led after compaction, 
bAverage of 12 samples, 75 lb each: So.r,,pled after 2 or,d 5 years of !ervice, 

65 

5 Yearsb 

53 

21 

18. 4 

4. 6 

3.0 
N.P . 

5 Yearsb 

53 

24 

14. 8 

5. 4 

2. 8 
N.P. 

5 Yearsb 

58 

21 

13. 5 

4. 7 

2. 8 
N.P. 
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TABLE 6 

MEASURES OF DEGRADATION, TEST SECTIONS 1, 3, 4, AND 5 

Sampled During Constructiona 
Five Yearsb Method Two Yearsb 

of 
Test Compacted 

Analysis 
Section Original Result Percent 

Result Percent 
Percent Changec ChangeC Result 
Changec 

Test Sections 3 and 5-Single Lift 

P-200 (percent) 3 8, 1 11. 7 +44 11. 2 +38 10, 7 +32 
s 5. 7 8, 3 +46 7. 8 +37 8. 2 +44 

Surface area 3 64 90 +40 87 +36 82 +28 
(sq cm/gm) s 56 74 +32 71 +27 72 +28 

Test Sections 1 and 4-Top Lift 

P-200 (percent) I 6. 9 7. 6 +10 8. 2 +19 8. 0 +16 

" 6.2 6. 7 ' 8 7. 5 +21 8.0 +29 

Surface area I 68 71 + 4 77 +13 76 +12 
(sq cm/gm) •1 56 58 + 4 64 +14 67 +20 

Test Sections 1 and 4-Bottom Lift 

P-200 (percent) 6.1 7. 5 +23 7.1 +16 7. 6 +25 
6. 8 6. 8 0 7. 7 +13 7. 5 +10 

Surface area 66 74 +12 71 + 8 73 +11 
(sq cm/gm) 63 65 + 3 68 a 8 66 + 5 

0 Based on 30 samples, 25 lb each O,lolnal, sampled before compaction; compacted, sampled after compaction, 
beased on 12 samples, 75 lb each Sampled ofter 2 and 5 yeor.5 service. 
cPercent change from original valve: +- = percent increase; - = percent decrease. 

Average gradations for samples obtained before compaction, aiter compaction, and after 
two and five years of service, are referred to as original, compacted, two-year, and 
five-year gradations respectively. 

Particle sizes are regrouped into soil texture classifications in Table 5. The values 
listed in Table 5 for the coarse aggregate, coarse sand, and fine sand are based on the 
average values listed in Table 4, and the values for the silt and clay are based on hy
drometer tests conducted on three representative samples for each condition. 

Values of P-200 and surface area are given in Table 6 for test sections 1, 3, 4, and 
5. These results are grouped according to similarity of construction, that is, number 
nf 11"11'?0.')'IC" .,..nrn,;~orl ll. a r,, rt, 11c:, A 4-nC"f ,.,,...,..,+-;,.,,...., ') •n T..,,,... .... ,.,......,.....,..1,...,.::a ,..., -1 ..... ,;J.,.,,,..:;'""..,. ............... ~_,, .. .. ,.. '-.:: .-. - ~L. ... 
""'.._ ..__J ...,.._..., • ...,"1...._...,.., .._._., .._ .._._._-.-..,.._, ...... ...., .. ._,..._,.._,'-.I.....,.&.& .,. n U.~ 1,:JC,'-.&.&.&.tJ.L'-'\.A. VI.LJ..J \,U • .&.&. .&..&.LE, VVJ..&i,;:n,.&. \A.'-'1,,J.VJ.J.' L,JJ.C 

P-200 and surface area data are given separately in Table 7. 

TABLE 7 

MEASURES OF DEGRADATION, TEST SECTION 2 

Sampled During Constructiona 

Method o! Analysis Compacted 

Original 
Percent Result 
Changeb 

Top Lift 

P-200 (percent) 9, 5 11. 6 
surface area (sq cm/ gm) 67 82 

Center Lift 

P-200 (percent) 11. 6 12. 7 
surface area (sq cm/gm) 83 91 

Bottom Lift 

P-200 (percent) 9. 9 9. 8 
surface area (sq cm/gm) 72 73 

0No sampling subsequenl lo construction , Based on 30 samples, 25 lb each: 
O dgl nal, 1ampled before compaction; compacted, 1-0tNpled ofter comroc tlon. 

bpc,conl changa from original value: + = percent ir'lt:tO<lse; - = decfQQUI . 

+22 
+22 

+ 9 
+10 

- l 
• I 

DISCUSSION OF RESULTS 

Changes in the Distribution 
of Particle Sizes 

Changes in the distribution of particle 
sizes with time (Table 5) generally oc
curred as a reduction of the coarse ag
gregate size and an increase in the fine 
sand and silt sizes for each test section. 
The magnitude of these changes varied 
between test sections and between lifts 
of the same test section. For example, 
compaction of the bottom lift of test sec
tion 2 produced very little change in the 
distribution of the particle sizes; com
paction of the middle lift resulted in a 
decrease of the coarse aggregate size 
and small increses in the coarse sand 
silt and clay sizes; and compaction of 
the top lift resulted in a greater decrease 



in the coarse aggregate size and more pronounced increases in the coarse sand, fine 
sand, silt, and clay sizes. 
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The pattern of change in the particle size distributions for the top lifts of test sec
tions 1 and 4 was quite similar. There was relatively no change in the amounts of 
coarse aggregate or coarse sand either after compaction or after two and five years of 
service. The amounts of fine sand increased slightly after two and five years, and the 
amounts of silt particles increased after compaction, but remained about the same after 
that. There was no important change in the clay content at any time. 

There was some dissimilarity of changes in the particle size distributions of the bot
tom lifts of test sections 1 and 4. These dissimilarities occurred for the coarse ag
gregate and fine sand sizes. The amounts of coarse aggregate continually decreased 
with each subsequent sampling for test section 1, but the amount remained almost un
changed for test section 4. There was a slight increase in the amount of fine sand with 
each subsequent sampling of test section 1, compared to a 1 percent decrease after 
compaction for test section 4, with no subsequent change after two and five years. The 
amounts for the coarse sand, silt, and clay sizes varied somewhat for the two test sec
tions, but there were no important changes in the amounts between the subsequent 
samplings. 

The trends of change in the distribution of particle sizes for the single lifts of test 
sections 3 and 5 were similar to each other. There was an overall decrease in the 
amounts of coarse aggregate during the five years, relatively no change in the coarse 
sand sizes, overall gains in the amounts of fine sand and silt, and a small overall in
crease in the amount of clay. 

The results show that the amounts of clay-sized particles were greatest after com
paction for test sections 3 and 5, with lesser amounts for the subsequent two and five 
years. Although variability in the results was expected, this pattern of change was con
sidered unusual. However, review of the field notes showed that there were delays of 
several days between the completion of compaction of these two sections and the after
compaction sampling, whereas there were no delays of sampling for the top lifts of test 
sections 1 and 4. Although the traffic during the short period of delay was minimal for 
test sections 3 and 5, it is possible that enough fine dust was generated and collected on 
the surface of the base course to produce results 0.5 to 0.9 percent higher for the com
pacted samples. The s ubsequent two- and five-year samples would not have contained 
this surface dust because the top ½in.of surface of the base was removed before sam 
pling so that the sample would not contain asphaltic material that would hinder sieving 
operations. As will be shown later, the small differences involved had no measurable 
influence on the interpretation of whether actual degradation occurred. 

Perhaps the most important observations to be made from the changes in particle 
size distributions is that increases in clay-sized particles never exceeded 1.5 percent, 
and that the fines were never found to be plastic. 

Magnitudes of Degradation 

As mentioned previously, the pattern of degradation can be established from grada
tion curves and changes in the amounts of the various-sized particles, but the magnitude 
of degradation is best established from changes in single values, such as P-200 and 
surface area values. In addition, the percentage of change in these values allows a con
venient means to assess the magnitude of change in these degradation values caused by 
compaction and subsequent service. It is evident from a comparison of percentage of 
change values in Table 6 that more degradation occurred in the single lifts of test sec
tions 3 and 5 than in the top lifts of test sections 1 and 4 after five years of service. 
Also, it appears that compaction of the bottom lifts of test sections 1 and 4 produced 
some degradation, but that subsequent service did not produce much additional degrada
tion. 

Although the percentages of change provide a good comparison of the overall magni
tude of degradation, they do not provide a convenient assessment of the pattern or trend 
of change in these values from one sampling period to the next. A better comparison 
was achieved by plotting each of the surface area and P-200 values in bar graph form. 
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Figure 2, Measures of degradation. 

These graphs (Fig. 2) show in general that (a) a small but gradual increase in the values 
took place during the five-year sampling period for the top lifts of test sections 1 and 4; 
(b) these values increased slightly because of compaction of the bottom lifts of test sec
tions 1 and 4, but no further changes occurred; and (c) preponderant changes occurred 
because of compaction of the single lifts of test sections 3 and 5, but subsequent service 
produced no important additional changes. The possible reason for the slightly higher 
values of the compacted samples of test sections 3 and 5 was explained previously in the 
cuscuss1on oi paruc1e size aistributions. 

Although the degradation measures and the percentages of change in these measures 
indicated that degradation did occur, many of the changes were small and there were 
decreases as well as increases in values from one sampling period to the next. It was 
therefore believed that a statistical analysis that would compare one value to another 
and decide if these values differed statistically would provide a good guideline for as
sessment of degradation. 

Statistical Analyses 

Basically, the statistical analyses compared one average value to another and, de
pending on the variation among the individual results used to arrive at the average val
ues, determined if the average values were statistically different. Only the percent
passing values for the No. 40 and No. 200 sieves were used, because the finer-sized 
material had the most influence on the magnitude of the P-200 and surface area values 
used for evaluation of degradation. 

The ba sis of the comparison (5) was to determine whether the difference of the aver 
ages (XA - XB) was greater or less than a stati stic (µ.). Tp.e value ofµ. was dependent 
on the variability of the obser vations . If the difference was greater than the statistic 
(XA - XB > µ.), it was concluded that the averages being compared were different; other
wise, there was no reason to conclude they differed. As stated in Table 8 a "Yes" re
sult indicates there is reason to conclude that the two average values being compared 
are different and, conversely, a "No" results means there is no reason to conclude that 
there is a difference. 



TABLE 8 

STATIBTICAL COMPARISONS OF AVERAGE GRADATIONS-RESULTS OF THE ANALYSES 

Comparison Sieve Size, Test Section 1 Teet Section 4 Test Section 3 Test Section 5 

Between Percent 
Yes Gradations Passing Yes Yea 

XA-XB µ or XA- XB µ or XA-ll.B µ or XA-XB µ 
No• No• No" 

Top Lifts 

Original vs No. 40 0 . 6 I. 6 No 0. 7 I. 2 No 0, I I. 4 Yea 4. 5 I. 6 
compacted No. 200 o. 5 0. 8 No 0. 5 0. 5 No 3. 6 0. 7 Yea 2. 6 0. 8 

Bottom Lifts 

Original vs No. 40 2. I I. 2 Yes 0. 2 I. 3 No 
compacted No. 200 1.4 0. 6 Yea o. 0 0.6 No 

Top Lifts 

Compacted vs No. 40 2. 6 2. 5 Yea I. 7 I. 5 Yea 0. 4 4. 2 No 1. 6 2. 3 
2 years No. 200 0. 6 I. 3 No 0. 8 o. 8 No o. 5 1.0 No 0. ~ I.I 

Bottom Lifts 

Compacted vs No. 40 0. 3 I. 5 No 0. 7 1. 3 No 
2 years No. 200 0.4 0. 6 No 0. 9 0. 9 No 

Top Lifts 

2 years vs No. 40 0. 0 3.1 No 1.0 2. 3 No 2.0 2. 6 No o.o 2. 6 
5 years No. 200 0. 0 I. 5 No 0. 5 0. 9 No o. 5 I. 3 No 0. 4 LS 

Bottom Lifts 

2 years vs No. 40 1. 0 2. 9 No 0. 2 1. 2 No 
5 years No. 200 0. 3 0. 8 No 0. 2 0. 8 No 

Top Lifts 

Compacted vs No. 40 2. 6 2. 3 Yes 2. 7 2.1 Yes l. 6 2. 2 No I. 3 1. 9 
5 years No. 200 0 . 4 I. 2 No I. 3 0. 7 Yes I , 0 I. .I No O.'l I . I 

Bottom Lifts 

Compacted vs No , 40 1. 3 2. a No o. 7 I. 3 No 
5 years No. 200 0. 3 0. 0 No 0. 7 0. 6 Yea 

°Yes-conclude there is o difference; No-conclude there is no difference. 

The results of the analyses show that the compacted average P-40 and P-200 values 
differed from the original average values for test sections 3 and 5, but that subsequent 
average values did not differ from each other or the compacted values. These results 
were therefore interpreted as indicating that degradation did occur in the single lifts of 
test sections 3 and 5 between placement and compaction, but that no subsequent signifi
cant degradation occurred during the five years of service. 

Yea 
or 

No" 

Yea 
Yea 

No 
No 

No 
No 

No 
No 

In contrast, the results for the top lifts of test sections 1 and 4 show only one instance 
where both the P-40 and P-200 values were statistically different. This was the com
parison between the compacted and five-year values for the top lift of test section 4. 
These results were interpreted as indicating that no significant degradation occurred in 
the top lift of test section 1, but that gradual degradation took place in the top lift of test 
section 4 so that after five years of service a small but measurable amount of degrada
tion had occurred. 

Results for the bottom lifts of test sections 1 and 4 show that only the average origi
nal and compacted values of test section 1 differed. Consequently, compaction of the 
bottom lift of test section 1 produced some degradation, but subsequent service did not. 
No degradation occurred at any time within the bottom lift of test section 4. 

It would appear from the evaluation of magnitude of degradation and the statistical 
comparisons that degradation of the aggregates in the five test sections occurred pri
marily because of breakage of the aggregate during compaction operations. The effect 
of wear during subsequent service was minimal. These data also show that the original 
gradation did not have a definite influence on the amount of degradation, as reported by 
other investigators (1). This is illustrated by a comparison between the igneous aggre
gates of test sections 4 and 5. The original gradations for the top and bottom lifts of 
test section 4 were almost the same as for the single lift of test section 5, but almost no 
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degradation occurred in either lift of test section 4 caused by compaction, compared to 
a 32 percent increase of degradation in test section 5 (Table 6). 

Effect of Type of Aggregate 

Evaluation of the limited results obtained from this study did not indicate definite 
relationships between the types of aggregate and degradation. For example, the perfor
mances of similar igneous gravels in test sections 4 and 5 were quite opposite; com
paction operations produced measurable degradation of the igneous gravel in test section 
5, but subsequent service did not produce additional degradation. In contrast, compac
tion operations had no measurable influence on either lift of igneous gravel in test sec
tion 4, but the five years of service eventually produced some increase of fines in the 
top lift. Similar opposition of performances occurred for the dolomitic materials in 
test sections 1 and 3. 

The limited results indicate that the thickness of the base course might have an in
fluence on resultant degradation. The performance of the single lifts of test sections 3 
and 5, compared respectively to the double lifts of the similar types of aggregate in test 
sections 1 and 4, shows that a greater degree of degradation occurred in the single lifts, 
and that compaction during construction produced this degradation. 

No significant relationships could be identified between physical properties, such as 
soundness and wear, and the amount or occurrence of degradation. The field sampling 
crew did not report any evidence of yielding base courses during the five-year sampling 
operations. Consequently, the service performance of the selected base courses was 
considered satisfactory for the duration of the study. 

OBSERVATIONS AND CONCLUSIONS 

The following observations and conclusions appear justified from an evaluation of the 
test data obtained for the base aggregates incorporated in this study: 

1. The relatively low percentages of clay-size particles in the as-produced base 
aggregates (less than 3.5 percent) were only slightly increased (less than 1.5 percent) 
by manipulation, compaction, or five years of service exposure. 

2. Neither manipulation nor service exposure generated fines that changed the non
plastic nature of the as-produced aggregates. 

3. Changes in the particle size distributions of the aggregates generally resulted in 
a reduction in the coarse aggregate sizes and an increase in the fine sand and silt sizes. 

4. The greatest amount of degradation occurred during manipulation and compaction, 
and was greater for materials placed in single lifts than in multiple lifts. Five years 
of service exposure did not increase degradation significantly. 

5. The primary cause of degradation appears to be breakage during manipulation 
and compaction rather than attrition during service exposure. 

6. No relationship was indicated between magnitude of degradation and aggregate 
type or physical properties. 
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