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The purpose of the present study is to evaluate soils adjacent 
to bridge abutments. It has been observed that some cracks 
have appeared precisely in the joint between bridge abutments 
and the pavement. Assuming that this type of failure is not due 
to settlement of underlying soils but is attributed to a micro-
seismic vibratory phenomena caused by the vehicular traffic 
vibration, an experimental study was performed (a) to evaluate 
the effect of soil properties on the behavior of soils under dy-
namic loading, (b) to determine the type of soil that will develop 
the minimum volumetric change when subjected to vibration, 
and (c) to try to correlate their properties in an index of the 
susceptibility of soils to volumetric changes. 

For the purpose of this study the index is called "vibration 
index." This index was determined by measuring the volumetric 
changes which occurred when a soil sample in a compaction 
mold was vibrated on a vibratory table. A high vibration index 
is associated with large volumetric changes. 

Impact tests were also performed on different samples 
prepared in the laboratory and an "energy index" was deter
mined relating the volumetric change to the impact energy per 
blow during the test. Again, a high energy index is indicative 
of greater susceptibility to volumetric changes under dynamic 
loading. 

•THE purpose of the present study is to evaluate soils adjacent to bridge abutments. 
It has been observed that in some highways a transverse crack appears precisely in the 
joint between the rigid bridge abutment and the flexible pavement. Sometimes the 
crack is not developed but a noticeable bump is present. Failures of this type have 
appeared on roads a short time after they were opened to traffic. Figure 1 shows a 
typical crack. 

With the assumption that this failure is not due to settlement of underlying soils, 
but due to a volumetric change within the soil mass caused by a microseismic vibra
tory phenomena associated with vehicular traffic vibration, a study to evaluate soils 
adjacent to bridge abutments is presented. For this work an experimental program 
was undertaken to correlate such soil properties as void ratio, moisture content, grada
tion, plasticity, cohesion, compression index and friction angle to an index that will serve 
as a measure ofthe susceptibility of soils to volumetric changes when subjected to vibra
tions. For the purpose of this work two indexes were encountered and used: the "vi
bration index" as determined by a vibration test on soil samples and the "energy index" 
as determined by impact tests. Both indexes are defined in the next section. The main 
objective will be to relate these indexes to the different soil properties to determine a 
type of soil that will undergo minimum volumetric change under dynamic loading. 
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Figure 1. Typical eraclc in pavement nmct to 
bridge abutments. 

Natural soils as well as specially pre
pared laboratory mixes were tested. Among 
the natural soils is the fine sand which is 
very common in southern New Mexico. 
Samples from the actual bridge abutments 
(six of them) were also studied. Eight mixes 
with different gradations were prepared 
for this study. The grain size curves 
for these materials are shown in Fig
ure 2. To accomplish this evaluation of 
soils, an experimental program was de
veloped in the laboratory to determine the 
various properties of the soils involved. 
The following tests were run: vibration, 
impact, triaxial, consolidation, compac
tion (standard and modified), Atterberg 
limits and grain size analysis. 

EXPERJMENTAL PROGRAM 

Vibration Test 

The soil samples are compacted (ac
cording to the purpose of the test) in a 
standard 1/so-cu ft Proctor mold. Mois
ture content determinations and weights 
m<>-r<> m<><><m-rPrl tr-. rlPtPf'm1nP lhl-! lnllhil 
void ratio. This mold with the soil sample 
is attached to the vibratory table and a 
vertical load is applied as shown in Fig
gure 3. The soil sample is vibrated 
through 30 cycles. This vibrating table 
is motor driven in the horizontal plane 
by an eccentric drive. One cycle will be 
used here as one complete revolution of 
the eccentric in one minute during which 
the frequency of vibrations goes from 14 

to 60 cycles per sec as a maximum and then returns to 14 cycles per sec. During each 
cycle the amplitude of vibrations is kept constant. In this first study it was maintained 
at 0. 025 in. which is large enough to induce vibration pressures to cause volumetric 

OOOI 

Figure 2. Grain size curves. 
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Figure 3. Vibrating table. 

changes. The frequency values are within the range observed by Nijboer and Van der 
Poel (1). Also, the vertical pressures applied at the soil surface were 2.79, 11.15, and 
16. 24 psi, which are within the range of the pressures caused by vehicular loading as 
measured by Sowers and Vesic (2). The following sequence of cycles was used: 1, 2, 
3, 4, 5, 6, 8, 10, 12, 14, 16, 18, 20, 25, and 30. After this the vertical deformation was 
measured at three different points on the surface of the sample. With these readings 
the change in void ratio was computed. When data from a vibration test are plotted on 
arithmetic paper with number of cycles versus void ratio, a curve as shown in Figure 4 
is obtained. Changing the plotting to a log-log paper with log of number of cycles ver
sus log of void ratio the curve is transformed into a straight line. The absolute value 
of the slope of this line is called "vibration index." A flat line does not show much 
variation in void ratio (volumetric change), and a steeper line shows a large volumetric 
change. Therefore, the vibration index will be used to evaluate the susceptibility of 
soils to volumetric changes under vibration. The use of the vibration index will elim
inate the necessity of determining the energy applied by vehicular traffic. If the vi
bration index is high, the soil is expected to show larger volume changes. 

Regarding the use of a Proctor mold for this test, and the vibratory table, the ex
planation is as follows: in almost every vibration test the vibrator is applied at the 
soil surface, but the effect of vibrations depends not only on soil properties but also 
on the size and weight of the vibrator. In this case the use of the mold is intended to 
isolate the soil properties in such a way that the volumetric change be only a function 
of soil properties. 

Impact Test 

This test consists of compacting a soil sample in a mold and then applying various 
amounts of impact energy by allowing a given weight to fall a given distance onto the 
sample; these blows cause a change in volume that is computed by measuring the ver
tical deformations produced by the blows. The blow sequence used in this test was 5, 
10, 15, 20, 25, 35, 45, 55, 75, 100 and 150, which applies approximately 120,000 foot
pounds per cubic foot of energy to the soil. Also, the data from an impact test when 
plotted on log-log paper with log of impact energy versus log of void ratio show a 
straight-line correlation. The absolute value of the slope of this line is called the 
"energy index" (see Fig. 4). This energy index will also be used to evaluate the sus
ceptibility of soils to volumetric change under dynamic or traffic loading. It will be 
observed also that the higher the energy index the larger the volumetric change expected. 

With respect to the mold used for this impact test, three types were studied: Proctor, 
CBR, and Marshall. The Proctor and CBR molds were disregarded because the impact 
energy applied did not cause an even volumetric change. The top soil showed greater 
deformations than the bottom soil due to the presence of the fixed bottom plate of these 
molds which introduced undesirable friction. To avoid this the Marshall mold, 2 in. 
in diameter and 2½ in. in depth with the free base, was selected. Also, the Marshall 
hammer weighing 10 lb and with an 18-in. free fall distance was used to apply the im
pact energy. 
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Figure 4. Definition of vibration index and energy index. 

Before running the impact test, the optimum moisture content as determined by the 
AASHO T-180 compaction test was obtained. The amount of soil and its moisture con
tent required to fill the Marshall mold at the maximum dry density was carefully de-
1-0-rl'Yl,nA'1. 'The soil sampie was vlaceU j_u tlu:: iliUld a.i1d w·as CVllip:l~tcd ~pplyi!!~ ~tati~ 
pressure until the desired volume corresponding to the maximum dry dem;ily wa1,; uL
tained. Then, impact energy was applied to the surface of the specimen, and dial read
ings were taken to compule lhe change in void ratio. Finally, soil samples from three 
different places were taken to check moisture content. 
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Figure 5. Effect of initial void ratio on vibration 
index. 

Triaxial Test 

Ordinary quick triaxial tests were per
formed on each speeimen. The values of 
the chamber pressures were O, lb, :w, 
and 45 psi. The samples were compacted 
in the Harvard miniature compaction ap
paratus at the optimum moisture content. 
The values of cohesion and the friction 
angle were meas ured at the same den
sities as the vibration and impact tests . 

Consolidation Test 

Sarnples were tested in a consolidometer 
at optimum moisture content and for var
ious densities. A range of pressures 
from 0. 25 to 8. 0 kg per sq cm were ap
plied. The time allowed to incr ease the 
loads depends on the soil type. Values of 
the compression index for every sample 
were obtained in this way. Also, the sam
ples were saturated throughout the tests. 

DETERMINATIONS 

F.fffir.t of Initial Void Ratio 

To determine the influence of initial 
void ratio on the vibration index, several 
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samples of the same soil were tested. The 
material used was the so-called fine sand 
with 10 percent moisture content. The 
change in void ratio was accomplished by 
compacting the soils with different number 
of blows. Figure 5 shows the results. It 
is seen that when the initial void ratio of 
the soil is high, the corresponding vibra
tion index is also high, which means that 

~ 20 
/ 

in a loose state soils are much more sus
ceptible to volumetric changes under vi
bration than those soils which are com
pacted to lower void ratios. This large 
volumetric change is possible due to a 
further accommodation of the soil particles 
which try to fill the great number of voids 
in the soil. Therefore, the best material 
to resist volumetric changes under vibra
tion are those which are compacted ini
tially with high densities, that is, with low 
initial void ratios. 
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A surcharge of 2. 79 psi was used in 
this test because in sandy soils with less 
than 7 percent of material finer than 

Figure 6. Effect of moisture content on vibration 

0. 07 4 mm, a large volumetric change was 
observed. The change in void ratio with 
higher pressures was appreciably less. 
From this fact it can be derived that the 
sandy subgrade soils, in spite of with-

index. 

standing lighter pressures due to traffic 
loads, undergo large deformations under vibration, causing the undesirable effects on 
highways near the bridges. 

Effect of Water Content 

Several tests were run on the fine sand, changing moisture content from 5 to 15 per
cent. The void ratio remained constant and equal to 0. 545. Also the same surcharge 
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Figure 7. Effect of amount of material passing No. 200 sieve on vibration index. 
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of 2. 79 psi was used. Figure 6 shows the 
effect of water content on the vibration in
dex. It is seen that the increase in water 
content develops remarkable volumetric 
changes in the soil. It was also seen that 
at water contents higher than the optimum 
for the sample, water appeared on the top 
and bottom of the sample and consequently 
developed some pore pressures within the 
soil and very high vibration indexes. 

Effect of Material Finer Than 200 Sieve 

w 6 
C 

~~ 

~ 

To evaluate the influence of the amount 
of fines in a soil when subjected to vibra
tion, various samples were prepared vary
ing the amount of material less than 0. 07 4 
mm from 4 to 30 percent. These mixes 
were callP.d gradation numbers 1, 2, 3 and 
4; the coefficient of uniformity, Cu, was 
kept constant and equal to 22. 5, which 
means a well-graded soil. It was observed 
(Fig. 7) that as the percent of minus 200 
material increases the vibration index 
decreases. These facts were observed 
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Figure 8. Effect of amount of material passing 
No. 200 sieve on energy index, 

.......... ,. --- ..., __ -··--o--· - --- -· -- --._, 
tion index was taken as the arithmetic 
mean of the vibration index for every sur
charge at the same ,c:nil rlRnsit.iRs. Above 
20 percent the change in vibration index 

is very small. It seems that there is an optimum amount of minus 0.074-mm material 
required to reduce these volumetric changes-approximately 20 percent in this case. 

Figure 8 shows the relationship found between the energy index and the percent 
passing 200 sieve. It also shows the deereai;e iu euergy index when the percent pass
ing 200 sieve increases. 
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Figure 9. Effect of uniformity coefficient on 
vibration index. 
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Effect of Coefficient of Uniformity 

To determine the effect of this coef
ficient another set of samples (gradation 
numbers 5, 6, 7 and 8) was prepared. In 
this case the amount of fines used was 
20 percent for all gradations. Figure 9 
shows the results of this test series. It 
is seen that at values of the coefficient of 
uniformity greater than 30 the change in 
vibration index was almost negligible, but 
as the coefficient decreases the suscep
tibility of soil to volumetric changes in
creases. This effect was mnrP prnnmmr.P.d 
in the impact test, whose results are shown 
in Figure 10. 

Effect of Plasticity 

Atterberg limits were run on the frac
tion passing No. 40 sieve of each sample. 
The purpose of these tests was to deter
mine a correlation of such common tests 
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Effect of Cohesion and Friction Angle 
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Figure 11. Effect of plasticity index on vibration 
and energy indexes. 

with the vibration index and energy index. 
The results are shown in Figure 11. For 
nonplastic soils the indexes were higher 
than for those soils showing some plastic
ity. This correlation shows that noncohe
sive soils deform to a considerably higher 
degree than cohesive soils when subjected 
to vibrations. 

Quick triaxial shear tests were performed on each sample to determine the shear
ing strength parameters, cohesion and friction angle. Figure 12 shows the results 
when cohesion is plotted versus vibration index and energy index. It is observed that 
the more cohesion the soil possesses the lower will be the volumetric change due to 
dynamic loading. Above 5-psi cohesion, the indexes remained essentially constant. 
Therefore, soils showing such cohesion values will not undergo large deformations. 
Figure 13 also shows that soils with lower friction angle (cohesive soils) do not undergo 
large volumetric changes. The higher values of the indexes corresponding to soils with 
large friction angles are due mainly to the lack of cohesion in this type of soil and not 
to this high value of the friction angle. 

Effect of Difference in Standard and Modified Maximum Dry Densities 

One of the objectives of this study was to correlate the results of common tests per
formed in soils laboratories to the vibration and energy indexes. An attempt was made 
to correlate the difference in dry densities of soils as determined by the AASHO T-180 
and AASHO T-99 compaction tests to the indexes which measure the susceptibility of 
soils to volumetric changes under dynamic loading. The relationship is shown in 
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Figure 14. Relationship between difference in 
dry densities (AASHO T-180 and T-99) and 

vibration and energy indexes. 

Fig ures 14 and 15. These figures show 
that if the two type s of compaction tests 
are performed on a soil and if the dif
ference in dry densities is determined, 
this difference will give an indication of 
the susceptibility of soils to deformation 
under dynamic loading. When this dif
ference is less than 5 pcf the expected 
deformation will be large, and if these 
LliHereuces are greater than 5 pcf the de
formation will be reduced. 

Effect of Compression Index 

The values of compression index as 
determined by consolidation tests are 
plotted versus vibration index and energy 
index in Figure 16. As the amount of 
fines increases the soil has a larger com
pression index, which is due to the amount 
of clay particles present, so the soil be
haves more and more like a cohesive soil, 
therefore having a larger compression in
dex. It is observed in this graph again 
that cohesionless soils with low compres
sion index develop larger volumetric 
changes. 

Figure 17 shows the relationship be
tween the vibration index and the energy 
index. 

Compar ison With Field Abutments 

Table 1 gives the soil characteristics 
of six field abutments as determined in 
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Figure 17. Relationship between vibration index 
and energy index. 

the laboratory. It is seen that cracking has appeared near the abutments with higher 
indexes (except V1 for No . . 3 ). So it seems that soils with a vibration index greater 
than 4.8 x 103 will undergo considerable volumetric changes as is actually shown in the 
field. Also, in soils whose energy index is gr eater than 5. 4 x 102 eraeking bas occurred. 

Concerning the difference in densities, it is seen that differences greater than ap
proximately 5 will develop soils with small volumetric change; abutments No. 2 and 
No. 3 are within this range. At present these abutments do not show any evidence of 
failure; also they have a higher percent of material passing 200 sieve than the others 
which show cracking. · 

In general the values of cohesion, friction angle and plasticity index show the tend
ency disclosed from laboratory results regarding these properties. 

SUMMARY AND CONCLUSIONS 

In the preceding section a comparison was made between the findings obtained in the 
laboratory and the actual conditions of the field abutments. The behavior of these abut
ments could be predicted, based on the correlations determined for the different soil 
properties, without the necessity of performing the more complex tests to determine 
the susceptibility of soils to volumetric change under dynamic loading. Routine labo
ratory tests will give this information. It is advisable to run more tests and make 
correlations to check the tendency shown in this first part of the study. Change in vi
bration amplitude should be studied also. 

TABLE 1 

CHARACTERISTICS OF FIELD ABUTMENTS 

Abut-
VJ EJ Fie ld ment Yteo Y1rn 

Yu10-
Cu -200 C PI 

- 10
3 ' 10

2 ,., 
Conditions No. Yusi Sieve 

1 4.8 5.4 123.7 120. 6 3.1 6.4 18 6.7 33. 0 4. 2 Cracked 
2 1. 2 2. 0 128 . 0 122.4 5. 6 4.3 16 4.2 37. 7 2.9 Not cracked 
3 5. 2 1.3 125. 5 120.6 4. 9 7. 8 15 7. 5 36. 0 1. 6 Nol cracked 
4 5.4 6. 0 127. 3 123. 2 4.1 4.8 7 4.7 37 . 6 N, P . Cracked 
5 6.1 5.6 123, 7 122. 2 1. 5 5.0 13 2.3 39. 6 N. P. Cracked 
6 9.9 6.8 119.7 l 15,8 3,9 3. 5 0. 4 39. 8 N. P. Cracked 
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Considering these results the following conclusions can be made to evaluate soils 
next to bridge abutments. 

1. Soils should be compacted at the highest density possible to achieve the minimum 
void ratio. A minimum value of 95 to 100 percent AASHO T-180 is suggested. 

2. Carefully control the optimum water content for maximum densities and try to 
keep a low moisture content in the embankment after construction is complete. 

3. Use selected soils as backfill with the following properties: (a) 20 to 25 percent 
of the material should pass through the 200 sieve; (b) high uniform coefficient should be 
above 40 or 50; and (c) soils whose difference in densities as determined by the AASHO 
T-180 and AASHO T-99 are small (below 4 pcf) should be avoided. 
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Appendix 
FIELD DATA OF HIGHWAY ABUTMENTS 

(Obtained from District No. 1 of New Mexico State Highway Department) 

Interstate Highway 25 Between Ft. Selden and Hatch 

Abut. No. 1, No. 2, & No. 3-ADT 1965 2232 
-ADT 1975 4704 

Abut. No. 4 & No. 5 -ADT 1D58 1345 
-ADT 1975 4732 

Abut. No. 61 -ADT 1958 1345 
- ADT 1975 4732 

SPr.tinn frnm Ft. 8PlclPn to Hatch Interchange was opened to traffic about June 10, 1965. 

Abut. No. ]-Station 1212+59 

Subgrade 

Maximum Dry Density: 
Range of Compaction: 
Range of Moisture : 

128.1 pcf 
97-108% 
10.0-13.0% 

1Authors' Note: ADT values given are believed to be traffic going under the overpass at Abutment 
No. 6. Actual ADT values are believed to be much lower. 



51 

6-In. Cement-Treated Base Course 

Maximum Dry Density: 136.2 pcf 
Compaction: 104% 
Moisture: 6. 5% 
Gradation: Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 --,------~----------

% Pass 100 99 63 54 10 

4-In. Untreated Base Course 

Maximum Dry Density: 129. 2 pcf 
Compaction: 100% 
Moisture: 4. 6% 
Gradation: Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 ~------'---'c...c.._ _________ _ 

% Pass 100 94 55 43 9 

2½-In. Asphalt Binder Course 

Lab Density: 
Compaction: 
Gradation: 

2.199 = 
101i 

Sieve 1 In. 9
/ 4 In. 

% Pass 100 93 

1 ½-In. Asphalt Surface Course 

137.2 pcf 

½ In. 3/e In. No. 4 No. 10 No. 40 No. 80 No. 200 
74 60 46 36 23 11 5 

Lab Density: 2. 403 = 149. 9 pcf 
Compaction: 97% 
Gradation: Sieve 3

/ 4 In. % In. 3/a In. No. 4 No. 10 No. 40 No. 80 No. 200 
'f, Pass 100 87 74 54 40 25 10 4 

Abut. No. 2-Station 1348+00 

Subgrade 

Maximum Dry Density: 129. 8 pcf 
90% to 97% 
8.3% to 11.5% 

Range of Compaction: 
Range of Moisture: 

No. 4 Subbase 

Maximum Dry Density: 144.3 pcf 
Compaction: 100% 
Moisture : 2. 4% 
Gradation: Sieve 2 In. 1 In. No. 4 No. 10 No. 200 LL PI ----------- ----------

% Pass 100 100 49 37 11 Sandy UP 

4-ln. Asphalt-Treated Base Course 

Lab Density: 
Compaction: 
Gradation: Sieve 

'1, Pass 

2. 384 = 
98% 

1 In. ¾ In. 
100 100 

148.8 pcf 

No. 4 No. 10 No. 200 
51 39 7 

2½-In. Asphalt Concrete Binder Course 

Lab Density: 
Compaction: 
Gradation: 

2. 409 = 150. 3 pcf 
97% 

Sieve 1 In. ¾ In. ½ In. 3/a In. No. 4 No. 10 No. 40 No. 80 No. 200 
% Pass 100 97 76 62 44 33 23 11 6 
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1½-In. Asphalt Concrete Surface Course 

Lab Density: 2.391 = 149.2 
Compaction: 100% 
Gradation: Sieve ¾ In. ½ In. % In. No. 4 No. 10 

'f, Pass 100 87 72 53 40 

Abut. No. 3-Station 1518+00 

Subgrade 

Maximum Dry Density: 125. 5 pcf 
Range of Compaction: 90% to 97% 
Range of Moisture : 9. 2% to 15. 3% 

4-In. Subbase 

Maximum Dry Density: 144. 2 pcf 
Compaction: 105% 
Moisture: 1. 9% 
Gradation: Sieve 2 In. 1 In. No. 4 No. 10 No. 200 

% Pass 100 100 48 35 9 

4-In. Asphalt-Treated Base Course 

Lab Dens ity: 2 ~~~ = 14!1. fl pcf 
Compaction: 97% 
Gradation : Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 

% Pass 100 95 54 45 6 

2½-In. Asphalt Concrete Binder Course 

Lab Density: 
Compaction: 

2.431 = 151. 7 pcf 
96% 

No. 40 No. 80 No. 200 
25 11 6 

LL Pl 

Sandy NP 

Gradation: Sieve 1 In. % In . 1/:i Jn . % Tn. No. 4 No. 10 No. 40 No. 80 No, 200 
% Pass 100 95 80 67 44 38 23 11 5 

1 ½- In. Asphalt Concrete Surface Course 

Lab Density: 2.392 = 149.3 pcf 
Compaction: 98% 
Gradation: Sieve ¾ In. ½ In. % In. No. 4 No. 10 No. 40 No. 80 No. 200 

% Pass 100 91 77 57 43 27 12 5 

Abut. No. 4-Station 184+27 

Subgrade 

Maximum Dry Density: 
Range of Compaction: 
Range of Moisture: 

4-In. Subbase 

129. 3 pcf 
90% to 104% 
5.1% to 10. 0% 

Maximum Dry Density: 144. 2 pcf 
Compaction: 103% 
Moisture: 3. 3% 
Gradation: Sieve 2 In. 1 In. No. 4 No. 10 No. 200 LL Pl --- - - -----------------

% Pass 100 100 53 40 10 Sandy NP 
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4-In. Asphalt-Treated Base Course 

Lab Density: 2. 344 = 146. 3 pcf 
Compaction: 97% 
Gradation: Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 

'1, Pass 100 96 52 38 6 

21/2-In. Asphalt Concrete Binder Course 

Lab Density: 2.410 = 150. 4 pcf 
Compaction: 97 % 
Gradation: Sieve 1 In. % In. ½ In. % In. No. 4 No. 10 No. 40 No. 80 No. 200 

1, Pass 100 95 77 63 43 32 18 8 4 

1 ½- In. Asphalt Concrete Surface Course 

Lab Density: 2.405 = 150.1 pcf 
Compaction: 97% 
Gradation: Sieve ¾ In. ½ In. % In. No. 4 

% Pass 100 89 76 54 

Abut. No . 5-Station 202+00 

Subgrade 

Maximum Dry Density: 
Range of Compaction: 
Range of Moisture : 

4-In. Subbase 

Maximum Dry Density: 
Compaction: 
Moisture: 
Gradation: Sieve 

130.1 pcf 
90% to 100% 
5. 2% to 10. 3% 

144. 2 pcf 
99% 
2.6% 

2 In. 1 In. No. 4 No. 10 

No. 10 No. 40 No. 80 No. 200 
40 25 13 7 

No. 200 LL PI -------------------- --
% Pass 100 100 37 27 7 Sandy NP 

4-In. Asphalt-Treated Base Course 

Lab Density: 2.376 = 148.3 pcf 
Compaction: 99% 
Gradation: Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 

% Pass 100 92 50 38 6 

2½-In. Asphalt Concrete Binder Course 

Lab Density: 2. 43 2 = 151. 8 pcf 
Compaction: 96% 
Gradation: Sieve 1 In. ¾ In. ½ In. % In. No. 4 No. 10 No. 40 No. 80 No.200 

6/, Pass 100 97 79 67 48 36 21 10 5 

l 1/2-In. Asphalt Concrete Surface Course 

Lab Density: 2.401 = 149.8 pcf 
Compaction: 98,g 
Gradation: Sieve ¾ In. ½ In. 3/e In. No. 4 No. 10 No. 40 No. 80 No. 200 

% Pass 100 86 73 55 41 26 12 6 
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Abut. No. 6-Station 503+50 

Subgrade 

Maximum Dry Density: 
Range of Compaction: 
Range of Moisture : 

4-In. Subbase 

134. 5 pcf 
91%to 96 % 
4.2%to 10.8 % 

Maximum Dry Density: 140. 2 pcf 
Compaction: 99 % 
Moisture: 6. 0% 
Gradation: Sieve 2 In. 1 In. No. 4 No. 10 No. 200 LL PI -------- --------------

% Pass 100 98 44 34 7 Sandy NP 

4-In. Asphalt-Treated Base Course 

Lab Density: 
Compaction: 

2. 273 = 
98% 

141.8 pcf 

Gradation: Sieve 1 In. ¾ In. No. 4 No. 10 No. 200 
%Pass 100 93 44 33 5 

2%-In. Asphalt Concrete Binder Course 

Lab Density : 2.338 = 145.9 pcf 
i:omp:id.ion · -- ,, lcll'l';o 

Gradation: Sieve 1 In. ¾ In. ½ In. 3/e In. No. 4 No. 10 

% Pass 100 98 72 62 48 35 

1 %-In. Asphalt Concrete Surface Course 

Lab Density: 2.336 = 145.8 pcf 
Compaction: 99% 

No. 40 

21 

No. 80 No.200 

12 7 

Gradation: Sieve ¾ In. % In. % In. No. 4 No. 10 No. 40 No. 80 No. 200 

i Pass 100 88 74 56 41 24 14 5 




