








17

prior to running it through a jaw crusher. The seil is further pulverized in revelving
barrels in which rubber covered steel rollers have been placed. These rubber covered
oteol npllers are very effective in reducing the hard shale to a very fine grain size.
7pe of pulverization facilitated the mixing of lime, oil, phosphoric acid, ferric
te, and PDC and allowed a reduced curing period. The particle size distribution
Pierre ghale is shown in Figure 2.
lechanical analysis of the soil was determined using the standard AASHO T-88-57
1. Hydrometer tests and the standard Atterberg AASHO T-89-60 and T-90-61
limit and plastic limit tests were made. A sufficient amount of soil was prepared
if the original samples to run standard AASHO T-99 densities, standard CBR
unconfined compression tests, and volume-change tests for both the raw samples
: treated soil samples.
»e sure that the amount of material was the same for each goil type specimen
}, with the various percentages of additives, a predetermined maximum density
ed. Although nearly all of the tests made prior to construction showed that
1 goils had a decided increase in unconfined compressive strengths, we were not
extract these gmall undisturbed cores during post-construction testing to com-
ith the original laboratory results. Consequently, we had no data for this item
). This test was replaced with a modified laboratory CBR by extracting 6-in.
er cores and testing them under the same conditions as the laboratory molded

effects of compactive effort are ghown in Figure 3, using the modified AASHO

| and the standard AASHO method. The Pierre shale is quite sensitive to com-

+ efforts. It can be seen that there is a 17.5 Ib/cu ft weight differential and a cor-
ding moisture differential of 10 percentage points when modified AASHO T-189
as compared to standard AASHO T-99. Figures 4 and 5 show that expansive

res of raw goil are affected by both compactive effort and moisture content.
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Figure 3. Effect of compactive effort on density of South Dakota
shale.
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Phosphoric Acidplus Ferric Sulphate— cuTt
The average plasticity indexof the treated
s0il during the 4-year study is approxi- [
mately 44.0 as compared with an approxi-
mate average plastic index of untreated 4
soil of 53.0. The modified lahoratory CBR
values have dropped to almost the value of 3
theuntreated soil. However, the modified
field CBR shows there is a slight retention 2
of atrength when compared with the un-
treated soil (Fig. 34). ]

The overall average comparison of ser-
viceabilily index for cuts and fills for all
of the treated soils is shown in Figure 35.
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More than 5,200 laboratory and field 4
tests wererun onthe treated and untreated
goils during the course of thia study. More 3f
than 95,000 elevation readings of the road
surface were taken. 2
It is important to understand that, al-

though all of the 8oils within the test road 1
area have an AASHO classification of
A-T-6(20), the physical characteristics, in ||
Egg?;‘datc})lilégug 1;?181?’ ;ﬁy pff;;?i; irc::'e::,f Figure 35. Serviceability index, all treated materials.
shrinkage, and volume change vary in the
same degree of magnitude. These varia-
able conditions can and do take place within a distance of 20 fi. These variations are
the cause of variable test values obtained in some of the fest sections by virtue of the
fact that the percentage of additives was not adequate to completely astabilize the ex-
tremely high liquid limit goil.

Our interpretation of the data is thereiore baged on the average conditions in regard
to the ability of the various stabilizing agents to accomplish the objectives as set forth
in the foregoing portion of this report. These conclusions are as follows:

1. All of the stabilizing agents have aliered the physical characteristics of the high
liquid limit soil to some degree. The field condition tests indicate that lime has a more
permanent effect in altering these characteristics than the other combination additives
used in this test road.

2. The serviceasbility index ratings, as determined by the applied formula used in
this report, indicate that all of the stabilized sections, except the acid, are better than
the standard design sections. The average 51 ratings show that lime-treated gections
have the best ratings followed very closely by the PDC and lime plus RC-1 stabilization.
The phosphoric acid plus ferric sulphate rating is slightly below that of the untreated
soil.

3. The sections having lime or lime combinations show a logs of CBR strength when
compared with the initial laboratory CBR during the second and third year with a re-
covery of some bearing strength during the fourth year. The sections with lime only
have the best CBR value after a 4-year, in-service period, with the lime plus RC-1 be-
ing second and the PDC formula being third best. CBR values of the phosphoric acid
are about the same as the untreated soils.

4, The recovery of bearing in the lime-treated soils appears to confirm the findings
of Dr. Marshall Thompson, University of Illinois, in regard to the autogenous healing
theory of lime-treated soils. Dr. Thompson's laboratory tests show that lime-{reated
gaila t;md to recover bearing strength after gufiering a loss of bearing due to frost ac-
tion {1).
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5. A review of the serviceability index indicates that the use of additives capable of
maintaining a permanent change in the physical characteriatics of the treated soil tend
to be more effective in reducing surface warping than the use of nonexpansive regular
material over the expansive soils.

6. As noted earlier in the report, the cost per mile was computed from the actual
bid price for various stabilizing material. The prices are no doubt higher than they
would normally be if larpge quantities of the materials were being purchased.

The fact that there are less cracks per mile in some of the treated sectious, as com-
pared with the untreated goil, indicates that the future long-range maintenance will be
less. If the serviceability index differential between the lime and lime combination s0ils
and the untreated soil continues at its present ratio, it appears that the future mainte-
nance work in thege sections will be delayed for a greater period of time than in the un-
treated sections.

7. In view of the fact that the stabilized subgrade maintains a higher stability and
bearing capacity throughout the year, we are able to design thinner surfacing compo-
nents, which allows us to conserve our dwindling gravel supply.

We believe that one of the big benefits derived from this study is the development of
the high-speed roughometer, which is now being used as an aid in determining mainte-
nance needs. We ure in the process of developing and maintaining a yearly service-
ability index rating on all Interstate, primary, and secondary routes. Thege data will
be used to determine more precisely what the actual conditions of Ll ruad surfaces are
and furwigh the Maintenance Division with more realistic data on which to determine
the type and amount of maintenance necessary for any given project. A report outlining
the development, operation, and application of thig roughometer will he wriiten and
published.
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