



































































































































TABLE 8
TENTATIVE SPECIFICATIONS FOR SOIL TO BE CONSIDERED AS CNS MATERIAL

S.No. Properties A Specifications range
1. Grain size analysis
Clay (<0.002 mm) % 15-25
Silt, (0.06 to 0.002 mm)% . 3045
"Sand, (2 to 0.06 mm)% : 30-40
Gravel (>2 mm)% 10
2. Consistency limits
Liquid Limit, % _ 30-50
Plastic Limit, % 20-25
Plasticity Index, 10-25
Shrinkage Limit, % 15 and above
3. (a) Swelling pressure when compacted Less than 0.1

to Standard Proctor
optimum with moisture content
andat no volume change
condition, (kg/cm?)
(b)  Swelling pressure when compacted to Less than 0.05
Standard Proctor optimum conditions
at no volume change condition, (kg/cm?)
4. Clay minerals Preferably Kaolinite
and lllite
5. Shearstre ngth of compacted
samples to Standard Proctor
optimums condition, after

saturation
(@) 1/2 UCS (kg/cm?) 0.15-0.35
(b) consolidated direct shear test @ 0.0125 mm/min.
c, (kg/cm?) 0.1-0.3
¢, (deg) 8-15
6.  Approximate thickness of CNS layer
swelling pressure (kg/cm?) Thickness (cms.*)
1to15 75-85
2103 90-100
3.5t05.0 105-115

*It is necessary to conduct large scale tests to arrive at optimum thickness of CNS layer with available CNS material.

this CNS layer technique has been used for the foundation of the cross drainage structures, buildings, and
for backing material of the retaining structures.

The buildings at Tirlapur camp of Malaprabha Project are not showing any cracking or distress
wherein, CNS layer has been used in the foundations, Figure 46 (Katti et al 1978a). The cross drainage
structures are also performing well without showing any cracks wherein CNS layer has been used in
foundation and as a backing material between structures and expansive soil. (Performance is satisfactory
till todate, 1993).

While using CNS layer technique in construction of above-mentioned structures in Malaprabha
project, suitable construction methods were developed. (Katti et al 1978b). The method of construction is
briefly described in the following.
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FIGURE 46 Construction of single storey building in black cotton soil areas using

cohesive non-swelling soil CNS layer of 1 m thickness in foundation
gsystem.

FIGURE 47(a) Canal in cutting at Km 36

FIGURE 47 Construction of Malaprabha right bank canal in expansive soil using 1 m
thick CNS layer

CONSTRUCTION PROCEDURE
CANAL IN CUTTING

The canal section is excavated to the required depth, taking into consideration the thickness of CNS
layer and the slope of canal. Sides are trimmed to get the slope of 2:1 in water prism portion and 1.5:1 in
the berms. The berm width of 3 m is provided at 3 m depth interval (Figure 47).

The CNS layer of 1.0 m thickness is compacted in layer to standard Proctor density with proper
optimum moisture content. The CNS layer is compacted with 8-10 ton rollers in canal bed and on slopes.
Above first berm level compacted 100 cm thick CNS layer is provided for canals in deep cutting. Refer Figure
47,
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FIGURE 47 (b) Canal section in cutting

1:2:1 PCC of 10 c¢m thickness is provided on bed of canal. The side slopes are trimmed to get the
required thickness of CNS. PCC slabs are provided on trimmed CNS layer using lug slabs and guide siabs

for porper placement
CANAL IN PARTIAL CUTTING

For canal construction in partial cutting, the excavation is done upto the required depth. The
excavated section is trimmed to slope of 2:1. The CNS layer of 1.0 m thickness is compacted in layers of
20 cm to the standard Proctor density in bed as well as on sides upto ground level.*

Above the ground level the canal section is made up of black cotton soil covered by 1m thick CNS
layer on inner and outer slopes. The CNS layer and black cotton soil are compacted simuitaneously.

Generally the earth work is provided 1 m above the full supply depth PCC slab lining is provided with
the help of lug slabs and guide slabs upto 20 cm above full supply depth. The bed concrete of 1:2:4 of 10

FIGURE 47 (c) Canal in embankment at Km 34

FIGURE 47 Construction of Malaprabha right bank canal
in expansive soil using 1m thick CNS Layer

* In cutting it is necessary to provide CNS layer throu i i
n _ ghout the excavation, eventhough the depth of water prism may be small
g\ it is not provndgd the unprotected portion will heave and cause both surfacial and deep slides resulting into major-):ﬁstmss to
e canal. Care is to be taken to prevent contact slide between CNS layer and black cotton soil and CNS layer and lining.
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FIGURE. 48 Canal lining details

FIGURE 49(a) Mass concrete pipe culvert
Figure 49 Construction of cross drainage structure in
expansive soil for Malaprabha project using CNS layer
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cm thickness is provided in bed canal (Figure 48).
Rock toe is provided when the bed filling exceeds 2 m.

CANAL IN EMBANKEMENT

The bank work of expansive soil covered with CNS layer of appropriate thickness is raised simui-
taneously. The compaction is done with 8-10 ton roller to standard Proctor density with optimum moisture
content. The rock toe with inverted filter arrangement is provided as shown in Figure 47.

The bed of canal is trimmed to the required bed width and slopes. The concrete of 1:2:4 of 10 cm
thickness is laid as a trough in bed of canal. The slopes are trimmed to slope of 2:1 and PCC lining is
provided 30 cm above F.S.D. Outer slopes are trimmed to the required slope.

Berms are provided on outer slopes after checking slopes with the help of proper stability analysis.

CROSS DRAINAGE STRUCTURES

The CNS layer technique is used for foundation of the cross drainage structures i.e., mass concrete
pipe culvert, pipe culvert, superpassage, road bridge, cut and cover conduit etc. Salient features of
construction procedure are mentioned below.

In all these structures, the construction sequence consists of excavating the expansive soil for 1m
below the footing level. CNS layer of required thickness is compacted to modified AASHO with proper
moisture content. CNS layer is provided for 50 cm beyond the footing dimensions. For the compaction of
CNS layer sheep foot rollers or 8-10 ton rollers are used. Properties of CNS layer should be checked with
specifications. Above the CNS layer a levelling course of concrete is placed prior to raising the rest of
structure.

In wing walls of the structures, to resist the swelling pressure transmitted by expansive soil, 1.0 m
thick CNS layer is used. The CNS layer is compacted to modified AASHO by pneumatic tampers, with
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FIGURE 49(b) Sectional view

Figure 49 Construction of cross drainage structure in
expansive soil for Malaprabha project using CNS layer
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FIGURE 49(c) Pipe culvert at Km 29
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FIGURE 49 (d) Cross drainage structures for Malaprabha project— Sectional View

Figure 49 Construction of cross drainage structure in
expansive soil for Malaprabha project using CNS layer

proper moisture content. Figures 49, 50 and 51 show cross drainage structures.
BUILDINGS

The expansive soil is excavated 1 m below footing level. The CNS layer of required thickness (1m)
is compacted to modified AASHO with the help of 8-10 ton roliers. The CNS layer is provided 1 m beyond
the footing dimensions (Figure 46). For the sequence of the construction procedure Katti et al 1978a, Katti
et al 1977b and Katti et al 1978c may be referred to. Foundation course of PCC is placed on CNS layer. The
building shall be constructed on the foundation course. A CNS layer of 1.0 m may be compacted on side
of the foundation course up to ground level.
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FIGURE 50(a) Super passage at Km 41
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FIGURE 50 (b) Sectional view of super passage at Km 36

FIGURE 50 Structure across canal in expansive soil for
Malaprabha Project using CNS layer

DAMS

The CNS layer technique has been used in construction of dams. The hearting material used is
expansive soil whereas the casting material used is similar to CNS soil. This technique is used in Almatti
earthen dam and Narayanpur right bank earthen dam of Upper Krishna project (Katti 1978, Katti et al 1978d).

Similar technique is adopted in some of the irrigation projects in Maharashtra (Katti et al 1978b).

STABILIZATION OF BLACK COTTON SOIL

The studies on various soil fractions of black cotton soils indicated that the swelling and swelling
pressure characteristics of the soil are due to the presence of montmorillonite and combination of
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FIGURE 50(c) Road bridge at Km 32
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FIGURE 50 Structure across canal in expansive soil for
Malaprabha Project using CNS layer

montmorillonite and lllite type of clay mineral in clay fraction. This in turn is attributed to electrical charge
imbalance in the structures and also the cation exchange capacity. Keeping this aspect in view, an attempt
was made to see the alterations brought out by various inorganic chemicals, shown in Table 9, on index
properties of black cotton soils. (Katti and Gupta 1970, Katti et al 1973, Katti and Kakroo 1969, Katti and
Rao 1963, Katti and Kulkarni 1962, Kulkarni et al 1967, Radhakrishnan et al 1967).

These studies indicated that some of the chemicals such as hydroxides of Na, K, Ca, KCI, MgCO,
and phospates of Ca, Mg etc., are quite effective in altering the index properties and changing the texture
(Katti and Barve 1962, Katti and Kulkarni 1962, Katti et al 1966, Tyagi and Katti 1973).

it was also observed that KOH, NaOH, CaCl,, KCI, NaCl, K,CO, increased the permeability values,
whereas, less soluble compounds like Ca(OH), decreased the permeability (Katti and Bhandari 1966, Katti
and Parikh 1961).

Studies were also conducted to improve the strength characteristics of black cotton soils using lime,
cement and combinations of lime and cement. (Katti and Gupta 1970, Katti and Kulkarni 1962, Katti and
Sridhar 1962). It was revealed that lime alone or cement alone is not adequate in obtaining required seven
days strength. However, 4 per cent lime and 4 per cent cement in case of Poona black cotton soil yielded
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| TABLE 9(a)
CONSISTENCY LIMITS FOR BLACK COTTON SOIL TREATED WITH VARIOUS CHEMICALS

Barium chioride Barium carbonate Portland cement
Chemicals LL PL Pi SL LL PL Pi SL LL PL PI SL
% % % % % % % % % % % % %

0.00 672 489 183 82 672 489 183 82 672 489 183 8.2
010 708 413 295 103 784 461 324 195 708 442 265 9.1
025 710 424 286 93 705 477 228 152 620 440 180 126
050 695 433 262 90 706 478 228 133 680 407 283 128
075 700 442 258 117 775 476 299 164 730 443 287 8.6
1.00 690 435 255 94 762 492 270 116 700 435 265 110
150 690 401 289 105 705 508 197 118 695 407 288 141
200 628 409 219 101 695 439 256 101 692 444 248 143
300 670 398 272 101 720 426 294 108 660 435 225 217
500 61.0 387 223 98 743 428 315 85 680 437 243 230
700 593 388 205 94 708 430 278 103 650 442 208 27.1
10.00 558 392 166 142 660 437 223 138 650 456 194 374

TABLE 9(b)
CONSISTENCY LIMITS FOR BLACK COTTON SOIL TREATED WITH VARIOUS CHEMICALS
Magnesium phosphate Magnesium chlioride Megnesium carbonate
Chemicals LL PL Pl SL LL PL Pl SL L. PL Pl SL
% % % % % % % % % % % % %

0.00 67.2 48.9 18.3 82 67.2 48.9 18.3 8.2 67.2 48.9 18.3 82
0.10 70.3 43.9 26.4 17.2 625 42.9 196 111 66.7 40.7 20.0 12.7
0.25 69.5 438 25.7 14.6 67.5 429 246 10.1 63.8 43.9 19.9 17.0
0.50 71.9 44.7 27.2 13.4 65.7 42.7 23.0 1.9 66.0 40.8 25.2 165
0.75 72.9 453 276 17.8 70.0 40.0 30.0 9.9 69.9 42.1 26.9 12.2
1.00 71.9 445 27.4 16.2 €6.8 36.9 29.9 8.9 70.6 42.7 27.9 14.6
1.50 65.2 433 21.9 15.4 65.5 359 296 11.9 €8.5 44 1 244 14.8
2.00 70.8 43.8 27.0 121 68.0 373 31.7 103 69.5 45.2 24.3 11.9
3.00 €8.8 432 256 15.2 67.5 36.8 296 11.2 720 445 27.5 10.8
5.00 €8.0 43.6 24.4 154 50.8 38.2 216 9.3 76.5 47.8 28.7 15.5
7.00 66.0 44.6 21.4 14.3 58.6 385 20.1 10.8 78.0 48.9 29.1 28.4
10.00 66.0 44.7 21.3 128 54.5 323 22.2 12.5 82.0 49.1 329 245

required strength in seven days. Lime alters the clay size to silt or sand size; cement helps in providing
proper bonding in stabilized mix. In addition, it was also found that by properly adjusting lime cement content
it would be possible to design mixes of high strength (Figure 52) (Katti and Kulkarni 1962).

These studies indicate that black cotton soils do respond to stabilization and undergo change in
swelling and swelling pressure characteristics.

It may be possible to suppress the swelling and swelling pressure of the black cotton soil by adding
controlled amounts of inorganic chemicals.

While preparing CNS material by this method care should be taken to see that the material does not
attain rigidity.
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TABLE 9 (¢)
CONSISTENCY LIMITS FOR BLACK COTTON SOIL TREATED.WITH VARIOUS CHEMICALS

Calclum hy'droxlde Caicium chloride Calcium Phosphate
Chemicals LL PL Pi SL LL PL Pi SL LL PL Pl SL
% % % % % % % % % % % % %

00 672 48.9 18.3 8.2 67.2 48.9 18.3 8.2 67.2 48.9 18.3 8.2
0.1 712 401 30.0 10.3 70.0 41.0 261 11.6 735 421 314 131
025 722 422 30.0 135 69.9 40.7 29.2 15.0 738 43.1 287 10.9
05 729 41.0 318 13.1 70.0 36.6 33.4 8.6 738 47.0 268 10.8
075 68.0 451 229 17.4 66.5 36.5 30.0 14.0 69.5 446 249 11.2
10 670 437 233 16.8 65.2 48.8 264 8.0 72,5 43.1 294 13.8
15 680 50.0 18.0 121 65.4 39.1 26.3 11.4 64.8 394 25.4 8.2

20 660 - - 11.1 639.0 385 30.5 8.1 65.2 39.8 254 9.2

30 645 - - 16.3 679 361 31.8 8.1 68.5 446 229 14.7

50 680 - - 316 64.0 38.0 26.0 6.5 72.0 455 26.5 14.4

70 685 - - 34.0 58.0 420 16.0 6.5 70.5 46.8 237 14.5

100 680 - - 445 56.3 338.0 17.3 10.4 72.5 464 26.1 15.2

TABLE 9(d)

CONSISTENCY LIMITS FOR BLACK COTTON SOIL TREATED WITH VARIOUS CHEMICALS
Potassium chioride Potassium dichromate Potassium hydroxide

Chemicals LL PL Pl SL LL PL Pl SL LL PL Pi SL

% % % % % % % % % % % % - %

00 672 489 18.3 8.2 67.2 48.9 18.3 82 67.2 48.9 18.3 8.2
0.1 68.5 422 263 12.3 66.2 40.6 2586 10.4 68.8 47.3 215 9.8
0.25 68.0 430 250 13.9 67.5 48.0 245 12.6 69.8 455 243 10.4
0.5 67.0 421 249 12.0 68.0 423 257 10.1 70.0 448 252 152
075 672 40.9 26.3 13.2 70.5 41.0 29.9 9.8 71.0 45.7 253 7.4
1.0 66.0 40.8 252 155 67.0 40.8 26.2 9.5 66.5 44.2 223 10.7
1.5 63.5 40.8 227 16.0 64.8 39.4 254 8.2 67.2 45.8 214 9.7
20 835 39.9 23.6 18.3 65.2 398 254 8.2 638 TNP TNP 14.9
3.0 58.0 41.4 16.6 209 64.5 39.0 255 12.9 64.7 TNP TNP 277
5.0 52.5 41.8 10.7 244 56.5 41.2 15.3 11.9 TNP TNP TNP 379
7.0 480 384 9.6 26.4 61.8 420 19.8 14.9 TNP TNP TNP 30.5
10.0 435 32.6 10.9 375 525 401 124 17.7 TNP TNP TNP 36.4

SUGGESTED APPROACH TO ROAD CONSTRUCTION

Problems faced in road construction are due to the swelling and swelling pressure of the black cotton
soils. If the cohesive nonswelling soils is effective in counteracting both of these aspects roads can be
constructed on black cotton soils by providing around 1 m of CNS layer if the swelling pressures of the soil
is in the range of 2 to 4 kg/cm?2.

A sketch shown in Figure 53 shows the CNS layer compacted to standard proctor density. The base
course, sub base and surfacing can be designed by considering the CBR of CNS material.

The stabilization studies have shown that it is possible to improve the strength characteristics of
black cotton soil by addition of lime and cement. Such mixes can be used for base courses and sub base
course. it is necessary to provide surface course commensurate with the nature of traffic and the wheel load
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transmitted to the surface.

SUMMARY AND CONCLUSIONS

These studies have shown

(1) The swelling pressure in a bloack cotton soil is due to the presence of montmorillonite type of clay
mineral, which is having expanding type of lattice structure,
(2) The influence of the electrical charges in the clay fraction in particular and on the soil particles in

general play an important role in development of adsorbed water film around the clay particles on
one hand and development of cohesive forces in black cotton soil between particles to particle on
the other.

(3) The water having dipolar nature trying to enter the expanding lattice structure seems to be
responsible for the development of swelling and swelling pressure. Whereas the water film forming
around the particle may be responsible for counter balancing the swell and swelling pressure action
depending upon the rate at which the films.are formed and the water is absorbed in the clay mineral.

(4) The interaction between the dipolar water and the electrical charges on clay mineral seems to be
responsible for the development of cohesion of various magnitude in black cotton soil system.
Because of this it appears that 1 m thickness of CNS produced an environment equivalent to 18 m
height of soil at the level of 1 m in black cotton soils. This effect seems to be responsible for distinctly
different lateral pressure development and shear strength development etc. with depth in black
cotton soil.

(5) The concept of CNS layer is based on principle that CNS material of 1 m thickness provides an
environment similar to that observed at 1 m below to develop adsorbed water film. At the same time
the CNS layer itself does not heave and produces swelling and swelling pressure. The CNS Process
which is found to be effective in counteracting swelling pressure and also in retaining high shear
strength in black cotton soil seems to be a viable construction method for constructing stable canal,
embankments, foundations of cross drainage structure and protection of earth retaining structures
from high lateral pressures, construction of buildings foundation, roads etc.

(6) Based on experience gained at Malaprabha Canal system the specifications have been given for
identification and preparation of CNS layer. Method of construction of various civil engineering
structures in black.cotton soil region using CNS layer is also described.

(7) The studies with addition of various inorganic chemicals to black cotton soils have indicated that it
is possible to suppress swelling and swelling pressure of black cotton soils. It is also observed that
black cotton soil do respond to stabilization by lime and cement combination and considerable
strength gain is attained. ‘

The studies have brought out the distinct difference in behaviour of black cotton soils due to the
presence of montmorillonite type of clay mineral in the soil system. It is realized that this may help in giving
guidance for more detailed work on such a type of system.
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