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Estimating the Amount of Swelling Potential of Clay Soils with High
Plastic Properties

A. Khodaparast and B. Azary

Abstract: Expansive soils are considered among problematic soil groups and the predication of the expansion rate of
these soils is important. In the present study, three types of different clay soils with different specifications have been
randomly selected from three different areas of some countries. Samples pertaining the first series have been selected
from Indonesia, in which montmorillonite is the mixed soil of most of constituent minerals and enjoys an extremely
high expansion potential (between 70 to 122%). Samples of the second series have been taken from northern Oman.
The montmorillonite soil has a very high plastic property. The percentage of montmorillonite mineral presented in
this soil is higher than that of the other clay minerals.. Samples of the third soil of this study are the result of a
research achieved on compacted soils in which the samples have mainly consist of a combination of silica sand,
kaolinite and bentonite with different mineral percentages. In the present study, the soils that have been used fall
within the category of fine-grained soils as per the Unified Soil Categorization System. The regression analysis was
used by means of Design-Expert software for different values of plastic properties in order to estimate the
expansibility of the soils with high plastic properties. Comparing the relationship obtained in this study and that of
Seed et al., the correlation coefficient in this study is higher; and lower RMSE and MAE have been obtained here.
This suggests the high and proper precision of the relationship.

Keywords: Swelling potential of soils, Expansive soils, Swelling, High plastic properties, Experimental relationships
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Fig. 2. A damaged building due to swelling [5]
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Table 1. Summary of prediction relationships swelling potential in previous studies

Reference Empirical relationships Remarks
Isik Yilmaz-2006 SP =277+ 0.131 LL — 0.27 w,,
Isik Yilmaz-2006 log SP = 0.36 LL — 0.0833 w,, + 0.458
Cimen et al-2012 Log SP = 0.0526y4+ 0.033LL — 6.8 For undisturbed soils,
yd= 1b/ft3
Isik Yilmaz- 2006 Log SP=1/12(0.44LL-w,, +5.5) For undisturbed soils

log SP=1/19.5(6.242y4 +0.65LL-130.5

Isik Yilmaz-2006 SP =0.00216 PI 244 For undisturbed soils
SP=0.0036P1 44 For disturbed soils
Isik Yilmaz- 2006 SP = (0.2558¢0-0838P! yq = 15.7 — 17.3kN/m3
Wy =15 — 20 %
Azam at el-2013 SP=0.16 PI1188 For undisturbed soils
Komine, H. and N. Log SP=0.922-1.19 For undisturbed samples
Ogata- 1994 Wn
Komine, H. and N. SP = 0.00064 PI1*37Ct37 For soil compacted to the
Ogata- 1994 _ 145 maximum standard
SP= (0.0229 PI 145 C) / w,+ 6.38 AASHTO unit weight at
optimum water content
Sabtan-2005 SP=1.0+0.06(C + PI-wy) For undisturbed samples,
ASTM Method A, Ps =
kPa
Komine, H. and N. SP =23.82 +0.7346P1 — 0.1458H - 1.7w, + For undisturbed samples,
- 1994 0
Ogata- 199 (0.0025PDw,, — (0.00884PI)H PI>40%
SP=—19.18 + 1.5546PI + 0.08424H + 01w, — FI=40%
(0.0432PDw, — (0.01215PI)H
Isik Yilmaz-2006 SP=0.00041 LL*t*17p~0386y, -2.33 P=surcharge
Nwaiwu and Nuhu- SP =11.17 + 0.16E. — 3.96 G For disturbed soils
2006
Cimen et al- 2012 SP=(0.3139y4%%552 0.1177w,,0447) p] 09626 On the Dry Side
SP=(0.4768y %3888 0.0033w,, 1 6045)p| 07224 On the Wet Side
Chu, Y., etal Log SP = —3.1+4 1.85 xlog(os/0y) 0,,: pore water
conductivity

o:the surface conductivity
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Table 2. Investigation of soil swelling potential based on
plasticity index and liquid limit [15]

Liquid Limit
Swelling Potential Plasticity Index
(%)
Low 30 > 0-15
Medium 30-40 10-35
High 40 - 60 20-55
Very high 60 < 35<
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Table 3. General soil properties of Soko region and soil mix sample under testing

PROPERTY Soko Mix 1 Mix 2 Mix 3

Water Content, wn (%) 63.59 54.80 50.81 46.77

Unit weight, y (tm?) 1.51 1.51 1.51 1.51

Specific Gravity, Gs 2.62 2.59 2.56 2.53

Clay content (%) 95.60 94.53 94.87 95.13
Na-bentonite 0 6.78 13.57 20.35

Si02 64.98 62.00 62.54 62.63

Al203 20.67 23.04 22.73 22.69

Fe203 5.39 10.27 9.74 9.38

TiO2 0.24 0.26 0.25 0.25

CaO 3.55 1.27 1.30 1.34

MgO 3.57 1.67 1.69 1.74

Na20 1.05 1.15 1.43 1.65

K20 0.55 0.34 0.30 0.32

Montmorilonite (%) 76.10 50.11 50.48 50.94

Feldspar (%) 16.20 16.03 16.67 17.90

Alpha Quartz (%) 5.30 6.80 6.63 6.47

Halloysite (%) 4.30 13.03 12.89 12.10
Cristobalite (%) 0.90 14.03 13.33 12.59
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Fig. 3. The map of the studied region in Sudjianto’s et al research [16]
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Table 4. Properties of the tested soil by Amer Al-Rawaset
al. [6]

Characteristics Values and descriptions
Colour Yellow
Depth(m) 1.2
Natural water content (%) 8.9
Field dry unit weight 17
(kN/m3)
Specific gravity 2.8
Passing No. 200 sieve (%) 60
Clay content (%) 20
Cation exchange capacity 70
(meq/100 g)
Optimum water content (%) 21
Maximum dry unit weight 175
(kN/m3) '
Montmorillonite 43
Palygorskite 23
Illite 23
Kaolinite 16
Sodium (Na) 41
Calcium (Ca) 6
Magnesium (Mg) 1
Potasium (K) 1
Jr—,’f/ b :‘I"F Il Somadi opkialite
IRAN [Z] Pern-Crat thrust sheets

Parrn-Crotglatfnem
[CE] P irmdasn

/-

oles Jlad 55 axlllae )50 dlbio g 5,8 Joro —F JSC&

[#] (o921
Fig. 4. Location of Studied Area in North of Oman [6]
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Table 5. The swelling potential and plasticity properties of the studied soils in this research

Reference LL PI SP Soil Type
Sudjianto et al. 2011 60 25 2.7 MH
Sudjianto et al. 2011 57 19 0 MH
Sudjianto et al. 2011 54 9 0 MH
Sudjianto et al. 2011 62 24 5.43 MH
Sudjianto et al. 2011 59 16 4.57 MH
Sudjianto et al. 2011 54 12 3.67 MH
Sudjianto et al. 2011 61 33 5.96 CH
Sudjianto et al. 2011 54 35 6.1 CH
Sudjianto et al. 2011 55 15 6.04 MH
Sudjianto et al. 2011 53 14 6 MH
Sudjianto et al. 2011 56 8 14 MH
Sudjianto et al. 2011 54 10 245 MH
Sudjianto et al. 2011 56 23 22 MH
Sudjianto et al. 2011 51 I 0.25 MH
Sudjianto et al. 2011 49 14 1.62 ML
Sudjianto et al. 2011 50 10 0.9 MH

Amer A. Al-Rawas et al-2005 119.75 87.83 32.02 CH
Amer A. Al-Rawas et al-2005 13.6.66 100.44 37.94 CH
Amer A. Al-Rawas et al-2005 163.03 122.8 43.82 CH
Nayak and Christensen-1971 75.6 48.1 21.8 CH
Nayak and Christensen-1971 559 31.3 13.3 CH
Nayak and Christensen-1971 66.8 35.9 17.9 CH
Nayak and Christensen-1971 107.2 85.1 35.8 CH
Nayak and Christensen-1971 70.7 94.4 23.4 CH
Nayak and Christensen-1971 899 62.5 28.2 CH
SP=-17.94575+0.42455 LL ,R>=0.85 (1) losls golo 0> 5 )55 Jeuilly abl) pol> 5o )

O oles JSo 0 g ol o] Cowas (V) adal,y gubo
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Fig. 5. The relation of swelling potential and liquid limit
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Table 6. Comparison of the swelling potential of the studied samples according to the present model and the proposed model by Seed et al

LL PI Actual swelling Proposed Relationship Seed et al
Potential (%) (Equation (4)) Equation (2)
75.6 48.1 21.8 17.69 45.79
55.9 31.3 13.3 10.91 16.05
66.8 359 17.9 12.43 22.43
107.2 85.1 35.8 33.37 184.22
70.7 94.4 234 18.61 48.86
89.9 62.5 28.2 23.67 86.75
119.75 87.83 32.02 33.90 198.97
13.6.66 100.44 37.94 40.28 276.03
163.03 122.8 43.82 44.99 450.76
60 25 2.7 7.66 9.27
57 19 0 4.98 4.75
54 9 0 0.41 0.77
62 24 5.43 7.06 8.39
59 16 4.57 3.43 3.12
54 12 3.67 1.84 1.55
61 33 5.96 11.40 18.26
54 35 6.1 12.78 21.08
55 15 6.04 3.20 2.67
53 14 6 2.85 225
56 8 1.4 0 0.85
54 10 2.45 0.89 0.99
56 23 22 6.95 7.57
51 8 0.25 0.12 0.58
49 14 1.62 3.09 225
50 10 0.9 1.13 0.99
Root Mean Square Error (RMSE) 341 105.33
Mean Absolute Error(MAE) 2.88 45.50
Coefficient of Correlation(R?) 0.93 0.88
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