Chapter 11:

Compressibility of Soil
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Table 11.3 Variation of I; with L/B and D;/B

I

L/B D/B ps =03 ps=0.4 pns =05
1 0.5 0.77 0.82 0.85
0.75 0.69 0.74 0.77
1 0.65 0.69 0.72
2 0.5 0.82 0.86 0.89
0.75 0.75 0.79 0.83
1 0.71 0.75 0.79
5 0.5 0.87 0.91 0.93
0.75 0.81 0.86 0.89
1 0.78 0.82 0.85

Table 11.5 Representative Values of Poisson’s Ratio

Type of soil Poisson’s ratio, p,
Loose sand 0.2-04
Medium sand 0.25-04
Dense sand 0.3-0.45
Silty sand 0.2-0.4

Soft clay 0.15-0.25
Medium clay 0.2-0.5

Table 11.4 Representative Values of the Modulus of Elasticity of Soil

E;
Soil type kN/m? Ib/in?
Soft clay 1.800-3.500 250-500
Hard clay 6.000-14,000 850-2.000
Loose sand 10,000-28,000 1,500—4.,000
Dense sand 35,000-70,000 5,000-10,000
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Figure 11.5 Spring-cylinder model
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One-Dimensional Laboratory Consolidation Test
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Normally Consolidated and Overconsolidated Clays
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showing loading, unloading, and reloading Figure 11.13 Graphic procedure for
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Normally Consolidated — whose present effective overburden pressure is the maximum pressure that the soil was subjected to
in the past

Overconsolidated — whose present effective overburden pressure is less than that which the soil experienced in the past. The
maximum effective past pressure is called the preconsolidation pressure

o o, = preconsolidation pressure of the specimen
. o o _ _C ) ) )
Over Consolidation Ratio (OCR) = o o = present effective vertical pressure



Effect of Disturbance on Void Ratio — Pressure Relationship
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Calculation of Settlement from One-Dimensional Primary Consolidation
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Compression Index (C ) and Swell Index (C.)

Cc =0.009(LL -10).........Skempton (1944)
1 1
C;x—to—C
Ps5 10 ¢

Table 11.6 Correlations for Compression Index, C,*

Equation Reference Region of applicability

C.=0007(LL — 7) Skempton (1944) Remolded clays

C. = 0.0lwy Chicago clays

C. = 1.15(ep — 0.27) Nishida (1956) All clays

€= 0.3We, — 0.27) Hough (1957) Inorganic cohesive soil: silt, silty clay, clay
C. = 0.0115wy Organic soils, peats, organic silt, and clay
C. = 0.0046(LL — 9) Brazilian clays

C. = 0.75(ep — 0.5) Soils with low plasticity

C,. = 0.208¢, + 0.0083 Chicago clays

C. = 0.156¢, + 0.0107 All clays

Table 11.7 Compression and Swell of Natural Soils

Liquid Plastic Compression Swell
Soil limit limit index, C, index, C,
Boston blue clay 41 20 0.35 0.07
Chicago clay 60 20 0.4 0.07
Ft. Gordon clay, Georgia 51 26 0.12 —
New Orleans clay 80 25 0.3 0.05
Montana clay 60 28 0.21 0.05
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Figure 11.20 Variation of ¢ with log r under a given load increment and definition of secondary
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| 5
S, =C _Hlogl =
2
— Ca'
1+ep
Ae Ae

Ca: =
logt,-logt, log(ty/t,)

C, = secondary compression index

Ae = change of void ratio

t,, t, =time

e, = void ratio at the end of primary consolidation

H = thickness of clay layer

Magnitudes of C,,

Overconsolidated clays = 0.001 or less
Normally consolidated = 0.005 to 0.03
Organic Soil = 0.04 or less



Time Rate of Consolidation
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I, = Time Factor = —
Hdr
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Figure 11.23
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Table 11.8 Variation of T, with U/

U %)
0

00 1 O n s s B o=

[S I S T NG T NG T NS T S R e e e e e e T
h B~ W= OO0~ & W= O\

T-

0
(L0000
0.0003
0.00071
000126
(.00 196
0.00283
0.00385
0.00502
0.00636
0.00785
0.0095
0.0113
0.0133
0.0154
0.0177
0.0201
0.0227
0.0254
0.0283
0.0314
0.0346
0.0380
0.0415
0.0452
0.0491

Lf (%)
26
27

24
3

il

30)
1
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

T,

0.0531

0.0572
0.0615
0.0660
0.0707
0.0754
0.0803
0.0855
0.0907
0.0962
0.102
0.107
0.113
0.119
0.126
0.132
0.138
0.145
0.152
0.159
0.166
0.173
0.181
0.188
0.197
0.204

56
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77

100

T,

v

0.529

0.547
(.567
{1.58H
0610
1.633
0.658
0.684
0.712
0.742
0.774
0.809
0.848
0.891
0.938
0.993
1.055
1.129
1.219
1.336
1.500
1.781
o0
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f2 s0 Logarithm-of-time method for determining
Time (log scale) coeflficient of consolidation
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Table 11.9 Comparison of ¢, Obtained from Various Methods*

¢, * 10" cm?/sec

Range of Logarithm- Square-root-
pressure o'’ of-time of-time Early stage
Soil {kN/m?) method method  log-t method
Red earth 25-50 463 545 .12
S0-100) 643 798 Q0
1 CW0—2 00 1.32 9,99 11.43
200400 8514 10,90 12.56
5K H.10 11.99 1280
Brown soil 25-50 181 4.45 542
50-100 3.02 3.77 3.80
100-200 2.86 3.40 3.52
200-400 2.09 2.21 2.74
400-800 1.30 1.45 1.36
Black cotton soil 25-50 5.07 6.55 9.73
50-100 3.06 3.69 4.78
100-200 2.00 2.50 3.45
200-400 1.15 1.57 2.03
400-800 0.56 0.64 0.79
Illite 25-50 1.66 2.25 2.50
50-100 1.34 3.13 3.32
100-200 2.20 3.18 3.65
200-400 3.15 4.59 5.14
400-800 4.15 5.82 6.45
Bentonite 25-50 0.063 0.130 0.162
50-100 0.046 0.100 0.130
100-200 0.044 0.052 0.081
200-400 0.021 0.022 0.040
400-800 0.015 0.017 0.022
Chicago clay 12.5-25 25.10 45.50 46.00
(Taylor, 1948) 25-50 20.10 23.90 31.50
50-100 13.70 17.40 20.20
100-200 3.18 4.71 4.97
200400 4.56 4.40 491
400-800 6.05 6.44 7.41

800-1600 7.09 8.62 9.09




Methods for Accelerating Consolidation Settlement
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Precompression
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