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ABSTRACT

Purpose: The consolidation settlement of soft ground is dependent on the distribution of pore water
pressure which is also affected by hydraulic conductivities (boundary condition) of layers, thickness
of clayey soil layer and surcharge. Results: However, the current consolidation analyses are mostly
based on Terzaghi’s consolidation theory that assumes the initial pore water pressure ratio with depth
to be constant. In this study, numerical analysis are carried out to investigate the variation of pore
water pressure dissipation with depth and thickness of clayey soil layer, time, surcharge as well as
drainage conditions. Conclusion: Comparative study with Terzaghi’s consolidation theory is also
conducted. The result shows that Terzaghi’s consolidation theory should be used with caution unless it
is ideally corresponded to the isochrone.

Keywords: Soft ground, Consolidation theory, Pore water pressure, Drainage condition, Isochrone
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Fig. 1. Terzaghi 1-D Consolidation theory of isochrone (Terzaghi, 1943)
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Table 1. Average degree of consolidation-time factor

Average degree of consolidation(U)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Division

curve (1) 0.008 0.031 0.071 0.126 0.197 0.287 0.403 0.567 0.848
curve (2) 0.045 0.097 0.162 0.232 0.300 0.395 0.514 0.668 0.942
curve (3) 0.002 0.009 0.024 0.047 0.086 0.158 0.269 0.416 0.700
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Fig. 2. Average degree of consolidation-time factor(Terzaghi, 1943)
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Fig. 3. Isochrone form according to boundary conditions (Terzaghi, 1943)
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Table 2. Numerical analysis and isochrone correlation

Case of numerical analysis

Division

A B C D E F
Isochrone form (Fig. 3) (a) (c) (b) @ (d) @
Degree of consolidation-time factor curve (Fig. 2) €)) (1) (1 3) 3) 3)

Table 3. Isochrone analysis method using numerical analysis

Clayey sub-condition Clayey thickness Loading width
Permeable layer Terzaghi Vs CASE A Terzaghi Vs CASE B
Terzaghi Vs CASE B Terzaghi Vs CASE C
Impervious layer Terzaghi Vs CASE D Terzaghi Vs CASE E
Terzaghi Vs CASE E Terzaghi Vs CASE F
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Table 4. Numerical analysis condition

Division Loading width(m) Clayey thickness(m) Drainage condition Top load(kKN/m®)
CASE A 5.0 5.0 Permeable layer 20
CASEB 5.0 20.0 Permeable layer 20
CASEC 10.0 20.0 Permeable layer 20
CASED 5.0 5.0 Impervious layer 20
CASEE 5.0 20.0 Impervious layer 20
CASEF 10.0 20.0 Impervious layer 20
)

[TITT1

Point-A(GL.—1.0m)

Point-B(GL.—2.0m)
Point-C(GL.—2.5m) Clay layer(5m)
Point-D(GL.—3.0m)

Point—E(GL.—4.0m)

Pcrmeablce layer

(a) Pore water pressure measurement point (clay layer 5.0m, CASE A)
=)

Inaman)

Point—=A(GL.—2.5m)

Point=-B(GL.=7.5m)
Point=C(GL.—10.0m)
Point-D(GL.—12.5m)

Clay layer(20m)

Point—E(GL.—17.5m)

Permeable layer

(b) Pore water pressure measurement point (clay layer 20.0m, CASE B)

Fig. 4. Pore water pressure measurement point according to depth
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Table 5. Consolidation characteristics of clay layer

Unit weight(kN/m’)  Over Consolidation Lamda Kapa Coefficient of permeability Coefficient of consolidation
wet  Saturation ratio(OCR) N) (k) (cm/s) (em?/sec)

Clay 15.0 18.0 1.0 041  0.02 1.1x107 1.14x10™

Division
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Table 6. Average degree of consolidation of Terzaghi, CASE A and B

L . Average degree of consolidation (%)
Division  Depth ratio(z/H)

90 70 50 30 10
Terzaghi 0.2 79.84 69.95 48.05 28.93 9.54
0.4 99.75 95.11 73.12 45.88 15.55
0.6 99.75 95.11 73.12 45.88 15.55
0.8 79.84 69.95 48.05 28.93 9.54
CASE A 0.2 89.95 72.72 55.81 31.97 11.92
0.4 94.89 79.40 59.96 42.87 19.12
0.6 86.91 71.19 50.84 35.78 18.00
0.8 68.81 52.31 33.88 21.50 10.71
CASEB 0.2 98.07 91.50 76.95 55.30 22.72
0.4 99.72 98.54 93.35 74.12 35.10
0.6 99.90 98.68 97.21 78.86 37.88
0.8 95.05 83.85 69.54 53.95 26.10

Degree of consolidation[%) Degree of cansolidation(%)

0 20 40 60 80 100 0 20 40 80 80 100

0.0 . 0.0

0.2 0.2

_ |—#— 65days(10%) 0.4 —#— 73days(10%)

|—8— 3804

0.6 380days(30%) 0.6 —B— 310days(30%)
e —&— 1152days(50%) 08 \
5 1'0 |—=— 2480days(70%) N 10 505 \ ¢ v | —4— 1227days(50%)

1'2 —#— 5372days(90%) 1'2 l,‘ i ’,' , y , —— 3250days(70%)

T A Terzaghi : -
14 St 1.4 ‘:' /" 2 3 = 9290days(90%)
¥

16 | 1.6 " — Terzaghi

1.8 1.8

2.0 2.0

(a) Terzaghi Vs CASE A(clay layer, Sm) (b) Terzaghi Vs CASE B(clay layer, 20m)

Fig. 5. Comparison of isochrone type according to thickness of clay layer(Permeable layer condition)

KOSDI



Yun-Sic Lee et al. | Analysis of Isochrone Effect of Clayey Soils using Numerical Analysis

ERF FAJeAS Foll ol AREFol AHE vl o & FES F|(5~20m)2t EAIG(1.14x10  ecm?/secy S 48
sl o] W2 AZHAE AFASH ATR= Table 7 9 Fig. 63} At I3} o] AES0] 9R2 H-9(CASE A)oll=
Terzaghi7} A|Q¥er FL - ARMA T AR A= UepdA|eh, AfistEo] s dAofzo] APt T4 4%
(CASE B)°lli= TerzaghiZF Aot P - A XA T4 (3) Bt AXMAl7 F2okr]= A © & LFER TerzaghiZF AIQFRT
PUE- ARG T4 (1) A-8E A 9olle APl 2 2o 7S 4= St wheha], dAfistse] HES k7t

=2 102 T H =2 o
A S2 9] AE=hs -7olle Terzaghi AL ARMAR T4(1)& 085t FEARIS A &= AT, HES AL
AN Al Sfet FEH 7T AR 7-Folle AlsAell ot P - AREAlS 43S ARSSIY Terzaghi A E .
AT A (3)= A8ohe o] FEARE 418 29 4 = o= mE:

Table 7. Average degree of consolidation of CASE A and B

Average degree of consolidation(U)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time CASE A 0.010 0.026 0.060 0.115 0.182 0.272 0.392 0.563 0.848
factor  CASEB 0.001 0.002 0.003 0.006 0.012 0.020 0.032 0.052 0.092

Division
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08 +
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Ave. consolidation ,U

08 —+

0.001 0.010 0.100 1.000 0.000 0.001 0.010 0.100 1.000
Time factor  T=Cvt/H2 Time factor , T=Cvt/H2

(a) Terzaghi Vs CASE A(clay layer, 5m) (b) Terzaghi Vs CASE B(clay layer, 20m)

Fig. 6. Degree of consolidation-time factor according to thickness of clay layer(Permeable layer condition)
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Table 8. Average degree of consolidation of Terzaghi, CASE D and E

o Depth ratio Average degree of consolidation(%o)
Division
(z/H) 90 70 50 30 10
Terzaghi 0.2 79.84 69.95 48.05 28.93 9.54
0.4 99.75 95.11 73.12 45.88 15.55
0.6 99.75 95.11 73.12 45.88 15.55
0.8 79.84 69.95 48.05 28.93 9.54
CASED 0.2 88.69 73.70 54.33 27.39 8.65
0.4 93.81 78.80 61.85 41.90 15.63
0.6 94.02 82.18 63.94 44.57 20.20
0.8 97.09 89.12 69.78 48.94 22.89
CASEE 0.2 99.08 98.45 76.01 53.55 21.83
0.4 99.55 99.12 91.55 75.35 38.45
0.6 99.90 99.55 96.85 84.76 49.03
0.8 99.98 99.89 98.90 89.24 53.86
Degree of cansolidation(%) Degree of consolidation(%)
0 20 40 60 80 100 ] 20 40 60 80 100
00 (HET— ' 00 WS
0.2 "\‘\:“\:‘\" N "‘-..“K — e days(10%) 0.2 “.\‘:\\\ N . —4— 55days(10%)
- o I“.“.‘ \\ . A - - e 70ys0n) z o0 “‘ \\ \‘\\ \\‘ -,,‘\\' \\*—I—%Ddavsﬁﬂ%]
~ \l “‘\ \ ‘% ‘\ "\\ —&— 1500days(50%) ™ "‘ ‘.‘ N ‘\.\ ‘,\‘ —— 1200days(50%)
0.6 ‘.‘ '\‘ \-\ S —— 3500days(70%) 0.6 '\‘ kY ‘\\ \ ‘\ 3400days(70%)
l1 ‘\ \ \ \ e 5900days(90%) ',‘ ‘.‘ \ X X —#— 12060days(30%)
0.8 |: I:\ “l \' “l‘ \ » 1 rerzahi 0.8 Ii II‘, ‘.“ \‘.“‘ %.I --------- Terzaghi
B o 10I‘° 10 st o son 0% 109

(a) Terzaghi Vs CASE D(clay layer, 5m) (b) Terzaghi Vs CASE E(clay layer, 20m)

Fig. 7. Comparison of isochrone type according to thickness of clay layer (Impervious layer condition)
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Table 9. Average degree of consolidation of CASE D and E

Average degree of consolidation (U)

Division
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time CASED 0.0027 0.007 0.0183 0.0357 0.0583 0.0893 0.136 0.2098 0.3457
factor CASEE 0.0001 0.0004 0.0006 0.0014 0.003 0.0053 0.0084 0.0154 0.0297
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Time factor ,T=Cvt/H2 Time factor .T=Cvt/H2
(a) Terzaghi Vs CASE D (clay layer, 5m) (b) Terzaghi Vs CASE E (clay layer, 20m)
Fig. 8. Degree of consolidation-time factor according to thickness of clay layer(Impervious layer condition)
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Table 10. Average degree of consolidation of Terzaghi, CASE B and C

o Depth ratio Average degree of consolidation (%)
Division
(zZH) 90 70 50 30 10

Terzaghi 0.2 79.84 69.95 48.05 28.93 9.54
0.4 99.75 95.11 73.12 45.88 15.55
0.6 99.75 95.11 73.12 45.88 15.55
0.8 79.84 69.95 48.05 28.93 9.54

CASE B 0.2 98.07 91.50 76.95 55.30 22.72
0.4 99.72 98.54 93.35 74.12 35.10
0.6 99.90 98.68 97.21 78.86 37.88
0.8 95.05 83.85 69.54 53.95 26.10

CASEC 0.2 98.35 85.94 69.19 43.96 17.11
0.4 96.74 96.75 81.33 55.42 25.35
0.6 98.21 96.06 81.74 54.45 24.87
0.8 85.32 68.86 52.05 33.45 15.32
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Fig. 9. Comparison of isochrone type according to loading width (Permeable layer condition)
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Table 11. Average degree of consolidation of CASE A and C
o Average degree of consolidation (U)
Division
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
) CASE B 0.001 0.002 0.003 0.006 0.012 0.020 0.032 0.052 0.092
Time factor
CASEC 0.002 0.005 0.009 0.017 0.029 0.045 0.069 0.105 0.165
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(b) Terzaghi Vs CASE C (loading width, 10m)

Fig. 10. Degree of consolidation-time factor according to loading width(Permeable layer condition)
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Table 12. Average degree of consolidation of Terzaghi, CASE E and F

o ZlolH] Average degree of consolidation (%)
Division
(z/H) 90 70 50 30 10
Terzaghi 0.2 95.2 93.1 88.1 81.0 65.1
0.4 91.0 86.2 77.4 64.3 36.6
0.6 85.1 76.9 70.0 50.8 17.9
0.8 84.2 72.8 64.9 42.1 8.30
CASEE 0.2 99.08 98.45 76.01 53.55 21.83
0.4 99.55 99.12 91.55 75.35 38.45
0.6 99.90 99.55 96.85 84.76 49.03
0.8 99.98 99.89 98.90 89.24 53.86
CASEF 0.2 99.02 84.34 67.52 40.34 15.12
0.4 96.73 95.65 81.42 58.25 26.12
0.6 99.46 99.04 89.41 69.12 33.54
0.8 99.58 99.25 94.23 76.72 37.63
Degree of consolidation(%) Degree of consolidation(%)
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(b) Terzaghi Vs CASE F (loading width, 10m)
Fig. 11. Comparison of isochrone type according to loading width (Impervious layer condition)

(a) Terzaghi Vs CASE E (loading width, 5m)
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Table 13. Average degree of consolidation of CASE E and F

Average degree of consolidation (U)
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Time CASEE 0.0001 0.0004 0.0006 0.0014 0.003 0.0053 0.0084 0.0154 0.0297
factor  CASEF 0.0004 0.0012 0.0023 0.0043 0.0080 0.0131 0.0205 0.0343 0.0580
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(a) Terzaghi Vs CASE E (loading width, 5m) (b) Terzaghi Vs CASE F (loading width, 10m)

Fig. 12. Degree of consolidation-time factor according to loading width(Impervious layer condition)
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