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Characteristics of Long—Term Settlement in the Soft Ground
of Nakdong River by Numerical Analysis
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ABSTRACT

Deep soft ground in mouth of Nackdong river requires to be analysed with prediction method concerning characteristics
of secondary consolidation from the beginning because it causes excessive settlement due to time—dependant secondary
consolidation characteristics. This study investigated characteristics of extended settlement by conducting one—dimensional
theory, elasto—plastic model and visco—elasto—plastic model as well as analyzing long—term measuring data observed over
2,000 days. According to one—dimensional theory and elasto—plastic model, there is not definite correlation between height
of embankment and depth of soft ground while visco—elasto—plastic model showed similar result of settlement to that of
long—term measuring data. Consequently it is suggested that applying visco—elasto—plastic model to developing deep
underground place as studied area on predicting extended settlement before construction prevents economic loss and delay
during process by preparing secondary consolidation characteristics.
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(a) Location of the study area (Nakdong River estuary)
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(b) Distribution status of soft clayey soil in the study area
Fig. 1. Location & status of the study area
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Fig. 2. Consolidation characteristics the study area (Data obtained from Busan Metropolitan City Construction Headquarters, 2005)
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Fig. 3. Embankment hight and measured settlement over elasped time
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Table 1, Analysis data of measured settlement in the study area

Division Borehole no. Final embankment hight Soﬁ clay layer I\/Ileasured Final measured
(m) thickness (m) period (days) settlement (cm)
No.1 BH-6 15,520 38.2 2,248 590.8
No.2 BH-8 15,700 30.9 2,228 5529
No.3 BH-4 15,510 27.0 2,185 526.7
No.4 BH-10 12,747 39.3 2,228 5371
No.5 BH-11 12,703 31.5 2,253 484 4
No.6 BH-12 12.728 255 2,185 4378
No.7 BH-15 6.672 38.3 2,008 3325
No.8 BH-14 6.665 317 2,008 2941
No.9 BH-13 6.706 255 2,008 2785
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Table 2. Types and conditions of analysis section

Numerical analysis applied Analysis condition of result
Division Borehole no. Final embankment Soft clay layer Final embankment Soft clay layer
hight (m) thickness (m) hight (m) thickness (m)

No.1 BH-6 15,520 382 40,0

No.2 BH-8 15,700 30.9 16.0 31.0

No,3 BH-4 15,510 270 26.0

No.4 BH-10 12,747 393 40,0

No.5 BH-11 12,703 315 13.0 31.0

No.6 BH-12 12,728 255 26.0

No,7 BH-15 6.672 38.3 40.0

No.8 BH-14 6,665 317 7.0 31.0

No.9 BH-13 6.706 255 26.0

Numerical analysis conditions * One—dimensional ¢ Elasto—plastic ¢ Visco—elasto—plastic
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Table 3. Input parameters applied to numerical analysis

Parameters Embankment Upper sand Soft clay layer depth Lower sand layer
material layer 0~20m 20~30m 30m~
E (kN/m?) 15,000 8,000 1,650 1,500 3,000 15,000
v 0.30 033 0.35 0.35 0.35 0.30
% (kN/m’) 19.0 18.0 16,0 16,3 18.0 19.0
Pl (%) - - 24.0 26.0 18.0 -
G - - 0.740 0.750 0.433 -
e - - 1.930 1770 1.164 -
(m*/day) - - 0.00837 0.00837 0,00837 -
G, - - 0.00370 0.00375 0.00217 -
A - - 0.321 0.326 0.188 -
K - - 0,032 0,033 0.019 -
o - - 0,005 0,006 0,004 -
v, (1/min) - - 5.07x107° 8.72x107° 8.27x107° -
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Table 4. Analysis results on predicted settlement in the study area
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(cm) One—dimensional elasto—plastic Visco—elasto—plastic
NO.1 590.8 3915 4731 607.7
NO.2 552.9 359.9 454 6 572.0
NO.3 526.7 336.0 4293 532.0
NO.4 5371 3489 436.4 5589
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NO.6 4378 2901 3675 4508
NO.7 3325 236.4 253.3 321.8
NO.8 2941 207.0 2351 289.4
NO.9 2785 196.4 2153 2621
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Fig. 4. Comparison with measured and predicted settlement in section no,1~9
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Table 5. Comparison of the final settlement by measured and predicted

Measured Settlement (cm)

(a) One—dimensional predicted

Measured Settlement (cm)

(b) Elasto—plastic predicted

Divisi Final embankment Soft clay layer Comparison of measured settlement (%)
IVISION .
hight (m) (m) One—dimensional Elasto—plastic Visco—elasto—plastic
NO.1 40 66.3 80.1 102.9
NO.2 16.0 31 65.1 822 1035
NO.3 26 63.8 815 101.0
NO.4 40 65.0 813 1041
NO.5 13.0 31 65.0 83.6 104.4
NO.6 26 66.3 83.9 103.0
NO.7 40 1 76.2 96.8
NO.8 7.0 31 70.4 80.0 98.4
NO.9 26 705 773 94 1
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0O One-Dimensional y=x O Elasto-Plastic y=x A Visco-Elasto-Plastic
=700 g700 | ~.700 y = 1.02x
£ S g y=x
— 600 = 600 <600
< < c
] ] )
£ 500 £500 | £ 500
2 K} ) k7
% 400 400 | y=08xl Za00
@ y=o66x| 2 2
3 300 Ta00 | 2300
ke ke ke
T 200 T 200 | © 200
£ £ S
100 | 100 100
0 0 0
0 100 200 300 400 500 60O 700 800 0 100 200 300 400 500 600 700 300 0 100 200 300 400 500 600 700 800

Measured Settlement (¢cm)

(c) Visco—elasto—plastic predicted

Fig. 5. Comparison of fitting parameters measured and predicted final settlement
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Fig. 6. Comparison of fitting parameters measured and predicted settlement in section No.1~9

Table 6. Measured and predicted settlement normalization results for each section

Division Measured settlement One—dimensional analysis Elasto—plastic analysis \/iscof.elastofplastic

settlement settlement analysis settlement
NO.1 1.00 0.64 0.76 0.98
NO.2 1.00 0.66 0.79 1.00
NO.3 1.00 0.68 0.82 1.01
NO.4 1.00 0.64 0.78 1.00
NO.5 1.00 0.66 0.81 1.02
NO.6 1.00 0.74 0.89 1.09
NO.7 1.00 0.67 0.65 0.83
NO.8 1.00 0.67 0.68 084
NO.9 1.00 0.73 0.73 0.89
Final Settlement 1.00 0.66 0.81 1.02
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Fig. 8. Comparison of soft clay layer thickness conditions

Table 7. Measured and predicted settlement normalization results for each section (Early and medium—term/Long—term
characteristics)
One—dimensional analysis settlement Elasto—plastic analysis settlement Visco—elasto—plastic analysis settlement
Division Early and Early and Early and
medium—term Long-term medium—term Long-term medium—term Long-term
NO1 0.47 0.67 0.68 0.78 0.87 1.00
NO.2 0.59 0.67 0.77 0.80 0.97 1.00
NO.3 0.65 0.68 0.84 0.81 1.04 1.01
NO.4 0.53 0.66 0.78 0.78 1.00 1.00
NO.5 0.58 0.68 0.83 0.81 1.03 1.01
NO.6 0.79 0.72 1.00 0.86 123 1.05
NO.7 0.61 0.68 0.59 0.66 0.74 0.84
NO.8 0.59 0.69 0.63 0.69 0.78 0.84
NO.9 0.85 0.72 0.87 0.72 1.06 0.88
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