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Improvement of Soft Marine Clay by Preloading and Wick Drain Method
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Abstract

Preloading surcharge method along with vertical drains was adopted to improve the performance
of a very soft marine clay deposit. The onshore deposit, located in the Ulsan Bay area, consists
of a 2 to 10m thick, very soft, highly compressible marine clay layer developed just below the
sea water level. The initial undrained shear strength of the clay layer was about 0.6 ton/m’.
But, the deposit was designed after treatment to support some auxilliary facilities for a new_ilo
refinery plant, requiring bearing capacities of 3.6 to 5.4 ton/m* and maximum allowable settlement
of less than 7. 5cm.

A total of 35,000 wick drains was installed to expedite drainage during preloading, and surch-
arge loads of up to 5m above the original ground level were applied in a step-by-step loading
sequence to prevent ground failure by excess surcharge loads. An extensive program of field
instrumentation was implemented to monitor the behavior of the clay deposit. Measurements
included settlements, excess pore pressure and its dissipation, ground water level fluctuation, and
lateral movement of the soft clay layer under the preloads.

This paper describes the design concepts, construction methods and control procedures used for
improvement of the clay layer. It also presents the ground behavior measured during construction,

and comparisons with theoretical predictions.
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Table 1. Calculated Total Settlement
' Final Fill Height(EL. 5, 0m)

Depth. m S;, m ) Se,m | S,m } S¢, m
EL—3 | 0.017} 0.349 | 0.027 | 0.393
EL.— 5 0.057 | 0.566 | 0.045 | 0.668
EL.— 7 0.110 | 0.734{ 0.063] 0.907
EL.—10 0.185 ! 0.926 | 0.090 | 1.201
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Table 2. The Degree of Consolidation with Vertical and Horizontal Drainage
U=1-10-Un)Q-U)=Up + Ur=U, Us

3m, 7,=0.00043t

5m, T,=0.00015¢ 10m, T,=0, 000038t

Us
. days l T,=0. 0025t U, U U, U U, U
10 0.078 ] 0.074 0. 146 0. 043 0.118 0.022 0. 098
20 0.150 0.101 0.236 0. 062 0.203 0. 031 0.176
30 0.215 0.128 0. 315 0.076 0.275 0.038 0.245
50 0. 332 0.165 0. 442 0.098 0.397 0. 049 0. 365
100 0. 554 0.234 0. 658 0.138 0. 616 0.070 0. 585
150 0.703 0.287 0.788 0.169 0.753 0. 085 0.728
200 0. 801 0.330 0.867 0.195 0. 840 0. 098 0. 821
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Wick Drain

Fig.6. General Layout of Wick Drain
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Table 3. Surcharge Schedule
Height,! Thickness, { Duration,
Area l Stage EL. ] m Days
1 -Fill 1.6 1.0 30
I -Fill 2.2 0.6 30
Road | I-Fill 2.8 0.6 40
Site N -Fill 3.5 0.7 30
V-~Fill 4.2 0.7 30
V-Fill] 5.0 0.8 150
I -Fill 1.6 1.0 30
General| [-Fill 2.2 0.6 30
Site I ~-Fill 2.8 0.7 30
V-Fill 3.5 0.7 150
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Table 5. Excess Pore Water Pressure Parameter, A

Sensor IS)ZI;St(})lI: D%Laff{, EL. 0.9m | EL. 1.2m |EL 1.6m | EL. 2.2m | EL. 2.8m |[EL. 3.5m|*ve[28®
-~ | EL. m|EL. m |
5 | -1z -2 | o | o5 | L17 | 049 | 052 | 0.27 | 0.63
6 |—1.65‘ = 0.52 | 0.71 | 0.81 | 0.97 | 0.99 | 0.8 | 0.8l
7 |-t -7 | oss | 0w | om| 15| 115] 105 | 0w
9 |-320] -9 | o8t 0.95 | 1.00 | 131 | 119 | 1.08 | 1.06
0 |-zss| -7 | 1as | 13 | 0.86 | Lo | L | 0.9 | 110
12 |-1ss| -4 | os | 075 | o6 | o4 | 016 | 020 | 073
13 | -175] -5 | 0.56 | 1.06 | 0.88 | 053 | 0.67 | 069 | 1.00
14 | -3.85 —10 | 0.79 | L1 | L4 | 0.98 | 148 | 109 | 110
6 U —257| -9 . om | oss | oss | 06| 1se| —!ow
Lw —5.03| -9 | o8 | 050 | Lz | o | 146 | —* | 0.93
Up —3.13‘ -10 | 1.36 | 0.87 | 121 | 0.86 | L5 | — | 109
" L —6.17| —10 | 146 | 079 | Lsz | os | 1w | —* | L1
Average: | 0.87 | 0.8 | 0.99 | 0.82 | L1z | 0.95 | 0.94
* Piezometer Malfunctioned
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Fig.14. Effective Stress Path on p—g Diagram
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