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Improvement of Soft Marine Clay by Preloading and Wick Drain Method

Abstract

Preloading surcharge method alcong with vertical drains was adopted
to improve the performance of a very soft marine c¢lay deposit. The
cnshore deposit, located in the Ulsan bay area, consists of 2 to 10m
thick, very soft, highly compressible marine clay layver developed just
below the sea water level. The initial undrained shear strength of the
clay layer was about 0.6 ton/m2. But, the deposit was designed after
treatment to support some auxilliary facilities for a new oil refinery
plant, requiring bearing capacities of 3.6 to 5.4 ton/m2? and maximum
aliowable settlement of less than 7.5c¢m.

A total of 35,000 wick drains was installed to expedite drainage
during preloading, and surcharge loads of up to 5m above the original
ground level were applied in step-by-step lcading sequences to prevent
ground failure by excess surcharge loads. An extensive program of
field instrumentation and subsurface investigations was implemented to
monitor the behavior of the ¢lay deposit and to determine strength gain
of the clay under surcharge loads, Measurements included settlements,
excess pore pressure and its dissipation, ground water level fluctuation,
and lateral movement of the soft clay layer under the prelcads. Both
laboratory triaxial tests and field vane tests were conducted at diffe-
rent stages of prelcoading to evaluate the strength increases.

This paper describes the design concepts, construction methods and
control procedures used for the improvement of the clay layer. It also
presents the ground responses measured during construction, and strength
gain during surcharge loading. Comparisiong of measured values with
theoretical predictions are also described.
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Table 3. The Degree of Consolidation with Vertical and Horizontal Drainage
U=1-(1-U)(1-U)=U+U-U, U,

3m, T,=0.00043t

sm, 1.=0.00015t

10m, Tv=0. 000038t

y o 7m, T,~0. 000078t
days |T.=0.0025¢t U. | u U, U U, U U, v
10 0. 078 0.074 0. 146 0.043 0.118 0.032 0. 108 0.022 0. 098
20 0. 150 ¢. 101 0. 236 0. 062 0. 203 0. 045 0. 188 0. 031 0.176
30 0. 215 0. 128 0. 315 0- 076 0. 275 (. 055 0. 258 0.038 0. 245
40 0.276 0.148 0. 383 0. 087 0. 339 0- 063 0. 322 0.044 0. 308
50 0.332 0.165 0. 442 0. 098 0. 397 0.071 0.379 0. 049 0. 365
60 0. 384 0.181 0. 495 0.107 0. 450 0.07 0. 432 0. 054 0. 417
70 9. 432 0. 196 0. 543 0.116 0. 498 0. 084 0. 480 0.058 0. 465
80 0.476 0. 209 0. 586 0.124 0. 541 0. 090 0.523 0- 062 0. 508
a0 0.517 0.222 0. 624 0.131 0. 580 0. 095 0. 563 0. 066 0. 549
100 0. 554 0.234 0.658 0. 138 0.616 0-100 0. 599 6. 070 0. 585
110 0. 589 0. 245 0. 630 0. 145 0. 649 0- 105 0.632 0.073 0. 619
120 0.621 0. 256 0.718 0. 151 0.678 0.110 0. 663 0.076 0. 650
130 0. 650 0. 267 0. 743 0.158 0.705 0. 114 0. 690 0.079 0.678
140 0.677 0.277 0. 766 0. 164 t 0. 730 0.119 0.715 0. 082 0. 704
150 0.703 0. 287 0. 788 0. 169 0.753 ¢. 123 0.740 0. 085 0.728
160 0.726 | 0.296 0. 807 0.175 0.774 0. 127 0. 761 0. 088 0. 750
170 0.747 | 0.305 0. 824 0. 180 0. 743 0.131 0.780 | "0.091 0.770
180 0.767 0. 314 3. 840 0. 185 C. 810 0.135 0.798 0- 093 0. 789
190 0.785 0.322 0- 854 0.180 0.826 0. 138 0.815 0. 096 0. 806
200 0. 801 0. 330 | 0.867 ] 0. 195 J 0. 840 0. 142 0. 830 0. 098 0.821
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|
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Dr-Fin L one I 1o 30
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Table 7. Rate of Dissipation of Pore Water Pressures

Sen. | Sen. (3T [ —2R b | EL 12m | EL- 1.6m [ EL22m [EL 2.8m | Aev.
sor |Depthines ) A: ~ ] ] ]
No. (ELr.rﬁ) (ELx:n) du | du 100(%) du | du’ (%] du| du’ | 95| Aul| du' | % | du | du |25 (%)
5 Los 2 lo.a0do.323 81 o 3140, 208940, 8590. 939] 110l0. 542l0. 446|870, 57200, aselrs 79,25
6 165 ¢ o 287‘0. 281 98 o.asslo. 052/13]0. 593/0. 527 ssll. 0630733 69]L. 087/0. 54750I (63.8)
7 4.20 7 lo.483)0.263] 55 |0 4980. 288/58(0. 568)0. 570 100‘1. 157]1.02 | 88J1. 2620 418 33| (66. 8)
9 3.200 9 l0.4600.1090 24 |0.5230.1941370. 733/0. 346 47|1. 4330. 648 45|1. 308/0. 372 2s|‘ (36. 2)
10 2.55 7 10.69200.2990 43 0. 749'0. 2571340 628)0. 48 | 76|L. 18 |0.527 45lL. 216/0. 450 37; ¢58.0)
12 1.85 4 l0.2920.1080 37 |0.41100. 17743)0. 4890. 098] 200. 4790. 156 33(0. 1790. 059 33| 2.0
13 1.75) 5 |0.306 45 |0. 584(0. 346/5910. 6420. 805) 125/0. 582/0. 645) 111[0. 740/0. 337|46, (77)
14 3.85 10 |0.43400.060( 14 (0. 628,0- 095|15(0. 8310. 836] 101)1.076/0. 2781 26]1. 624|L. 026 634 40. 8
U, | 2571 9 lo.3s2lo.081] 21 lo.482}0. 376!78l0. 646(0. 453 70[0. 687(0. 138 20/1. 559 (47.25)
1 L. | 503 9 [0-4500.042 9 |0.507}0.278/55/0. 817(0. 249| 31(0.785(0.050, 6/1. 598 (25. 25)
U, | 213 10 |0-744/0.085 11 |0.562[0. 478!85l0. 886/0. 516| 580.947/0. 381( 40{L. 267 (48.50)
1 L. | 617 10 [0.8010.075] 9 [0-666/0. 434650. 964)0. 473 4910. sgglo. 243 27|1.314 €37.50)
Average: 0. 473}0. 155 33 |0. 526/0. 273(52)0. 721:0. 524 73{0. 903‘0. 439 49!0. 99910‘ 45846 0.986
Table 8. Excess pore water pressure parameter, A
No. DeS;fBSOEL. ey I EL. 0.9m| EL. 1, Zm\ EL. 1. Gm‘ EL. 2. Zm% EL. 2.8m| EL. 3. 5mf} Average
5 1.52 2 0.73 0.57 1.17 0.49 0.52 0.27 i'l 0. 63*
6 1.65 5 0.52 0.71 0. 81 0.97 0. 99 0.86 ’ 0.81
7 } 4.20 7 0.88 0.91 0.78 1.05 1.15 1.05 [ 0.97
9 1 320 9 0. 84 0.95 1.00 1.31 1.19 1.08 1.16
10 [ 2.55 7 1.26 1. 36 0. 86 1.08 111 0.92 1. 10
12 ; 1.85 4 0.53 0.75 0. 67 0. 44 0.16 | 0.2 0.73*
13 ] L78 5 0.56 1.06 0. 88 0.53 0.67 ; 0.69 1.00
14 F 3.85 10 0.79 1. 14 1. 14 0.98 148 | L0d 110
y U, ‘ 2.57 g | 070 0.88 0. 88 0.63 1.42 | 0. 90
L, 503 9 0. 82 0.51 1.12 0.72 1. 46 1 0.93
s Y a3 10 1.36 0.87 1.21 0. 86 1.15 |
L. 17 10 : 1.46 0.79 \ 1.32 0. 82 120 | 112
Average \ o7 | 0.8 J 0.99 0.82 1.12 ] 0.95 l 0.94

R =y =
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