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The Effects of Negative Pressure and Drain Spacing in the Horizontal
Method for an Early Settlement of Dredged and Filled Grounds
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Abstract [ In this paper, the laboratory test results with middle-sized soil box test in modeling the in-situ
installing of horizontal drains are discussed for the estimation of the optimum negative pressure. The test was
carried out in the different vacuum pressure conditions together with the measurement for the settlement and
volume change of drained water by the installed drains during the consolidation process. After the test, the water
content was measured to both directions of lateral distance from the drain and depth of the soil, to find out the
distribution of ground improvement and strength enhancement. From the analysis on the distribution of water
content, the gradual application of vacuum pressure to higher level by pre-determined stages starting from low
vacuum pressure is found to be effective and desirable. In the comparison of the degrees of consolidation with
elapsed time, the calculated value by the prediction method based on the Barron's conventional theory showed a
good agreement with the measured value. With this, it is positively considered that the applicability of the
prediction method based on Barron’s theory to the practical design of horizontal drains can be justified such as in
the calculation of drain spacing and consolidation period.
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(b) Mechanism of horizontal drain method

Fig. 1. Schematic of horizontal drainage using vacuum.
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Fig. 3. Arrangement and effective influence diameter of
drain.
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Table 1. Soil properties(Jinhae)
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(a) Type O-5 (Width 100mm X Height Smm)

(b) Type O-10 (Width 100mm X Height 10mm)

Fig. 5. Horizontal drains.
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Classification Properties Classification Properties
Soil classification CH Liquid Limit (LL) 56.3%
Percent passing No. 200 sieve 93% Plastic Limit (PL) 20.6%
Specific Gravity 2.67 Plastic Index (PI) 35.7
Table 2. Soil properties(Yochon)
Classification Properties Classification Properties
Soil classification CL Liquid Limit (LL) 44+2%
Percent passing No. 200 sieve 97.84% Plastic Limit (PL) 24+2%
Specific gravity 2.68 Plastic Index (Pl) 2042
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Fig. 6. The schematic diagram of middle scale soil box.
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Table 3. Test conditions of middle scale soil box test
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Fig. 7. Schematic diagram of large scale soil box equipment.
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Initial water content( W)

Initial surface height(H)

Vacuum pressure

Case 1 267% 87.8 cm 0.2 kgf/cm®
Case 2 278% 86.8 cm 0.4 kgflem®
Case 3 230% 89.3 cm 0.8 kgficm?
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Table 4. Test condition of large scale soil box test

Vacuum pressure Initial water content(W))

Initial height(H)

Spacing ratio(n) Equivalent diameter(d, )

Loading 0.2, 04, 0.8 kgf/cm®

. 301% 80 cm 25 15 mm
negative pressure by stage
Table 5. Results from middle scale soil box test
Initial surface height(H)  Final surface height(Hf) Cumulated drainage Settlement
Case 1 87.8 cm 56.6 cm 34,360 cm’ 30.9 cm
Case 2 86.8 cm 53.6 cm 39,520 cm’ 332 cm
Case 3 89.3 cm 56.0 cm 49,360 cm’ 333 cm
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Fig. 9. Cumulated drainage with elapsed time.

Fig. 10. Changes in drained water rate with time.
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Fig. 12. Surface settlement rate with elapsed time and back
calculated settlement from drained water with time.
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Table 6. Final settlement and coefficients(f3 ) obtained by Asaoka method
Values obtained by Asaoka’s method BO Final settlement, Sf (mm)
A 0.9261 1.2837 173
Large Scale soil box B 0.9392 1.2846 211
C 0.9487 1.6512 322
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