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Analysis on Consolidation Behavior of Soft Ground
with Reactive Drain Pile
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ABSTRACT : Geotechnical evaluation on the reactive drain pile which can achieve simultaneously both the soft ground improvement
and the remediation of contaminated pore water in reclamation site was performed. Applicability of steel-making slag used as a inside
reactive material was confirmed. To investigate the consolidation characteristics of the soft ground improved by reactive drain pile,
testing devices to form and install the reactive drain pile were developed and laboratory tests were performed according to the
existence of outside sand drain and the length of impermeable barrier. Test results showed that the consolidation time was decreased
as the shortening of impermeable barrier. However, the effect of outside sand drain on consolidation time was dominant compared
with the length of impermeable barrier.
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Fig. 1. Conceptual Figure of Reactive Drain Pile (Oh et al., 2010)

Table 1. Index properties of steel-making slag
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Table 3. Permeability of steel-making slag

Relative density (%) Permeability (m/sec)
0 6.44E-05
20 6.10E-05
60 5.40E-05
80 4.67E-05

Journal of The Korean Geo-Environmental Society Vol 15, Issue 1, January 2014

71(ICP-730 ES, Varian)

AT FutE 18 Z(GC-6890, Hewlett Packard)S A3}
o, AIQte] HAL B =A(Cary 50 UV-vis, Varian)

= =g 251 A3

Aol oJsHH Table 49} 2

o] ] 7].,4;<]§ zl_}o]___ ooEzo 1,]_]:,]_1/}_;] o_]—oh;]..

wetd] Agse 1o A
o A9 ge Ao

3. &gxd
3.1 £=EH|

2 A= fsto] AMEE AlFAE]o] FEje A
Fig. 29} Zt} Fig. 204 & 4=

%A

3+Q o

1]

A} o) Q3

47 300 mne] 2% Fz 4510l 510, Al

A7l F719e sl AlRE
A= A AR 719 Wi

2w AEHsHe

olual X
=5 YEA

- 2gEe ool she
T ARk Fiel

2 QI3 23} 2. ¥9] 7FsA
= ek

=4

O-ring& A}

g5to] Zhgh Aol }al Al Qrejo] AR ok ke Al

=1 A3 4 518 sitct A9 2 o 1 A
O-ring@} Ay} HH O] nlze =4319
Phi st Hsis @ o e

AFFS =] o AL 3

-

%% g2 eolEE ol

Table 4. Leaching test result of steel-making slag
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Component | Regulation Level (mg/L) | Steel-making slag (mg/L)
Pb 3.0 ND*
Cu 3.0 0.01
As 1.5 ND
Hg 0.005 ND
Cd 0.3 ND

Cro+ 1.5 ND
Cn 1.0 ND

P 1.0 ND
TCE 0.1 ND
PCE 0.3 ND
Petroleum 5% ND

“ ND : Not Detected
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Table 5. Index properties of Kaolin

LL (%) PL (%) PI (%) Gs Passing ratio (#200, %) USCS
Kaolin 56.5 31 25.5 2.513 99.46 MH
Table 6. Index properties of Jumunjin standard sand
Dy, (mm) Dy, (mm) G, G, Gs USCs
Jumunjin sand 0.38 0.50 1.35 0.97 2.65 SP
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Table 7. Permeability of outside drain

Relative density (%)

Permeability (m/sec)

0 2.89E-04
20 2.66E-04
60 2.49E-04
80 1.91E-04
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Fig. 4. Frozen reactive drain pile
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“ID-50: smear effect was considered
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Table 9. Comparison of final settlement according to the length of impermeable barrier

Total settlement (mm)

Length of impermeable barrier

50 kPa loading 100 kPa loading
50 mm (OD-50) 11.22 11.90
With outside
, 100 mm (OD-100) 8.94 12.60
sand drain
150 mm (OD-150) 8.80 12.61
Without outside 50 mm (ID-SO) 5.50 12.31
sand drain 150 mm (ID-150) 4.80 11.21
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Fig. 7. Comparison of consolidation rate

Table 10, Comparison of time for 90% of consolidation ratio
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Fig. 8. Consolidation time according to outside sand drain

) ) 50 kPa Loading 100 kPa Loading
Length of impermeable barrier - - - — - - - —
Time (min) Time ratio Time (min) Time ratio
50 mm (OD-50) 1,562 1.0 1,950 1.0
With outside
. 100 mm (OD-100) 1,875 1.2 2,250 1.3
sand drain
150 mm (OD-150) 2,380 1.5 3,490 1.8
Without outside 50 mm (ID-50) 76,200 488" 344,589 176.7"
sand drain 150 mm (ID-150) 21,250 13.6 272,012 139.5"

"Ratio : Time ratio for 90% of consolidation to OD-50

“Evaluated by hyperbolic method because 2 months of consolidation was not enough to 90% of consolidation

20 Analysis on Consolidation Behavior of Soft Ground with Reactive Drain Pile



7tk Ao Uehgon, o wijg=3o] e 9ol
= OEA) e AR ruia7ho] 50 kPaol AL %
<t 9F 25.14H, 100 kPaol| A= Bt oF 115.8u=2 e} 2%
w5 e A9l uEdEN) o 2 Ao e
Wk EZ S viFo] EEA] o2 AFolA 2n]of
goo] aeE FID-50)= L EA] ¢ B-9(ID-150)
o} v]wat 50 kPazl 100 kPa A3} A] Q@ Al7bo] z+
7k of 3.58, 12602 Leh}, 2mlofsh wbyst Aearel
2012 FaA7|veE UEAans gla 938 oy
28.47k0] Z7F5He FLOo.R Uehdeh whebA WA H
SRS AgSH AopAut AaA Al wgH B
0 =R =R
200
S 400
(]
=
£
G 600
(7]}
o —=—0D - 150 \“
—e—0D - 100 ;
800 —a—o0D- 50
—— ID -150
—}+—1ID - 50
1,000
1 10 100 1,000 10,000 100,000 1,000,000
Time (min)
(a) 50 kPa loading
0 o
200
3 400 \ \R\
Q
2
; AN
g 600 :
a —=—0D - 150 XK
—e—0D - 100
800 _o_op- 50 Y,
—/~— ID -150
——ID - 50
1,000
1 10 100 1,000 10,000 100,000 1,000,000
Time (min)

(b) 100 kPa loading

Fig. 9. Discharge during consolidation
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) ) Discharge (g) )
Length of impermeable barrier - - Total discharge (g)
50 kPa loading 100 kPa loading

50 mm (OD-50) 712.8 828.2 1541.0
With outsid

T ou S.l ¢ 100 mm (OD-100) 562.5 850.2 1412.7
sand drain

150 mm (OD-150) 550.3 853.5 1403.8

Without outside 50 mm (ID-50) 350.4 852.5 1202.9

sand drain 150 mm (ID-150) 315.9 784.8 1100.7
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