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Utilization of Recycled Aggregates and Crushed Stone as Horizontal Drains in Soft Ground
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ABSTRACT

In this study, laboratory model test on utilization of recycled aggregates and crushed stone as horizontal drains to use alternative
material of sand in soft ground is practiced. The coefficient of permeability of the recycled aggregates and crushed stone showed
largely 1.2~5.1 times and 2.0~3.3 times greater than sand, respectively. The horizontal coefficient of permeability in case of
installing the horizontal perforated drain pipe showed largely 1.9~6.8 times more than the case of not installing. The drainage
distance showed 1.7~1.8 times greater than sand. When a degree of consolidation is 90 %, there is no delay of consolidation in
SCP and PVD improvement sections. Therefore, it is proven that the field applicability is excellent. Also, the suitable quality
management criterion is presented to make use of a horizontal drains in soft ground on the basis of analysis of the physical and

environmental characteristics.
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2 Ao AR B (GAD, A 2 A4S S
oAl FAeRle Algell AFE Alas 2 (19), <8
Z4 (5%) 10 mm ©]3}, 25 mm, 25 mm ©]3}, 40 mm, 40
mm ©Jsk, 4 (3F) 6 mm ©I}, 25 mm, 40 mm ©J5t=E F
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™ n'Hk, Gy Fig, 1 Grain size accumulation curve
Table 1 Physical properties of used soil
L Passing 5 mm | Passing No. 200 Fdmax Wopt Dis Dgs
Sample Symbol Particle size @ @ PI (efferr®) % () | () Cu US.CS
Sand SA 2 mm 100 4.35 NP 1.524 8981 0.13 0.36 2.88 SP
RABI0 below 10 mm 87.01 2.71 NP 1.711 10.6 0.3 4.4 7.26 SW
RA25 25 mm 0.27 0 NP 1.362 14.1 12.6 23.5 1.83 GP
i;g;i RAB25 below 25 mm 12.83 131 NP 1.862 705| 08| 101| 1477 GW
RA40 40 mm 1.04 0 NP - - 20.1 32.8 1.49 GP
RAB40 below 40 mm 19 0.88 NP 1.873 13 3 27.5 12.85 GW
CSB6 below 6 mm 93.87 6.96 NP - - 013 3.64 20.56 SW-SM
Crushed stone CS25 25 mm 1.31 0 NP - - 9 18.8 1.8 GP
CSB40 below 40 mm 19.51 1.17 NP 2.032 17.6 3 314 13.41 GW
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Table 2 Physical properties of fill and clay material

) Passing No. 200| W, Atterberg limits | Shear parameters (UU) Consolidation test
Soil Gs 3 US.CS
(%) (%) LL Pl ¢ (kPa) Pc (kPa) C e Celem’/s)
Clay 84.4 44.8 2.72 32.89 17.14 29.43 70 0.419 1.184 2.33E-3 CL
Fill material 43.0 14.4 2.55 24.13 3.72 - - - - - SM
SABel A8 AR B8 54 9 943 97k wates tank Unit: cm
T4 Fig. 1 ¥ Table 13+ 2t}
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Fig. 2 Cross—section of horizontal permeability test
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Table 3 Discharge capacity test for various case

Table 4 Results of horizontal and vertical permeability test

Case Type Sample Symbol Particle size Jon (cr/s) K, (cm/s)
clay (15 cm)+ pp mat+SA (30 cm) Sand SA 2 mm 7.82E-02 2.86E-02
7 clay (15 cm)+ pp mat+ RA (30 cm) RABIO | belowlOmm | 143B-01 | 3.33B-02
clay (15 cm)+ pp mat+CS (30 cm) RA25 25 mm 2.23E-01 6.24E-02
clay (15 cm)+ pp mat+ perforated pipe+SA (30 cm) Recydetd RAB25 | below25mm | 3.12E-01 7.038-02
" | lay (15 cm)+ pp mat+ perforated pipe+ RA (30 cm) i Ve 40 mm 3.95E-01 7.828-02
clay (15 cm)+ pp mat+ perforated pipe+ CS (30 cm) RAB40 below 40 mm 3.26E-01 6.21E-02
clay (15 cm)+ pp mat+ perforated pipe+ SA (30 cm)+ pp mat+ fill (20 cm) CSB6 below 6 mm 6.37E-02 4.25E-03
5" | clay (15 e+ pp mat+perforated pipe* RA (30 cm)+ pp matt fll (20 cm) Crushed stone| €525 25 mm 2.55E-01 8.60E-02
clay (15 cm)+ pp mat+ perforated pipe+ CS (30 cm)+ pp mat+fill (20 cm) CSB40 below 40 mm 1.65E-01 5.78E-02

case | clay (15 cm)+ pp mat+RA (30 cm)+ pp mat+fill (20 cm)
4| clay (15 cm)+ pp mat+CS (30 cm)+ pp mat+fill (20 cm)

& = E4L 7L Qi
ST gAY AR AlRE AR E4
A@AEl Rl 2 ARSEINE 2 (BiAb, 3HEA 25
mm, 4|4 25 mmE ARSSH3ITH
AR HEARE No. 4415 St A& % JstaL, s A

B @AolA AFE Aot ARiE A
Table 37 29| case 1-4 ¥HZ
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Oloﬂ wtet 5 HHTXHA a3 iﬂ;wl st A
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Iv. 21 3 3

1. SEHATOl T2 48 U A4S
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Table 4 ¥ Fig. 5, 62
(k)& Uehd Aol

Fig. 5= A=Y $HELASE Uil 202 BdE 7%
o7 oA A sREFASE 246 EE, &% 10
mm ©]3= 1.88, <2 25 mm+e 2.98), <& 25 mm ©|3}t

A 5% (k) 3 SR
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Table 5 Results of horizontal coefficient of permeability (&z)
and discharge capacity (Q) for various case

Sand Recycled aggregate Crushed stone
Case (SA) 25 mm (RA) 25 mm (CS)

fs (eny's) |Q (mi'/day) | &y (env's) |Q (mi'/day) | &y (env's) |Q (mi'/day)
Case 1 | 2.11E-01 | 5.00E-01 | 3.64E-01 | 8.61E-01 | 5.70E-01 | 1.35E+00
Case 2 | 4.92E-01 | 1.16E+00 | 1.01E+00 | 2.39E+00 | 1.08E+00 | 2.55E+ 00
Case 3 | 1.O7E-01 | 2.54E-01 | 2.31E-01 | 5.48E-01 | 2.59E-01 | 6.15E-01
Case 4 - - 3.92E-02 | 1.14E-01 | 3.81E-02 | 1.08E-01

Horizontal coefficient of permeability (cm/s)

RA | ¢s

Case2

Fig. 7 Comparison of horizontal coefficient of permeability
for different case
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Fig. 8 Comparison between drainage distance and hydraulic
gradient in case H,=80 cm
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Fig. 9 Optimum drainage distance according to the thickness
of a mat for various drains
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SK5=7F 0.442 cm/do]al Bil=AZ]7E 70 m~ 130 m Y
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Table 6 The condition of filed test

mz $YHE= 25 mm, AT H[EH RS 40 mmE E5FY
o} E3F S 3150 PP mat (49 kN/m)9} Aol PET
mat (392.4 kN/m)E 2, 4532 274 100 mm it
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Fig. 12 Comparison between mat resistance and the thic—
kness of a mat for SCP and PVD method

- Sand Compaction Pile (SCP)

length : 20-50 m

Depth ‘ Height of embankment ‘ Soft ground improvement method ‘ Scale of field test ‘ Interval of drain ‘ Perforated drain pipe
. . . width : 50 m
Prefabricated Vertical Drain (PVD) height © 80 cm 9m diameter | 100 mm

9.7m 9.0m
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Fig, 13 Comparison between mat resistance, drainage width, and spacing of drain in case H,=80 cm
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Fig. 15 The range of particle size distribution for various drains

Table 7 Quality management criterion of horizontal drains

Criterion Criterion of Criterion of Recycled aggregates Crushed stone
L recycled recycled
Classification of Sand ; ; ; ;
sandmat” aggregate aggregate f g oW 25 mm 55? oW fg low criterion | 25 mm fg low criterion
(subbase)” | (embankment)” mm mm mm mm
Max. diameter (mm) - <50 <100 <100 <10 <25 <25 <40 <40 <25 <40 <40
Modified CBR - >30 >10 47 - 47 - - >30 - 47 >30
Passing 5 mm (%) - 30-70 25-100 100 87.01 0.27 42.83 19 0-100 1.31 19.51 0-50
Passm%%% e 2-10 0-25 435 | 27 0 131 0 0-10 0 117 | 0-10
0,
Pl - <6 <10 NP NP NP NP NP <6 NP NP <6
Different material
content (%) - <10 <10 0.06 - - - 1.06 <1.0 0.2 - <1.0
(orgaric) (volume) (volume)
USCS - - - GP SP SW GP GW - GP GW -
Cu - - - 2.88 7.26 1.83 14.77 12.85 - 1.8 13.41 -
Di5 (mm) 0.075-0.9 - - 0.13 0.3 12.6 0.86 3 0.2-20 9 3 1.0-20
Dso (mm) - - - 0.29 1.18 19.41 5.5 15.88 0.5-30 | 14.41 21 5-30
Dgs (mm) 0.4-8 - - 0.36 44 23.5 10.1 27.5 2.0-40 18.8 314 10-40
Passing No. 200 (%)] <15 - - 4.35 2.71 0 1.31 0.88 <10 0 1.17 <10
Max ‘(m%e“s“y - - >15 1524 | 1711 | 1362 | 1862 | 1873 | >15 - 2032 | >15
Coefficient of ~ |> 1.0X10” B B 7.8x107% | 1.43x107" [2.23x107| 3.12x107 3.26x107" | > 1107 [2.55x107| 1.65x107" | >1x107
permeability (cm/s) (k) (k) (k) (k) (k) (k) (ki) (ki) (k) (k)
Gs - - - 2.62 2.65 2.65 2.65 2.65 - 2.67 2.67 -

D Ministry of Land of the Korea Highway Corporation, criterion of sand mat
? Ministry of Land, Transport and Maritime Affairs, road sub-base, RSB-2 (2009)
* The sub-ground within 100cm from the highest surface of filling
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Table 8 Environment management criterion of horizontal drains

Material Soil environmental Management law of waste. Recycled aggregate : | Crushed stone : Quality criterion
(mg/kg) conservation law [3 regions]” [attached sheet 117 Sand <40 mm 25 mm (horizontal drains)
pH - - 9.27 11.58 10.42 pH<12.5
Organic - - 0.06 1.06 0.2 < 1.0 (volume)
Cu 2,000 3 o]} 0.505 0.315 0.115 2,000
Cd 60 0.3 o]} 0.145 0.2 0.19 60
Pb 700 3 o3} 1.585 1.13 0.53 700
Hg 20 0.005 o] 3+ 0 0 0 20
As 200 1.5 0]3} 0.033 3.364 2.937 200
7n 2,000 - 13.486 80.985 21.548 2,000
Ni 500 - 0.571 0.447 16.535 500
F 800 - 17.214 156.325 235.552 800
b3 regions : industrial, road, railroad, embankment, parking and gas station site, Ministry of Environment (2009)

? A toxic sub-stance including specified waste, Ministry of Environment (2009)
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