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SYNOPSIS : Sand drain as a vertical drainage is widely used in soft ground improvement.
Recently, sand, the principal source of sand drain, is running out.

The in-situ tests were carried out to utilize gravel as a substitute for sand.

In-situ tests area was divided into two areas by material used. One is Sand Drain(SD) and Sand
Compaction Pile(SCP) area, the other is Gravel Drain(GD) and Gravel Compaction Pile(GCP) area.
Both areas were monitored to obtain the information on settlement, pore water pressure and bearing
capacity by measuring instruments for stage loading caused by embankment. The results of
measurements were analyzed. The clogging effect was checked at various depth in gravel column
after the test.

According to the test results, the settlement was found to be smaller in gravel drain than in sand
drain. The increase in bearing capacity by gravel pile explains the result. The clogging effect was
not found in gravel column. It is assumed that gravel is relatively acceptable as a drainage material.
Gravel is considered to be a better material than sand for bearing capacity, and it is found that
bearing capacity is larger when gravel is used as a gravel compaction pile than as a gravel drain.

Keywords : sand drain, sand compaction pile, gravel drain, gravel compaction pile, clogging
effect.
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g AR AL, 53 AYX B}EH’-‘H Hell daire deldaA G Qe A2 Hee
AR A o A AR E e I T ool HE EE {7129 ASANAHZITHOEA
stone drain°®lY gravel draind ol #8531 Y3 53|, FHAN uFg H3EHA ¢ 700~800
e & Az g £ HA715E FAslE gravel compaction pileFTHol thksA AAdEHe] A&
stxo] Q4.

HE = {7129 AAwr HyFHO 249 gravel compaction pileZ3FH-& Aoz FAo] 2
I gEAo] F2 AZoly Mg AEFRAE FASS AHuY AGFANe Y Frtet A7)
AstF A a3 wis 5 7MY B 4o gty dFe AR BAdgE EA6
A do)d},
2 dAFdAE FE 2 77139 AT HOEA Y gravel piles FUolA H&3FE At
AZde 2 (XY AFE T3 AATE Ao 2 A73E 23 A3 th
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2. Gravel Compaction Pile2] XIX|2 ®RAM

Gravel pile® sand drain®} #Z& vertical drain®. 2 A48 & o =3 Egx4 AN gezA
gravel compaction pile2 Q%E HNHPEA NS FH3A XA F) AXANHA AlFHE Z$7F b3 o]
gt W2 Ado] x| Fo] AR & floating piled] FEHIZ A|FH7I= 3},

o]9} o] AlFE gravel compaction piled] I Fo W FAe dFEE HA 77 (bulging
failure) B2 Vet a, dUA] o dofgt HAGA W dig o]E group pile®] AAHL groupd
9] single pile®] A Aol piled] NFE F3o AL & A7l W&o (Barksdale ; Bachus, 1983),
single piled] XA HE& A= AL wl$ T3 FAolr},

single gravel pile?] 3% XA AHA it 5L €2 AdFAEC o3 AgH HeHA
(Aboshi ; Suematsu, 1985). 1831, gravel pile A 82 W¥ul@2zt FAx|bke] AadE 2@ 23 XA
Hio] #AZE 298 1.3 2ol AFeFH Ik 3 tH(Bergado ; Lam, 1987).
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3. 348 X NEHAMS

HAANPAZAAE sand drain(SD) ¥ sand compaction pile(SCP) A%t gravel drain(GD) 2
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(1) FAAA (FHEE, 00 - 007 ZEE2AAFAL A 0FF)
= Gravel Drain, Gravel Compaction Pile : RAMP F STA. 0+130 ~ 0+180 ( 50m T3}
- Sand Drain, Sand Compaction Pile : ¥4 STA. 8+700 ~ 8+740 ( 40m T7})

) 2554

35 54m~125mFAL A4 FEA JEMCWA AEFD FECL)Y £H 20| &Astn, 1
2 FARAZ, ALF, FE, T, A¢Fol £AHe2 TAHY don AsjsYE AEW
2 WA= GL-24m oW EAstn Aok AR FHES] MAAVAY AP = 024~029ke/cr
o}, 24X FIp)E 8~33%, A4 FA = 32~64%°19, AAF5HE 27~55%, SPTS NAJt 1~43 =
ot}

3) AzEAH
Z AR YAMHFAL 2 20 YehhUTh 29 2.9 vEld vle} zo] £Fuj4AE AgdA
A7]E gravel A89 Z$E 25mm, sand AFE S Z = 95mmz Y}
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a9 2. FAvs A (sand A& & gravel AE) YANFHAZA

1) FAAA (FHEE, 00 - 003t DEEZALFAL A 0FF)
- gravel drain, gravel compaction pile : RAMP F STA. 0+130 ~ 0+180 (50m 3%}
- sand drain, sand compaction pile : ¥4 STA. 0+180 ~ 0+230 (50m T3})

(2 %54

3% 54m~125mFAY Ak WED AEMOUA AED YECLY 2420 EAsn, 1
AE FARAL, A2F, FAE, TIY, Y3 £4Ho2 T4Yo] Yo, ARrdE AEH
T2 WAE GL-24m olulel EAST ot Ak FHES] WAHBAY A3t £ 024~02kg/ert o] T,
A (Ip)E 8~33%, BYFAE 32~64%0)9, 2§ = 27~55%, SPT9 NX|7} 1~44 £olt}.
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(1) sand drain 2 sand compaction pile : 50m X 75m, 2AA4 %= : 11.5m

(2) gravel drain @ gravel compaction pile : 50m X 75m, AAHNE 0 115m
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(a) GL-1.0m A& (b) GL-5.0m XA

AR L AFY P E #Y 2 (R EY dR)dT 89

4.4. 1N 7Y

Zo] 54m~125m= A& single gravel pile?} single sand pile® $1x9lA PE mat7tA & A A%
%, 400~ ¢700mne] pile B Z} pileE Alol9] WYX ukoA ¢400mme] A S-S ALEsIS AAH L A
Aletdet. AstAld d3es ¥ 1.7 2

1 W I - R R

N FuaF @ BAY S@eE
A A Zgaz| o 9%
REEE qgas | #F NI
W P-S LOG P - LOG S W) |38
Fuaz | 9EAAS | A% | | wEaz [A8AAa( 39T o (/)
(t/m’) (t/m’) (mm) (t/m’) t/m') (mm)
Gravel Drain(21%) | PBT-1| 1975 | 134 | 670 | 240 13.0 65 | 240 162 5.4
Gravel Drain Pile | PBT-2 | 31.60 | 220 110 | 225 22,0 110 | 220 29.0 97
Gravel
Commerncazay | PBT-3] 1975 | 148 | 740 | 210 150 75 | 220 173 58
Gravel f,gf:"“tw“ PBT-4| 5530 | 425 213 | 300 430 215 | 310 485 162
Sand Drain(221%) | PBT-5| 1975 | 9.80 49 | 130 100 50 | 140 153 5.1
Sand Drain Ple |PBT-6| 3160 | 170 | 850 | 170 174 87 | 180 245 8.2
Sand
Commannaay | PBT-T| 1975 | 145 73 | 330 140 70 | 300 16.2 54
Sand C;’l‘;"a"“"“ PBT-8| 5530 | 40.0 200 | 360 40.0 200 | 390 430 143

SD % SCP7t AXd FRxa 2 715 4% AAPL& GD € GCP7F A d Fxa 2 7]
o AAERYg 2% AL A o FRAEIF AT AXYH W ]
Gravel& ©]€3 GD, GCP &9 o2 HrH.
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] Zw 7 Pile B4 A e A 0 =
i 9 =
T’ (m?) (m®) (m?)
Drain #9 4.0 0.1256 3.8744 2m X 2m
Compaction
Pile ] < 4.0 0.3847 3.6153 2m X 2m
1 =

E 2.9 Yedute} Zo] 3T o3 LA HoZRE Sand R Gravel Drainol Al =] ¥k
& Piled] Z =718 383%%} 796%=E Gravel Draind]*‘] ofF 2wl Ao A X&H Fojrt Mg Ao
2 Jeiger £33 By 38 383 AWAAFL 519/m!, 553t/m e E Gravel Drain A XAl
o] AAHF U7t vhA =ZA FrkE R dch

Compaction Piled] % Qx93 vlx2st Piled) ZFEZ7182 Sand 3 -£A] 128.3%, Gravel &-&4
138.2% % Gravel AeHEA 10%5HE Hee Yeigon BT g3E5 n2d AY HriA] o
ZFA A E & Sand9 A$ 6.26t/m', Gravel?] 7% 680t/moln ZFEZ/EE 157%% 17.24% = et
Gravel ZHE. &N ¥5g AAY Fd EHE BodFa

4719l Al A= Sand Mat7b AAE H A o)A Sand/Gravel Pile 223 HEEZE Astdd] A
o APAAR TS A A=A B HEgE 38 FLde 7H%*§r/‘é% A MHE A A
o= @ddy

® 3 EFATEFA g3 AY FHEAH v

Pile AR B3}z 1k E3A g Pile
T B 2= 4 X X F S P = A A4t 4 Ak H 1
(m®) | (t/ml) (t/m2) Arzie | Brzte
8.2%0.1256 +5.1x3.8744
SD A4 8.2 51 4 2% 38.3%
= 5.19
14.3x0.3847 +5.4%3.6153
SCP A9 | 143 5.4 4 15.7% 128.3%
= 6.26
9.7x0.1256 +5.4 x3.8744
GD X9 9.7 54 4 2.4% 79.6%
= 553
16.2%0.3847 +5.8%3.6153
GCP A9 | 162 5.8 4 17.24% 138.2%
= 6.80
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4) AAAANY ARZRE Gravel pile AXA AXNFY Fo} BFE gravel A A A
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