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A Study on the Spacing between the Sand Drain Wells

AN
Kim, Hong-Taek

Abstract

An analytical solution method is presented to determine the radius of influence circle of a
sand drain well(i.e, spacing between the sand drain wells) required in the design under various
types of construction loading. The proposed method deals with a sand drain well having a
smeared zone at the periphery of the drain well as well as flow resistance in the drain well, The
method proposed in the present study is made based on the modification of Olson’s solution
which deals with a single ramp loading without considering smeard zone effect as well as flow
resistance in the drain well. Further, the effects of various design paramenters on the drain
spacing are analyzed using the proposed method.
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54.25 44.20 18.69
rg==12.0 cm ’
re=150 cm
61.99 49.10 30.47
rs=18.0 cm
=25.0 em
; 75.60 57.96 47.23
rs=30.0 cm

=%} smear zone®] <3 32 721§ Case [ &
o] Ax <l Bel|7]Fe] 75l ¥ Case I3
B3}, reztel A2 18.53 %(rw=10cm
9l 7 9-)~23.33 %(re=25cm<l 7-$) X 24|
well resistance?] °3&3}+= w2l .9 =717}
ztol ol whet reghe] FrAago] F1EA
re=10cmgl % -0 & FE+= 18.53% A
&S ZHekE of 94| smear zoneo] FEE
Ak o) ehdd Rl gdsich

o] 2] = smear zone?] &S FAIH o B
A Ao vled s}zl ¢)s] Barron?, Richart? So]
Z21 %) 8} A) (F smear zone2] °J 8-S FAPH o2
aedstz] 98, A 27 Ee] vAE reell
AT 058 Fal, FoE et ENE oY
Aol Ba7) 59 A-+E sfAste] *éilﬂ?-i—"—

AR WA )& B dTellA Ak # 39
A3 rs /rwdkS 122 dAsH 7pAH3 A-5)
Z %8 ZHESH, ro=25cm<3l 7 -$oll smear
zone?| A EF-S Fedsle] A4 (Case 11) re
7 57.96cmo] i, o] A ]l Bl 7] Foll of 5
7‘“ "&%(Case 1) regl' rw=10cm(ry=
0.4)8] 7 Sl 54.25cm EZF ry=15cm(ry=25
emx0.6)Q 7%l £ 61 QQcmixi olE Fll =
u] Barron, Richart 5] F33F AdAdl2] o

=25cm X

Ao H3¢5E o 5 sl

3.1.2 Kn, Cn 2 keZto| S5t

RAE A e HESS s T
k, 2 stdAg Cpel =75 weldle] A4l
Ref7)E AFL o WA F regtd Fdoll, =3
knZH-e- U A 8}A] 7}A 8} A]ZA o] ko] o) A
&= ] & 2 (smear zone)2] -3k A 4>
ksgh-& 2el 3t (F, kn / ke2 2] 31]) Al 4HE
ret-& & 5ol 74z Ao sl

HE 4 ke ¥ Cro 3

re{cm)
Case [

Case [II

ko==10"* cm / sec
C,=0.0001 cm?®/ sec
ky=10" ecm / sec
»=0.001 cm?/ sec
kn=10"% cm / sec
Cyp=0.01 cm?/ sec

43.36 34.75 34.33

75.60 57.96 47.23

159.99 63.55 48.23

H 5 kn/ keghe] od3F

re(cm)
Case ]

Case | Case [l

k,=10" cm / sec

75.60 41.09 38.93
ks=5%10"° cm / sec

ky=107 cm / sec
75.60 48.65 43.24
=10*% cm / sec

kn=10 " cm / sec

ke 2% 10 * em / se 75.60 57.96 47.23
s= c sec

49 ANE A AR ky, W Cp] 7]
Z7}ell a}e} well resistance?] <38k (Case [[ &
Case [[ 2} B]X) == smear zone2] °3 #(Case
H Case [ 3} v )2 HA3HA AL UL

2t = qlel, A A o 7 well resistance 2] ©F gFol]
213} regte] AES 1.21%~24.11% AHEo0|
a7, smear zone2| °3 3ol o]} rozkel FAsL
19.86 %~60.28 % % . 2 X, smear zone 2] o gFo

24 AA ela glew, ofge ojeizte
A5 s B o, ky ¥ Cugle]l & A(F,
HEZo] vl ¢ Aok 73§ ) ol = A7) A o)l smear

SR T HEE 75



zone % well resistance ©.52] ¢ fol| E35] f-9
dlof & Ao wetEic),

=3} smear zone?] SA| G ke2] = 7)o Had
H ¥ 59 AAE B3, well resistanced)
3 3F-2 ksgh o] 7)< v] ¥l &bed (kn / kegkS) 271
of "hu]sled) H AW, FAH 2 reghe] ZHA
2 5.26 %(ks=5X10"%m / secal 7-$)~18.
51 %(ke=2X10"%cm / secql % %) Axo|c}, 12
1} smear zone?] 93 3F-& k7t el = 7] ol 1] 3}
2otz 3 glow, FAIA R regto] &S
45.65 %(ks=5%10"°cm / secq] #A-$)~23.33%
(ks=2x10%cm / secql 74-$) AXxe|r} o]
g f1el-2, smear zone] 9| Wt HE Fol
A Zb 7 2% sk (tight) 8] ATE(F, kol
2STE) B 7| o2 FUSH =E9 ofe] 2ha
Al o2 A well resistance?] o k& Fof
EA =, =3 smear zonet 2] HEZF £33
8o AA AF(F, ksghel F4F)o
A A= FoEA == o dale]

3.1.3 15/ rwgte| A5k

EH 7] A F retS 25cme] A’
ro g 7}A3sta, ©rA] smear zone?] 7)o}
AL rghhe WIS do] A= £ 6
o WA=l git}, & 69 AHE E o, well
resistance?] <3 3¥7}x] 12§t Case [l 3l 35

H+ #4HE Case I+ Yeha glu} v
X 62 L& FAE AE B o, shio
Rl o AAA R shgo] oAAtEE=
7] E % (consolidating clay layer)2] & re—rs3t-&
13t F7tol mhel HxpA o2 A= A4S
Case 1 2 Case [l 257} vkehf gleh, oo
W Al Raf7)s FH zjube] matE|e]
5 o Zhav) eE 2 wep b S X o
Al7]+= smear zone?] ¢ o] A=Al u}a} w3k
smear zoneW] o] HE 22 1|¢+34A (incompre-
ssible) 2.2 7} & 2, sfA] 9] 7)) &8 A7)
o), A5 shte] Relr])Fo] AR oz o
S AT U= E Y e 27 E oA
o= A E A sl

3.14 a, t, g‘cl Uave«req)allx'9—| <°:>1§>k

F7FE A etE = FAEHE @) Z7)e) BElE
aft (13 1-b3x)& Felsle] Aid Axe
270, AHA HF3H52] A2 1.5 de s}
of AR A= E8el, I t=t,31 A& ol 4]
L5 HAUEE Usverea] 2718 F2]8}o]
A4k A= 390 22t A= o] glc),

®£7,8% 99 Aa4F TR B,
a, t;% Uaverea®t 2F2H2] 7] F7}ol] ube} 2a)

= o3 5319) WhX) B 1 GhE smear zoned] g by E T wwel 9%
2 2%k Case [[ 9] B]&Fe] 10.81 %(rs= 35 cm (o)
l 7-9)~25.16 %(rs=27.5cm<l % -¢) A= 2 Case | Case [I Case I
Ak £ o g olem, T8 reghe] AHA el uhet a=05 75.60 57.96 47.23
rezkol zrolz]i= Case I 9= 2], re=35cmal a=1.0 67.25 51.16 42.48
797} re=30cml 7 S-ol 1] 8 regke] =) A A a=15 63.83 4847 40.63
H 6. 15/ w3k <33k
re(cm) re—rs{cm)
Case | Case |l Case Il Case |l Case []]
rs=27.5 cm
75.60 64.12 47.99 36.62 20.49
rw=25.0) cm
rs=30.0 cm . .
75.6() H7.96 47.23 27.96 17.23
rw=25.0 cm
rs=35.0 cm
75.60 53.18 47.43 18.18 12.43
re=20.0 cm
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H 8 3] g

re(cm)
Case | Case 1 Case [
t,=—40 days 78.64 60.51 48.99
t,=50 days 75.60 57.96 47.23
t,=60 days 71.63 54.70 44.99
E 9- UBVﬁreQ-lgg Ogé’olz
re(cm)
Case | Case [l Case ]
Uavzxrecm:g() % 92.27 72.15 58.28
Uaverean=90 % 75.60 57.96 47.23
Uavetrean=95 % 62.46 47.41 39.89
71°& 3 34 2 HHA F reghko] 2holx| 3 gl HAb

& Case I, Case I ¥ Case [ 54 &
T qlr}. ole}bzke ¥ AFS, Terzaghi-Frohlich
o (28 2-b ¥ 214" #AR)E Aa=z
& o, agte] 0.5, 1.0 2 152 & 718
Foll= F/Figlte] Ztasles dAH(H, F,9
F7FeFo] Fol 73kl vl oS A== d4})
o] Al IL(FE 72] 7A-F), = 1,31 1004 =
A3 S gkt 40, 509 2 604 2] 3 e
2 Z7F g A& Fol A= wge] gloyt
F4 271tk t,zkel F7bell vlalsle] A= A}
%89 A4)E Bl - ez dygEc) =
g t=t:%] AIH(2¥ 1-b Fx)ollM 875 =
HAEZ Aol gl e Uavereadto] 7% ol
o2} o & Eaﬂ/lz‘«] A 27} Q== éhl
= X 95 5 ?5“ “i 9\1 © U‘i Uavewem%l'o]
%l 4 90 %2 10 % —7?% 74 7ol rezke] G_ur
2 1807 %(Case 1)~19.67%(Case 1) Hxo]

H 10 43k 9 F

o}

=3}t well resistance®] 938 9%t rozkel
HaE(R 7,8 % 90 2zt HAIF A BT
thall, Case M4 regh2 Case [ 9] regk=} v]az)
= o, t; Y Uavereadt 2t2e] 7] Z7}el] iz}
B ZhAas e %S el 9o, 7FAA
Ql 7o WelE 19.22%~15.86 % A xolc),
22i1} o]l2tE thEA, smear zone?] <3 Fo)
oJ & et ZHAE (X 7, 8 % 99l zhzh WA 7
A3 Rl thal], Case [[ 9] regt-& Case 2]

re3t 7 W) a, t, ¥ Usverea @t 2+ 27]
%7P°ﬂ vl gl BF AX = AEgE Holw
dew, Al Fage] HeE 21.81%~2
4.10% H = 24 well resistance?] <38F Mrlx=
che 2 @42 dehl i

328 M2

B Ao Aol BAL 28 1-coll A9 3139
7ol s o] Fo] FHow, ojz)rix] WG
fAE 712Ae FAAE 31" A F)
ZlEH o slerng B doie vx] 53 q,
< A A3}l (unloading) 717F t,—t,9] =77}
Rl 7]F o4 Y 9] WhA) E reglol] v] = o3 gke
A Bofrh( X 10).

#1089 A3E B, t,7} AR o) g2l
6,2l 2717} Z7hebel oe}) regte] A
%, mell 5ol AA0A s7h AxE) Aa
Case [, Case I| % Case I EFol cffs)
G Slek olohrhe WANE oo} 3147) A
4 % Terzaghi-Fréhliche] =si®<S 4w
o, t,7} ol Aol mhek F / Fygte) 27}7} ol 4b)
o Aat t=t,Q! A|HoN AN HEZ Ao F7Ft
W7t Z7FeAl 2= o] fdalo] Q) o] ¢l e
Case [I ®} Case T & A& v]wsled B, smear

A m{o

re(cm)
i Il
Case | Case || Case [l
ty= 90 days 55.44 42.33 41.65 H=250cm, a=15,
t,=100 days 62.13 47.16 46.44 kw=l() ‘cm / sec
t,=110 days 67.86 51.65 50.82 ol 2]} gre %1 3z
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zone?] °33ko) &3} regtel FA-8S 23.83 %~
24.1% A=2A t,2 =27] W3Ht,=90d~110
Ad)ell FA o] A AR A Yep
dck =3 o] & FAE o, 3tF q0] xFel
AN A% = 752 A o A =Z smear zoned] <3 &F
+ 283t 7o) el o2 AhHc o)
2], well resistance®] 3 3kol| 2|3} reztel 7H5&
& 137 %~161% Axe] e gro]7lE= sht
ta—tsgkel Z7] F7bel el AR = dAFE Kol
az gleh.

oj9]oll =, # 10014 t, =100l ===
7 #(H=250cm, kw =10"c¢m / sec, a=1.5¢]
A$)E #F29 A3} (H=250cm, kw=10"cm /
sec, a=0.521 7-¥)e} &A FAQ) Bz
vl Be, 12 9 23 A ES F8 FTAS
Y R3bE A(2" 1-b " F 2)o Bls), 21}
AE Foll 12} A E F-35& A A3 F-(2¥"
l-c ¥ 3£ 10)+= 3k o] ubx| Fo] v 5 a3}
=(F, 2758 A7) 18 Folts=)
A4S ep i gl

1.4 £

B A7 Aozl 2 AAE a3ty
olelj o} zct,

1) A 73l w8 F-Ab5el 2
1-b ¥ 1-co] #A-$2} 728 dl, smear zone L
well resistance ] ©3 3F-3 &F 58] 3}e] A A Alel
S75 = B7) 5o AREE AA s 4%
& A& Al A sk

2) 13 1-boll FAH 352 -9l = t.3kol
EFT7E(31F ] A3l7)zke] AE) RA7F
o] A7 AL zlolA]= AANE Holal gl
=3t 28 1-c9 AFele 35 o AAS=
717ko) AFEF RH7]F AAZAHLE AR =
S Jehf 3 gk

3) WA 2 AS, HES AHbe] uf-¢-
kgt A -§, Eﬁzﬂ’ card board drain?] 7-$x &

7] W37t 1y

"’"“475‘1 o] 2h& 7 9o =, well resistance?] o3 &F
= =4 J—E#?SH"F g zZloe g wekxich it
‘T‘ﬁé }ake] E-of 3 Eof #3x ¢gHA T Cutt s

78 H8E F1%-1992% 34

A 3A #AaA1A, dlAbEl = well resistance?]
Fefe TAH o2 A of] whod = w2 A
7} A& #alstsrl ol s, B 59
Aol A ol F o2 el ol ) well
resistance 2] 33k ]2 A= gto] E3) x|
= @44 gk

4) 37l 71" opekdt B4 W8S 8
uf], smear zone2| %3-S FA|F AA = o HE
o] Aol gl & - glen, 53] JER
A ko] ulf - Akt A -(F, ] FA4
I L C,gko] & 7A-F)ell= Hk=A] smear zone
o] d3fE w3 A7} o] FolHol F Ao
2 B3Ec) o] 2] ol & smear zoneo] °33-S A
Ao ukelds}z] $s Barron, Richart o]
FA & v} (&, smear zoneo] &S {3}
7] sts) AR Rl 7152 9= & ry ol AT
05% ¥l Z4Aad re@ts EHE o]y B
W75 A= st AA7HAS AA s
) S A7 S BEdE AL
239 F 60 A4S T8t HESH, 3
AA5e] =7]E smear zoned] Z7]o BAG
o] dEH o2 052 st A= WA F
7L ddd e o 7 Ak

O

i}
o
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