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Study on the influence of smear zone surrounding prefabricated vertical drains to

performance of consolidation
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Usgansnmnsdasanneth (Consolidation) fintu szwinanis
USuugsqanmiudieifszuuaaginiasiudy PVD vastuiu
wigangamw Taglunisiiaszsiosuysweuivnvesduiign
sunausau PVD sanilu 3 Teundn 1).lsufidndu PVD (Highly
Disturbed Zone) 2)3auii a5 unansznuid nios (Marginal
Disturbance Zone) uag 3).1gudi Ll suransznu (nsignificant
Disturbance Zone) [8] luusazlouaziiarasniuaiunsalunis
Furhuvewhlumnadufiunnsety arliranasdudadudn
w1 PVD [11] Tngazivunveuannisvaaes fiasAnsmisiines
vianun 3 fadeil 1) AdmsdruseninasszaesAuiignaunau
(Smear zone) AU YUIAYOI mandrel (Extent Ration), dy/d, ag‘
TENIN9 2 69 511 2) A9 RTEIUVOIAMUAINITAT UK U
(Permeability Ratio) U?Lumﬁuﬁ@ﬂium‘ul (Smear Zone) fiu
U%L’Jmﬁuﬁlﬁqﬂiumu (Undisturbed Zone), ky/k, 8g5e%i14 2
3 6 i1 uaz3) LT IUIUYEI Ui fig nFUNIU(SMear Zone)
oondu 2 84 5 Tou [11] TnensTessidiewSsuiiauanis
nynfnazussiuihduiuiiAsturewudazinasosna 221433
Tludiediuus TUsunsu Plaxis 2D #a21AN15ANYINITAAITAUN
Namaqﬁuﬁﬁgﬂwmu (Smear zone) AINNSANRILAUSEUIBTN
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PNMITNAERITITL-5i Arvesanlunssafaneind 90% vz
asﬁi 110-2687uUnuaInU
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Abstract

This project studies the influence of smear zone on the
installation of prefabricated vertical drains that affects the
distribution efficiency of excess water pressure. During
application vacuum consolidation for the improvement of
soft Bangkok clay. In the analysis, the perimeter of disturbed
soil around PVD was divided into (i) main zones: (i) (Highly
disturbed zone), (i) Marginal disturbance zone., and (iii).
Insignificant disturbance zone (Rujikiatkamjorn 2008) In each
zone there is a different value of water permeability in the
soil masses. and a linear decrease towards PVD (Indraratna et
al. 2014). To study all 3 paramete  rs as follows: 1) the ratio
between the distance of the disturbed soil (Smear zone) and
the size of the mandrel (Extent Ration), ds/dm is between 2
and 5 times 2) The permeability ratio of the smear zone and
the undisturbed zone, kh/ks, was between 2 and 6 times, and
3) Divided the number of smear zones into 2 to 5 zones [11]
By analyzing to compare the values of excess water pressure
generated in each sample case. The finite element method
by Plaxis 2D software, The results from the study of
considering the effect of the smear zone from the installation
of the prefabricated vertical drains (PVD) showed that the
value of kh/ks had the highest slump effect from 2-6 times
experimental range. The value of dehydration compression
time at 90% is 191-420 days, while the value of ds/dm from
the experiment ranges from 2-5 times. The value of
dehydration compression time at 90% is 191-268 days and
the value of n from the experiment ranges from 1 to 5 times.
The value of dehydration compression time at 90% is 110-

268 days respectively.
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dmsunisneassauuy nuivey waznuiuge Sududesdinng
USuusananmau (Soil Improvement) liudim&ssutinniinunn
Ju ga¥aguuileuld Vertical Drains fen1sinfauausyuIIny
LUIA 9 (Prefabricated Vertical Drain; PVD) § 78 U5 9AU

AeJeyIN1A Vacuum Pressure [14] ﬁ'qu,ﬂuﬂﬁﬁmaﬁwungzyﬁﬂm

Extentratio (rs/r,)

Barron (1949) et T g[ owerbourd
Casagrande and Poulos (1969) 0 | ! ! ! ! !

Holtzand Holm (1973) [ 4 | m Upper bound
Akagi (1976) (s & = |

Hansbo (1981) s 1

Hansbo et al.(1981) —O v

Jamiolkowski et al. (1983) _—* T

Bergado et al. (1991) e 10, |

Onoue et al. (1991) [mmmmml . . |

Bergado et al. (1993) —IJO [

Almedia et al. (1993) 1 , '

Hansbo (1994) |

Mesri et al. (1994)

Hansbo (1997)

Indraratna and Redana (1998)

Chai and Miura (1999)

Erksson et al. (2000)

Sharma and Xiao (2000)

Hird and Moseley (2000)

Bo et al. (2003)

Indraratna et al. (2005b)

Indraratna et al. (2005c)

Sathananthan and Inraratna (2006)

Sathananthan et al. (2008)

Ghandeharioon et al. (2010)

Kim et al. (2010)

Tran-Nguyen and Edil (2011)

Ghandeharioon et al. (2012)

Sathananthan and Inraratna (2006)
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(Soil Improvement) ¥8973
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$iand1n Wi edvuasreziianlunis
readstu TulgtiumsinsesisnsmangadalilndiApatuiui
Tuauny wwdedlinsfivesiimuyan Tnganisfnwnuindves
wisfines [12] 114 1) Adadusewineszesvasiuiignauniy
(Smear Zone) iU 3UIAUBY mandrel (Extent Ration), dy/d,, 2)
ANSATAIUTDIAUAINTOTUNY (Permeability Ratio) U3LIuAY
W 9,n5UN3U (Smear Zone) AUUF L AA U La'gnsUnIY
(Undisturbed zone), ky/ks ﬁnﬁmﬁmmﬂwawayjﬁmam’lugﬂﬁ 1
[12]

gratulunsidedazldaves dyd,= 2. kvk, = 2 1uAmdn
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deswnidumiifeuldiuinn wWisuisunadnsvesrmsiines
sy isuanmavesnmyaduazamafaussiuthauaud
Lﬁﬂ‘ﬁu%mLm‘US:’,UWEJ‘ﬂg’]maJLLu’JﬁI&(Prefabricated Vertical Drain;
PVD) dvsumsinwiiiemanudiduemisiiinesvesusdazs
Jrdwwasieuszansnmn1senian1eti (Consolidation) unntes

tedla

Permeability ratio (kx/Ks)
107 mLowerbound
1+ mUpperbound

Barron (1948)

Hansbo (1981)

Hansbo et al.(1981)
Bergado et al. (1991)
Onoue et al. (1991)
Bergado et al. (1993)
Almedia et al. (1993)
Hansbo (1997)

Chai and Miura (1999)
Erksson et al. (2000)
Hird and Moseley (2000)
Sharma and Xiao (2000)
Bo et al. (2003)

Indraratna et al. (2005b)
Indraratna et al. (2005c)

Sathananthan et al. (2008)

Tran-Nguyen and Edil (2011)
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Applied method: Back-AnalysisO Experimental@ Analytical A FEM$  Assumed+

; - & dd .
7 1 wandiimefaesiiunnignsunau (Smear Zone) luamidsusine

uldvaunuiuau (Surcharge) Tnaldiusanuau (Negative Pore
Pressure) ns¥a8id1gAu Lﬁagmﬁmaxmmmaaﬂmﬂ‘ijzuaumﬁm
S OUNULDUTZUIBLIANLLUA (Prefabricated Vertical Drain;
PVD) 38 anaalwusenseyin 70-90 kPa leviuiindudaduy

gauanie lnglunisinensvmindiveanisuiuunmnndu
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Futuit 1 vunlaeUsvana ¢ was Wudufumide (CH) uds
Urunans (Medium Stiff) 1A Sy windu 2.81 - 3.50 @U/A1579
LR AN
AU TSI (W,) Wity 32.5-47.4 % pfinaian (LL) windu
71.4% arfRnanatafn (PL) vinfu 24.0% aAdatinatadin (P)
47.4% wavAmhetmiingu 1.72-1.80 fu/gnuiAniung

fududt 2 numnlaeyszanas 4 8 11 wes Wuduiumile
(CH) 9ou (Soft Soil) fiA1 Sy WA 1.82-2.25 Au/m19UAT A
AU TSI (W,) 11U 51.8-65.2 % Aifiawan (LL) vy
87.1-90.3% A1 Aawaafn (PL) Wiy 31.5-35.5% A6 Y1
wanain (P) 51.6-59.4% wazA1mureumiingau 1.57-1.67 §/
anuAfiung

fuduit 3 aumnlaeUszanas 11 WS asluBaiunquiang
Juduiuniles (CH Yrunansiisudann (Medium Stiff to Very
Stiff) 1A Sy LAY 4.06-8.56 AU/ANTIUUAT A1ATY
§IIUWA (W) WInAU 21.0-36.0 % Afinamad (LL) iy 64.6-
71.0% Afiiawanadin (PL) winiu 16.3-23.2% mawtinaiain (Pl)
48.4-67.9% wazAmihemiinga 7.80-1.99 fu/gnuiAnilung

sefuihldduveslasanisnoulsulgsnmunmAudaeis
Vacuum Consolidation szAulafiu fimiAnudnussuia 0.50
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3. JUABUANTIATIZH

3.1 NITIATIZYAINITNIANIVEIAUNTEI9INNTSUTUUFAIY
SYUUFYYINIA

nngadiilesann1sdadim1in (Primary Consolidation) i

>
&

Nugruananngufisadaetuuunilsdfves Terzaghi Tasnas
nyafainanmsssnetheenntesitweniiniu Tnouiaduli
Aansguda viliiAnauieTemanzluluais (Vertical Strain)
TaglaiiAnaunasoanisdng (Lateral Strain) Kadunrnaiedeslu
wuIR 99zdAiiuAILAT BALEUSHRS (Volumetric Strain)

uandluaunsi 3.1 uag 3.2
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v

[RR; log ("V—m) + CR log (Lf)] H (32
Ovo Ovm
n

Fmsunsalaunsala uinilea (Over consolidated, OC)

Opo + 40, > 0y

21nn1snsanTaanIsngafafiing uluieaual 99nnns
USuusInmunImAuflessuugaaInid (Vacuum consolidation
Method) wutnslfamdunuutinnussyn waemslithun
UsTneesEUUaRR N Al nsAsuuUase T enEaUTinns
AlndiAssiu drurvesnnueioaluwuinmuiinisliaaudu
wuudhutinussnaglidnnndanisliininussmndessu
gunaduandusuil 3 aunguniannsnismsadavesiui
Lﬁm%'ymm“fwﬁ’ﬂﬂmﬁ'uﬁuaixuuqiytywmmmwwaauﬁmﬂw

v v v

‘W‘U’JIWLﬁﬂﬂ’]ﬂﬁﬂ?ﬂiﬂﬂLﬁﬂﬂ']i‘mﬂ(ﬂu"]w 1MUY 19 (Lateral

ad o o

displacement) walunsdl fif08 197 A JA1MU805INATIU
Uszﬁw%waqdthaﬁm (Maximum Past Pressure) fiA1u1nn11u3e
whiuthwinussyndaesyuugaginia nudthuaennssadame

Auazansasnwaneilidegududng (k condition) [1]

(8]
e (L —
z.|. Zenel ol sample A . \/ Tension crack «  Sample A
\.
N
| S
Lateral displacement | 20'g=0kPa S
01 1 10 100 1000
Zonel g Elapsed time (min)
0
Soil sample B o Sample B
\,
N,
1 S
PVD .
80'y=40 kPa =~
- 6 1 1 10 100 1000
- ol Elapsed time (min)
Soil le C 0
s g Sample €
Zonelll g L[ a7io=soiea
5 | —surcharge load $0kPa
2 | == Vacuum pressure 80 kPa
- 01 1 10 100 1000
777
z Elapsed time (min)

(n) ()

U7 3 Anvazvestufumeliusinszidiessuvanyinegy
n wansn1siian sadiiudniuIwnley 1 uag 2 3U v uanins

WansondmedvesiulufiusasseAumudn [5]

fatunsiiansanlunmsdiuainmmsasigarielaeiaue

ildAnsusuuidenisanaives oc Yiuanaves dudns

GTE03-4

%

uASAYBIAY (Compression index) i ldanluresuay [5] &

a ' o = Y a o
aun1sit 3.3 lagA1ves Oc udsiumuAMUEnvestuA Ly
anuduiuslaenseiuAveiisusInaivlssavsnagsanly

8f® (Maximum Past Pressure) Iﬂmmauﬂugﬂfﬂaqamﬁﬁ 3.4

= acd (33)
a., min z< Zc
a, = [ac,min + (1 — a;, min) ZZ_Z; z,<z<2z (34)
-
1 zZ =2z
Tng z;, @ansamlaainaunsi 2.5
0, (z=2,) = A0yem (3.5)

3.2 FupeumsUATIINGANTINNITNIAR YU 85 lusie
AL

321 MTTINUUUTIAI I
Tagn1sdnasenisusulsamunmauneldussiuaggyiniea
HALLAUSEUNEUN AR (Prefabricated Vertical Drain; PVD)
wanafagui 4 Wunmlumaluuudrassdg PLAXIS 2D Feag
Usznaulusisuauszuemuuuin sy 5 sudmsuiazine
nansznulagseau ﬁuﬁmaqauﬁgmumu (Smear zone) waglau

7Aulaignsuniu (Undisturbed zone) lngazutatuiueanidu 4

Qe

=

Ju JAUIU 4m 7Tm 5m Lar9Im AINEIRU ANNATYDITURUY

o
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g v ' o v & .
MINUA 6 M IﬂEJ“UuﬂTuaquzmuumimﬂuwiwmLL‘U‘U Linear

Elastic kazwuuiaeania 35udu Soft Soil Model
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=
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322 A munve ulYalazSoulvuuuTIaed
AruasEiudlaauNsEau -0.5 m TAn1ssureduinTuNag
Au Tieuansgevestudu -25 m duiiufaiiui waziivueia

T & a = %
AUV NT1BYIWTURIN UL

323 windinesildamsuiiaetuiy

Tnevniwesvesiuildlunuusaewandlunsed 3.1 uae
3.2 Ingd S uAusIIURA18MTIdIU ky/k A AWYINAY 3 [4] [3]
YUINVBY PVD LVINAU 100mm x 5mm kazuu1aued Mandrel
WINAU 140mm x 60mm n1544 Soft Soil Model mMuualian
C,=0.5¢,[13] Taalulusunsy PLAXIS luarunsamununalian
prwansalunsfusuilunafuasunasld SdRdednd
mmﬁﬁﬂwﬁuﬁmaaﬁuﬁgﬂsumu (Smear zone) K; ps wavlsufipu
ky

Awinluaun1si 3.6 uaz3.7 ewA1wes B uas a asulld

lugnsuniu (Undisturbed zone) kh [10] ndsa1nsu

ps» v, ps

A o w ' P | a
aunsit 3.8 dmdumaanumunsaluns@ushulunafuioy 2
i (Plane strain permeability) Kp,p; AILEAIFUN 5 wagldaunisi
3.9 dwsumaiauausalun1sdustuvesunlusiafufign

JUNIU (Smear zone) K, g .

_2 (-9
T 3n2(n-1)’ (3.6)
— 26D e 1,
B= g —s—D+3(s2+s+ D] 67
knp _ 0.67
kp  [(n(m)-0.75] (3.8)
ks ps B
- (3.9)
IR
Knp — E{in(%) 4 () In(5)-0.75]-a
Tnge0d n=d/d,, , s=d/d,, , [7] [3]
Unit width
l ——
T o e,
2h§
b

Ul 5 uanamsiAsuain axisymmetric Tl Plane strain 9]

GTE03-5

9197 3.1 wsfeesiidlu PLAXIS 2D

Depth s s
i x k| e i o
(m) (m/day) (m/day)

0.0-4.0 0.0413 0.0590 1 2.82X107 8.47X10”°

4.0-11.0 0.1009 0.0190 1.8 1.72X10° 5.15X10°

11.0-16.5 0.0875 0.0334 1.29 9.72X10° 2.93X10°

ks ps (horizontal direction in the smear zone)
Knpskvps (plane strain permeability in horizontal and

vertical directions in the undisturbed)

A51973 2 fiweddndy Soft Soil Model Tu PLAXIS 20 [2]

La Poisson ne
e ‘ @ ration Ko
Medium Clay (MC) 1 25 0.2 0.6
Soft Clay 1 23 0.2 0.7
First Stiff Clay 25 26 0.2 0.5

324 MTIATILINGANTIINITNAFIVOUYYTIA BT
A
mwssiuuuaestuiuasld Calculation Plastic uaw
Fully Coupled Flow Deformation Ium'iﬁmuumwamwa;mﬁa

vostuRu lnpagutuneunsinwfmiemn3.3

A91973 3 fimeddndy Soft Soil Model Tu PLAXIS 20 [2]

Time (day) Staged construction Type Analysis
0 Installation of PVD Plastic
Fully Coupled Flow
0-400 Consolidation
Deformation

4. WANIINAEDU
4.1 HaNITUATILVAINITNIAFIFAVIEDINNG 1]

n1sMAININgARagaTig (Total Settlement) AT uain
nsUsulTsmnnAuneldL s Uy NAUNST 3.2u8%
3.3 ndsntuasldauntsi 4.1 dmsumerseiunissasmen
YeaAuTlAntu (Degree of Consolidation) LiteiUSsuiisuiunan

Iadamnsned 4.2 4.3 uwaza.a vases U%(day) muddiu

U=22x100 @.1)
SF
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4.2 Nan AT 35 I usloamus

nsfnuIngAnsINN1INIAMARATUAINNTUTUUTIR AN
funeldusiugygimalaenisdsuutasmsiivesvesiui
4NTUNIUTOULAUTEUIBUIMNULUIAIMUAvE ULnluNSANY

aUlilumsned 4.1 uazagunalddwsialull

15197 4.1 penuuunsfiwesTldlunisinwilulusunsy PLAXIS 2D

NO dy/dy, | Ki/ks n Remark
1 2
2 3
3 2 4 2 Effect of K/k,
4 5
5 6
6 2
7 3
2 2 Effect of dy/d,,
8 4
9 5
10 1
11 2
12 2 2 3 Effect of n
13 q
14 5

4.2.1 HANTENUYOIAIONTAIUYOIAIIUAIITOTUR Y
(Permeadility Ratio) ‘z!aw?muﬁuﬁémi NI (Smear
Zone) n”w?nmﬁ;uﬁhigniumu (Undisturbed
Zone), ky/ks
Tpgnsneaesasiviun  dJ/d, U2 wieit uitnnsld
wisdwesvosiudy 2 Tou n=2 szezveinisiadives PVD
Wity 1 wes Weh de=1.13 wuifidnves kyk, wiiu 2 149
sepvnanlumseninaeind 90% ﬁaaﬁqm 1919U @A ku/k
wihu3 4 5 uaz6 [¥szevialunssamnmenhil 90% wihiu 272

330 380 Wawd20 YuAuaNU Feansneit 4.2

A15799 4.2 LEPINaNTENUVDIAT Kh/ks

Effect of Ki/k,
(ky/ky) 2 3 4 5 6
dy/d,, 2 2 2 2 2
n 2 2 2 2 2
U=90%(day) 191 272 330 380 420

GTE03-6

4.2.2 HANTINUVOIAISNTIFIUTININTLYLYOIAUIIGN
5UN1 (Smear Zone) AV ¥11m¥ay mandrel, d./d,,
Tngn1snaassagmuun k/k, 1n1nu2 WU e udi nnsld
wislnesveiudu 2 Tou n=2 szozirswosnsindses PVD
Wiau 1 wes 1960 d.=1.13 wusiiiawes dsd, widu 2 149
svozranlumssnsamethd 90% ﬁaaﬁqm 1919U @Al dy/d,,
winiu3 4 wazs MWsveznanlunssndmeniil 90% wiiu 214

234 Lag268 TUMUAINU AInNS199 4.3

AN597 4.3 LARINANTENUIDIAT ds/dm

Effect of d/d,,
(ky/k,) 2 2 2 2
dys/d, 2 3 4 5
n 2 2 2 2
U=90%(day) 191 214 234 268

423 HANTINUYSINISUUITININIDULRYBIFUTNTUNIU
589U PVD,n

18N 15NAADIEAINUA ky/k WNAU2 wag dJ/dy, Wiy 2
SYOYWIaURINSRARIYEY PVD Wiy 1 wns 1den do=1.13 uay
‘v‘hﬂﬁLLﬁaﬁuﬁmaaﬁuﬁgﬂsumuaamﬂu n=1-5 Lo IneliArves
anuanselunsfuiuwesilumanuanasud adudm
PVD wumnliaulanavesfiusuniuSmear Zone) szazinanlu
ns8asametg 90% wosgndl 110 Judaue n whiu2 3 4 wa
5 W¥szoznailunisdninnen 90% winfu 268 225 202 uax
190 Yumuddiu Faensnedi 4.4

A9199 4.4 LAAIHANTENUVBIAT N

Effect of n
(ky/ko) 2 2 2 2 2
d/d,, 5 5 5 5 5
n 1 2 3 4 5
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