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Tom tat. PVD (Prefabricated vertical drain) 1a giai phap khong dat, c6 thé thi cong dé& dang trong khong
gian han ché, cung cap tinh dan cao, rit ngin dudng thoat cho dat cé tinh tham nho va ting tdc tién trinh
cb két. Mic du c6 nhitng thanh céng vé hiéu dung, con ¢ nhirng van dé ton tai véi PVD. PVD dugc dua
vao dat bang coc ciy va bit tAm neo ¢ miii. Va su ciy vao dat nay xao tron dang ké ving dat xung quanh.
O d6 co su chén ép két cau hat, gia tang ap Iuc 16 rdng, giam ha do bén va luong nudc trong ving bi x&o
tron.

Do tinh phong phti vé gi tri va s phu thuoc vao nhiéu yéu to, bai bao mong mudn mong muén xéac
lap hinh dang va pham vi ving xao tron do luc ép ngang khi thi cong PVD duoc mo phong bang phan tir
hitu han thdng qua phan mém Plaxis véi dic trung véi nén dat yéu rat phd bién ¢ ving 1an can thanh ph
Ho Chi Minh - Viét nam.

Tir khoa. bic thim, dat yéu, gia cuong nén dét yéu, tinh thim, viing x&o tron.

SIMULATION OF THE SMEAR ZONE CAUSED BY HORIZONTAL PRESSURE
DURING MANDREL ACTION WITH PLAXIS 2D

Abstract. Prefabricated vertical drain is an inexpensive solution that can be easily installed in limited
spaces, provides high conductivity, shortens pathways for soils having low permeability, and accelerates
the consolidation process. Despite of the success of the product, there are problems with PVD. PVD is
brought into the soil by mandrels and anchor plates. And the implantation of this soil greatly disturbed the
surrounding soil. There is a compression in the soil texture, increased pore pressure, reduced durability
and water content in the smear zone.

Due to the abundance of values and the dependence on many factors, the article desires to establish
the shape and extent of the smear zone caused by horizontal pressure during the mandrel action and
simulate it by using the finite element through Plaxis software to the soft soil which is very common in
the vicinity of Ho Chi Minh City — Vietnam.

Keywords.prefabricated vertical drain, soft soil, ground improvement, permeability, smear zone.

1 DANNHAP-LY DO
1.1 Loi ich cia PVD

Khi xay dung trén nén dit yeu tai trong tir cac cong trinh nhu nén duong, san bay, dé, nha xuong, ...
c6 thé gay lan tir hién twong c6 két cua cac loai dat nay. Dé tranh céc van dé nghiém trong co thé xay ra
do lan, nguoi ta thuong thyc hién tién trinh c6 két sém va nhanh nhat c6 thé dé dua cong trinh vao xay
dung va sir dung nhanh va an toan.

Dbi voi dét c6 kha nang nén cao, sy ¢b két lién quan chat chd véi su day nude ra khoi dat. Thuong,
la sy sir dung giai phap nén trudc hoic tao kénh dé nuéc dé dang thoat ra ddi véi dét cé tinh tham nho
nhu coc cat. Thoi gian gan day, PVD (prefabricated vertical drain) thudng dugc sir dung. Dy 1a giai phap
khong dit, cung cap tinh dan cao (hiéu qua hon 30 1an so véi coc cat co dudng kinh 300 mm), cé thé thé
thi cong dé dang trong khong gian han ché, rat ngén duong thoat cho dét c6 tinh thAm nho va ting toc tién
trinh cd két.

PVD d3 va dang dugc st dung nhiéu du 4n quan trong nhu Dy 4n cai tao dao Tan Changi (1992-
2004), New Bangkok International Airport, (1997-2006), du 4&n m¢é réng san bay Shenzhen (Quang dong-
Trung qubc), tuyén duong st giita Belapur-Seawood-Uran (Mumbai- An d6) ...
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1.2 Han ché cia PVD

Mac du c6 nhitng thanh cong vé hiéu dung, con ¢6 nhiing van dé ton tai voi PVD (Akagi 1994; Holtz
1987). PVD dugc dua vao dat bang coc cay va bit tam neo ¢ mii. Va sy cay vao dat nay xao tron dang ké
vung dat xung quanh. O d6 c6 su chén ép ket cau hat, gia tang ap luc 10 rong, giam ha d¢ bén va luong
nu6C trong ving bi xao tron (Holtz va Holm 1973). Tinh tham cua vung xao tron cling giam so voi gia tri
ban dau trudc khi cay PVD vao dat (Holtz and Holm 1973). Két qua la dong chay vao PVD bi giam thap
va tién trinh ¢o két bi kéo dai dang keé.
13 Cic nghién ciru vé viing x4o tron

Vé co ban, viing x40 tron quanh PVD duoc chia Iam hai phan: viing x40 tron va viing chuyén tiép
(Beygado et @I. 1996; Madhav et al. 1993). Ban chét cua Su xao tron thi khé phuc tap va phu thugc \/;310
nhiéu nhén t6 nhu la cac ddc trung cua vat Iiéq dat, hinh dang, d6 nhdm bé mat va kich c& cua coc cay,
toc do cay va sy dich chuyén dat sau khi coc cay duogc rut 1én (e.g. Onoue et al. 1991, Hird and Moseley
2000).

~ Khao sat cac nghién ctiu trong phong thi nghiém, cac dic trung khong gian ciia ving xao tron cho

thay mire do x4o tron hau hét dugc cong bo trong vung Ian can cia ranh thoat noi nude di vao va giam
Vai sy gia tang khoang cach hudng tam tir rdnh thoét (Onoue et al. 1991, Bergado et al. 1991, Madhav et
al. 1993, Indraratna and Redana 1998, Hird and Moseley 2000, Sharma and Xiao 2000, Sathananthan and
Indraratna 2006).

Mat cat

| Kénh

y
thoat

Ving xao | | I (2
tron ! [
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Hinh 1: M6 hinh PVD.

Ving chuyén tiép & giira viing x40 tron va ving khong xao tron (Onoue et al. 1991; Madhav et al.
1993; Indraratna and Redana 1998; Sharma and Xiao 2000) & viing c6 su chuyén tiép dan tinh chat cua
dat vai do xé&o tron giam dan theo khoang cach ting tir rdnh thoét (Holtz and Holm 1973).

Do viing x40 tron c6 cac tiéu chi quan trong tir dau vao clia mdt tién trinh tinh toan ning luc thoat
nuée ciia PVD ciing nhu cac dic trung cua dat sau khi bién dang/cd két, nhidu nha nghién ctru da tién
hanh khao sat kich ¢ va mirc do cta ving xao tron. Nghién ctru ctia Holtz and Holm 1973, Jamiolkowski
et al. 1983, Hansbo 1986, 1987, 1997, Bergado et al. 1991, 1993b, Onoue et al. 1991, Holtz et al. 1991,
Mesri et al. 1994, Madhav et al. 1993, and Chai and Miura 1999 dé xuét rang kich thudc cua ving x4o
tron (khoang cach tir tim rinh thoat cho téi bién ngoai clia ving x4o tron thay doéi giita 1 dén 4 1an ban
kinh coc cdy twong dwong I'm,eq (At cit ngang cia coc cdy, néu khong phai 1a hinh tron c6 thé chuyén doi
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sang ban kinh tuwong duong rmeq c6 cung dién tich). Cac nghién ctru khac boi Hansbo 1987; Chai and
Miura 1999; Hird and Moseley 2000 d& nghi rang ving x4o tron trong pham vi tir 2 dén 3 lan Tmeq-

Dé thiét ké PVD va danh gia d6 c6 két trung binh (U), cAc md hinh 1y thuyét mé ta dic tinh ciia ving
x40 tron da duoc dé xuat qua nhiéu nam. Cac mo hinh kha don gian dau tién (Barron 1948, Hansbo 1979)
cho rfang mét xi lanh don vi dit dugc thao nudce béng mot 6ng thoat déng tdm va mot vung xao tron voi
mot hing s6 d6 tham nam ngang bi chiét giam (hinh 1). Theo Basu et al. (2006), cic nghién ctru trudc day
dya trén md hinh nay di dé xuat rang pham vi ctia ving x4o tron (ds) 13 tir 2 dén 4 1an duong kinh tuong
duong ciia PVD va tinh thim ngang (khs) giam tir 2 dén 10 lan tinh tham ving khong x4o tron (khy),
nghia 1a s = dg/dy ~ (2+4) va « = khy /khs = (2+10). Tuy nhién, cac thi nghiém trong phong duogc trich dan
chi ra ring pham vi ctia viing x4o tron c6 thé 16n hon nhu dy/dy, = 9 (dp, 12 dudng kinh twong dwong cia
coc ciy).

Céac md hinh gan day da nd luc ghi lai ban chat caa viing x40 tron sao cho thuc té hon, md ta su bién
d6i bén trong ving x&o tron (e.g. Walker and Indraratna 2006, Basu et al. 2006, Chung et al. 2009). Hon
nita, cac hiéu tmg con mang tinh thoi diém nhu 1a tai cd két cua sét sau khi cdy PVD, anh hudng cac dic
trung ctia ving x40 tron duoc két hop trong nhimg moé hinh di trinh bay boi Indraratna et al. (2005) va
Walker et al. (2012).

Viét nam ciing c6 nhiéu nghién cttu vé PVD ¢ nhiéu khia canh. Tuy nhién, xét dén yéu tb thi cong
lam anh huéng dén viing x40 tron cho dén nay chua thay. Vi vay nhu cau nghién cau ¢ diém nay 1a hién
hiru va can thiét dé co céi nhin tong quan ap dung hitu hiéu PVD trén nén dat yéu khéa phd bién ¢ vung lan
can thanh phé H6 Chi Minh.

1.4 Muc tiéu caa bai bao

Do tinh phong phd vé gia tri va su phu thudc vao nhiéu yéu tb, bai b4o mong muén mong mudn xéac
lap hinh dang va pham vi viing x&o tron do lec ép ngang khi thi cong PVD dugc md phong bang phan ti
hitu han thdng qua phan mém Plaxis voi dic trung véi nén dét yéu rat phd bién ¢ vang 1an can thanh phé
HG6 Chi Minh - Viét nam.

2 COSOLAPLUAN
2.1  Tién trinh thi cong PVD va giéi han nghién ciru

- PVD duoc dua vao dit bing ming xong co tiét dién hinh chit nhat 60 x 120. Téc d6 xuyén vao
dat dugc chon 1a 600 mm/s. Téc do nay phu hop véi thuc té phuong tién va du nhanh dé tao tac dong ép
dat xay ra nhu tic thoi.

- Trong qué trinh di vao dat, mang x6ng dam xuyén ¢ mii va ép dat sang phuong ngang. Dét bi
bién dang ngang bang véi kich thudc cia ming x6ng. Do tde d6 xuyén dat nhanh va thin ming xong
thong thuong (xuyén lan 2) tron uét nén bo qua hé sé tiép xtc gitra dat va thanh ming xong.

- Pén 6 sau thiét ké, mang xong rat 1én va dé PVD lai trong dat.

- Pat yéu sir dung c6 tinh phd bién viing 1an can thanh phé H6 Chi Minh.

2.2 CONng cu va mo hinh tinh toan
221 Congcu

- Sir dung phuong phéap phan tu hitu han théng qua phan mém Plaxis 2D véi phan tir 16 nit va do
min muc kha.
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2.2.2 M0 hinh

LS

TR G i
b. Hinh 2. M6 hinh tinh toan

- Dé tiét kiem thoi gian tinh todn ma van nhan thiy sy bién di 4p luc nuéc 16 réng doc PVD thi

chiéu dai PVD duoc sir dung 1a 2m (20 1an bé rong PVD).
- Khéng gian tinh toén Ia 3m x 3m.

- Tién trinh di vao dét tao ra &p luc ép dit sang ngang dugc tinh dya trén Iy thuyét bién dang tuong
ducmg2 cta dat. Tuong ang véi bién dang 3 cm va 6em (ddi Xing truc): Pogang = 61.6 KN/m? va pg,. = 232
KN/m*.

- Pham vi duoc xac dinh viing x&o tron tap hop cac diém cé ap luc 156 réng bang khong hoic tién
t6i khong.

3 TRUONG HQP TiNH TOAN
3.1 Séliéu dia chat

- Thanh phan hat
+ Ham lugng % hat séi . | 0.00
+ Ham lugng % hat cat : | 19.46
+ Ham lugng % hat bui : | 37.19
+ Ham lugng % hat sét . | 43.36
- Do am ty nhién (W%) | 54.26
- Dung trong tu nhién (yw, g/cm®) | 1.60
- Dung trong khd ( i, g/cm®) © 1 1.04
- Dung trong day ndi (yan ) : 10.64
- Ty trong (4) : | 2.62
- b6 bdo hoa (G) : 193
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- Do rong (n) . | 60

- Hé s6 rdng (eo) | 1.523

- Gidi han chay (W)) : | 51.2

- Gidi han lan (Wp) . | 25.6

- Chi s6 déo (Ip) : | 255
-bosét(B) c 1112

- Hé sb nén 1tn (ay.,, cm’/kG) : 10.275

- M& dun tong bién dang (E..,, KG/cm?) : | 4.04

- Goc ma sét trong (¢°) | 4052'

- Luc dinh ( C, kG/cm?) : 1 0.051

- Hé sb thim dung (ky, cm/s) : | 0,000203
- Hé s6 tham ngang (K, cm/s) : | 0,000203

3.2 Trudng hop theo phwong canh dai va trueong hop theo phwong canh ngin
Nhu mo6 hinh tinh toan ¢ hinh 2

4  KET QUA VA SO SANH
4.1  Trudng hop theo phwong canh ngin
4.1.1 Biéu dd ap lwe nuwéc 16 rong
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Hinh 3: Biéu d6 duong ddong muc &p luc 16 rdng (KN/m?) theo phuong canh ngin.
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4.1.2 Thong ké cac diém c6 ap luc 16 rong hdi tu vé khong

Bang 1: Toa d6 cac diém c6 ap luc 15 rdng hoi tu vé& khong & bén tréi

(m) 014039033 |]043 030|043 046|044 043|041 |0.39|0.36|0.34]0.33

(m) [ 295295295 |294 (294|280 |273|269|269 | 264|258 | 256|254 | 252

(m) | 030|026 023|019 |0.15|0.04|0.08|0.09]0.11|0.04|0.08]|0.04]|0.08]0.04

(m) [ 249 | 242 | 237|234 (230|227 | 226 | 225|223 |222|219 218|217 | 213

Bang 2: Toa d6 cac diém c6 ap luc 16 rdng hoi tu vé khong ¢ bén phai.

X [02]03]03[03[03[04]04]04]04][04]04]04[03[03[03]02]0.2
m|7|4|1]7]|5|4]7]|6|6|3|2|0|8|6]|3]|9]s

y 129(129(29|129(29|28 (28|27 |27 (26|26|25[25|25|25|24]|24
(m | 9 8 7 3 0 9 5 9 5 6 0 8 6 2 2 8 5

x [02|02|0202)|01|01|0001|01|00|00|00]|00|00|00]01|01
(m | 7 1 5 4 7 5 4 2 1 6 9 4 7 4 5 4 1

y [24(23|23|23|23|22|22|22|22|22|22|22|22|21|11 11|10
(m | 1 7 6 2 0 7 6 5 5 4 4 1 0 3 8 0 8

1001 @ @ x (m)
050  -025  0.00 0.25 0.50

Hinh 4: Biéu d6 phan b cac diém c6 ap luc 16 rong hoi tu vé khong theo phwong canh ngén.
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4.2 Trwong hgp theo phwong canh dai

4.2.1 Biéu d6 ap lwe nwéc 18 rong

-2.50 ~2.00 -1.50 ~1.00 -0.50 -0.00 o.50 1.00 150 2.00 250
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Hinh 5: Biéu d6 duong dong muc 4p lyc 15 rdng (kN/m?) theo phuong canh dai.
4.2.2 Thong ké cac diém c6 ap luc 16 réng hdi tu vé khong

Bang 3: Toa do cac diém c6 &p luc 15 rdng hoi tu vé khdng & bén tréi.

X 04 1030202020404 |04,04|04]04|04)|04]|04]0.3
m | 114|498 266|899 |76 |1]|1]09
y 29 1291291292929 |29 |28 |27 |27 |27 |26 |25 | 25| 25
(m) 9 9 9 9 7 5 3 6 9 7 1 3 8 4 1
X 030303 (02|02|0201(02,01{00]01(01|01]|00]0.0
(m) 7 5 2 7 4 2 6 2 7 7 1 2 4 7 8
y 24 | 24 | 24 | 24 | 23 | 23 | 23|23 |22 |22 |22 | 22|22 | 22| 22
m| 9 !8|6|o| 7|5 |1|0|s8|7]|6]|5]|3]|2]1
Bang 4: Toa do cac diém c6 &p luc 15 rdng hoi tu vé khdng & bén phai.
X 01{01/03|04|04]04|04|/04,04|04)04|04(03]03]03]|0.3
m|ole6| 7|1 |6|8|9|7|6|4a|1|0]|8]7]|6]2
y 29129 (128|128 (28|27 |26 |26 (26|26 |25 (25|25 (24|24 24
(m) 9 5 9 5 0 5 9 8 6 1 8 7 3 9 5 2
X 020202020201 (01|01]01|00|01|00|00]|00]02]|01
m | 7523|0643 |7|2|9]9]7]|0]0
y 24 12312312323 (23|22 |22 (2222|122 |22|22]|22]| 10|10
(m) 0 7 7 6 3 0 8 8 7 6 6 5 1 1 4 2
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Hinh 6: Bidu dd phan bé cac diém c6 ap lyc I3 rdng hoi tu vé khdng theo phuong canh dai.

5 NHAN XET VA KET LUAN
5.1 Nhan xét
- Kich thuéc viing x40 tron ciia dat sét nhao (B = 1.12; Ip = 25.5) phét trién tir mat dat, noi c6 do
rong l6n, va 6 xu huéng giam gia tri theo do sau.

- Bién do mién gia tri cua vung xao tron lon.

- Bién gia tri cua hai canh la xap xi nhau (canh ngan la 0.47m; canh dai la 0.49m). Neu chen gia tri
I6n nhat (bat loi nhat cho sy thao nuéc) cua ca hai canh thi hinh dang vung nay la xap xi tron. Biéu nay
phu hop vai gia thiét dang hinh tron caa vung xao tron va so do bo tri PVD.

- Tyle—-= % ~ 10.2 khac biét so véi dé xuat cua Chai and Miura 1999 va céc tac gia (1+4

Tm,eq
lan); Hansbo 1987; Chai and Miura 1999; Hird and Moseley 2000 (2+3 1an) nhung sat v6i cac thi nghiém
trong phong (9 1an).
52 Kétluin

- \Ung x4o tron anh huong bai nhiéu yéu td nén mién gié tri phong phu gy kho khin cho viéc ap
dung nén nhu cau khao nghiém tai khu virc cu thé 1a can thiét.

- Truong hop khao sat cho thiy viing xao tron 1a xap xi tron, 6 ti $6 ry/ryeq ~ 10.2 16n ¢6 kha nang
anh huong nhiéu dén kha nang thao nuéc va thoi gian ¢ két trong thyc tidn ap dung & ving lan can thanh
phb HO Chi Minh.

- M6 phéng sé (FEM) cho thay la giai phap don gian, nhanh chéng va hiéu qua, duoc dé xuét st
dung dé tim gié tri sat vai hién truong, dé thiét ké c6 tinh hiéu qua cao hon.

- Latién dé nghién ctru pham vi x4o tron khi 4p dung PVD theo cac so d6 b6 tri khac nhau va dé
XUuét giai phap bé tri higu qua.
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