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Tom tit: Nghién ciu gidi phdp xir 1y nén dat yéu bang thiét bi thodt nwée thang dirng dwoc thire
hién dwa trén md phong bai toan cé két tham theo phwong phap phan tir hitu han theo so do bai
toan phang, trong d6 hé sé tham twong dwrong theo phurong ding dwoc tinh tir @6 ¢é két trung binh
trong diéu kién co két mét truc (Chai va nnk, 2001). Anh huong ciia tham sé nhw chiéu sdu, khodng
cach bdc tham, hé s6 tham ngang, dé xdo trén va hé sé tham trong VUNg X40 trén doi véi toc dé co
két 14 ¢6 y nghia khi dp dung doi véi cong trinh duong cao téc Cau Gié- Ninh Binh. Két qud mé
phéng cho thdy toc dé co két tiang khi chiéu sdu bac tham tang, khodng cdch bdc tham giam, hé sé
tham ngang I6n, do xdo tron giam, hé sé tham trong ving X&o trén I6n. Tuy nhién, khi chiéu sdu
béc I6m hon 15m thi anh hwéng néi trén khong lén, Anh huéng ndy rd nét hon khi dat nén cé hé sé
tham ngang 16m so véi hé sé tham theo phwong ding.

|. PAT VAN PE

Khi thi cdng cac cong trinh trén nén dat yéu
can phai giai quyét bai toan cd két. Trong
khoang thoi gian hon 20 nam tro lai day, cac
loai bac thim ché tao sin (PVD) thay thé giai
phép giéng cat d va dang phat trién rong rai boi
nhitng wu diém ndi trdi cia né nhu san pham
ché tao sin v&i khdi lugng 16m; co thé thi cong
co giéi nhanh; thoat nude 16 rdng tét hon; gia
thanh ré hon gié thanh giéng cat.

Nghién ctru giai phap xtr 1y nén bang thiét bi
thoat nudc thang dung 1a vin dé& phuc tap vi
hiéu qua 1am viéc ciia bic thAm phuy thudc nhiéu
tham sé co lién quan dén qué trinh thiét ké, thi
cong. Tuy nhién, nghién ctru nay c6 y nghia
quan trong vi c6 thé lwa chon duoc cac tham sé
thiét ké toi uu.

Il. KHAI QUAT VE THIET BI THOAT
NUOC THANG PUNG

Thiét bi thoat nudc thing dung, vi du bac
thim, thuong c6 bé rong khoang 10+20cm, bé
day tir 3+5mm (Hinh 1). L&i cia bac thim 1a
mot bang chat déo c6 nhiéu rdnh nho dé nuéc
do mao dan dua 1én cao va d& vo boc ngay ca
khi ap luc 16n. Vo bac thim 14 16p vai dia ky
thuat, 16p vai duoc ché tao béng Polyeste khong
dét hay gidy vat liéu tong hop. N6 13 hang rao

28

vat Iy phan cach 10ng dan cta dong chay véi dat
bao quanh, va la b loc han ché cat hat min di
vao 16i lam tic thiét bi.

Puong kinh tuong dwong ctia bic thim co
dang dai bang mong, dw, dugc xem nhu duong
kinh cta bac thim hinh tron c6 cing ning luc
thoat nudc huéng tdm 1y thuyét nhu cua bac
thaim hinh dai bing mong c6 chiéu rong a va
chiéu day b (Hinh 1). Hinh 1 ciing cho thdy mot
s6 cong thuc tinh dy boi mot sb tac gia khac
nhau.

C6 thé thay rang thoi gian cd két 1a ham sd
cua binh phwong dwong kinh anh hudng cua
hinh tru dt dugc thoat nudce, De. Khi bé tri cac
bic thim theo mang hinh vuéng, D, = 1,13S;
khi bd tri theo mang hinh tam giac déu, D, =
1,05S, trong d6 S la khoang cach gitra tim cac
bac thim (Hinh 2).

Do qua trinh thi cong bic tham, ving dat
xung quanh bac thim bi xdo tron. Pudng kinh
cua vung bi xao tron, ds, dugc tinh nhu sau:

ds = (2,5+3)d,, (Jamiolkowski va nnk, 1991)

ds = 2dy (Holtz va Holm, 1973; Akagi, 1977)

ds = (1,5-3,0)dw (Hansbo, 1981, 1997).

Trong d0, dp, 1a dudng kinh ctia vong tron ¢
dién tich bang dién tich mat cit ngang cua cin
Xuyén cim bac tham.,
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dw=0,5(a+b) Rixner va nnk (1986)

dy=0,5a+0,7b
Long va Covo (1994)

dw=2(at+b)/n

\. Hansbo (1979)

N ~/A— Pradhan va nnk (1993)

Hinh 1. Puong kinh twong dwong ciia bac tham ( Indraratna va nnk, 2005)

I11. BAl TOAN CO KET BAC THAM

DPdi v6i bac thAm don, thoat nudc hoan toan,
d6 cb két trung binh U 14 su két hop cua do cb
két theo phuong ngang, Us va do cb két theo
phuong ding, U, (Carrillo, 1942):

U=1-(1- Un)(1-U,) (1)

Barron (1948) va Hansbo (1981) d& xét anh
hudng ctia d6 xao trén va sirc can cia bac thAm
dén 101 giai bai toan cb két ciia bic don (Hinh
3), d6 c¢b két theo phuong ngang duoc tinh nhu
sau:

-8T
U, zl—exp( “] 2)
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Trong d6 Ty 1a nhan t6 thoi gian:
_ Gyt
Tp= =2t

2 1
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Ch 12 hé sb ¢ két theo phuong ngang;

w=In 5. + ﬁ—l In dy _§+2_”|2k_h
d, K, d,) 4 3 q,

Trong dd, ky, kn va ks lan luot 12 hé s6 tham
cta dat nén theo phuong dimg, phuong ngang
va trong vung bi xao tron;

Qw 12 luu luong don vi thoat nudc ciia bac
thim (khi gradient bang 1)

| 1a chiéu dai tinh toan cua bic thdm. Cach
xac dinh chiéu dai tinh todn 1 dugc thé hién
trong Hinh 4 dudi day.

Trong thuc té, & giam khdi luong tinh toén,
ngudi ta thuong phan tich bai toan cb két caa nén
duoc xir ly bang bac thim theo so d6 bai toan

phang. Khi ap dung bai toan phang, dé dat dwoc
su twong duwong V& do cb két trung binh cia nén
theo so dd phang vai so d6 khong gian, can thay
doi cac diéu kién hinh hoc, vi du thay doi khoang
cach bic thdm nhung gir nguyén hé sé tham;
hozc thay dbi
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Hinh 2. Puong kinh dnh hiong cia bdc
tham theo cach bé tri luGi bac tham hinh tam
giac déu va hinh vuéng
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Hinh 3. So @6 bai toan bdc tham don
(Hansbo, 2005)
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* Ludi dudng dong gia thiét



Hé s6 thim nhung giir nguyén khoang céch
bic thim; hoac thay ddi ca hai (Hird va nnk,
1992; Indraratna va Redana, 1997).

TANG THOAT NUOC

TANG KHONG THAM  TANG THOAT NUAC
THOAT NUGC 1 HUONG  THOAT NUGC 2 HUONG  THOAT NUGC 1 HUGNG
Hinh 4. Xac dinh chiéu dai tinh toan bac
tham trong cdc diéu kién thodt nuéce
Mot céch don gian khdc md phong sy lam
viéc cua bic thAim duogc dé xuat boi Chai va nnk
(2001). Theo d6, vi bac thim lam tang tinh thim
cua dat theo phuong dang nén sé hop ly néu dé
Xuat mot gia tri hé sé tham theo phuong ding
ma no c6 thé xap xi cho ca hai anh huong thoat
nudc theo phuong dang va thoat nudc ngang
cua dat nén vé phia bac thaim. C6 thé tinh duoc
hé s6 thim tuong duong theo phuong dirng (Kye)
tir gia tri do c¢d két trung binh twong dwong
trong diéu kién cd két 1 husng.

2
K, = (1+ 251" X,

uD; k_]k “
IV. MO PHONG BAI TOAN XU LY NEN BANG
BAC THAM CHO CONG TRINH THUC TE
4.1 Giéi thiéu cong trinh
Pudng cao toc Cau Gié - Ninh Binh ¢6 chiéu
dai 56 km. Mt cat ngang cho 6 1an xe, bé rong
mat duong 22m, duong c6 dai phan cach gitra,

dai dirng xe khan cip, dai an toan va I& dudng
trong co.

Nghién ctru md phong bai toan cd két nén
duong dugc tién hanh ddi voi  doan
Km232+00+238+00, trong d6 nén dudong dap
trén 16p dat sét yéu (16p 2), o trang thai déo dén
déo chay.
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4.2 M6 phong bai toan

Mt cat tinh toan duoc thé hién trong Hinh 5.
Vi bai toan dbi xtrng nén xét mot nira bai toan
véi nira chiéu rong dinh 14m, chiéu cao 4m, hé
s6 mai dap m=2.0.

Pat dap bang cat va dat nén duoc mod phong
theo mé hinh Mohr-Coulomb véi cac gia tri
thong sé6 mo hinh duoc thé hién trong Bang 1.
Chu y rang vi khong c6 s6 liéu thi nghiém hé s6
thim cua cac 16p dat nén theo phuong ngang k
nén gia thiét kn =2k, trong do ky la hé sé thim
ctia dat nén theo phuong dirmg. Cha y rang trong
pham vi cdm bac tham (16p sb 2), hé s6 tham
cia dat nén theo phuong ding dugc tinh d6i
theo cong thtic (3), hé sd thdm ngang duoc gia
thiét khong doi.

Mot 16p vai dia k¥ thuat gia cudng duoc bd
tri phia trén I6p cat san nén dé tang 6n dinh tong
thé cho mai dap (Hinh 5).

Bac thdm xur 1y nén dugc bo tri theo mang
luéi tam gidc déu v6i khoang cach S=1,2m,
chiéu sau H=15m. Kich thudc bac tham:

a=10cm, b=0,4cm, dy=(a+b)/2=0,052m,

De=1,05S=1,26m, n=D/d,=24,23.

Phan tich bai toan cb két thAim duoc thuc
hién theo phuong phap phan tir hitu han, so do
bai toan phang, st dung phin mém Plaxis,
Version 8.2 (Brinkgreve, 2002). Ludi phan ti
hitu han bao gém céc phan tir tam giac 15
diém nat. Bac thAim duoc mo phong boi céc
phan tir “Drain” thoat nudc ty do. Vai dia k¥
thuat dugc mdé phong boi phan tir Geogrid ¢o
EA=2500 kKN/m. Muc nudc ngam duoc liy
ngang cao trinh mat dat tu nhién. Anh huong
stc can cua bac thim khong dwgc xem xét
trong nghién ctru nay.

Hai bai toan dugc phan tich 1a thi céng
dudng dap trén nén thién nhién (khéng duoc
xt 1) va nén duoc xir 1y bang bac thim. Hinh
6 md ta chi tiét cac giai doan dip d6i voi hai
bai toan noi trén. Chl y rang ddi v6i truong
hop dap trén nén thién nhién, thoi gian cho ¢6
két phai mat kha dai 730 ngay trudc khi dap
tir cao trinh +3,0m Ién dén dinh (+4,0m).
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Hinh 5. M6 phéng bai todn cho 2 truong hop: dwong ddp trén nén khéng xir Iy va nén xir 1y PVD

Bang 1. Cdc gid tri thong s6 mé hinh Mohr-Coulomb doi véi ddt dép va ddt nén

Y W bh Kn ky E C
Lop dat (kl\}lllmS) (kl\yums) (m/ngay) | (m/ngay) | (kN/m?) | (kN/m?) (c(t%) (;:f)) v
Dat dap 17,0 19,5 1,0 1,0 100000 | 1,0 300 | 0 0,30
Lép 2 17,5 17,61 410" 2.10% | 1526,2 6,4 795 | 0 |0,35
Lép 6a 18,0 19,25 | 4,49.10° | 2,24.10” | 1951,0 69 |1345| 0 |0,25
L6p 6b 16,5 19,0 0,173 0,086 | 7000,0 1,0 | 270 0 [0,30

4.3 Két qua tinh toan

Két qua tinh toan tai giai doan dip cubi
cung (GD7, khdi ddp dat chiéu cao 4m) duoc
thé hién trong cac Hinh 7 dén 11. Tai giai doan
nay, do lun tinh toan dat gi4 tri 16n nhat 1a
1,28m (Hinh 7) va ap luc nudc 16 rong du dat
gia tri 5,77 kN/m? (Hinh 8).

So sanh céac két qua tinh 4p luc nuée 16
rong du va tinh Iun trong truong hop khong xu
Iy nén va xir Iy nén bang bac thAm duoc thé hién
lan lwot trong cac Hinh 9 va 10.

Hinh 9 cho thiy gia trj 4p luc nuée 16 rdng
du 16n nhét trong nén PPpax tai cac giai doan
ddp khac nhau. C6 thé thdy ring do anh hudng
ctia bic thAm ma ap lre nudce 16 rong du bj tiéu

tan dang ké.

Hinh 10 so sanh céc két qua tinh lun tai hai
diém trén duong tim duong trong hai trudng
hop néi trén, d6 1a diém B (0, 45) tai bé mit 16p
dat yéu s6 2 va diém C (0,33,75) tai giira 16p dat
yéu s6 2 (xem Hinh 5).

Hinh 9 va 10 cho thiy bac tham da rat ngin
dang ké thoi gian cb két va tidu tan nhanh p luc
nuée 16 rdong du trong nén.

Hinh 11 cho thiy hé sé an toan 6n dinh
truot mai dap, dugc tinh theo phuong phap giam
cuong do6 chdng cat tang lén dang ké trong
truong hop xtr 1y nén bang bac thim két hop sir
dung 16p vai dia ky thuét phia trén gia c6 mai
dap
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Hinh 6. So' d6 cdc giai doan thi cong ddp dwong trén nén thién nhién va nén duoc xir 1y
bdc tham
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Hinh 7. Puong dang chuyén vi dimg khi ddp
den cao trinh thiéet ké (Truong hop xir Iy nén)
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Hinh 8. Duong dcfng ap luc nude 16 rong du khi
dap den cao trinh thiét ké (Truong hop xir Iy nén)

V. NGHIEN CUU THAM SO
Thiét ké t6i vu mot hé thong bac tham xur 1y
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nén dat yéu phu thudc nhiéu yéu té nhu: so do
bd tri (tam giac, hinh vuéng), chiéu sau, khoang
cach cim bac. Cac yéu t6 ndy anh hudng truc
tiép dén 46 c6 két cua dat nén, d6 lan on dinh
ctia nén, thoi gian thi cong. Nghién ciru tham
s6 gitp lwa chon cac thong s thiét ké bic thim
hiéu qua, tir d6 ¢ thé dua ra phuong &n thiét ké
t61 wu. Pic biét, viéc nghién ciru tham sb con co
y nghia rat 16n khi cac sb liéu thi nghiém khong
day du. Dué6i day s& xem xét anh hudng cia cac
tham sé nhu chiéu siu bac tham, khoang cach
bic thdm, hé sb thAm ngang, do xao tron, h¢ )
thAm trong ving x40 tron dén do lun va ap luc
nuée 16 rong.

ST T T T T 7T
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5.1 Anh hwéng ciia chiéu siu bac thim
12 : : : : : Phan tich anh hudng cta chiéu sau bic thim

X6 ly nOn

ol PP 211303 kPa | | do1 voi do co keét, do lun cua nén dugc thuc hién

] bang cach xét su thay doi chiéu sdu bac tham,
. H=5, 7, 10, 15, 20, 25m trong khi cac théng sb
] khac khong thay ddi (dw=0,052m, kh/ks=5,
kh/kv=2, ds/dw=2). Hinh 12 cho thiy d6 lin ctia
nén tang khi chiéu sau bic thim ting. Hinh 13
- cho thiy ap Iuc nudc 16 réng du 16n nhét trong

PP __(kPa)
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Hinh 13. Anh huong ciia chiéu sau bdc tham doi
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5.2 Anh hwéng ciia khoing cich bac thim

Anh huéng ctia khoang cach bac thim dbi véi
d6 lan cia nén duge phan tich bang cach thay
d6i khoang cach bac thim, S=1; 1,5; 2m trong
khi giit nguy@n cac thong sb khac (d,=0,052m,
Kn/ks=5, kn/k,=2, ds/dy=2). Két qua tinh toan
trén Hinh 14 va 15 lan luot cho thiy khi khoang
cach bac tham giam thi d6 lun nén ting khong
déng ké, tuy nhién, &p luc nuéc 16 rdng du tiéu
tan nhanh.
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Hinh 14. Anh huéng cia khodng cdach bdc tham
doi voi do lun cua nén
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Hinh 15. Anh huéng cua khoang cach bdc tham
doi voi ap luc nudce 16 rong duw \6n nhat
5.3 Anh huéng ciia h¢ s6 thim ngang
Anh huong ctua hé sé thim ngang ki d6i
v6i @6 Iin cua nén duoc phan tich bang cach
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thay doi gia tri hé s6 thAm ngang, kn=2ky, 5Ky,
va 10k, trong khi gitr nguyén céc thdng sé khac.

’ Két qua md phong cho thiy dét Nnérl co hé
so tham ngang 16n thi ap lyc nudce 10 rong du
trong nén ti€u tdn nhanh (Hinh 16).

5.4 Anh hwéng cia dd xao tron
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Hinh 16. Anh hwéng ciia hé sé tham ngang doi
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Hinh 17. Anh hudng cia dé xdo trén khi thi
cong doi vaoi dp luc nuoc 16 rong du lon nhat

Anh huong x4o tron khi thi cong bac tham
d6i véi do lan cia nén va &p luc nuée 16 rong
du duoc xét vai cac gia tri do xao tron dyJ/dy=2;
3; 5; 7; 10 trong khi giir khong ddi cac gia tri
khéc, va so sanh vai truong hop khong xao tron



(ds/dw=1). Hinh 17 cho thay d¢ x4o tron nho thi
&p luc nude 16 rdng trong nén co tri s6 nho va
tiéu tan nhanh hon. Cac két qua tinh ap luc nudc
16 réng du trong truong hop xdo tron déu cho
thiy gia tri 16n hon gia tri twong tng trong
truong hop khong xdo tron.

5.5 Anh hwéng ciia hé s6 tham trong ving
X0 tron

Anh huéng ctia hé s6 tham trong ving xao
tron dbi voi d6 lan cua nén va &p luc nude 16
rong du dugc xét voi cac gia tri kn/ks=2; 3; 5; 7;
10 trong khi khdng thay doi cac thong sé khac.
Hinh 18 cho thay khi kn/ks 160, tic 1a hé s6 thAm
trong viing xao tron nho thi ap luc nuéce 16 rong
du trong nén 16n.

VI. KET LUAN

Phuong phap xtr 1y nén bang thiét bi thoat
nuéc thang ding két hop vai dia ki thuat gia cb
méi ddp c6 thé 1am ting téc do lan, ting 6n dinh
tong thé va day nhanh tién do xay dung.

Nghién ctru bai toan thyc té xir Iy nén dat
yéu bing bac thim tai cong trinh dudng cao toc
Cau Gié-Ninh Binh, doan Km232+00+238+00,
bang phuong phap phan tir hiru han cho thiy
anh hudng rd rét cua bac thim dén téc do cb két
ctua nén (Nguyén Hong Truong, 2010).

Nghién ctru anh hudng riéng ré cua cac tham
s6 nhu chiéu sau bac thim (H=5; 7; 10; 15; 20;
25m), khoang cach bac thim (S=1; 1,2; 1.5;
2m), hé s6 thAm ngang (kn=2ky; Sky; va 10k,),
d6 xao tron (dJ/dw=2; 3; 5; 7; 10) va hé s6 thim
trong viing x&o tron (kn/ks=2; 3; 5; 7; 10) dbi véi
cong trinh nai trén cho thay:

TAI LIEU THAM KHAO

Khi chiéu sau bac thim tang, téc do cb két
tang. Tuy nhién, khi chiéu sdu bac 16n hon 15m
thi toc do cb két tang khong lon.

Khi chiéu sdu bac thAm nhé hon 15m, anh
hudng cia viée giam khoang cach bac thim dén
tang toc do cb két nén 1a dang ké.

Dat nén c6 hé sd thim ngang 16n thi toc do
¢ két nhanh. D¢ x40 tron do viée thi cong bac
thim 1am tang ap luc nudce 16 rong du trong nén.
Hé sb tham trong viing x&o tron 16n 1am tiéu tan
nhanh ap luc nudc 16 rdng du trong nén. Anh
hudong ndy rd nét hon khi dat nén c6 hé sb thim
ngang 1on so v&i hé s6 thim ding.

Cac két qua mo phong trong nghién ctru hién
tai can dugc so sanh vai cac két qua do dac hién
truong dé kiém ching tinh chinh xac cua cua
két qua phan tich.

14
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Hinh 18. Anh huéng ciia hé sé tham trong ving
X&0 tron doi voi dp luc nudc 1o rong dw lon nhat
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Abstract:
STUDY ON THE TREATMENT METHOD OF SOFT SOIL GROUND BY
PREFABRICATED VERTICAL DRAIN

Assoc. Prof. Dr. Nguyen Hong Nam, Water Resources University
Me. Nguyen Hong Truong, Vietnam Academy for Water Resources

Study on the treatment method for soft soil ground by prefabricated vertical drain (PVD) was
implemented based on the modeling of consolidating problems by finite element method with plane
strain analysis, in which the equivalent value of vertical hydraulic conductivity was derived based
on the equal average degree of consolidation under the 1D condition (Chai et al., 2001). Effects of
parameters such as PVD's depth, distance, horizontal hydraulic conductivity of soils, smear, and
hydraulic conductivity of the smeared soil were found significant when applicable for a case study
of Cau Gie-Ninh Binh highway project. The simulation results showed that the degree of
consolidation increased when the PVD depth increased, PVD distance decreased, horizontal
hydraulic conductivity increased, the smear reduced, and the hydraulic conductivity of the smeared
soil decreased. However, when the PVD depth was greater than 15m, the effect was found not
significant. The effect was more obvious when the value of horizontal hydraulic conductivity was
greater than that of the vertical one.
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