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TOM TAT: Nude duéi dét trong ving khong bio hoa dong vai trd quan trong trong co ché 6n dinh mai ddc.
Luc hut mao déan [1] tao nén d6 bén cit biéu kién, gép phan ting hé s6 on dinh mai ddc trong mua kho. Tuy
nhién, khi xay ra mua 16n va kéo dai, hién tugng thAm nudc lam giam lyc hiit mao dan, dan dén giam do bén
cét, tham chi phét sinh 4p luc nudce 16 rong duong trong cac 16p kém thdm, gdy mit on dinh. Bai béo nay tap
trung phén tich co s& Iy thuyét, anh huong dic thi cua diéu kién khong bio hoa dén 6n dinh mai dét & ving
mién nui phia Béc, ddng thoi dé xuat hudng tiép can trong mo hinh tinh toan va bién phép xtr ly phu hop.

TU KHOA: Nudc dudi dat khong bao hoa, 6n dinh mai ddc, luc hut mao dan, mién nui phia Bic.

ABSTRACT: Groundwater in the unsaturated zone plays an important role in the mechanism of slope
stability. Matric suction [1] creates apparent shear strength, contributing to increasing the slope stability
coefficient in the dry season. However, when heavy and prolonged rain occurs, water seepage reduces
suction, leading to a decrease in shear strength, even generating positive pore water pressure in poorly
permeable layers, causing instability. This paper focuses on analyzing the theoretical basis and the specific
effects of unsaturated conditions on the stability of soil slopes in the Northern mountainous region, and at
the same time proposes approaches in calculation models and appropriate treatment measures.
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1. PAT VAN PE

Khu vuc mién ndi phia Bic Viét Nam c6 dia
hinh phtrc tap, d6 ddc 16n, didu kién mua tap trung
theo mua va cuong d6 cao. Pay l1a khu vuc thuong
xuyén xay ra hién tuong sat truot dat, gdy thiét hai
16n vé nguoi va tai san.

trang thai bdo hoa, bé qua anh hudng cua luc hut
mao dan. Piéu nay dan dén su sai 1éch trong danh
gia on dinh, dic biét trong bdi canh bién doi khi
hau lam gia tang céac trdn mua cuc doan. Vi vay,
vi€éc xem xét va mo hinh hda tac dong cia nudc
dudi dat khong bdo hoa trong tinh toan 6n dinh
mai dét 1a can thiét.

Khi phén tich 6n dinh mai dbc, hé sd an toan
phu thudc cac yéu t6 nhu cuong d6 mua, h¢ s6 thim
bdo hoa, d6 sdu muc nudc ngﬁm ban dau, chiéu cao
mai dbc, goc méi dbc va cc nhan t6 khéc.
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ton tai va bién doi cua nudc dudi dat trong ving
khong bdo hoa. Trong cac nghién ciru truyén thong,
nudc dudi dat thuong dugc don gian hda theo

s
Hinh 2: Anh hwéng ciia cdc yéu to thoi tiét
dén sirc chong cat cua dat
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2.CO SO LY THUYET
2.1. Khai niém dit khéng bio hoa

Pt khong bdo hoa 1a mot hdn hop cua hon hai
pha (thong thuong 1a ba pha gdm: ran, nudc va
khi) va c6 ap luc nude 16 réng 1a 4m (do c6 ap luc
khi 16 rong). Moi loai dat g?m mit dat, & méi
truong twong d6i kho, s& chiu ap luc nuée 16 rdng
am va khong béo hoa.
2.2. Hiéu érng Lurc hiit mao din

Trong ving khong bao hoa, lyc hiit mao dan
giita pha khi va pha nudc lam tang (g suit hiru
hiéu. Theo md hinh Bishop (1959) [2], ung suit
hitu higu duge biéu dién:

c'=(c-u,)+yu,—u, 2.1)

Trong d6 u, 1a ap luc khi, u,, 1a ap luc 16 rong,
% 14 hé s6 phu thudc d6 bao hoa.
2.3. Cwong d khang cit

Cuong do khang cit [3] dong vai tro nhu mot
“lyc dinh biéu kién”, gép phan tang cuong 6n dinh
mai doc khi dat chua bao hoa:

r=c'+(oc—u,)tang’ +(u, —u,)tang’  (2.2)

Trong d6 ¢” biéu dién goc ma sat do lyc hit
mao dan, lién hé truc tiép voi duong ddc trung dét
- nude (SWCC) [4]
2.4. Mit 6n dinh do giam lyc hit mao din

Khi mua 16n xay ra, luc hit mao din giam
nhanh, dic biét ¢ 16p bé mit va tai ranh gidi voi
16p kém thdm, 1am giam déng ké lyc khang cit.

2.5. Pwong cong dic trung dit - nwée (SWCC)
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Hinh 3: Puong cong dic trung dit nuwéc (SWCC)

Puong cong SWCC thudng duge biéu dién
dudi dang mbi quan h¢ gitta d6 bao hoa, do am
trong lugng hodc do am thé tich véi d6 hat dinh

(Hinh 1). Trong coéng trinh nghién ciru cuia Leong
va Rahardjo (1997) [1] da danh gid lai cac phuong
trinh thuc nghiém va két luan rang phuong trinh
cua Fredlund va Xing (1994) [5] 14 phu hop véi
thuc t& nhét, tiép dén 1a phuong trinh cia Van
Genuchten (1980) [4].

3. PHUONG PHAP NGHIEN CUU

3.1. P6i twong nghién ciru

Mii déc dién hinh viing mién nui phia Bic.

a. Ddc diém vé dia hinh, dia chat

Vé dia hinh, dia chit ty nhién, khu vuc Tay
Bic vén nam trén cic dit giy 16n nhu dut giy
song Hong, song Chay... Trong d6, dut giy song
Hong 1a mot trong nhitng hé théng 16n nhat, rong
5 - 10 km va kéo dai hang nghin km, cit qua Lao
Cai, Yén Bai. Khu vuc nay c6 dia hinh nui cao, bi
chia cit manh, véi didy Hoang Lién Son dd
s0; trong khi Pong Bic c6 dia hinh thap hon, da
dang véi cac ddy nui thdp hinh canh cung va cao
nguyén déa voi.

Vé dia chét, hoat dong cia cac dut giy khién
nén dat bi niit né, vo nhau, tao diéu kién cho nudc
tham sau, dat da bi phong héa manh tré' nén mém,
bé rat nhanh.

Hinh 4: Déo 6 Quy Ho mjt trong tir dai
dinh deo cua Viét Nam
b. Ddc diém khi héu
Ving nti phia Bic c¢6 hau nhiét déi gio
mua, mua dong lanh khé it mua va mua hé nong
nhiéu mua

400 mm 400 mm

300 mm :ig&g

200 mm

300 mm

200 mm

100 mm 100 mm

261thg 1
SLRLEEE -
OMT Thg1 Tha2 Thg3 Thg4 Tha Thg6 Thg7 Thg® Thgd Thg 10Thg11Thg12 "

Hinh 5: Lwong mwa trung binh hang thdng
tai Lao Cai [6]
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Hinh 6: Dj dm trung binh hang thing
tai Lao Cai [6]

3.2. Phwong phap

Str dung Plaxis 2D dé m6 phong 6n dinh mai dic
3.3. Kich ban phan tich

Xem xét tdc dong cia nudc khong bdo hoa
trong diéu kién mua tap trung & mién nui phia Bic
theo 3 kich ban:

- Kich ban 1: Mai déc trong diéu kién kho han
(strc hut 4m cao).

- Kich ban 2: Sau mua ng'fm han (d6 bao hoa
tdng vira phai).

- Kich ban 3: Sau muwa kéo dai (gin bdo hoa
hoan toan).
3.4. M6 hinh tinh toan

a. Mé hinh dia hinh

Mii déc thi nghiém dang 2D cao /= 10 m, géc
mat dbc = 34°.

15 ! 15 15

Hinh 7: M6 hinh mdi déc dién hinh
vung nui phia Bac
b. Vat li¢u ddt
Trong lugng riéng bo hoa 7, = 19.6 kN/m’;
Trong lugng kho 7,4, = 18.1 kN/m’;
Luc dinh hi€u qua ¢’ = 1.0 kPa;

Goéc ma sat hiéu qua ¢’ = 30°;
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Modul dan hdi: EZJ = 15.000 kN/m?;
E'Y, =15.000 kKN/m*; E/¥ = 45.000 kN/m’;

oed

Hé sb poisson v=0.2;

Nuéc ngdm: theo 1y thuyét Van Genuchten;

¢. Piéu kién bién ban dau

- Myc nudc ngam ban dau: nim & d6 sau 15 m
dudi dinh mai (tirc mai ¢ trang thai khong bao hoa
16n & tang mat).

- Bién trai/phai: lé’ ¢b dinh ngang (fix horizontal
displacement), day: co dinh ca theo ngang lan doc.

- Mit ti do phia trén: diéu kién thoang, nhan
lwong mua tham ty do.

d. Kich ban mua

- Kich‘ ban 1 (khé han): Khéng mua, giit trang
thai ban dau.

- Kich ban 2 (mua ngin han): mua tong cong
140 mm trong 2 ngay — tuong duong luu lugng
70 mm/ngay.

- Kich ban 3 (mua kéo dai): mua 430 mm trong
6 ngay (mua lién tuc) — tuong duong luu lugng
70 mm/ngay.

4. KET QUA VA THAO LUAN
4.1. So sanh két qua ciia 3 kich ban:

a. Ban do phdn bé dp hec 16 rong (pore pressure u,,)

=

=

Hinh 9: Kich bdn 2 - Sau mwa ngd'n han
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¢. Luc hit mao dén

Hinh 10: Kich bdn 3 - Sau mwa kéo dai

Nhdn xeét: Khi xuat hién mua, bé mat mai doc

¢6 ap luc 16 rdng (pore pressure u,,) gan nhu bang 0, Hinh 14: Kich bén I - Diéu ki¢n khé han
vung anh hudng cang ngay cang sau khi mua cang
kéo dai. T T

b. Ban d6 d¢ bdo hoa (Saturation,) e

M0

52.00

Hinh 11: Kich bén I - Diéu ki¢n khé han

1
TATH . 1

Hinh 16: Kich bdn 3 - Sau mwa kéo dai

Nhan xét: Khi xuat hién mua, bé mat mai doc
¢6 lyc hut mao dan gan nhu bang 0, vung anh
hudng cang ngay cang sau khi mua cang kéo dai.

d. Cieong d¢ khang cdt

Hinh 13: Kich bdn 3 - Sau mwa kéo dai

Nhin xét: Khi xuat hién mua, dét tai bé mat
mai déc s& bj bdo hoa nude (Saturation.; = 100%),
vung anh hudng cang ngay cang sau khi mua cang
kéo dai. Hinh 17: Kich bin I - Piéu ki¢n kho han
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Hinh 19: Kich ban 3 - Sau mwa kéo dai

Nhin xét: Tuong tu vé6i lyc hut mao dan, khi
xuét hién mua, bé mat mai doc co cuong d6 khang
cit gan nhu bang 0, ving anh huéng cang ngay
cang sau khi mua cang kéo dai.

e. Mat truot tiem nang

Hinh 21: Kich bin 2 - Sau mwa ngin han
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=

Hinh 22: Kich ban 3 - Sau mwa kéo dai

Nhgn xét: khi mua cang kéo dai, chiu dai va
d sau cua cung trugt cang giam dan, mai doc co
xu hudng trugt sat dan véi beé mat.

1 So sanh hé 56 F,

Kich ban 1 - Piéu kién kho han: Fs = 1.94

Kich ban 2 - Sau mua ngén han: Fs = 1.88

Kich ban 3 - Sau mua kéo dai: Fs =0.98

— Truot dién ra.

Nhin xét.: khi mua cang kéo dai, hé s6 Fs cang
giam, cho thay sy anh huong cia mua téi do an
toan cua mai df)c. Tai kich ban 3, sau khi mua kéo
dai, truot da dién ra,

4.2. Anh huéng clia mura theo thoi gian

Dé phén tich anh hudng ciia mua theo thoi gian,
chon 11 diém co toa dg tir dinh doc xuong dan dén
chén doc trong kich ban 3 vdi 6 ngay mua lién tuc.

Hinh 23: Vi tri cdc diém dwoc xem xét
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Hinh 24: Biéu do dp bio hoa theo thoi gian
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Hinh 25: Biéu do lwc hiit mao dan theo thoi gian

Nhin xét: Cac diém cang gan bé mit mai doc
cang c6 toc do bao hoa nhanh trong ngay dau mua.
Theo dd siu, téc dd bao hoa cham hon, tuy nhién
v6i di thoi gian mura, dit & cac vi tri nay sé dan bi
bao hoa.

Khi d4t bdo hoa nuée, luc hut mao dan giam
dan vé 0, dan t6i giam d6 bén cat. Piéu nay lam
cho mai ddc bi mét on dinh va dan t6i truot.

4.3. Tac dong dia phwong & mién nii phia Bic

- Mua 16n: Mua 16n va kéo dai vao cac thang 6
deén thang 8 (lugng mua trung binh hon 200 mm)
la yéu td kich hoat chinh, 1am nudc thim siu vao
long dat, tang ap luc nudc ngdm, lam giam Iyc hit
mao dan.

- Pia hinh dbc, dia chét bi phong hdéa manh:
Mién nui phia Bic ¢6 dia hinh hiém tré, do dbc
16n. Dia chit phong hoéa manh, khia ning thim
nudc sau.

- Hoat ddng cua con nguodi: Tham thuc vat va
ré& cay chdng sat 10 nhd vao hé thdng ré& chic chin
giit dat, che chin va giam tac dong cua mua va
dong chay. Tuy nhién, hoat dong chat pha rung,
d6t nwong da 1am giam 16p bao vé ty nhién nay cua
mai déc.

4.4. Pé xuat giai phap ky thuat

- M6 phong 6n dinh méi déc theo diéu kién
khong bao hoa, sir dung SWCC va mo hinh tham -
bién do6i theo thoi gian. Can md phong mua thiét
ké ngan han véi luong mua I6n hon 1a chi mo
phéng theo lugng mua trung binh hang nam

- Ung dung hé théng thoat nudc mat va ngdm
de giam su tich tu ap luc nudc.

- Tang cuong phu xanh va bao v€ tham thuc vat,
ré cdy c6 kha ning giir dét, giam nguy co sat 16.

- Thiét lap hé théng quan tric thuc dia
(tensiometer, piezometer) dé theo ddi bién dong
lyc hit mao dan va ap luc nude.

- On dinh bang phuong phap co hoc: mai taluy
bac, mai gia cd, tuong chén, coc khoan ctr, dinh dét
(Soil Nails)

5. KET LUAN VA KIEN NGHI

Nudc dudi dat khong bdo hoa c¢é anh huong
quyét dinh dén sy 6n dinh mai déc tai khu vuc
mién nui phia Bic Viét Nam. Luc hut mao dan
gitip tang cudong 6n dinh trong mua kho, nhung su
suy giam nhanh chéng cia lyc hit mao dan khi
mua 16n lai 1 nguyén nhan truc tiép gdy mait 6n
dinh. Do do:

- Viée tinh toan 6n dinh mai dat can xét dén
dic trung dit - nudc (SWCC) va diéu kién tham
khong on dinh.

- Céc giai phap cong trinh va phi cong trinh
phai hudng dén kiém soat su thay doi cia ap luc
nude 16 rong.

- Can ddy manh quan tric truong va mo hinh
du béo theo thoi gian dé phuc vu canh bao sém va
quan ly rui ro thién tai.
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