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TOM TAT

Bai bdo gidi thiéu két qua phdn tich si on dinh ciia mdi doc nén dao do mura I6n kéo dai bang
viéc sir dung két hop cdc mé hinh s6 SEEP/W va SLOPE/W. Cdc két qua phdn tich dong tham
khéng 6n dinh do mura tham véao mdi doc dat khéng bao hoa bang mé hinh SEEP/W diweoc tich
hop vao mé hinh SLOPE/W d@é phan tich 6n dinh ciia mdi déc theo thoi gian. Két qua cho thdy
hé s6 on dinh cang nhé khi cueong dé mwa cang 1om va thoi gian mwa kéo dai. Cde mé hinh
muea ting dan va miea phdn bé déu anh hwong bat loi nhat dén hé sé on dinh so véi cdc mé
hinh mwa giam dan va mé hinh mwa phén phoi chudn.

Tir khod: Sw 6n dinh mdi doc, mwa I6n kéo dai, mé phong s, SEEP/W, SLOPE/W.
ABSTRACT

This article presents results of slope stability analysis due to prolonged heavy rainfall using
a coupled model SEEP/W and SLOPE/W. The results of transient seepage analysis due to
rainfall into unsaturated soil of the slope using the SEEP/W model are integrated into the
SLOPE/W model to analyze the slope stability over time. The results show that the factor of
safety becomes smaller when the rain intensity is greater and the rain duration is longer. The
delayed and uniform patterns have a more adverse effect than the advanced and normal pattern.

Keywords: Slope stability, heavy rainfall, numerical simulation, SEEP/W, SLOPE/W.

1. PAT VAN DE v6i hang chuc nghin m® dat da bi troi 1ap doc
Gin day, su ¢b sat 16 méi déc & Viet Nam tuyén duc‘mg‘ cao toc Ha Long — Van DPon lam
xay ra ngay cang phd bién, quy md ngiy hu hong nhiéu l}ang muc cua dg énl.‘Chi tinh
cang 16n, mic do thiét hai ngdy cang ting, riéng 6 thang dau nam 2023, dong bang song
de doa dén an sinh cong dong. Mua 1én lien ~ Ctu Long xay ra hon 120 vu sat 16%. Sat 16 bo,
tuc tir ngay 14/11 dén 16/11/2023, doan tir Mua 16n xay ra trén dia ban tinh Vinh Long
Km495+200 — Km511 va Km590 — Km601 gy thiét hai cd vé nguodi va tai san. So liéu
dudng Truong Son Dong bi sat 1o taluy thong ké ciia Ban Chi dao quoc gia vé phong,
dufo‘ng’ hang tram mét khéi dét da tran xuéng chong thién tai 7 thang dau nam 2023 trén dia
va lap mat du(mg, mot sb V1 tri bi hu hong ho  ban tinh Vinh Long wéc tinh thiét hai hon 67,9
lan mém, cdy cdi ngd xudng mat duong giy  ty dong’.
mat an t‘?an giao thon,g' Mua I6n kéo dai tai 1. Nguon: http://baoquangninh.com.vn/
Quang Ninh tir 13/8 dén 150/8/2017 qa gy sat 2 Newdn: hitps:/fvivon/
16 nghiém trong tai 10 diém/37 di€m sat 10 3. Nguon: https://phongchongthientai.mard.gov.vn/
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Sat 16 mai déc do mua lon kéo dai tro
thanh mdt trong nhiing thién tai ma Viét Nam
dang phai d6i mit, lién quan dic biét dén cong
tac quan ly va xdy dung co so ha tang. Trong
s6 cac nguyén nhan gay sat 16 taluy nhu: mua,
14, It quét; mua dong vai tro 1a tdc nhan lam
tang nguy co sat 1¢ taluy. Hién tugng sat 1o
taluy tai Viét Nam thuong xay ra tai cac khu
vuc ¢6 dia hinh ddi ndi, méai doc 16n nhat 1a
khi c6 mua 16n kéo dai.

Khi ¢6 mua, mdt phan nudc mua chay tran
trén mai taluy, mot phan thim xudng dat tao nén
cAu triic ba pha bao gém: d4t, khi va nude [5,9,
13]. Nghién ctru 6n dinh mai taluy tai Viét Nam
chii yéu tiép can theo hudng giai phap hon la
tiép can tir cic mo hinh vat ly va mo hinh toan.
S6 lwong cac nghién ctru tir mé hinh toan vé su
6n dinh ctia mai taluy c6 xét dén anh huong két
hop ctia cac yéu t6 nhu: ap suét khi 15 rdng, ap
suat nudc 16 rong, do bao hoa, lyc dinh va goc
ma sat trong con han ché [7].

Bai bao gidi thiéu co s 1y thuyét vé su
6n dinh ctia mai taluy va dong tham trong dat
khong bio hoa bang viéc tich hop cac mé hinh
SEEP/W va SLOPE/W. Két qua phan tich
dong tham bang mo hinh SEEP/W duoc dua
vao md hinh SLOPE/W dé phan tich 6n dinh
ciia mai déc. Nghién ctru phan tich 6n dinh
mai taluy tai Km13+640 thudc du an dudng
cao téc Ha Long — Van Pon duge gidi1 thiéu
va thao luan.

2. DONG THAM TRONG DAT
KHONG BAO HOA VA SU ON DPINH
MAI DOC

Dong tham trong dat khéng bdo hoa: Tix
dinh luat Darcy, chuyén dong cua dong thdm
(2D) dang hudng, khong on dinh trong dat
khong bao hoa dugc mo ta theo phuong trinh
(1) biéu thi sy can bang giira bién thién thé tich
nude vao va ra khoi mot phan té véi toe do thay
dbi thé tich nude theo thoi gian [2, 3, 6, 11]:

o(, ), 2f,
ox ox !
7

ot oH
—J tq=mp,g—- (1)

o\ " oy

c'+[(o-ll - ua )+ /I/(ua - uW )] tan ¢'
o, —u, )tan o'+, —u,, )tan ¢’ (Fredlund )
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trong do: gy —y+ U,  tong cot ap, U, ap

sudt nuée 16 rong, ,'gﬁgkhéi luong riéng cua
nlrr('yc,’ g gia tdc trong truong; k, va k, ‘céc hé
s0 tham theo cac huéng x va y; g diéu kién
bién luu lugng do mua; m,, hé $6 thay ddi thé
tich nude phu thude d hat dinh (v, —u,), u,
ap suat pha khi; va ¢ thoi gian [10, 12].

Nudc mua thAm qua mai déc vao dat,
hinh thanh dong thim khong 6n dinh trong
dat khong bo hoa. Cac hé sé k, va k, thay
dbi theo vao d¢ hut dinh. Module SEEP/W
cho phép phén tich dong tham khong 6n dinh
trong dat khong bdo hoa. M6 hinh mai ddc
nghién ctu dugc roi rac dudi dang ludi phi
cdu tric, trong do6 tmg sudt ciia dat, 4p suit va
luu tde thAm duoc dinh nghia tai cac nit & moi
budc thoi gian. Vi dong thdm khong on dinh,
SEEP/W gia thiét ap suit pha khi u_ bing ap
suét khong khi. Su thay d6i ham lugng nuée do
mua bd sung vao dat 1am thay d6i do hut dinh
(u, —u,). Bién thién ham lugng nuéc & vé
phai phuong trinh (1) sau mdi buéc thoi gian
duoc tinh toan, ap suit nudc 16 rong u,, dugc
cap nhat cho phép tinh toan ham luong nudc
cho budc thoi gian tiép theo [10]. SEEP/W
cho phép lua chon thuat toan giai truc tiép
phuong trinh (1) tai mdi bude thoi gian. Két
qua phan bd ap suit nude 16 réng cua dong
thAm nhén duge tir SEEP/W lam dau vao cho
SLOPE/W phén tich 6n dinh méi taluy bang
phuong phép can bang gi6i han [4, 12].

Sw on dinh mai déc: Mua doéng vai tro
tac nhan kich hoat nguy co sat 16 mai doc
[7]. Dong thim do mua lam mé rong ving tir
khong bao hoa dén bio hoa, ting ap suit nudc
16 réng va giam do hut dinh [10]. Khi cuong
do mua hodc thoi gian mua vugt qua mot gioi
han nhét dinh, sitc khang cat ctia dat giam va
sat 16 mai doc xay ra. Sirc khang cét toi han
Mohr — Coulomb ctia d4t khong bdo hoa cé
thé duoc xac dinh theo Bishop hodc Fredlund
[1, 11]:
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dat khong bdo hoa. Tuy nhién, su gia ting

trong do: 7, suc khang cit t6i han; ¢' luc dinh . T '
cua ap suat nudc 16 rong lam giam do hut

hiéu dung cta dit; ¢' gbc ma sat trong hiéu Suat ! )
dung cua dét; @ goc ma sat ting theo do hut ~ dinh dan dén giam stc khang cat cua dat
dinh; o, tng suat phap cua dat tai mat trugt; NUY €O mat on dinh mai taluy. M6i d6 4m
u, &p suat khi; u,, ap suat nudc 16 rong; y  thé tich cho phép xac dinh mot do hat dinh
thong sb dac trung cho mirc 46 do biohoacua (u, —u,) tir duong cong dic trung dat —
dat, phu thudc loai dat va d6 am thé tich [11]:  nudc (SWCC') [10].

Phuong trinh (2) cho thdy, su c¢6 mait Heé s6 6n dinh mai dc cua dat khong bao
ctia d6 hut dinh 1am tang strc khang cat cia  hoa co thé xac dinh theo Bishop [8]:

c'+(0' —u, )tan @+(u, —u 0.,=6, tan ¢'
n a a w QS _ er

p,8z, sin xcosa

F = 3)

N

trongdo: F, lah¢ s 6ndinh;  1a gécnghiéng  tinh toan hé sé 6n dinh theo phuong phap can
ctia mai doc; z la chiéu cao ctia khéi dat; p,la bang gidi han cta Bishop.

khoi lugng riéng cua dat. 3. HE SO ON PINH MAI DOC DO
Bai bao phan tich sy 6n dinh méi taluyy MUA LON KEO DAI

trong diéu kién mua kéo dai bang viéc két
h(_)’rp Cé? m0~du¥i: S}?EP/‘ W Vé‘; SLOAPE/ Yv Céc dic trung cta dat khu vuc nghién ciru
Céc truong dir liéu cua dong tham khong on dugc iy tir “H so khao sat, bd sung xu
dinh nhan dugc tir SEEP/W duoc dua vao 1y gyt trugt tir Km13+640 dén Km13+840”
SLOPE/W d€ phan tich 6n dinh mai taluy  qugc 1ap 08/2017 béi tu vén thiét ké dy 4n
theo thoi gian. Voi mot mat truot gia dinh,  “Pygng cao téc Ha Long — Van Dén va cai
lyc tdc dung 1€n moi phén t6 duoc tinh todn  tao, nang cip QL18, doan Ha Long — Mong
(bao gom: trong luwgng ban than, dp luc Ién cdc  Duwong theo hinh thire BOT”. Vi tri mai déc
mat bén va ddy), trong d6 ap luc nudc 1én ddy  nghién ciru tai Km13+640 thudc du 4n duong
duogc tinh toan tr truong dir 1liéu nhan dugc cao tdc Ha Long — Van Dén, ty 1&¢ mo hinh
tir SEEP/W. SLOPE/W tim kiém mit truot va  1:1 (Bang 1) [15].

Didc trung ctua dat va moé hinh mdi doc:

Bang 1. Dic trung cia cac 16p dat

Lép 1 Lép 2 Lép3
(Sét pha cat)  (Sét lan san soi) (Pa sét két)
y (kN / m’) 19 20.5 27.3
c'(kPa) 30.9 20.1 50
0'(°) 11.07 10.27 28
0 (m’/m’) 0.50 0.55 0.60
0 (m’/m’) 0.050 0.045 0.04
k, (m/s) 10¢ 0.85x10¢ 0.75x10¢
m (kPa’) 0.00050 0.00045 0.00040

Puodng cong mau SWCC duoc xdy dung ung [10]. Puong cong SWCC xiy dung cho
cho timg loai dit, phu thudc d6 biao hoa va hé  16p sét pha cat (16p 1) dugc biéu thi trén Hinh
s6 thay d6i thé tich nudc. Ham thim duoc xdy  1(a) trong khi ham tham cuia 16p nay dugc chi
dung cho timg loai dat theo Van Genuchten ra trén Hinh 1(b).
can ¢t hé s thAm bdo hoa, ham lugng nudc
du va duong cong SWCC cuia loai dat twong 4. Soil Water Characteristic Curve
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Hinh 1. Puong cong ddc trung dat — nude

Mai déc nghién ctu cé chiéu cao 37m
v6i d6 dbc taluy thay doi (phan gan mat dat
13 43° va phan trén 1a 10°) (Hinh 2). Cao d6
mat dat duogc gia thiét tai chan cua mai taluy
va tang khong thAm nudc & do sau 10m tinh
tir cao do mat dat. Ludi phi cAu trac véi kich
thudc téi da 1a 0.5m. Diéu kién bién: Ban
dau khi chua ¢6 mua, myuc nude ngém 6 do
su 3m ké tr mat dat. Dong thAm 6n dinh
dugc phan tich voi diéu kién bién vé cot
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(b)
a), va kha néng tham (b) ciia op sét pha cdt

nudc H = 7m ap dung cho cac bién 1-7 va
6-8 trong khi cac bién con lai 1a bién tu do.
Két qua phén tich ¢ budc thoi gian cudi cing
cua dong thAm d6n dinh dugc st dung la diéu
kién ban ddu cho SEEP/W tiép tuc phan tich
dong thdm khong 6n dinh do mua két hop
v6i muc nude ngdm dang 1én. Luc nay, cic
bién 1-2 va 5-6 1a khong thdm nudc, trong
khi d6 cac bién 2—3—-4-5 la cac bién mua va
tham (Hinh 2).

Lop 1
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Hinh 2. M6 hinh mdi taluy va cdc diéu kién bién (Km13+640)

Can ctr s liéu mua ngay cua mot sO tran
mua dién hinh c6 lwong 200mm, 300mm va
400mm duogc chia thanh 10 khoang thoi glan de
xdy dung phan bd mua trong duong vé cuong
d6 trong 120 gio lién tuc. Cac mo hinh phan b
mua déu (Uniform), ting dan (Delayed), giam
dan (Advanced) va chuan (Central) dugc ap st
dung trong bai béo dé nghién ctru su thay doi
ctia myc nudc ngam [14]. Cac két qua phén tich
thdm khong On dinh theo thoi gian duoc tich
hop sau d6 vao SLOPE/W dé phan tich 6n dinh
mai dbc theo phuong phép cin bang gidi han

ctia Bishop voi diéu kién bién Entry—Exit [12].

Muec mieée ngam: Céc két qua thay doi muc
nudc ngdm trong 5 ngdy mua ng véi cac mod
hinh phan bd mua khac nhau duoc gidi thicu
trong cac Hinh 3 va Hinh 4. V&i ca 4 mo hinh
mua, két qua déu cho thdy muc nudc ngam
dang 1én khi thoi gian mua kéo dai, va muc
nudc ngam & gan chan taluy dang 1én nhanh
hon so véi cdc vi tri khac. Voi cuing mot mo
hinh mua, tdc d6 dang cia muc nudc ngam tiy
thudoc cuong do mua, cuong do mua cang 16n
muyc nudc ngam dang cang nhanh.
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Lop 3
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Lop 3

(a) Mua phan b déu (i = 5mm/ h)

(b) Mua tang dan (i = 10mm/ h)

Hinh 3. Myc nuée ngam thay doi theo thoi gian

(a) Mua phan phdi chudn (i = 20mm/ h)

(b) Mua giam dan (i = 25mm/ h)

Hinh 4. Myc nueée ngam thay doi theo thoi gian

Tru"ong van toc va ap suat nweée 16 rong
Cac két qua mo phong trudng vén tde va ap
sudt nuge 16 rong tai cac thoi diém t = 48h,
60h, 72h va 120k cho cic md hinh phan b
mua va cuong do mua khac nhau dugc gidi
thi¢u trong cac Hinh 5 va Hinh 6. Tru’orng van

(a) r= 72h

téc thdm cho thay luu tdc tham khu vuc taluy
dudi 16n hon so vai cac vi tri khac nhu taluy
phia trén va gan mat dat. Luu toc thim 16n khu
vuc taluy dudi do gradient thuy lyc khu vuc
nay lon hon so voi khu vuc khac bdi khoang
cach ngan va do chénh cao.

(b) t =120h

Hinh 5. Truong vdn toc va dp sudt mede 16 rong véi phin bé mua tang dan (i = 10mm/ h)

g N

w‘r(ﬁ—‘\ \ =

= 20
- E

(@ 160

(b) ¢=120h

Hinh 6. Truong vén toc va dp sudt nude 16 réng véi phan bé mua chuan (i = 10mm/ h)
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Trudong van tdc thAm 16n & khu vuc canh
3—4 cuing v6i khoang cach ngin tir myc nude
ngam dén mat dat din dén luu luong tham
dugc bo sung nhidu hon ¢ khu vuc nay lam
cho muyc nuéc ngam tai d6 dang 1én nhanh
hon so v6i cac vi tri khac (Hinh 5, 6).

Hé 56 6n dinh mdi doc: Két qua phan tich
hé s6 6n dinh ciia mai taluy véi cac mo hinh
mua khac nhau c¢6 cung cuong d6 mua dugc
hién thi trong Hinh 7 (i = 10mm/ h). Két qua
cho thdy hé sé 6n dinh déu co xu huéng giam

1.105 1
1.100 o
1.095 o
1.090 o
1.085 o
1.080 o
1.075 4
1.070 +
1.065 4
1.060 o
1.065 o
1.050 o
1.045

Hé sb én dinh, FoS [-]
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trong sudt thoi gian mua 1a 964 d6i voi tat
ca cac mo hinh mua. Hé sb 6n dinh véi cac
m6 hinh mua phan phdi chudn va mua giam
dan c6 xu hudng tang dan sau 964 (Hinh 7)
khi ma cudng d6 mwa da giam han, trong khi
hé s6 6n dinh voi cac mo hinh mua phan b
déu va mua ting dan luén cé xu huéng giam
dan trong subt 120A4. Vi vay, cac mo hinh mua
phan bé déu va mua tang dan anh hudng bt
loi d6i v&i sy on dinh cia mai doc khi thoi
gian mua kéo dai.

- 0.0500
- 0.0450
- 0.0400
- 0.0350
0.0300
- 0.0250

d0 mua [mm/h]

c
]
I8
E

F 0.0200 % o Dejayed

—2a— Central

—a&—— Advanced

—--—- i=10mm/h (Uniform)
————1i=10mm/h (Delayed)
"""" i=10mm/h (Central)

Cuon

b 0.0150
 0.0100
- 0.0050

24 36 48 60 72

Thoi gian mua [h]

0.0000 — ==+ i=10mm/h (Advanced)

96

Hinh 7. Hé 56 on dinh thay doi theo thoi gian g véi cdc mé hinh phdan bé miea khdc nhau ¢é ciing
cuong do mua i = 10mm/ h

Hinh 8. Hinh anh toan bg cdc mdt truot theo thoi gian va mdt truot toi han twong ung voi cuong do
mua i = 10mm/ h: (a) Muwra phdn bo chudn;, (b) Mwa phdn bo déu

Hinh anh ban d6 mat truot theo thoi gian
tyong mg v&i cac md hinh mwa phan bd
chuin va mua phan b déu duoc trich xuit va
hién thi trén Hinh 8, trong dé mat trugt t&i han
(mit truot nguy hiém nhit) tng véi hé sé 6n
dinh nho nhat 1an luot 14 1.067 (v6i mé hinh
mua phan bd chuin) va 1.063 (v6i md hinh
mua phan b déu), cac gia tri nay ciing duoc
hién thi trén Hinh 7.

46

Két qua phan tich hé sb 6n dinh cia mai
taluy phu thudc cuong do mua trng véi cac
mo hinh mua hién thi trong cac Hinh 9. Két
qua cho thdy véi tit ca cac mo hinh mua
va trong cung thoi gian mua, hé sb 6n dinh
cang 16n khi cuong d mua cang nho. Theo
thoi gian va véi mot md hinh mua, hé sb
6n dinh giam nhanh hon khi cuong d6 mua
cang lon.
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7
£
< 1.065
£
“S 1.055 —e— FoS (i = 5mm/h)
ﬁ. —o— FoS (i = 10mm/h)

LG —a— FoS (i = 15mmh)

—= FoS (i = 25mm/h)
1,025
0 12 2% 3% 48 60 72 84 % 108 120

Thei gian mwa [h]

Hinh 8. Hé 56 6n dinh thay déi theo cuong do mwa vmg véi mé hinh phdn bé mua tang dan

Mo hinh cudng d6 mua giam dan anh
hudng t6t nhat dén hé s6 on dinh mai déc,
trong khi cuong d6 mua ting dan anh huong
bét loi nhat dén hé s6 on dinh mai taluy, tiép
dén 1a cuong do mua phan bd déu. Cac mo
hinh mua phan b6 déu va mua tang dan co thé
ap dung trong trudng hop mua ngin nhung c6
cuong do mua lon.

4. KET LUAN

Qua trinh mua kéo theo lam dang muc
nudc ngdm, ting 4p sudt nudc 16 rdng, va két
qua 1am giam d6 dinh hut, strc khang cit va hé
s6 6n dinh ctiia mai doc. Hé sb 6n dinh cang nho
khi cuong d6 mua cang 16n va thoi gian mua
kéo dai. Hé s6 6n dinh c¢6 xu hudng giam dan
v6i cac mo hinh muwa phan bd déu va mua ting
dan. Hé s6 6n dinh c6 xu huéng ting dan sau
mot thoi gian mua nhét dinh khi ma cuong do
mua d3 giam. Cac mo hinh mua ting dan va
mua phan b déu anh huong bat loi nhit dén
hé s6 6n dinh. Két qua nghién ctru chi ra kha
ning két hop gitta cdc mo hinh SEEP/W va
SLOPE/W vao phan tich su on dinh ctua mai
dbc xét d¢én anh huong ctia dong tham do mua
kéo dai két hop véi su thay d6i muc nude ngdm
lam co s& phan tich co ché mat 6n dinh va dé
xudt cac giai phap phong tranh sat 16 mai déc.
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