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ABSTRACT

Assessing the slope stability is extremely complicated and risky. There are
many unexpected and unforeseen incidents occurring during the project’s
operation and usage phase. This may be caused by several reasons
including inappropriate computational models, inadequate collected data
and the unsustainability of soil physical properties. Among these causes,
the unsustainability of soil physical properties plays a significant role
because it determines the sub-grade stability. The role of this factor is
showed clearly in the case of projects carried in adverse conditions. This
paper presents the method used to assess the roadbed slopes stability in
the landslide areas in which physical properties of soil has changed
significantly, by adopting the reliability theory though using Monte Carlo
simulation model. The input parameters of this method are random
variables following a standard normal distribution. This research will
provide the objective point of view regarding assessment of the roadbed
slope stability to all practitioners.

TOM TAT

Pdnh gid 6n dinh mdi doc nén dwong la mét van dé phire tap va nhiéu rii
ro. Sw phikc tap va riii ro la do nhiéu nguyén nhan nhw mé hinh tinh, sé
liéu khdo sat tham do va tinh chat co Iy khéng bén viing (co Iy tinh yéu)
cia cdc I6p dat da. Do @6, khi cac cong trinh dwa vao van hanh khai théc
Iuén tiém an nhitng sw cé khé lwong trude dwoc. Trong cac nguyén nhén
diege dé cdp trén thi co Iy tinh yéu cua cac I6p dit da déng vai tro cao
nhat, quyét dinh nhat dén tinh 6n dinh nén dwong, ddc biét la khi cdc cong
trinh lam viéc trong cdc diéu kién bat loi (mwa, phong héa, ...). Trong bai
bao, tdc gia danh gia 6n dinh mdi doc nén dwong viing c6 hoat dong sut 16
(trong diéu kién c6 muwea tham) theo Iy thuyét do tin cdy khi tinh chat co Iy
cia cdc I6p dat da cé s thay doi ngau nhién. Bcing phwong phap sir dung
moé phong Monte Carlo trén mo hinh xac sudt, tac gia danh gia on dinh
mdi doc nén dwong khi cac thong $6 dau vdo la cdc blen ngau nhién tudn
theo ludt phdn phoi chudn. Két qua nghién ciru cung cdp cdi nhin khéch
quan hon khi danh gid én dinh nén duong.

Trich dan: Nguyén Vin Linh, 2017. Panh gia 6n dinh mai déc n‘én duong vung c6 hoat dong sut 1o theo 1y
thuyet do tin cdy. Tap chi Khoa hoc Truong Dai hoc Can Tho. 49a: 34-40.

1 GIOI THIEU

~ Tiéu chuén thiét ké Viét Nam hién nay danh gi4
on dinh mai doc nén duong thi theo cac phuong

phap co dién (phuong phap tat dinh), tirc 1a cac
thong s dau vao déu 1a hang so Theo d6, mai débc
duoc xem 1a 6n dinh khi hé sé 6n dinh (Koq) 16n
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hon hé s6 an toan cho phép (Ke). Va tiy vao
phuong phép tinh thi h¢ s0 K. ndy la khac nhau,
diéu nay 1a do mdi phuong phap déu duoc don gian
hoéa khi tinh toan. Tuy nhién, tinh chét co 1y cua
cac 16p dat da (dung trong riéng (y), luc dinh (C)
va gbc ndi ma sat (@) ludn co su thay ddi dudi su
tac dong tir moi truong dac biét 1a khi co hién
tuong thim. Do d6, phuong phap tat dinh 1a khong
thé phan anh chan thyc sy lam viéc cua cong trinh.
Vi vay, cac tuyén duong khi van hanh van thuong
xuyén gip cac su ¢ sat trugt do mat on dinh.

Hinh 1: Sat truwot mai doc Qudc 1 24

Nguédn: Bdo cdo t6ng két cong tac phong chéng lut bdo
nam 2013- S6 25/BC-SGTVT Quang Ngdi

Dé giai quyét su khong bén viing cua cac thong
s6 du vao d6, phuong phap phén tich 6n dinh theo
1y thuyét do tin cdy dua trén phuong phap xac suét
ra doi va dat dugc nhiing thanh qua dang ghi nhan.
Phuong phéap phan tich nay lan dau tién dugc gidi
thi€u vao nhitng nam 1970 (Alonso, 1976; Tang et
al., 1976; Harr, M.E, 1977). Tir d6 dén nay, céc
khai niém va nguyén tic cia phuong phuong phap
phan tich 6n dinh mai doc theo 1y thuyét do tin cay
d khong ngimg phat trién va dugc trinh bay trong
nhiéu nghién ctru & ngoai nudc (Nguyen and
Chowdhury, 1984; Whitman, 1984; Christian,
1986; Cheng and C.K. Lau, 2008) va trong nudc
(Hoang Hong Giang, 2009; Mai Van Céng, 2011).
V6i phuong phap phén tich nay, ngoai viéc giai
quyét duoc co 1y tinh yéu cac 16p dat da, n6 ciing
1a mét phuong phép hiru ich dé dinh luong muc do
rui ro d01 v6i timg cong trinh cu thé (d6 tin cdy cta
hé sé 6n dinh), dic biét 1a trong trudong hop thiéu
dir liéu chung minh dugc tinh dai dién.

Bai b4o nay s& phan tich 6n dinh mai doc nén
duong tai mat cit dai dién trén Quéc 16 24 theo 1y
thuyét do tin cdy dua trén phuong phap mé phong
Monte Carlo. Phuong phap nay cho phép phan tich
Xac suat pha hoai va do nhay cua on dinh mai doc
voi cac sb liéu dau vao 1a bién ngau nhién theo
nhitng quy luat phan bd da duoc xac dinh trude,
qua d6 nang cao dugc d tin cdy trong thiét ké mai
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cling nhu danh gia muc d6 6n dinh cho cic nén
duong dang van hanh khai thac.

2 PHUONG PHAP NGHIEN CUU
2.1 Phwong phap nghién ctru

Nhu tac gia da trinh bay ¢ trén, do co ly tinh
yéu cia cac 16p dat da, dac biét 1a vao mua mua tai
Tay Nguyén. Do d6, khi phén tich bai toan on dinh
méi doc theo 1y thuyét do tin cdy, bao gdm 2 quéa
trinh sau day:

— Phan tich 6n dinh mai déc duoc thuc hién
theo 3 budc: (1) Xac dinh ham phéan phdi cua cac
chudi s6 liéu dau vao; (2) Thiét 1ap mo hinh bai
toan va phan tich dong thim do mua tac dung vao
nén duong; (3) Str dung két qua xac dinh ham phan
phéi dé dua vao khai bao phan mém SLOPE/W dé
tinh toan 6n dinh theo phwong phap tat dinh va xac
suat. So dd chi tiét phan tich 6n dinh duoc thé hién
cu thé & Hinh 2.

— Phan tich d6 nhay cua cac thong s dau vao
d6i voi hé s6 6n dinh dwoc thuc hién theo 2 budc:
(1) Xac dinh gia tri trung binh cua cac chudi s6 liéu
dau vao, sb6 gia giita hai gia tri lién ké (A); 2
Nhép céac gia tri trén vao trong phan meém
SLOPE/W dé phan tich d6 nhay. So do phan tich
d6 nhay dugc thé hién cy thé & Hinh 3.

Cac chudi =6 lidgu
diu vao (y,C, o)

Xac dinh ham phin phéi cic chudi sd
ligu diu vao

|

Thiét 13p mé hinh bai toan va xdc
dinh cic didu kién hign

|

Phin tich bai todn thim bing modul
SEEP/W va tinh 6n dinh bing phuong
phap tit dinh theo modul SLOPE/W

|

Xac dinh s6 phép thir va tinh on dinh
bing phwong phip mé phang Monte
Carlo trén modul SLOPE/W

Xudt két qua
tinh todn

Hinh 2: So d6 tong quan vé phan tich n dinh
mai doc
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Xic dinh gid Két qua
tri trung binh phan
chudi so liéu, Slope/w tich do
i gid i A va nhgy
56 brde A

Kich thude
hinh hoc

Hinh 3: So d6 téng quan vé phén tich d9 nhay

2.2 So liéu tinh toan

— Mt cat: Téc gia chon mat cit dac trung dai
dién dé phan tich va tinh toan 6n dinh nén duong
trén tuyén duong Qudc 16 24 theo “Ho so ban vé
thi cong Quéc 16 24” nhu sau: Vi tri tai déo
VioLak, 1y trinh Km60+345): Mat cit nay c6 do
déc taluy 16n (khoang 46°), theo hd khoan dia chat
thi gdm c6 4 16p dat véi cac dic tinh co 1y khac
nhau, duéi cung 1a 16p da cléng. Trong mat cit
khong thdy xuit hién nudc ngam.

.
o
o
o
o

|
— k
— |
R——‘ﬁ%
I
|
__m\&‘%
6 T
COSTHENNHEN| =z| = Al 2 H 3 ]
COS THETKE e 3 2 2 %
KHOANG CANH 350| 840 1220 930 660 370
LY TRINH KM60+345

Hinh 4: Céu tao mit cit nén duong

— 86 liéu tinh toan: Bao gdm chi tiéu co ly
cua cac lop dat da (Bang 1) va luu lugng tham do
mua tai vung tinh toan.
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Bang 1: Chi tiéu co 1y cac lop dat

Lop

. A Lop1 Lép 2 Lop 3Lop 4
Thong so0
Chiéu day: H (m) 42 58 51 55
Do am: W (%) 34,6 30,7 28,6 25,6
Dung trong riéng: y
(kN/m’) 16,5 16,7 17,2 184
Luc dinh: C (kN/m?) 21 23 34 12
Goc ma sat trong: @ 154 187 9 95

(d6)
Hé s6 tham: K (cm/s)  6x10° 3x107% 6x102x10*

Khi phén tich thdm do mua, tac gia st dung luu
luong mua tai tram do mua ConPlong 14 noi tuyén
duong di qua dé dung s lidu phan tich. Str dung
phin mém AFFC-2008 dé tinh luu lugng thdm do
mua va quy doi vé luu lugng thdm don vi, tac gia
¢6 duoc luu luong thidm khi phan tich bai toan nhu
sau:

q=2.11x10"° (m/s)

— Truong hop tinh toan: Tac gia lya chon
truong hop nén duong tinh toan vao mua mua kéo
dai, khi d6 diu kién bién bai toan nhu Hinh 5 bén
duoi:

Muza thim I

Neén duémg Q=0

Bien khimg
thim (d4 granit)

Hinh 5: Diéu kién bién bai toan cho mé hinh tinh
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3 KET QUA VA THAO LUAN

Dé tinh toan 6n dinh, truée hét tac gia phan tich
dong thdm trong nén dit khi c6 hién twong mua
thAm theo modul SEEP/W. Két qua phan tich mua
thAm nhu Hinh 6 sau:

A1 52536005 mitsec

\ |
32 a7 42 47
Hinh 6: Két qua phén tich thim tai m3t cit

Tir két qua theo hinh trén tac gia thdy rang:
Puong dong tham (dwdng mau xanh nhat) chay
theo nhidu huéng khac nhau tir ngoai vao trong nén
dét va duong bido hoa xuét hién tai 16p dat the 4
(dudng xanh dam). Nhu vay, khi nuéc mua thim
xubng nén dat lam dang cao muc nudc ngam (khi
chua xét nude mua thi khong thay xudt hién muc
nude ngdm trong mat cit). Cac duong thé nang cot
nudce (duong mau den) vuong goc véi duong dong
thim tao thanh ludi thiy dong. Didu nay, vé co ban
1a dung so véi 1y thuyét thim.

3.1 Phan tich 6n dinh mai doc theo phwong
phap tit dinh

Sau khi c6 két qua phan tich dong thim, tac gia
tich hop thém vao modul SLOPE/W dé phan tich
6n dinh cho mai déc trén. Két qua thu duoc cac hé
s6 6n dinh theo phwong phap Morgenstern — Price

Hinh 7: Két qua phén tich 6n dinh mai ddc theo
phwong phap tat dinh (M-P)
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Theo két qua phan tich thi h¢ s6 On dinh Ko =
1.141 va hé so nay dung d€ danh gia on dinh nén
duong theo tiéu chuan hién hanh.

3.2 Phin tich 6n dinh mai doc theo ly thuyét
do tin cay dwa trén mé phong Monte Carlo

SLOPE/W cho phép dung cc ham phan bd, mo
ta su bién doi cua cac thong sé nhu 1a: Ham phéan
bd chuin, ham phan b Log chuin, ham phan bd
déu, ham phan bd hinh tam gidc va ham phan bd
dang duong cong. Trong nghién ciru nay, tac gia su
dung ham phan bé chuan (ham Gauss) dé mo ta su
bién ddi cua cac thong sé co Iy cua dét (y, @, C).

Ham phan b6 chuan thuong duge goi 1a ham
phan phéi Gauss, 1a ham mé ta sy bién doi cia cac
thong s6 nhap trong phan tich xac suit, no duoc
biéu dién bang biéu thirc sau day:

L]
fx) =—=el 2 (2.1
Vo1 -o<x< +oo

Trong do: f(x): tan sb tuong ddi; o: do léch
chuan (d6 l1éch quan phuong); p: gia tri trung binh.

Céc tinh chét co 1y (y, @ va C) 1a cac chudi s6
liéu nglu nhién (thay ddi theo thoi gian do su tac
dong tir moi truong). Tuy nhién, do chua co diéu
kién dé thi nghiém su thay ddi tinh chat co 1y cia
cac 16p dét theo thoi gian va khong gian nén tac gia
sir dung két qua nghién ciru cac 16p dét co ban (dat
sét) tir nghién ciru cua Hoang Hong Giang, 2009.
Theo d6, d6 dao ddng (8) quanh gia tri trung binh
(w) cta dung trong riéng, lyc dich, goc ndi ma sat
cac 10p dat gia thiét twong tmg 14 5%, 5% va 20%.
Két qua nhur Bang 2 sau:

Bang 2 : D¢ dao dong ciia cac chi tiéu co' ly

y(kN/m%) C (kN/m?) ¢ (d))
RO(%) p 8(5%) pd(20%)
Lépl 16,5 0,825 21 1,05 154 3,08
Lép2 16,7 0,835 23 1,15 18,7 3,74
Lép3 17,2 086 34 1,7 22,0 4.4
Lép4 184 092 12 0,6 25,0 5,0

_ Ham tin cay Z duoc xac dinh theo hé s an toan
bang biéu thtrc:
Z = SF (hé s6 an toan) (2.2)

Do do, x;ic suét phé hoai dugc dinh nghia la xac
suat d¢ hé so an toan (SF) nho hon 1.0:

Praiture= P (Z<1)
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~ Chi s6 d¢ tin cay (B) mo ta do on dinh cia méi

doc bang so lan 1éch chuan (o) khoi hé so an toan
trung binh (p) dugc xac dinh nhu sau:

p=42 (2.3)

a

Phan tich xac suit on dinh mai déc s dung
phuong phéap Monte Carlo, s6 lwong phép thir phy
thudc vao mirc do tin cdy yéu cau cua 10i giai, cling
nhu s6 luong bién dau vao dugc xem xét. Theo 1y
thuyét thong ké, ta c6 phuong trinh sau:

m
0'2]

None = | o 2.4)

Trong do:

Nine: 86 1an thr Monte Carlo; : mic dé tin cay
mong mudn (0% dén 100%) biéu dién dusi dang
s6 thap phan; 6: d6 léch chuan tuong mg véi mirc
d6 tin cay; va m: ) luong bién.

S6 1an thir Monte Carlo ting 1én vé& mat hinh
hoc véi mirc d6 tin cay va $6 luong bién. Theo tac
gia Hoang Hong Giang, véi 3 thong sb dau vao 1a
luc dinh, goc ndi ma sat va dung trong riéng thi sd
lan thir Monte Carlo t&i wu 1a 15.000 lan; véi 4
thong sb dau vao la lyc dinh, géc ndi ma sat, dung
trong riéng va myuc nudc ngam thi sd lan thir
Monte Carlo t6i wu 1a 20.000 lan. Piéu nay cé
nghia 1a dé dam bao d¢ chinh xac, cang nhiéu
thong s6 dau vao thi sé lan thir Monte Carlo cang
nhiéu.

Trong gidi han nghién clu nay, tic gia chi
nghién ctru phuong phap phan tich xac sudt v6i 3
thong s6 dau vao (y, ¢, C), vi vdy tac gia lua chon
s6 lan thir Monte Carlo 1a 15.000 lan cho mé phong
ngau nhién cac thong sb nay.

Két qua phan tich 6n dinh mai doc theo md
phong Monte Carlo voi 3 thong sb dau vao bién
ddi (y, ¢, C) va sb 1an 1ap 1a 15.000 1an nhu Bang 3
sau:

Bang 3: Két qua phan tich 6n dinh mai doc

Trj trung binh hé sb 6n dinh 1.153
Chi s6 d6 tin cay 1.299
Do léch chudn 0.118
Min SF 0.604
Max SF 1.756

Xéac sudt pha hoai 9.047%

Ngoai ra, két qua phan tich on dinh con dugc
bicu dien dudi dang ham phén phoi xac suat va mat
d0 xac suat cia hé s6 0n dinh nhu Hinh 8 va Hinh
9.
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Hinh 8: Két qua ham mat d9 xac suit
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Hinh 9: Két qua ham phan phéi xac suit

Két qua trén cho thdy, mic du hé sé 6n dinh
trung binh (1.153) theo phuong phap Monte Carlo
16n hon hé s6 6n dinh theo phuwong phap tat dinh
(1.141), tuy nhién hé sé 6n dinh nh6 nhat khi phan
tich 6n dinh theo phuong phip Monte Carlo
(0.604) lai nho hon rat nhiéu h¢ s6 On dinh khi
phan tich 6 on dinh theo phuong phap tat dinh. Dleu
d6 chi ra rang hé s6 on dinh theo phuong phap tat
dinh chua hin da phan 4nh dwogc truong hop bat loi
nhit trong phén tich én dinh mai dbc. Viée tuyén
duong bi sat trugt vao mua mua nam 2013 (theo
Hinh 1) d& minh chimg cho viéc hé s an toan khi
thiét ké theo phuong phap tat dinh 1a khong chinh
xéc. Piéu d6 chimg to hé s an toan luén dao dong
(giita min FS va max FS) theo mo hinh xac suét 1a
phan 4nh khach quan ban cht cta van d& 6n dinh
mai déc.
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Mat khac, khi phén tich theo phuong phap
tat dinh thi chung ta khong thé danh gia dugc xac
sudt pha hoai 1 bao nhiéu va d6 tin cdy cta cac két
qua tinh toan. Nhung nguoc lai, theo phuong phap
Monte Carlo thi cho chiing ta dugc diéu d6. Trong
truong hop nay, xac sudt pha hoai 1a 9.047% twong
ng v6i chi s6 do tin cy 1a 1.299. Xac suét pha
hoai nay la xac suit dé hé sé 6n dinh nim trong
khoang 0.604<FS<I, con theo tiéu chuan Viét Nam
hién nay thi h¢ s6 6n dinh an toan cho mai déc 16n
hon rat nhiéu (tiéu chuan 22TCN 171-87 quy dinh
FS=K,= 1.25). Vi vay, néu xét xac suét phé hoai
khi hé sb an toan FS<1.25 thi s& cao hon rét nhiéu
con s 9.047% (khoang 75% theo Hinh 9). RS rang
day 1a sy wu viét ciia phuong phap tiép can ma tac
gia nghién cuu.

3.3 Phan tich @) nhay ciia cAc tinh chat déi
v6i hé s6 6n dinh ciia cong trinh

Muc dich cta viéc phan tich d6 nhay la dé xem
su bién dong cua cac thong so dau vao va danh gia
anh hudng ctia ching dén két qua dau ra.

Diéu quan trong dau tién khi thiét 1ap mdi quan
hé giita cac thong sb diu vao ciia md hinh phan
tich do nhay 1a phai hiéu rd tinh chét cta timg
thong s6. Thi hai 1a cac dit liéu cua thong s6 dau
vao (gia tri trung binh va d¢ dao dong) phai dugc
x4c dinh. Didu nay dong vai tro quyét dinh trong
phén tich d6 nhay.

Viéc phan tich d6 nhay mang lai két qua tong
hop cua tit ca cac thong sb. Tir d6 chiing ta s& ¢
co sé dé danh gid muc do6 anh huéng cua timg
thong sé dau vao déi véi két qua. Tién hanh phan
tich d6 nhay cac thong sé dau vao cho ca 4 16p dét,
tac gia nhan thiy rang chi c6 2 16p dat trén cung
(16p 1 va 16p 2) c6 anh hudng dén két qua 6n dinh
con 2 16p dat bén dudi (16p 3 va 16p 4) khong cb
anh huong. Két qua duge cu thé duge thé hién nhu
¢ Hinh 10 va Hinh 11.

bd
[l Sensitivity Data B % ||l Draw Sensitiity 2
File Edit Set [Material LOP 1°: Unit Weight —
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Sensitivity Data [ ER
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[osacs |
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s vt e (e
£ 415 : 13,5520 11493661
= Unit Weight 14180 11475100 Copy Data
s 14,7840 1.1486375
5 o Material 15,4000 11497495
H “Lop 1™ 16.0160 1.1508463

=

Cohesion 11529974
11540527
v Material 1.1550952
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Hinh 10: Két qua phan tich d§ nhay cac thong
s0 dau vao cia lop dat 1 doi voi hé so on dinh
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Hinh 11: Két qua phén tich d¢ nhay cAc théng
s6 diu vao ciia 16p dit 2 dbi véi hé sb 6n dinh

Tac gia co6 mot s6 nhan xét sau:

— Anh huéng cta cac théng sb dau vao ddi
v6i hé s6 6n dinh phu thudc vao tinh chit thong sb
d6. Cu thé, ddi véi truomg hop tinh toan trén thi
dung trong tang dan dén hé sb on dinh giam (ty 1&
nghich). Trong khi do, khi lyc dinh hay goc ngi ma
sat ting thi hé sb 6n dinh ciing ting theo (ty 1&
thuén).

— Dbi voi 16p dat thir 2 thi do nhay cua goc
ndi ma sat d6i v6i hé sé on dinh 1a 16n nhat, tiép
theo 1a Iyc dinh va cudi cung 1a dung trong. Tuy
nhién, di v6i 16p dat 1 thi d6 nhay cua dung trong
riéng d6i véi hé sé 6n dinh 13 16n nhét, tiép theo 1a
goc ndi ma sat va cudi cung 1a lyc dinh. Vi vay,
khong thé noi rang tinh chat cta thong s6 quyét
dinh toan bo d6 nhay ciia n6 ddi v6i hé sb on dinh.
Ngoai ra, do nhay ciia cac thong sé d6i véi hé sd
on dinh khong chi phu thudc vao tinh chat cua
thong sb (cac loai dat khac nhau) ma con phu thudc
vao vi tri cung truot.

4 KET LUAN VA PE XUAT

DAt 1a mot loai vat lidu phure tap, cac chi tiéu co
ly khong bén viing khi chiju tac dong cia moi
truong dac biét 1a hién tugng mua, do d6 viéc phan
tich 6n dinh mai ddc theo phuong phap tit dinh
khong phan anh diing thyc té. Vi vay, phan tich on
dinh theo md hinh x4c suét s& cho ching ta cach
tiép can khach quan va phan anh chinh xac hon.

Trong phan tich 6n dinh mai doc theo phuong
phap xéc suét, ching ta co thé danh gia duoc do
nhay cia céc thong sd diu vao dbi voi hé sb on
dinh. Nhu viy, can c6 nhimg thi nghiém cu thé dé
xéac dinh chudi s liéu mé ta su thay ddi cac tinh
chat co 1y (theo ca khong gian va thoi gian). Didu
nay s& giup cho viéc phéan tich 6n dinh theo mo
hinh x4c sudt va danh gia do nhay cac thong sd
khach quan hon va két qua dat do tin cay hon.

Phan tich 6n dinh mai doc theo 1y thuyét do tin
cay dua vao md phong Monte Carlo cho chung ta
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thiy dugc xac sudt pha hoai, hé s6 on dinh thép
nhat va chi sb do tin cdy cua hé sé on dinh. Didu
nay s& gitp han ché phin nao su sai léch ngiu
nhién trong qué trinh tinh toan, dong thoi du bao
duoc muc do bién dong hé s6 6n dinh trong diéu
kién thyc té. Tuy theo tinh chét cong trinh, yéu cau
thiét ké cu thé (cip cong trinh) ma chung ta c6 thé
Iva chon hé s6 6n dinh véi xac suét phé hoai khac
nhau dé 1am co s6 thiét ké cling nhu danh gia cong
trinh.
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