BAI BAO KHOA HOC

MO HINH SO PHAN TiCH ON PINH MAI DOC THEO LY THUYET
PO TIN CAY BANG PHAN MEM GEOSTUDIO

Nguyén Vin Toan'

Tém tit: Panh gid on dinh truot cia mdi déc bang phan tich trang théi can bang gi6i han da
duwoc dp dung phé bién trong cdc bai toan dia ky thudt. Tuy nhién, con bao ham nhiéu yéu t6 ngau
nhién trong phan tich é6n dinh. Muc dich cia bai bdo nay la mé phong sé on dinh mdi doc bang
cach sir dung phan mém GeosStudio (Slope/w). Hé s6 an toan chéng truot (FOS) dwge xdc dinh
bang cdch sir dung trang théi can bang gidi han trong phwong phdp Morgenstern-Price cing thudc
tinh Mohr-Coulomb ciia dat. Anh hwéng ciia ap luc mede 16 rong, luc dinh, géc ma sdt trong, dung
trong riéng cua dat, va tai trong bén ngodi vao dén on dinh mdi déc dwegc nghién civu théng qua
mét bai todn on dinh cu thé theo phirong phdp xdc sudt. Két qua cho thdy FOS truot ciia mdi doc
phu thuée vao cdc yéu t6 ngau nhién va iing véi do tin cdy cang cao thi mirc do pham vi thay doi
cta FOS cang lon.

Twr khoa: Can béng gidi han, 6n dinh mai doc, hé s an toan, tinh co ly dat, GeoStudio.

1. GIOI THIEU CHUNG

Phan tich 6n dinh mai déc dugc thyc hién dé
danh gia muc d6 an toan thiét ké va kinh té cua
cac mai dat déc cua cong trinh (vi du k¢, taluy
duong, d€, dap, khai thac mé 10 thién, va bai
chon lép, tap két vat liéu roi..) hodc sudn nui tu
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nhién. Trong danh gia on dinh mai doc, k¥ su
cht yéu cin cir vao gia tri cua hé s6 FOS dé
danh gia la on dinh hay bi trugt. Khi gia tri FOS
> 1, sitc khang cat 16n hon tmg sudt cit cung
huéng va mai déc dugc xem la 6n dinh (R.
Whitlow, 1997).
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Hinh 1. Mdi déc bi truot va dang madt trueot cung tron gia dinh

On dinh trugt cta dat duoc phan tich theo
trang thai gidi han 1a phuong phap phd bién

! Bo mén Ky thudt Cong trinh, Dai hoc Thuy Loi, Co so 2

KHOA HOC KY THUAT THUY LT VA MOI TRUONG - SO 55 (11/2016)

nhat trong linh vuc dia k¥ thuat nhiéu thap ky
qua. Chuong trinh phin mém GeoStudio
(Slope/w) phan tich trén may tinh cho phép cac
ky su dia k¥ thuat thuc hién tinh toan can béng
giéi han phan tich on dinh cac kiéu mai déc mai
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dbc da dang. Thuat toan chuong trinh sir dung
nhiéu phuong phap nhu: phuong phap Bishop
gian don, phuong phap gian Janbu gian don,
phuong phap Spencer, phuong phap
Morgenstern-Price. Thém vao do, Slope/w cho
phép ap dung cac phuong phap nay vdi cac
dang mit truot phong phu co thé xay ra trong tur
nhién nhu mat cung tron, mat phic hop hodc
khong tron (GeoStudio, 2007).

Thong thuong, khi phan tich danh gia 6n
dinh, nguoi thiét ké thuong khong xem xét dén
cac yéu t6 ngdu nhién. Trong khi d6, co nhiéu
yéu t6 mang tinh ngiu nhién c6 thé thy rd rang
trong bai toan nay nhu diéu kién dia mao, dia
chit thuc té ctia mai dbc; hodc sai sb trong thi
nghi¢m khdo sat. Vi vay, thay vi viéc chi giai
bai toan don thuin thong thudng ngudi ky su
can can nhic viéc danh gia ching bao ham ca
yéu t6 ngau nhién. Két qua tinh toan co thé s&
t6i wu hon vé kinh té va danh gia khach quan
hon vé muc d6 rai ro ciia cong trinh.
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Hinh 2. Céc thanh phan lyc twong tic
lén manh truot thuw i

2. HE SO AN TOAN VA PHUONG PHAP
CAN BANG GIOI HAN

Hé sb an toan chéng trugt FOS (Factor of
Safe) tai mot diém nao d6 theo mot hudng xac
dinh dugc hiéu 1a hé sb chiét giam kha ning
chbng cat cua dat sao cho trang thai cin bang
gidi han xay ra (Fredlund, 1977):
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FOS=> (1)
T

Trong d6: s la stc khang cat cia dat trén
hudng dang xét;

714 img sudt cit thyc & tac dung trén hudng do.

Pho bién nhat trong thyc té tinh toan 6n dinh
mai doc 1a gia thiét mat truot tru tron véi nhiéu
nghién ctru lién quan da va dang dugc thyc hién,
vi du: phuong phap cin bang gidi han téng quat;
phuong phap Fellenius ¢d dién; phuwong phap
Bishop gian don; phuong phap Morgenstern-
Price. Tuy nhién, dwa vao sd lugng phuong
trinh cén bang dugc sit dung ¢ mdi phuong
phap ma c6 thé phan chia mot cach don gian cac
phuong phap d6 nhu sau:

-Mot phuong trinh cin bang: cin bing
moment quanh tam trugt;

- Hai phuong trinh can bang: cAn bang moment
va can bang lyc theo mot phuong bat ki;

- Ba phuong trinh cin bang: can bang moment
va can bang lyc theo hai phuong lién hop.

Céc phuong phap khao sat co thé tién hanh
khao sat chung cta toan khdi truot hodc khao
sat chung két hop khao st riéng timg manh.

3. YEU TO NGAU NHIEN TRONG BAI
TOAN ON PINH TRUQT

Do6i voi bai toan 6n dinh truot clia mai dat
t6n tai nhidu yéu t6 ngiu nhién, trong d6 c6 mot
s6 yéu t6 nhu: (1) Yéu té ngiu nhién mang tinh
khach quan (cac yéu to gan lién véi su ngiu
nhién cua thién nhién); (2) Yéu t6 ngdu nhién
mang tinh chi quan (sy ngau nhién ctia mé hinh
tinh todn, phuong phap tinh todn, cong thirc
kinh nghiém mo ta dac diém vat Iy cua dat; su
ngau nhién cia cac két qua thi nghiém thong s6
vat Iy cua dat; sy ngiu nhién cua dir liéu dau
vao bao gdm sai sé do do dac, khao sat, thi
nghiém; sai s6 do xtr 1y dit liéu). Trong d6 céac
yéu t6 ngiu nhién chi yéu trong bai toan 6n
dinh truot bao gém: DPic tinh vat ly cia dat; Yéu
t6 ngiu nhién trong mo hinh tinh, phuwong phap
tinh; Ap Iuc nude.

Bién ngau nhién dong vai tro chu yéu trong
bai toan on dinh truot cung tron 1a tinh chét vat
ly cia dat, trong d6 c6 cac thong sd chinh:
Trong lugng don vi; Luc dinh ; Géc ma sat
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trong; PJ chat (Lumb, 1996 va Christian, 1994).
Bién ngau nhién dic tinh vat 1y cta dat co thé
do sy phan bd ngiu nhién trong khong gian cia
céc loai dat khac nhau (tinh khong dong nhét vé
tinh chat vat ly theo ca khong gian va thcn glan)
hodc do céc sai s thi nghiém. Cac sai sd ngiu
nhién thuong xay ra trong cac qua trinh lién
quan dén viéc do dac, x4c dinh cac thong sb nhu
16i ctia ngudi thi nghiém vién hay 15i cua thiét
bi thi nghiém. Cac sai sb ngiu nhién dang nay
can phai dugc loai bo trude khi tinh toan.

D4i véi mot bai toan cu thé, trude hét va can
thiét 1a lya chon bién ngiu nhién, muc do bién
thién gla tri ctia bién. Cac bién ngiu nhién phod
bién vé tinh chat vat Iy cia dat nhu 1a: trong luong
riéng; lyc dinh; goc ma sat trong; va ap luc nudc
16 réng. Bén canh d6 co thé danh gia ngau nhién
clia muc nudc, tai trong trén bd. Nhimng thong s6
tu nhién clia cac vat liéu nay co thé bién phan phdi
thong thudng biéu dién bang cac kiéu ham mat do
x4c sudt khac nhau nhu: Normal; Lognormal;
Uniform;  Triangular;  Generalized  Spline
(GeoStudio, 2007). Vi du d6i voi ham Normal:
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ef(xfu) /(20%)

f(x)=—F— 2
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Trong d6: x la bién lién quan;

o 1a d6 1éch chuén;
u la gié tri trung binh.

Mitc do bién thién cua mot thong s6 dugc biéu
dién qua hé sd bién thién COV (Coefficient of
Variation), cac h¢ s6 COV cho théy muc do sai sb
va cac muc do tap trung gia tri ctia cac dai lugng
ngau nhién biéu dién: COV=c/u  (3)

4. BAI TOAN PHAN TiCH ON PINH
TRUQT THEO PHUONG PHAP XAC
SUAT CO XET YEU TO NGAU NHIEN

Hinh 3 minh hoa m6 hinh hinh hoc cua mai
dbc bo song phan tich trén Slope/w, tai trong
cua cong trinh trén bo dugc xem nhu 1a tai trong
phan bd déu theo dién tich.

Hinh 3. M6 hinh hinh hoc mdi doc phén tich
(cdc kich thude tinh bang mét)

FOS duoc xac dinh bang cach st dung trang
thai can bang giéi han trong phuong phap
Morgenstern-Price cung véi thudc tinh Mohr-
Coulomb cua dat. Sy anh hudng cua cac yéu tb
nhu 4p luc nudce 16 rong, su gin két, goc ma sat
sat trong, trong luong don vi cua 16p dat dén
van dé 6n dinh mai doc duoc xem xét trong bai
toan nay thong qua cac dai lugng ngau nhién,
bao gdm: trong luong riéng cua dat; lyc dinh;
goc ma sat trong, muc nudc. Ngoai ra bai toan
con xét thém dén su thay doi cua tai trong phan
bd déu trén bo. Hé sé Monte-Carlo (s6 lan thir)
2000 lan.

Pia chat bo song trong mo hinh gém hai 16p
dat L1 va L2 6 vi tri dudng bién khong thay doi.
Bién ngiu nhién trong bai toan phan tich gom :
thong s6 vat 1y cta timg 16p dét (v; ¢ ; ¢) va muc
nudc ty nhién theo luat phan phdi chuan thuong.
Murc do bién thién cua cac bién biéu dién qua do
léch chuan SD (Standard Deviation) trong céc
truong hop phan tich dwoc tong hop trong bang 1.

Bang 1. Lép dit va gia tri trung binh ciia cac thong s6 vat ly

Gia tri trung binh (Mean) Do léch chuén ciia cic thong s6
Y Ki | Trong lugng , Go6c ma
L t . ; )
Opdat | isu | rieng, v 51(11:1\?/?11;) sittrong, | SD, | SD. | SD, | SDpm
(kN/m’) 9 (d0)
Loptrén | L1 14.7 6.7 7.5 0.3 0.4 0.4 0.15
Lép dudi | L2 19.3 5.7 23 0.8 1.0 1.0 0.15
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Tién hanh khao sat FOS theo cac kich ban
muc nudc trén song thay doi (H; = Im; H, =
Om; Hs = -1m; Hy = -2m; Hs = -3m). Trong mdi
kich ban phan tich, tai trong cong trinh trén bo
song ciing thay ddi theo 6 mirc (Py = 0 kPa; P; =
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10 kPa; P, = 20 kPa; P; = 30 kPa; P, = 40 kPa;
Ps =50 kPa).

Hinh 4 minh hoa ham mat do xac suét cac
thong s6 vat 1y cua 16p dat L1 va muc nude tu
nhién theo luat phan phdi chuan thuong:
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Hinh 4. Ham mdt d¢ xdc suat cua lop dat L1 va myc nuwdc ty nhién

5. KET QUA VA PHAN TiCH

Vi du két qua & hinh 5 thé hién ban 46 ving
trugt cua cac mat truot toi han trong kich ban
ung voi muc nudc song H, = Om, tai trong phan
b6 trén bd P=10kPa. FOS tinh dugc theo
phuong phap Morgenstern-Price c6 gia tri trong
pham vi tir 0.916 dén 1.232, gia tri trung binh 1a
Mean FOS = 1.08 véi xac sudt xay ra 23%;
nhung trong pham vi FOS = (1.00-1.16) thi xac
sut xay ra 95%.

Hé s6 an toan giam dan khi tai trong trén
bo ting 1én va phan phdi xac suat xay ra cla
FOS thé hién trong hinh 6. Khi do tin cay
yéu cau ting thi pham vi cua hé s an toan
cang rong.
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Mean FOS = 108

< DB lech chudn = 0.043
Min FOS = 0.92

Max FOS = 1.23

S8 lén thir = 2000

s —P=10KkPa

Kich ban mye nude trén séng: H2 = 0m

VV;;;

Hinh 5. Ban dé viing truot tmg véi kich ban
H,=0m va p=10kPa
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Khoéng c6 tai
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Hinh 6. Xdc sudt ciia FOS ing véi kich ban muwc nwée Hy = Om
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Hinh 7. Méi quan hé giita FOS va tdi trong irng
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Hinh 8. Méi quan hé giita FOS va muc nuée
ung voi cdc truong hop tdi

TAI LIEU THAM KHAO

Tong hop két qua cia modi quan hé FOS va
tai trong khi phan tich theo 1y thuyét do tin
cdy dugc thé hién trong hinh 7. Khi tai trong
cang tang thi muc d¢ gidm cua FOS cang
manh va FOS ¢6 xu thé chum lai gﬁn hon.
Ung véi cing mot muc tai trong trén bd song
thi FOS giam khi muc nudc song giam, diéu
nay c6 nghia 1a nguy co mat on dinh bo cang
tang khi myc nuédc séng giam xudng.

Tong hop két qua ctia mdi quan hé FOS va ty
1¢ dy nudc trén song L/H = (H-Hmin)/((Hmax-
Hmin) khi phan tich theo 1y thuyét do tin cay
dugc thé hién trong hinh 8.

6. KET LUAN

Mot vai két ludn rut ra tir nghién clru nay:

Su c6 mit ciia nudc tu nhién lam thay doi
kha nang trugt ctia mai déc, trong mot pham vi
tai trong nao dé khi myc nudc ty nhién giam thi
dat xu thé on dinh hon.

Gia tri d6 1éch chuan cua cac dic tinh co ly
dat cang cao thi dit c6 nguy co trugt cang nhiéu
nghia 1a d6 tin cdy cta cac tham s dau vao anh
hudng t&i hé sb an toan va xac suat xay ra trang
thai can bang gi6i han.

Theo 1y thuyét do tin cay thi FOS s& thay d6i
phu thudc vao mirc d9 tin cay yéu cau. Vi vay,
khi nghién ctru 6n dinh mai déc can xem xét dén
muc dg tin cay dé lya chon FOS hop ly.
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Abstract:
NUMERICAL MODELING OF PROBABILISTIC
SLOPE STABILITY ANALYSIS ON GEOSTUDIO

Assessing the stability of slopes by limit equilibrium analysis methods have been applied commonly
to solve geotechnical engineering problems. Nevertheless, regarding slope stability analysis, there
are many random factors. The aim of this paper is to numerically simulate of the slope stability by
using the GeoStudio software (Slope/w). The Factors of Safe (FOS) determined by the limit
equilibrium following the Morgenstern-Price method combination with Mohr-Coulomb soil
properties. The effects of pore-water pressure, cohesion, internal friction angle, unit weight of soil
and surcharge loading on slope stability were investigated through a prime instance, take into
consideration the random variables with Monte Carlo simulations. The result demonstrates that the
FOS of slope depends on random factors and if reliability is increases then the range of FOS is
lager. In addition, the change of water level and surcharge should also be taken into account.
Keywords: Limit equilibrium, slope stability, factor of safe, soil parameter, GeoStudio.
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