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PHAN TICH TRUOT SUON DOC THEO PHUONG
PHAP MO HINH VAT LY CO XET PEN DIEU KIEN
TUONG THICH CUA LUC TUGNG TAC

. MO PAU

Nudc ta c6 trén 2700 km dé bién va cira song &
26 tinh, thanh ph6 ven bién, tir Quang Ninh dén
Kién Giang, c6 tiém nang rat 16n dé phat trién kinh
t€ trong tuong lai, d6 12 dudng bd bién dai, dep, dan
cu song tap trung & khu vuc nay. Viéc tinh toan do
6n dinh clia than dé dang ton tai duéi diéu kién thay
déi céc tinh chat dia k§ thuat ctia than dé ciing nhu
nén de, tinh todn do 6n dinh cta than dé thiét ké...
¢6 ¥ nghia I6n vé mat kinh t€ va ky thuat.

C6 nhiéu phuong phdp tinh do én dinh vé truot
ctia than dé. Tuy nhién mot s6 phuong phép truyén
thong khong dép ting do chinh x4c, mot s6 phuong
phdp mdi lai phifc tap vé mat thuat todn va qud trinh
thuc hién. Vi vay nghién ctu xay dung phuong phap
dé thuc hién c¢6 tinh dén moi diéu kién phan bo can
béng luc, trong d6 ¢6 luc theo phuong ngang nhu
truong hgp c6 st dung vai dia ky thuat lam cot
trong than dé, va do dé cho do6 chinh xac cao hon
¢6 ca ¥ nghia khoa hoc 1an thuc tién.

1. SO LUJC VE CAC PHUONG PHAP TINH
TOAN PO ON BINH SUON DOC

1. Cdc phuong phdp phdn ldt cdt tinh todn dé on
dinh suon doc

Phuong phdp phan manh (l4t cat) dugc dung phd
bién dé tinh to4n 6n dinh dap datva nén dat tir nhitng
nam 1930. Theo 1y thuyét phan manh, bai todn tinh
6n dinh sudn doc 14 bai todn siéu finh (thi€u 2n - 2
phuong trinh). Do vay dé giai bai toan, phai van
dung mot s6 thu thuat : (i) bd luc tuong tac giita cac
manh khi tach riéng thanh timg manh, (ii) gia thiét
dudng twong tdc - quy tich cta diém dat luc tuong
tac, (iii) gia thiét géc nghiéng cla luc tuong tac.
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PHAN TIEN AN, PHAN TRUONG PHIET,
NGUYEN VAN HOANG, VU BINH HUNG

Viec xét ddy du lyc tuong téc giita cdc manh 1a
yéu ciu phét trién 1y thuyét co hoc dat va nhiéu
phuong phdp tinh da dugc dé xuat. Trong sO cédc
phuong phap nay Janbu da dung thu thuat gia thiét
duong dat lyc tuong tic, cdc phuong phap khac nhu
Spencer, Mogenstern - Price. GLE Canada... gia thiét
gbc nghiéng luc tuong tic [2]. Piém chung nhit clia
cac phuong phap dung trong dia k¥ thuat hién nay
12 khong xét su twong thich vé luc ddy truot va luc
chong trugt clia hai phan khoi dét trugt do mot 14t
cét ditng phan chia trong hoan cénh ca hai phan déu
0 trang thai can bang trén cling mot mat trugt. Hai
phén kh6i dat hai bén 14t cat ting xir nhu mot hé théng
ddy - chong twong tu nhu hé théng "Tudng chén -
dét dap sau tuong" & trang thdi can bang gi6i han.

Céc phuong phép giai thuong dung hién nay dé
tinh todn do 6n dinh cha cung trugt c6 tam O va
ban kinh R nhu sau.

a) Cdc phuong phdp bo bot luc

® Phuong phdp Fellenius :bo qua cac luc tuong
tdc gifta cdc 14t cit, tic ¢6 B, = X, = 0, diém dat clia
N tai trung diém ciia ddy 14t cit ;

@ Phuong phdp Bishop ldt cdt don gidn : bd
qua thanh phén ding (X,) clia luc tuong tic, diém
dat ctia N triing véi diém ctia ddy manh.

b) Cdc phuong phdp dung gid thiét hudng tdc
dung ciia lyc tuong tdc

®© Phuong phdp Spencer : d0 nghiéng cua luc
tuong tic khong déi [(X, ,/E,,) = (X/E,) = tg0 = const],
E,,, X.;, X;, E; 12 hai thanh phan cta Q,, va Q,.

Néu 0 =0, biéu thic tinh Fs giong nhu phuong
phap Bishop don gian, tri s6 F,, nhan tri s6 6 nhu
mot tham s6 tinh toan can xdc dinh. D€ cé them mot



phuong trinh nhdm xdc dinh 0, Spencer dung diéu
kién can bang cta céc luc tdc dung 1én khoi dat trugt
(n 14t cét) theo phuong song song vé6i phuong tac dung
ctia cic luc tuong tac (£, = ZWsinb - ZNsin(a - 0) -
2Scos(a - 6) =0) [2].

®@ Phuong phdp cdn bdng gidi han tong qudt
GLE (General Limit Equilibrium) : d0 nghiéng cta
luc twong tdc duge x4c dinh theo biéu thic (X/E) =
A(x) véi f(x) 1a ham x4c dinh, dugc goi 1a ham bién
thién cua huéng tic dung cla luc tuong tiac [2].
Ham f(x) = sinx v6i 0 < x < L (0, L Ia toa do hai
diém chiéu cla diém dinh va chan cla khoi dat
trugt lén phuong x nadm ngang), A 12 mot hang so,
do6ng vai trd tham s6 clia bai todn cin phai tinh toan.
Phuong phap GLE dugc coi 1a phuong phap cai tién
clia phuong phdp Spencer vé géc nghiéng thay ddi
ctia Q, nhung vé thuat toan gitta 6 clia Spencer va A
ctia GLE la nhu nhau.

¢) Phuong phdp gid thiét duong tuong tdc

® Phutiong phdp Janbu tong qudt : cic diém dat
clia cac luc tuong tac gifta cac ldt cat ndm trén mot
duodng tuong tac [2]. C6 h¢ 5 phuong trinh chia 6
dai lugng can tim : Eg, X;, tg, N, S, F. Bai todn 1a
siéu tinh. D& gidi bai todn, Janbu gia thiét dudng
tuong tac, titc gia thi€t cac dai lugng ti. Theo nghién
ctu clia G. Fredlund, phuong phdp Janbu téng quat
dep vé€ mait 1y thuyét nhung khé ¢6 101 gidi thuc t&€
vi bai toan rat kho hoi tu véi gia thi€t mot dudng
tuong tc lyc.

@ Phuong phdp Janbu don gidn héa : khac vé6i
phuong phép Janbu tdng quét, phuwong phéap Janbu
don gian héa chép nhan so do luc cta Bishop (bo
thanh phan lyc tuong tdc ti€p tuyén véi mat phan
14t cét) [2] nhung vAn ddm bao hé luc dong quy va
da gidc Iuc khép kin. D€ 1am chinh x4c héa tri s6 hé
0 an toan tinh dugc theo cac budc tinh toan nhu da
néu & phuong phéap Janbu téng quét véi Xi = 0, hé
0 an toan dugc hiéu chinh bang hé s6 f, xdc dinh
theo biéu do.

F = fF(Xg=0)

trong d6 : Fellenius - hé s6 xdc dinh theo biéu do
phu thudc ty s6 B/C cua sudn doc, F(Xz = 0) - tri
s0 an toan tinh toan.

2. Phuong phdp ting dung ly thuyét phdn tich hé
thong dé phdn tich on dinh suwon doc

y tudng ung dung phuong phdp phan tich hé
thong vao Iinh vuc dia k§ thuat dé phan tich én

dinh sudn doc duge Phan Trudng Phiét dé xuét va
da dugc Phan Trudng Giang tiép tuc phat trién trong
dé tai luan 4n ti€n si ctia minh [3]. Khoi dat truot &
dang chinh thé dugc tdch roi timg 14t cat (twong tu
v6i phuong phép phan lat cét), vi du tach thanh n
14t céat. C4c 14t cat déu ung xir co hoc nhu nhau va
theo thuat ngit cla 1y thuyét hé thong, cdc 1at cét co
cdu tric va chic nang nhu nhau. Do d6, khoi dat
trugt dugc coi nhu mot hé théng gdm n phan tir, moi
14t ct 1a mot phan tr ctia hé thong. Theo 1y thuyéthé
thong, hé théng 13 mot tap hop ¢6 t6 chitc c4c phan tir
vGi nhitng moi lién hé vé€ cdu tric va chiic nang xdc
dinh va nham thuc hién nhitng muc tiéu cho trude.
Do d6, ting v6i mot hé thong, phai 1am 16 cdc diém
sau : 1) M&i tuong quan gitta hé thong va phén tu,
2) Tap hopcé td chiic, 3) Lién hé vé cdu triic, 4) Lién
hé vé chiic nang, 5) Muc tiéu ctia hé thong.

Phuong phdp phan tich én dinh sudn déc sir
dung 1y thuyét phan tich hé thong nay da dugc Phan
Trudng Giang phdt trién nhim tim hé s6 an toan
truot clia sudn déc bang cich bd sung hai phuong
trinh con thi€u va dac biét 1a da xét dugc day da va
chat ché céac luc tic dung 1én khdi dit. Tuy nhién,
khi lap chuong trinh tinh todn hé s6 6n dinh cta
suon doc, Phan Trudng Giang di phai st dung dén
gia thiét luc tuong tdc ndm ngang, tic 1a A = 0.
Khi d6 hé phuong trinh bé sung rit gon thanh
[CA(FL)/OF] =0 [3].

1II. PHAN TICH TRUQT SUON DOC CO XET
PEN PIEU KIEN TUONG THICH

So d6 phan tich trugt suon doc va so do chiu luc
clia mot 14t cit dugc cét ra tr cung "truot” & trang
thdi can bing gi6i han (hé s6 6n dinh truot Fs = 1)
thé hién trén hinh 1.

1. H¢ luc tac dung lén ldt cdt ddt thit i va hé
phuong trinh bién doi

Hé luc tdc dung vao 14t cat dat thd i bao géom
cac lyc sau :

(i) Trong luong 14t cat dat Wi

(ii) Thanh phan ngang va ding cla lyc x6 cua
phan tr ding trudc : E, |, X ;

(iii) Thanh phan ngang va ding cta lyc x0 1én
phan tr ding sau : E;, X; ;

(iv) Thanh phén phan luc lén ddy 14t cat N, T ;

(v) Luc kéo cua vai dia k¥ thuat V..

19



E; = Ei+ AE;

n-12
> 0 thuan < 0 nghich

Hinh 1. So d6 luc tac dung Ién mot 14t cat

Céc dai lugng ddu vao bao gém céc dai luong
W, N, T, V, E, X, ht, cic dai luong ra bao gém
cédc thanh phan ding, ngang cta luc x0 1én lat cét
dat ding sau. Hé phuong trinh bién déi tinh hé s
6n dinh truot duogc thiét lap tir hé phuong trinh co
ban nhu mo ta sau day.

@ Can bing lyc theo phuong ding :

-W,;- X, + X, - AX;+ T;sina, + Nycosa, = 0 =

W, + AX, =N, cos¢;
:>T_ =
I sing;,

ey

@ Can bing lyc theo phuong ngang :

E. - (B, + AE) - V;-Ticosa,; + N;sino; = 0

hoac Nisinoy-Ticosa, = AE; + V; (2

® Can bang momen d6i véi tam O clia cung truot :

>W.R.sing; - 2T;.R - XV,.R. cosa; =0

hoac 2T, = XW..sinoy-XV,.cosq; (3

@ Phuong trinh trang théi :

T.

. = Ntgo+cl, (@)
trong d6 : ¢ - gbc ma sét trong, ¢ - do dinh.

Thay (1) vao (2) thu duoc :

N, = (W +AX))cosa; + AE;singa; + V;sinaoy %)

Thay (3), (5) vao (4) thu dugc phuong trinh d6i
v6i cung ¢6 trang thai téi han ctia suon doc :
- S{W, + AX;)cos e, +AE; sine; +V, sing, fgp +cl,}  (6)
W, sing; — 2V, cos ¢

Truong hop khong cé thanh phan luc kéo cua
vai lam cot dat :
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3 S{(W, + AX,)cosa, + AE, sine, g +cl, } (7)
2ZW; sing;
Cong thic tinh hé s6 én dinh clia swon déc theo
phuong phap Bishop 14t cat don gian [1] :

l:(Wu tge +cl; )1:|

1

Mz

i= ma i 8
Fs — 1 . (i) ( )
ZWi sing;
i=l
t in ;
M, = cosa + 2o %i )
Fs
Doi v6i cung & trang thai téi han (Fs=1) 1a:
N
> [Witge +cl, Xcos e, +tgpsina;)] (10)
i=1

1:I

N
ZWi sing;
i=1

Céch x4c dinh cdc gid tri AX, va AE, & céc diéu
kién khac nhau vé gid tri goc a va ¢ c6 thé tham
khao theo Phan Truong Phiét (2005) [4], & day chi
néu céc cong thifc tinh toan cudi cling da duoc bd
sung chinh stra.

(i.a) Trudng hop 14t cét dat c6 goc o > ¢ > 0,
diém L ndm dudi hodc trung diém S (hinh 2) :

W, = W —_cleose (11)
sin(a — @)
_ W, (12)
cotg(a—¢) - tg(a—@)
AX = AEtg(a.— @) (13)
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Hinh 2. Trudng hgp o> ¢ > 0, L nim dudi diém S

(i.b) Trudng hop 14t cat dat c6 géc o> ¢ > 0,
diém L ndm trén diém S :

AR=| clsin g+ -0 —w}sin(a—(p) (14)
tg(a—¢)

AX = ARSN(a.— @) 5)

AE = ARcos(a.— @) (16)
ioa>0,a<0o:

W, = w160 (17)

sin(p —a)

E, = Wig(p- a) (18)

AE = Eicos(¢- ) (19)

AX = AEtg(¢- ) (20)

(iii.a) o < 0, lal > @, diém L ndm duéi hoac
tring vé6i diém S :

_\y__ Clcosp
Wo =W sin4a|—(p) @D
E= Wo (22)
cotg(|o] — ) -tg(a| - p)
AX = AEtg(o| - ¢) (23)

(iii.b) o < 0, lod > @, diém L nim trén diém S
(hinh 3) -

clcosx

AR=|cl sin|a| +
tg(lo| - p)

-Wlsin(lo]-p) (24)

AX = ARsN(jo| - p) (25)
AE = ARcos(|a| -9) (26)
(ivia<0,lal<o:
clco
W =W —200% 27)
sin( -|al)
E,=Wyg(e- lal) (28)
AE = E,cos’(¢- lal) (29)
AX = AEtg(e- lal) 30)
Wa=¢:
AE = -E, = -clcosp; AX=0 31
(vi)a<0,lal=0:
AE = E, = clcosp; AX=0 (32)
(0]
T
- |
1] o .
) N Pusng
W, o= Coulomb
L
AXY
N

Hinh 3. Truong hop a <0, lal > ¢

Cac minh hoa va so sanh chi tiét

Nhim dé dang kiém ching cdc két qua tinh todn
va so sanh két qua, da sir dung phuong phéap Bishop
14t cét don gian tinh todn Fs dé so sdnh danh gid véi
trudng hop tinh bang phuong phdp tuong thich. Da
tién hanh tinh todn cho bon truong hgp khac nhau
(bdng 1).

Trudng hop 1 : céu tric sudn doc nhu thé hién
trén hinh 4 : c6 géc doc 1a 63,4°, dit c6 khai lugng
thé tich 1a 1,9 T/m®, do dinh 0,175 T/m? va géc ma
sat trong 15°.
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g
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Cét cao tuong déi (m)
o

)

0.5

0.0

-0.5

v=1.9T/m3
c=0.175T/m?2
@=15°

Tam cung truot: (8.92, 7.30)

Ban kinh cung: 6.46m 3
Y=1.7T/m

c=0.1T/m?2

@=15°
Tam cung truot: (8.92, 8.51)
Ban kinh cung: 7.06m

3.0 35 4.0 4.5 50 55 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0
Khoang cach (m)

Hinh 4. So d6 than deé va 14t cat khéi tinh do 6n dinh

Bdng 1. Cac trudng hgp tinh toan Cung & trang théi t6i han (hé s6 6n dinh Fs = 1)
Goc doc c6 toa do tam la (8,92 m, 7,30 m) va ban kinh la

3 2 o
©  Ju(T) o) o) ¢ 46 1 véi chiéu rong 14t cét b = 0,1001 m (62

Truonghopl 634 1,9 0,175 15,00

14t cat) (hinh 4). Theo phuong phdp Bishop lat cét

Truong hop 2 63 4 17 0.100 15.00 don gidn hé s6 6n dinh trugt theo cung nay la
Truong hé‘p 3 550 15 0.200 20.88 0,9467. Phan bo gia tri cdc thanh phan trong lugng,
Trudng h(S‘p 4 55,0 1.5 0,300 17,00 AX va AE... cha cdc lat cat thé hién trén hinh 5

va 6.

0,80
0,70
0604—odQ—otr—+ Lt 1 1 L 1 1 - AX
, L
0,50 / —— AE
0,40 -
& 0,30 / ~.
0,20 / SN
0,10 / .
) = s — ~
0,00 Lozretoonns = f,d‘“"'m EE G AN
0,104 s
0,20
10 5 0 5 10 15 20 25 30 35 40 45 50 55 60
Gébc déc cung day lat cat (°) (gia tri am - ngudc chiéu mai déc)

Hinh 5. Phan bo W, AX, AE cta céc 14t cat

Chuong trinh tinh todn ghi ra chi tiét gid tri kh6i  cla ting 14t cit twong tu nhu bdng 2 va hinh 7.
lugng l4t cat, géc nghiéng mat truot, tdng hop luc kéo  Thanh phin khdng cit clia cdc 14t cit tinh theo
truot, luc khdng trugt, cdc thanh phan luc AX va AE phuong phép Bishop It cat don gian va phuong phép
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0,18 W ¢
0.16 cosatge
014 S~ | ] e AXcosatge
y / -\
0,12 N ——— AEsinatge
0,10 / AN
'@ 0,08 / Q
" 0,06 / N
, '\
0,04 // .
.
0,02 / 1 O
Y =T
0,00 Cinkl = == N
-0,02
-10 -5 0 5 10 15 20 25 30 35 40

45 50 55 60
Géc déc cung day lat cat (°) (gia tri Am - ngudc chiéu mai déc)
Hinh 6. Phan b6 Wcosatge, AXcosotge AEsinatge
tuong thich thé hién trén hinh 8. Diéu kién sudn  trong bdng 3. Cung trang thdi t6i han trugt trudng
doc, chi tiéu co 1y va két qua tinh todn cha 3
trudng hop khéac va ké ca truong hop 1 thé hién

hop 1 va 2 thé hién trén hinh 4, trudng hop 3 va 4

trén hinh 9.
Bdng 2. Cac thanh phan luc (T) tai cac lat cat
Lat cat a (°) W AX AE N Ntgo cl
3 -3,5258 0,0989 0,0154 -0,0459 0,1169 0,0313 0,0176
11 3,5845 0,4030 0,0191 -0,0948 0,4153 0,1113 0,0176
36 26,4789 0,4708 0,0171 0,0821 0,4726 0,1266 0,0196
57 50,8623 0,1502 0,1142 0,1580 0,2895 0,0776 0,0278
e
i ey,
o [
”Lq)':\i \\\
& \
) g
; g
z
00’ \\
"U’/ N W \ = :
' ! AR \
, w \ R ,
; N ! C) Lal cal 50 d) Lat cat 57
h T \
— T % :
AR T 9 | . AR

b) Lat cit 11

Hinh 7. So d6 luc tac dung 1én l4t cat
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0,25

" pre u“-ﬂ
0,20 . .
W " [«
0,15 ’\% N
rd — h
s [
& 0,10 < i
= 7 I
/ 7 - N,
0,05 i N
4 A - Luc khang truot (PP Bishop don gidn) N
0.00 B Lyc khang trugt (PP TT)
---e-=- Lyc kéo truot
-0.05 A — ;

-10 -5 0 5 10 15 2

25 30 35 40 45 50 55 60

Gébc déc cung day lat cat (°) (gia tri @m - ngudc chiéu mai déc)

Hinh 8. Phan b6 luc khang trugt theo hai phuong phap

Cét cao tuong déi (m)

0 Tam cung truct : 10.1, 8.43
Ban kinh cung : 8,11 m

Tam cung trugt : 10.5, 8.5
Ban kinh cung : 8,10 m

Khoang cach (m)
Hinh 9. Cung truot trong trudong hop 3 va 4

Bdng 3. Két qua tinh toan cac trudng hgp
(tam va ban kinh cung trugt la X, Y, va R)

Fs
. Tuon
Bishop thichg

Xo Yo

Truonghopl 8,92 7,300 6,460 0,9467 1
Truonghop2 8,920 8,510 7,060 0,9720 1
Truonghop3 10,500 8,500 8,100 1,0029 1

1

Truonghop4 10,10 8,430 8,110 1,0184

KET LUAN
Tur két qua nghién ciu trinh bay trén day, da phat
trién vé mat 1y thuyét v xay dung phan mém chuong
trinh tinh toan x4c dinh cung c6 trang thai giéi han (hé
s6 6n dinh truot bing 1) clia sudn déc theo phuong
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phép tuong thich. Pa minh hoa tng dung cho trudong
hop moi trudng dat dong nhét, dp luc nude 16 rong
bang 0, khong ¢6 vai dia k§ thuat 1am c6t va cung
trang thdi t6i han 1a cung tron.

K&t qua tinh todn theo bon thi du minh hoa cho
thdy trong truong hop suon cé géc doc 63.4°, luc
dinh va géc ma sét trong thdp hon va cung trang
théi t6i han c6 do nghiéng nhd hon (trudng hop 1
va 2) thi phuong phdp Bishop lat cit don gian cho
hé s6 dn dinh theo cung nay nhd hon 1, va ngugc
lai (truong hop 3 va 4 véi géc sudn doc la 55°, luc
dinh va g6c ma sat trong 16n hon truong hop 1 va
2) phuong phép Bishop lat cit don gidn cho hé s6
on dinh 16n hon 1 (bang 2). T day c6 thé dé xuat
mot s6 diém sau :



- Tiép tuc nghién ctu kha nang dp dung cua
phuong phap d6i v6i moi diéu kién vé hinh hoc
suon doc va gid tri cac chi tieu co 1y ;

- Cin xdc dinh do chinh xac ctia két qua xac
dinh cung tGi han theo phuong phap nay véi tat ca
cac phuong phédp dang dugc su dung tir trude dén
nay ;

- Nghién cttu kha nang mé& rong phuong phap
dai véi céc truong hop cac cung khong & trang thai
t6i han (hé s6 6n dinh trugt khac 1) va kha nang ap
dung ctia phuong phdp déi véi cdc cung tinh hé s6
6n dinh khong phai 12 cung tron;

- Xay dung chuong trinh tinh todn theo phuong
phép tuong thich ¢6 tinh dén cac diéu kién khéc nhau
nhu sy ¢6 mat clia dp luc nudc 16 rong, tinh bat dong
nhat clia nén va than dé, sy phan bo khdc nhau cta
16p vai dia k¥ thuat trong than dé...
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SUMMARY

Analysis of slope limit equilibrium slip cycle by
physical method regarding to compatible
interslice force condition

Existing traditional slope stability analytical
methods use some assumptions such as
neglection of interslice forces, resulted interslice force
line-focus, and slope angle of acting force. The
common point of all the existing slope stability
analysis methods is that the compatibility of the sliding
and resisting forces on the two parts of the slide
masses divided a slice are not taken into account.
This paper presents the summary of the
mathematical formulation of the "compatible" method
to determine the equilibrium slip cycle, considering
the compatible interslice force condition, and presents
actual programming analysis for several slope
conditions for discussion. The application of the slope
analysis by this "compatible" method shows
comparable results with the results obtained by
Bishop simplified method.
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