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Tom tat: Ddnh gid én dinh mdi doc 1a van dé dia chdt cong trinh thuong phdi gidi quyét trong
thuee tién xdy dung. Tir truée dén nay vin dé ndy dwoc gidgi quyét bang bai toan phang dé dang,
nhing ¢é nhwoc diém la khéng xét duwoc anh hudng cia nhiéu yéu té. Tac gia bai bdo da nghién
Cibu phdt trién bai todn phdang cia Petterson dé danh gid on dinh mdi doc trong khéng gian ba
chiéu. Bang thudt todn dwa khoi triot hinh ellipsoid vé hinh ban cdu cho phép tinh tich phin dé xdc
dinh thé tich va dién tich mdt truot, tc gia da xay dung dwoc phirong phdp 3D tinh 6n dinh mdi
doc bdo dam chdt ché vé mdt todn hoc va co hoc. Két qud nghi€n Citu c6 thé xdy dung dwoc phiong

phap hoan thién dé dp dung trong thuec té.

Tir khoéa: 6n dinh mai ddc, tinh toan truot, phuong phap 3D

1. PAT VAN PE

Trong thyc té xay dung con ngudi phai dung
cham rat nhiéu dén vén dé 6n dinh mai ddc, vi
du nhu 6n dinh mai hé méng, mai duong, mai
dé, dap v.v.. boi vdy, van dé nghién ctu danh
gi4 on dinh mai déc da duoc nghién ciru tir rat
s6m, trude ca thoi diém nganh Co hoc dat chinh
thic ra doi. Co hoc dat chinh thirc dugc coi la
nganh doc 1ap khi Karl Von Terzaghi cho ra doi
cubn sach dau tién vé co hoc dat nam 1925,
trong khi d6 K.E. Petterson d& xuit phuong
phap danh gia 6n dinh mai dc 1a vao nam 1915.
Phuong phép nay khi d6 dugc dé xuat 1a cho bai
toan phang. Ngdy nay cac phuong phap danh
gia 6n dinh mai ddc cho bai toan phing da duogc
phat trien nhiéu tuy nhién phuong phap
Petterson van dugc trinh bay trong gido trinh Co
hoc dat cua cac truong dai hoc nhu Mo-Dia
chat, Pai hoc Thuy loi, trong sich Co hoc dat
cua R. Whitlow...Truot méi déc 1a mot van dé
phtic tap, phu thudc dong thoi vao nhiéu yéu to,
vi vy, dé don gian hoa, chip nhan sai s6 cac
nha khoa hoc da giai né trong khong gian hai
chiéu. V&i sy tién bo cua khoa hoc, cac bai toan
chuyén mon duoc nghién ciru tiép can gan thuc
tién hon, cac nha khoa hoc ciing di ¢d nhiing
nghién ctu danh gia 6n dinh mai dbc trong
khéng gian ba chiéu. Trén tinh thin d6 chiing

L B mén Dia ky thudt — Truong Dai hoc Thuy loi

t6i nghién ctru giai lai bai toan do Petterson dé
Xuit nhung 13 bai toan 3D.

2. PHAT TRIEN PHUONG PHAP PETTERSON
PANH GIA ON PINH MAI DOC TRONG
KHONG GIAN BA CHIEU

Pé danh gid 6n dinh mai doc K.E Petterson
gia thiét rang khi mat 6n dinh va mai dbc bi
truot thi tit ca cac phan tir cu tao nén khéi dat
déu dich chuyén voi cing mot van tdc. Chinh vi
vy nhirng ngudi di sau khi viét vé phuong phap
ctia Oong thudng nodi rang o6ng da gia thiét “khdi
truot 14 vat thé ran” hay goi phuong phép truot
cta Petterson 1a “phuong phap truot ¢b thé”. Dé
don gian cho tinh toan ong ciing thém gia thiét
la mat truot 1a cung try trdn. V6i hai gia thiét do
6ng lap phwong trinh can bang moment cho bai
toan phang nhu sau:
Mg _dR
M, Wd

trong d6 F 1a h¢ s6 on dinh, Mg va Mg lan
luot 1& moment chdng truot va moment gay
truot, 7 la cuong do khang cit cua dit doc theo
mat truot, L Ia chiéu dai cung truot, R 1a ban
kinh cung truot, W 14 trong luong khéi dat truot
va d khoang cach theo phuong ngang tur trong
tam ctia khéi truot dén tAm cua cung truot. Mai
doc s& mat on dinh khi h¢ s6 on dinh nhé hon 1,
& trang thai can bang gidi han khi bang 1 va ¢
trang thai can bang bén khi 16n hon 1. Phuong
phap nay con dugc goi la phuong phap Thuy
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Pién vi K.E Petterson 1a ngudi Thuy Pién. St
dung phuong phap Petterson W. Fellenius da
tinh cho rat nhiéu truong hop va thiét 1ap duoc
mot bang twong quan ma dya theo d6 co thé
nhanh chéng tim duoc cung truot c6 hé sé 6n
dinh nho nhat cho dat dinh 1y twong va mot
phuong phap d6 hoa tim Kminmin cho dat dinh
binh thuong.

Phuong phdp Petterson c6 cac uu, nhuogc
diém sau:

- La phuong phap do hoa két hop giai tich,
trén co s& xét can bang giéi han, tinh toan don
gian, nhanh chéng xac dinh dugc hé sé 6n dinh
nho nhat Kpinmin caa mai doc.

- LA bai toan phang nén c6 cac nhuoc diém
cua tit ca cac bai toan phang néi chung, dé la
khong xét duoc anh hudng cua diéu kién bién
cua khéi truot, sy bién doi khdng gian cua céc
chi tiéu tinh chat cua dat va caa ap hec nuéce 16
rdng, cua cau trac dia chat trong pham vi cua
khdi truot.

- GO ép mat truot vé dang cung tru tron ma
khong xét duoc hinh dang thuc té cua ching.

[
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Hinh 1. Khoi trieot da dwge dwa vé hinh ban cdu

Chung t0i thor mot phuong phap méi phat
trlen tur phuong phap K.E. Petterson dé danh gia
6n dinh mai dc trong khong gian ba chiéu co
thé khic phuc duoc nhitng nhuge diém noi trén.

Gia str c6 mot khéi trugt hinh ellipsoid duoc
giéi han boi cac phuong trinh tong quat trong hé
toa d6 OXYZ sau:

X% Y* Zz°

a2 +b—2+c—2:l (1)
Z=mX+nY +p 2
Z=d

©)
bé don gian h¢ truc dugc bd tri nhu sau. Mat
nghiéng cia khi truot song song véi truc OY va
c6 hudng dd triing véi truc OX vé phia chiéu
am, vi vay n=0 va cat truc OZ & gia tri am,
phuong trinh (2) tro thanh:
Z=mX-p (4)
Doi bién sb, dit bcX = x; acY =y; abZ =z;
abc = R, cac phuong trinh trén sé tré thanh:

X +y*+2° =R? (5)
z = ahd (6)
z=%x—abp (7

Bang thu thuat ndy bai toan xét 6n dinh mai
déc trudng hop khdi trugt hinh ellipsoid bat ky
d4 duoc dua vé hinh ban cau trong hé truc toa
d6 mai oxyz (hinh 1).

Tuong ty nhu trong bai toan phang, lap
phuong trinh can bang moment cho mai dbc
trong khdng gian ba chiéu. Khac voi bai toan
phang, d6i véi bai toan khéng gian thay vi chiéu
dai cung truot L dién tich mat truot 1a dién tich
hinh ban cau S, phuong trinh can bang moment
tré thanh:

M SR 7SR

= "W "V ®)

gt
Pé tinh hé s6 on dinh F can phai tinh ba dai
lwong 14 dién tich mat truot S, thé tich cta khdi
trueot V va canh tay don d. Chung duogc tinh nhu
Sau:
Tinh dién tich mat truwot S:

S= jj\/1+

e

dxdy—

dxdy

dxdy RﬂW
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dxdy dxdy
S= R R

Tinh the tich khéi truot V:

\Y :HK%x—abpjh/Rz —(x2 +y? )}1
Dy
dxdy +”[abd +JRZ—(x? 1 y? i}ixdy
D,

Trong céc cong thirc trén mién D; 1a hinh
chiéu coa ban ciu twong Gng véi phan mai
nghiéng DBED va mién D, la hinh chiéu cia
ban cau twong Gng phan mai ngang cua khdi
trwot DCED (hinh 2) 1én mit phang XOY. Ranh
gidi cua cac mién duogc xac dinh nhu sau:

Ranh gidi cia mit nghiéng va mat cau (goi 1a
ranh gidi loai 1):

X +y*+22 =R’ 2
ma =>y=,|R*-x° —(@x—apr (11)
7= Tx abp c

(10)

Hoanh d9 cua diém giao Xg:

2
_@XB _abp) 0
C

2mn2 2
[uﬂjx; 20, oy
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2 4142 2,2 2 2
XB:[a bmp_\/a b T P _[1+a rzn ]
c c c

(azbzp2 - Rz)] : (1+ aztimpj

Ranh giéi ctia mdt ngang va mit cau (goi 1a
ranh gidi loai 2):
{x2+y2+z2 =R?

2 2
R°—x;

~R?]=0

= y=yR?—x*—(abd)? (12)

z = abd
Hoanh d6 diém giao X.:
R? -x’—(abd)* =0= x, = R? —(abd )’
Hoanh do diém giao mat nghiéng va mat

ngang (diém A)
ma
z=—x-ab _b
c p: C(p+d)
z = abd

Hinh 2. Phéi canh khoi truot trong khéng gian 3 chiéu

Bai toan dén day gip mot tré ngai 1on lién
quan dén can tich phan 1a ranh giéi ctia mat
nghiéng va mit cau (phwong trinh (11)). DU tich
phan trong toa d6 Descartes hay toa do cuc, du
tich phén 16p nao trude thi sau khi thay can sé
dugc mot ham rat phuc tap khi lay tich phan 16p
thir hai. Dé khac phuc duge khé khin nay ching
t6i st dung phuong phap gan dung. Ching ta
biét rang ban chat cia phép tich phan 1a chia
nho dé tinh sau d6 cong lai. O day chiing toi
chia thém mot 1an, tic 1a chia trude khdi trugt
thanh cac phan nhé vai can tich phan xac dinh,
lay tich phan trong cac phan d6 sau d6 cong lai.
Céch lam cu thé nhu sau. Chia khi truot bang
cac mat try dong tdim c6 phuong trinh:
x? +y? = (it)? va cdc mit phang qua tim cach
déu véi y=xtan(jk) véii va j 1a cac sb tu nhién,
trong d6 i chay tir tam hinh cau ra va j nguoc
chiéu kim dong ho, k va t Ia nhiing gia tri
khoang chia thoi ¢d dinh, it <R . Voi cach
chia nay khdi truot s& duge chia thanh cac thoi
c6 tiét dién ngang 1a cac hinh thang cong bao
gom:

1/ Cé&c thoi c6 mat trén la hinh thang cong
hoan chinh, tirc 1a ndm tron ven trong phan mat
phang ngang ctia khéi truot.

2/ CAc thoi c6 mat trén ndm tron ven trong
phan mit phang nghiéng, giéi han ca 4 mat bén
I& mat phan chia.

3/ Céc thoi nam doc theo mép bd dbc cua
khdi truot c6 mat trén mot phan 14 mat phang
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ngang, mot phan 1a mat nghiéng.

4/ Chc thoi nam trén mat phang nghiéng va &
bién cua khdi truot, tirc 1a cac thoi duoc gidi
han 3 mat la cAc mat phan chia va c6 mot mat la
ranh gidi loai 1.

Tinh thé tich ciia cdc théi:

1/ Dbi v6i cac thoi co mat trén tron ven trong
mit phang ngang:

V= ”(abd +JR2-(x? + y? i}jxdy (13)
D
Dé thuan tién chuyén qua toa do cuc:

X=rcose;y=rsing; dxdy =rdrde
Phuong trinh (13) tré thanh:

Vi :”(abd ++/R? —rz)‘drd(p
5
= [[VR® - r*rdrdp + abd [[ rdrdg
D' D'

jjk do iJt\/Rz—rzrdHabd ij do iJtrdr

(j-1)k (i-1) (j-1)k (i-1)t
I

s ORISR

(14)

V..:

(15)

Ky hiéu
HMrdrdw =
2

3 3
e F e --areh
2/ Pbi véi cac thoi cd6 mit trén nam tron ven

trong mat phang nghiéng, dugc gidi han boi cac
mat phan chia:

v, =HKaCmX—abpj+\/m}Xdy (16)
Chuygn qua toa do cuc:

= H Ka;n rcosp— abp) + \/w}rdrdgo (17)
Vv, = LJ)'J' JRZ —rirdrd ¢ +

14 \/"9ang:

(18)
am ik it ik it

+— I cos gdo jrzdr—abp I do jrdr
C Gk (i GOk (o

(i-1ft’]

1)k]- 22X abpk [Iz 2

—\/neng @[l?)t?) _
(19)

—1)2t2]

[sin jk —sin(j—

3/ Pbi voi cac thoi nam doc theo mép bo doc
ctia khdi truot phan ndo 1on hon thi chuyén han
sang phan do6 sir dung cong thire (15) hodc (19)
dé tinh. Khi cac khoang chia t va k rat nho thi
sai 56 do phép dich chuyén thoi ndy s& con rat
khong dang ké.

4/ P6i v6i cac thoi nam trén mat phing
nghiéng & trén bién cua khéi truot c6 mot mat
bén giGi han bai bién loai 1 ¢6 thé xir Iy nhu d6i
V6i céc thoi nam trén mép mai doc, bo di nhitng
thoi c6 tiét dién bi bién cat con lai nho va tinh
nhu théi nguyén khi thoi bi bién cat nhung tiét
dién con lai l6n. Cling nhu truong hop trén, khi
chia thoi véi k va t vo ciing bé thi sé thoi bo di
nay rat khong dang ké. Pay chinh 1a phép tinh
gan dang dé xtr Iy kho khin do anh hudng cia
bién loai 1 da néu & trén.

Tinh dién tich day cua cdc thoi:

B ” 1+(z, f +(Z'y)2dxdy:'

—H\/ dxdy RH\/%

sor L]
:R[\/Rz— “t? R - )zlj)f(p

s,,jszsz— th—\/RZ—(it)z] (20)

Xdc dinh trong tam cia khoi truwot va tinh
chiéu dai canh tay don d:

Pé xac dinh duoc canh tay don can xac dinh
trong tam cua khdi truot. Trong tam khdi truot
s& nam dau d6 trén mat cit di qua chinh tim cua
khdi trugt, tire 1a mat cat doc theo truc ox. Trén
mit cat nay ndi 2 diém BC (hinh 1), doan thang
nay chia mat cit thanh hai phan 1a phan tam
giac ABC va phan gioi han giira cung va day
cung BC. V& ba dudng trung tuyén clia tam giac
ABC, trong tam cuia phan hinh tam giac ABC la
giao diém cua ba dudng trung tuyén dé. Trén
phan gidi han boi cung va day cung vé mot day
cung nho hon B’C’ phia bén trong, song song
v6i BC chia d6i hinh nay sao cho dién tich hai
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phan bang nhau. Trong tim cua phan gidi han
boi cung va day cung la giao diém cua day
cung B'C" va ban kinh chia déi cung BC . Trong
tdm chung cua ca khdi truot 1a diém gitta cta
doan thang ndi trong tAm ctia hai phan do.

Sau khi tinh dugc ca ba dai luong, h¢ s6 on
dinh ctia mai doc xac dinh theo cong thirc sau:

1. Phuong phip danh gia 6n dinh mai déc
bang bai toan phang khong xét duoc anh huong
cua cac yéu té dia hinh, ciu tric dia chét, su
bién doi khong gian cia cac chi tiéu tinh chat
cua dat. Bai toan 3D c6 thé xét duoc céc anh
huong do.

2.C0 thé phét trién phuong phép cin bang ¢

M TRZ S thé cia Petterson dé danh gia on dinh ctia mai
= MCt = V"’ (21)  déc trong khong gian ba chidu. Phuong phéap
N can bang cb thé 3D phat trién tir phuong phap

V61 ky thuat may tinh hién nay vi€c tinh toan
thé tich va dién tinh day khdi truot, viéc chia
nho da bao dam d6 chinh xac theo cach nay
khong c6 gi kho.

3. KET LUAN, KIEN NGHI:

Tir cac két qua nghién ctu trén day co thé
néu mot so két luan sau day:

Petterson c6 nhuoc diém khong xét duoc cac
lyc khang cét tai cac diém khac nhau trén mat
trugt nhung bu lai, né xét dugc anh huong cua
c4c yéu t6 o sy bién do6i khong gian.

3.C6 thé nghién ctru hoan thién phuong phap
nay dé ung dung.
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Abstract
DEVELOPING PETTERSON METHOD TO ASSESS SLOPE STABILITY IN THREE
DIMENTIONAL SPACE

Evaluation of slope stabilization is a geological engineering issue which is very popular in practice. It
has been widely dealt with by using plane method, but the disadvantage is that it does not take into account
some factors. The author has studied and developed the plane method of Petterson to evaluate the slope
stability in three dimensional space. By converting the slope mass of ellipsoid to hemisphere, the intergrals
of sliding volume and surface area can be executed precisely in terms of maths and mechanical. This result
can contribute to a complete method to apply in practice.

Keywords: Slope stability, landslide conculation, 3D method
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