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Tém tit

Viéc tinh todn 6n dinh truot cung tron cua madi déc
gam bén la mét ngi dung rt quan trong trong tinh
todn thiét ké cong trinh bén cang. Ly thuyét tinh
todn én dinh mdi doc theo phirong phdp cdin bang
gioi han da dwoc hoan thién va dwa vao tiéu chudn
tinh toan. Tuy nhién, viéc tinh todan én dinh mai
déc gam bén bang phirong phdp ndy da sé bo qua
anh hwong cua coc do viéc tinh toan luc chéng
trueot khi mdt triet cdt qua coc theo phirong phdp
nay kha phirc tap, khong tw dong hoa dwoc. Bai
bdo nay trinh bay néi dung tinh todn kiém tra on
dinh mdi doc gam bén bang phwong phdp phan tiv
hitu han su dung ky thudt suy giam cuong do voi
wu diém 1 c6 thé xét dén sirc khang truot ciia coc
va kha nang tw dong hoa cao, co kha nang thay
thé cho cdc phwong phdp truyén thong. Viéc tinh
toan dwoc thywe hién trén ph&n mém Plaxis 2D cho
mot cong trinh thuc 16, két qua tinh toan dwoc
kiém chudn bang cach so sanh véi két qua thu
duge tir phirong phdp can bang giéi han.

Tir khéa: Phan tich 6n dinh mdi déc, Sirc khang
truot cua coc, Phuong phap phan tw hitu han,
Phuwong phap suy giam cwong do, phwong phap
cdn bang gioi han.

Abstract

Stability analysis of the slope of the berth is a very
important content in the port designing works. At
present, limit equilibrium method (LEM) has been
included in the standards. However, the effect of
anti-sliding piles is not considered as the
calculation of anti-sliding force of piles is quite
complicated and cannot be automated when
considering the effect of piles. This paper presents
the finite element analysis of the stability of the
slope of the berth using the Phi-c reduction
method with the advantage of being able to take

into account the anti-sliding piles and high degree
of automation that can replace the traditional
method. Numerical model is conducted using
Plaxis 2D. Results are validated by comparing
with the results obtained by using LEM.

Keywords: Slope stability analysis, Anti sliding

pile, Phi-c reduction method, Limit Equilibrium
Method (LEM), Finite Element Method (FEM).

1. Pit van dé

Mai dbc gdm bén c6 vai trd giit 6n dinh tong thé
cling nhu on dinh cuc bd cua cong trinh, chéng chiu
cac tac dong cua song va dong chay [1]. Ngoai ra, day
con 1a noi dat cong trinh sau bén. Thong thudng, mai
dée gﬁm bén c6 thé 1a mai dat tw nhién hodc duge gia
¢b bang khéi da db. Cong trinh bén thuong dwoc xay
dung trén khu vyc c6 dia chét yéu nén viéc tinh toan
on dinh n6i chung, 6n dinh truot cung tron ndi riéng
clia cong trinh 14 rit quan trong.

Viée tinh toan én dinh truot cia mai déc da duoc
nghién ctru tu rt 1au va da duge hoan thién. Hién nay,
viéc tinh toan truot gﬁm bén da sb thyc hién theo
phuong phép can bang gi¢i han (LEM), thuc hién trén
mé dun Slope/W - phin mém GeoStudio do ¢6 uu
diém d& sir dung, khong yéu cau may tinh ¢ c4u hinh
manh va két qua c6 dd tin cdy cao, thuan tién trong
viéc tinh toan cac mai doc thong thuong.

Trong trudng hop tinh toan cho méi déc gam bén,
phuong phap cin bang gidi han ciing dugc sir dung
rong rii cho hau hét cac cong trinh. Tuy nhién phuong
phap nay c6 han ché 1a bo qua quan hé tmg suét bién
dang ctia dat va twong tac gitra dit v6i cong trinh. Nén
néu ké dén vai tro khang truot ctua nén coc viée tinh
toan luc chéng truot khi mit trugt cit qua coc theo
phuong phap nay thi s€ kha phuc tap, khong tu dong
hoa duge. Vi vay, viée tinh toan da sé chip nhan bo
qua vai trd ciia nén coc va chi kiém tra én dinh cho
mai déc khong cé coc. Do d6 viéc lya chon cac thong
s6 mai dbc con thién vé an toan.
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Mot sb it tinh toan c6 ké dén anh hudng cua coc.
Tuy nhién dé thuc hién can phai tim mit trugt nguy
hiém trudc bang phan mém GeoSlope trong truong
hop chua c6 coc, sau do phai tu tinh toan luc khang
truot cua coc roi tinh lai hé s an toan. Viée nay chua
duoc tu ddng hoa hoan toan nén con mét nhiéu thoi
gian, dit ra nhu cau can c6 mot phuong phap tinh toan
khéc vai d6 tu dong hoa cao.

2. Phuong phap nghién ciru

Trong ndi dung nghién ctru nay, nhdém tac gia s€
trinh bay tom tit v& 1y thuyét tinh toan 6n dinh trugt
mai dc theo phuong phap can bang giéi han va
phuong phép phan tir hitu han sir dung k¥ thuat suy
giam cuong do. Sau d6, viéc tinh toan bang phuong
phap phan tir hitu han sir dung k¥ thuét giam cudng
d0 s€ duogc thuc hién trén phﬁn mém Plaxis cho mot
cong trinh thyc té. M6 hinh duoc kiém chudn bang
cach so sanh v6i két qua tinh toan theo phuwong phap
cén bang gidi han.

3. Gi6i thiéu Iy thuyét tinh toan 6n dinh mai doc
3.1. Ly thuyét cin bang gidi han

Ban dau, phuong phap don gian dé giai bai toan
nay la gia st mat trugt ciia mai dat sau d6 danh gia
mai dat c6 6n dinh hay khong. Hé s6 6n dinh (hé )
an toan) duoc xac dinh theo ty s cua stc khang cat
tiém nang va stc khang cit can cho can bang theo
cong thuc sau [2]:

Stec khang cét tiem nang

Fs = (1

" Sttc khang cét cin cho sw can bing

Strc khang cit huy dong doc theo mat truot la:
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Trong @06, ¢ 1a luc dinh cua dat, o, la ung sudt
phap va ¢ 1a goc ndi ma sat cua dét.

Mt trugt ¢ thé 1a mat phéng (do Culmann dé xuat
nam 1866) hodc mat cong vdi tdm va ban kinh cu thé,
song mit cong cho két qua gan ding chap nhan dugc
va thuén tién cho viéc tinh toan hon nén vé sau duoc
str dung pho bién [2]. Tiép sau gia thiét vé mat truot
cung tron, lai c6 hai quan diém chinh 6 la:

- Coi toan bg lang thé trugt 1a mot thé thong nhat:
Phuong phéap vong tron ma sat va phuong phap hé sb
6n dinh cua Taylor dua ra vao nam 1937 va 1948.

- Phan manh mai doc thanh mot s6 hiru han cac
manh thing dimg canh nhau sau d6 xét can bang ciia
khéi dét & trang thai can bang gidi han, cu thé tong md
men cuia cac lyc tac dung ddi vé6i tam trugt béng 0va
can bang lyc theo phuong ngang va phuong dimg. Cac
phuong phéap nay dugc goi chung 1a phuong phap phan
manh hay phuong phap can bang giéi han (Hinh 1).
Mot loat tam truot va ban kinh truot s€ duge gia dinh,
mg v&i mdi mot cip tm truot va ban kinh truot sé xac
dinh dwoc mot hé sb an toan, hé sb an toan nho nhit s&
dugc st dung dé két luan vé do 6n dinh ciia mai déc.
Heé sb an toan duoc x4c dinh bang ty sé gitta md men
gilr va mo men gay trugt nhu sau:

Y, M6 men git

Fs 3)

- > M6 men gay truot

Pé xac dinh dugc phan Iyc phép tuyén 1én day
manh nhdm tinh toan mé men giir da c6 nhidu gia thiét
dugc dua ra. Vao nam 1936, Fellenius coi lyc tuong
tac gifta cac manh triét tiéu 1an nhau do bang nhau va
nguoc chiéu, dong thoi tong hinh chiéu 1én phwong
phap tuyén ciia tat ca cac lyc tuong tac giita cac manh
bang 0 nén dé tim duoc phan lyc chi can xét dén can

a Tam treot gia dinh
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Hinh 1. Minh hga phwong phdp phdn mdnh [3]
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bang theo phuong phap tuyén & day manh (song song
v6i ban kinh). Tiép 6 vao nam 1955, Bishop gia thiét:
Luyc tuong tac gitta cac manh chi tri¢t tiéu nhau theo
phuong dimg va tong hop luc can bang theo phuwong
ngang [2]. Dé tinh phan Iyc can xét can bang theo
phuong ding. Sau d6 c6 nhiéu tac gia dé xut bo sung
thém mdi quan hé tuong tic giita cac manh va thoa
man cac diéu kién can bang md men va luc, ndi bat 1a
cac phuong phap Janbu, Spencer, Morgenstern-Price
[3],... Tuy vay phuong phap Bishop van duoc sir dung
rong rai do c6 dg tin cay va chinh xac cao. Phuong
phap can bang gidi han di dugc ty dong hoa va phat
trién thanh phan mém thuong mai. Noi bat 1a mé dun
Slope/W cua phan mém GeoStudio, chuyén ding cho
tinh toan 6n dinh méi déc.

Viéc tinh toan 6n dinh truot cung tron mai dbe gﬁm
bén da duoc huéng dan cy thé trong Tiéu chuén
Nganh 22 TCN 207-92. Noi dung tinh toan dya theo
phuong phap Terzaghi, bo qua tuong tac giita cac
manh [4, 5]. Khi xét dén anh hudéng cua coc trong
truong hop mit trugt cit qua coc cong thirc tong quat
xéc dinh hé s6 6n dinh nhu sau:

_ RY g;sina;+y w;Z;
" RIZgicosaitgpi+¥ cili+L Qcil

“

Fs

Trong do:

R 1a ban kinh truot;

gi la trong luong cua céc 16p dét, hoat tai, trong
luong cua cac cu kién cong trinh va trong pham vi
cot dat thir i;

a; 1a goc nghiéng so véi dudng nim ngang cia
duodng tiép tuyén v6i cung truot & giao diém cua cung
truot voi dudng tac dong cia luc g;;

@; c; 1a goc ma sat trong va luc dinh cua lop dat
tai day manh tinh toén;

w;, Z; 1a ap luc thuy dong tang thém va khoang
céch tir tAm cung truot dén luc w;;

Q. 1a luc khang truot dugc tinh theo 1m dai cua
cong trinh sinh ra do stc chong giy cta cac coc.

Luyc khang trugt phy thudc vao mé men udn trong
coc M.. Gia tri nay lai dugc x4c dinh thong qua hai
didu kién 1a d6 bén cua tiét dién (duogc tinh theo vt
lidu) va didu kién dam bao coc duge ngam dudi mat
truot (Hinh 2), gia tri nay chi co thé xac dinh duoc sau
khi xac dinh dugc giao diém cua tdm truot va coc.
Chinh vi vay trong cac tinh todn thudng phai qua ba
budc chinh [6, 7]:

- Xac dinh cung trugt nguy hiém nhat véi gia thiét
b6 qua su lam viéc cua coc trong dat bing phan mém
thuong mai;
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Hinh 2. So' d6 chiu lwc ciia coc bi mdt truot cét qua [4]

- Can ctr vao vi tri cung trugt cit qua coc, xac dinh
luc khang truot cta coc;

- Thay lyc khang truot vao cong thirc (4) dé tim ra
gia tri cia hé s6 6n dinh.

Nhan xet: Viéce tinh toan nhu trén kha phuec tap,
phu thudc vao kinh nghiém cta nguoi tinh toan trong
viéc xac dinh tdm truwot, ban kinh trugt nén kho tu
dong hoa hoan toan.

3.2. Tinh todn én dinh mdi déc bang phwong
phap phan tir hitu han

Phuong phap phan tir hitu han (FEM) duoc phat
trién tir nhitng ndm 40 cta thé ky trude [8]. Hién tai,
phuong phap nay da dugc hoan thién va ung dung
rong rai trong cac linh vuc nhu co hoc méi truong lién
tuc, phan tich két cu, vat liéu, dia ky thuat,... V6i su
phat trién ctia may tinh dién tir, da c6 rat nhidu phan
mém thuong mai dugc phat trién dé phuc vu cho cac
tinh toan nay.

Trong linh vuc co hoc dit - nén méng, dia ky thuat,
viéc tinh toan bang phwong phap phan tir hitu han 1a
rat phd bién. Véi viée két hop ly thuyét bién dang véi
ly thuyét dong chay ngﬁm valy thuyét ¢ két, phuong
phéap nay hoan toan cé c6 kha nang moé ta Gng suét,
bién dang cta dat va tuong tac cuia dat voi cong trinh.
N&i dung phuong phap va ing dung da dugc trinh bay
trong mot s6 tai lidu tiéu biéu [9-11].

Ky thuat suy giam cuong d6 (Phi/c reduction
method) dugc sir dung phd bién dé tinh toan 6n dinh
mai déc, va da duoc su dung trong viéc tinh toan co
hoc dét - nén mong, dia ky thuat bing phuong phap
phan tir hiru han [10, 12, 13]. N6i dung chinh nhu sau:

Sau khi trang thai tmg suét bién dang da dugc xac
dinh, cin ctr vao tiéu chudn pha huy cua dat, cac thong
s6 lién quan cua dét s& dugc giam dan theo nhiéu bude
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cho dén khi xuét hién su pha hiry ciia mai ddc.

Thong thuong, ddi véi mé hinh Morh-Coulomb,
tri s6 tmg suét cit gioi han trong dat nhu sau:

|t] = ¢ + atang 5)

O day: ¢, o l1a luc dinh, ing suat phap, va ¢ 1a
gdc ndi ma sat ciia dat. Nhu vy céc gid tri ¢ va tang
s& duoc giam dén khi mai doc xudt hién pha huy.
Tuong ung véi trang thai pha huy ta co cap gia tri luc
dinh va tan ctia goc ndi ma sat c,, tang,. Khi d6 hé
s6 an toan duoc xac dinh nhu sau [10, 12]:

Cc tan
K,==—=—"2

Cr - tang,

(6)

4. Két qua tinh toan va thao luin
4.1. 86 ligu xudt phdt

bé kiém chung va minh hoa cho viéc tinh toan on
dinh méi gdc gam bén bang phuong phap phan tir hiru
han st dung k¥ thuat suy giam cuong do, trong phan
nay ndi dung tinh toan sé dugc ap dung cho cong trinh
“Xay dung nang cp Cau tau s 5 thudc Dy 4n Dau tu
xdy dung nang cép cau tau s 5 - Cong ty CP Cang
Vit Cach” tai cang Vat Cach - Hai Phong. S6 liéu dia
chat cho & Bang 1 [6].

Mit cit ngang cong trinh nhu trong Hinh 3. Bi
sau bén chiu tai trong phan bd déu 1a 2T/m2, coc
BTCT M300 cim vao 16p dat 3. Két qua tinh toan nhu
sau: Hé sb 6n dinh truot cung tron co ké dén cit coc

00 7200
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Bing 1. 86 li¢u dia chit khu vuc tinh todn

o Lép Lép Lép
Ehonzjso dat 1 dét 2 dat 3
Dung trong t
ung trong fr 1,77 1,75 2,00
nhién yw (g/cm?)
Ty trong A 2,67 2,69 2,59
Hé s6 rong e 1,28 1,3 2,555
Do 16 rong n(%) 56,1 56,5 71,9
Luc dinh C
He an 007 | 009 | 0.5
(kg/cm?)
Goéc ndi ma sat @ 5032 7°08' 14°00'
Hé¢ s6 nén nhanh
€ 50 e han 008 | 008 | 0074
a2 (cm*/kg)
M5 dun bién d
ocun IENAnE 5130 | 8732 | 16,080
E(kN/m?)
Hé s6 né hong v 0,33 0,33 0,30

&,

)

2500

o o

A A

O

+2,5

7 0,

l \500 3100 { 3

{ 1500 l

Hinh 3. Mt cit ngang céng trinh
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Hinh 4. Mé hinh tinh todn én dinh truot

Calculation information

Step type Safety
Updated mesh False
Solver type Picos
Kernel type &4 bit
Extrapolation factor 1.000
Relative stiffness 0.03719
= Multipliers
Soil weight
Strength reduction factor Mr
Time Increment
=l Staged construction
Active proportion total area M ares
Active proportion of stage M Stage
|- Forces
Fy 0.000 kN/m
Fy 0.000 kMjm
= Consolidation
Realised P gyocce ey 0.000 kM/m 2

[*10-3 m]
240

220

Hinh 5. Chuyén vi gia ting ciia dit & trang thdi phd hiiy
O *

~

M iysghe 1.000
0.7108E-3 M 1.047
0.000 End time 0.000
0.000 M s 1.000
0.000 Mepge 0.000

Hinh 6. Gid tri hé sé an toan

sir dung phuong phép can bang gidi han cho hé sb 6n
dinh 1a kg = 1,049 (két qua tinh toan dugc tham
chiéu tir tai liéu [6]).

Mo hinh phan tir hitu han dugc xay dung trén phan
mém Plaxis 2D V20 nhu Hinh 4 véi cic thong sb
chinh nhu sau:

- Mo hinh bai toén phéng;

- M6 hinh d4t Morh-Coulomb;

- Loai phan tir: Phan tir tam giac bac cao 15 nodes;

- Ludi st dung: Ludi trung binh;

- Coc: St dung Phan tir 2D embeded beam 14 su
két hop cua phan tir plate va embeded interface cho
phép mo phong twong tac giita coc véi dat [12]. Bude
coc la 2,75m.

Gié tri m6 dun bién dang cua dét va hé s6 ng hong

cua cac 16p dét duoc xac dinh tir cac thong sb dia chét
ban dau theo tiéu chuan TCVN 4200:2012 [14], duoc
ghi trong Bang 1. Vit liéu bé tong M300 c6 cac thong
s0 nhu sau:

- Trong luong riéng y,, = 25kN/m?3;

- M6 dun dan hoi E,, = 29000000 kN /m?;

- Hé s6 no hong vy, = 0,2;

Dé tinh toan 6n dinh, cac pha tinh toan duoc xay
dung bao gom:

- Phase 1: Pha ban déu;

- Phase 2, 3, 4: Pha tinh toan elastic-plastic, xac
dinh trang thai bién dang - Ung suat cia cong trinh
dudi tac dung cua tai trong;

- Phase 5: Safety calculation: Xac dinh hé s6 6n
dinh cta mai déc ¥, Mgy
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4.2. Két qud tinh todn va thio ludn

Hinh 5 thé hién “chuyén vi gia ting” (incremental
displacements) phat sinh do viéc giam dan cuong do
ctia dat. Qua d6 thé hién co ché pha huy cia dat &
trang thai t6i han [12]. Két qua cho thiy su tuong tac
giita nén coc va dat: dat co xu hudng trugt tir phai sang
tri, sy c6 mat cia coc da lam thay doi gia tri chuyén
vi ctia dat. Chuyén vi ngang cuia dat khi gip coc giam
dang ké dan dén giam chuyén vi tong cua dat.

Gia tri hé s6 6n dinh 1a kg, = 1,047, dugc thé hién
6 Hinh 6. So sénh voi gid tri thu dugc tir phwong phap
can bang gidi han (1,049), cho thay sai s6 14 0,2%, két
qué tinh toan bang phwong phap phén tir hitu han 1a
dang tin cay.

5. Két luan va kién nghi

Bai bao di trinh bay tong quan vé 1y thuyét tinh
toan 6n dinh mai dc theo phuwong phap can bang giGi
han va phuong phap phén tir hitu han sir dung ky thuat
suy giam cudng do6 trong truong hop tinh toan c6 ké
dén stc khang trugt cta coc. Ly thuyét duoc ap dung
cho tinh toan 6n dinh mai doc ctia Cau tau s6 5 - cang
Vat Cach - Hai Phong. bé tu dong hoéa, mo hinh tinh
toan da dugc xdy dung trén phin mém thuong mai
Plaxis 2D V20. M hinh di dugc kiém chudn bang
cach so sanh két qua tinh toan vé6i két qua tir phuwong
phap can bang gi¢i han. Két qua thu dugc so véi
phuong phép can bang gi6i han c6 sai s rat nho
(0,2%) chimg to mo hinh phan tir hiru han 14 tin cay.
Vi kha nang ty dong hoa cao, viée tinh toan on dinh
mai doc gadm bén c¢6 nén coc theo ky thuat suy giam
cuong d6 nén dugc ung dung rong rai trong thoi gian
t6i nham giam thoi gian tinh toan dong thoi van thu
dugc két qua chinh xéc.
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