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PANH GIA ON PINH MAI DOC THEO MOT SO TIEU CHUAN KHAC NHAU

Chéiu Ngoc An
Trudng Pai hoc Bach Khoa - PHQG-HCM
(Bai nhdn ngay 24 thdng 02 ndm 2005, hoan chinh sita chita ngay 31 thdng 3 nam 2005)

TOM TAT: Bai viét nay nhdim phan tich phép tinh én dinh mdi dap vao thoi diém cudi
thdo nudc nhanh vdi ba tiéu chudn: FS ciia Mohr-Coulomb; bién dang cdt (lgch) va céng bdc hai
d’W vdi chuong trinh tinh Gefdyn

1. HAN CHE CUA PHUONG PHAP PANH GIA ON DINH NEN PAT THEO TIEU CHUAN
BEEN MOHR-COULOMB [11,[31,[4]

Thong thudng dénh gi4 6n dinh m4i d6c vin sit dung phuong phdp mat trugt try trdn c6 hoic
khong c6 phan manh dudc gidi thidu trong hiu hét cdc sdch cd hoc d4t, cdc phuong phip nay chi xét
cin bing trén khéi trugt ma khong luu y dén cdc dng sud't vA bi€n dang bén trong khdi trugt va cdc
viing 14n cén, chd y&u 12 do khi nang tinh todn trudng \ng sui't — bi€n dang thd cdng rdt t6n kém thdi
gian. Mt kh4c, khi tinh todn dugc trudng ¥ng suit va bi€n dang, d€ d4nh gid &n dinh tai m6t diém
trong nén dit, diéu kién cin bing gi6éi han Mohr-Coulomb thudng dudc s dung nhu mot tiéu chuin
bén clia nén di't dudi dang siic chéng cit:

- Theo ng sudt tdng - $ = Tmax = OLEQ + C (N
- Hoic theo ng sudt hitu hiéu S=Tnax =0'1gQ" +¢’ (2)

V6i: sl sic chong cdt cla dit
Toax 12 ng sudt ti€p cuc dai
o 12 ¥ng sut tdng phdp tuyé&n thudng dudc goi la ng suit phdp hay tng suit tdng.
o’ 12 ng sud't hitu hiéu phdp tuyén ciling cdn dugc goi 12 @ng suit hitu hiéu
@ 12 géc ma s4t bi€u ki€n
@' 12 g6c ma sét hitu hiéu hay géc ma s4t trong diéu kién thodt nudc
¢ 12 lvc dinh biéu kién
¢’ 13 lyc dinh hitu hiéu hay lyc dinh trong diéu kién thoit nudc
Phuong phép ndy dua vao géc 1éch 6 1a géc hgp bdi tdng ing sud't va phdp tuyén mat tic dong,
nhy trong hinh 1. Xét mit I-I di qua mdt di€ém M trong miu dat chiu nén ba truc gdm 4p lyc ding o’;
va 4p luc ngang ¢’3. Goi ng sudt tdc dong 1én M 13 P, khong k€ 4p luc nudc 15 réng u. Chi€u P 1én
phap tuyén va ti€p tuy€n ciia diém M véi mit I-I c6 dudc ing suat hitu hiéu phdp tuyén o’ va ing
sudt ti€p 1. Trén vong Mohr ng suit cia hé toa tryc (1,0), géc 1&ch 6 chinh 12 géc hdp bdi Om va truc
o, n6 thay d8i t 0 d&€n dén B, Khi ng suit chinh dai o, ting din trong khi #ng sui' chinh tiéu o,
khong ddi va ing suit chinh ti€u o5 gidm din trong khi ng sudt chinh dai o, khong ddi nhu trong thi
nghiém nén ba truc, vdong Mohr 16n ddn, ddng nghia véi géc 1&ch cuc dai O,y 16n ddn. Khi miu dat bi
trugt, géc 1éch cuc dai O, s& bing géc ma sdt, ddy ciing 12 diéu kién cin bing gidi han Mohr-
Coulomb
Géc 1éch 6 v4i phuong phép tinh todn theo ng suit tdng o clia d4't dinh c6 thé viét:

01_03.. ‘. (3)

sinf_, =
" g,+0,+2cxcotge

Hoic véi phuong phép tinh todn theo @ng suét hitu hiéu ¢’
o, -0,

sinf_, =——— (C))
o, +0; +2c'xcot g¢'

D& biét 8n dinh tai bt ky diém trong khéi d4t nén, tir ting suslt tdc dong tinh géc 1&ch cyc dai
Oumax 50 sdnh v4i géc ma s4t, hodc ciing c6 thé dién dich du6i dang hé s& an toan ky hiéu FS.
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T

Hinh 1. Géc 1€ch 8va gdc lgch 6.,

* Hé s6 an toan FS cla diém dang khio st véi phuong phép tinh todn theo @ng suit tdng o cb
dang: '

%y ) tan?@5°+ 8+ 2 tandse+ -1
SinQ) 0'31— - 2 ag 2

FS: - = = ] (5)
sinf,,, 9 _ oy
O, 03

* Hé s6 an toan.FS cia diém dang khio sdt v6i phudng phép tinh todn theo ¥ng suit hitu hiéu
o’c6 dang :

o_i
g tan2(45°+§)+ 2 tan(45°+§)—1

sing' g, 03
FS=—20 "3 . 2/ (©6)
sinf,,, 9 _ ook
o', oy
Véi: o), Oy ng sudt chinh dai va @ng sudt chinh dai lic trugt

o’;, 0’15 ing sudt chinh dai hitu hiéu va @ng suit chinh dai hitu higu lic trugt
03, O3¢ ing suit chinh tiu va @ng sudt chinh tiéu lic trugt
6’3, 6’3 Ung suit chinh tiéu hitu hiéu va @ng sudt chinh ti€u hitu hidu lic trugt

TU trudng Wng suit tdng va Wng sudt hitu higu trong nén dit dudi mdi déc do trong lugng bin
thin va tdc ddng cla dao ddong mit nudc bén canh, c6 thé tinh hé s6 an toan FS tai moi diém trong
né&n m4i ddc, tir d6 ndi lai cdc mit c6 cing hé s6 an todn va suy ra mat nguy hiém nhit.

Trong cdc thap nién 50, 60 cia thé ky 20, quy ludt ¥ng x{ cd hoc clia dd't hodn toan dya vao ly
thuy&t dan hdi va @ng xi thity hoc dua vao 1y thuy&t Terzaghi trén gid thuy&t dit bio hda hoan toan,
c4 hai d&u khong thurc sy m6 td ddng ¥ng x{ clia d4t thyc. Mit khdc, phudng phép tinh cd bin 12 bing
tay nén chi c¢6 thé si dung nhitng 13i gidi gidi tich véi cdc diéu kién bién hét sifc don gidn hodc tham
khio céc bing tinh 1dp sin. Han ch& co bdn ciia phuong phdp nay 12 chim va phdi tinh v6i h¢ s6 an
toan it nhdt 12 3 khi tinh v6i ng suit tdng va 2,5 khi tinh v6i @ng sudt hitu hiéu.

2. CAC MO HINH CO HQC PAT TOT HAN [11,[31,[43,[5]

Trong chiéu huéng st dung phudng phdp phén ti hitu han dé tinh todn trudng (ng sui't va trudng
bi€n dang trong nén dat, cin phdi c6 quy ludt éng x{ cd hoc va thiy hoc gin véi dét thuc hon. Mai
dé&n nhitng nAm cudi cla thip nién 60 va diu thdp nién 70, cing v6i sy gia ting ning luc clia mdy
tinh, cd hoc d4t t6i han mdi xuit hién qua md hinh Cam-Clay véi su déng gép rdt 16n cla cdc nha cd
hoc dit cia Vuong quic Anh: khdi niém cd hoc dit tdi han (critical state soil mechanics, 1968) ciia
Schofield va Wroth; khdi niém mit gidi han bi€n dang déo hay mit th€ ning déo (bi€n dang khong
hdi phuc) cla d4t c8 k&t thudng (d4t y&u) va dit cd két truSc nhe hodc ning trong qué trinh chiju tdc
dong cla Wng suit 1&ch (chiu nén-c4t hoic nd-c4t hay cit thudn tiy) vd dudng t6i han (critical state
line vié€t tft 12 CSL) ng vdi trang thdi phd hoai trugt (1968) clia Roscoe va Burland; quan hé iing
sudt-bi€n dang trong ng xi chju tdi cia ddt (1971) cla Burland mdi m6 td twong dGi gan ding véi
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Wng x that clia dit bio h¢a nudc, di nhién chua xét dugc tinh khéng ddng nhi't va tinh di huéng ciia
dat.
4 A

O2 G2

O3

Hinh 2. M6 hinh Mohr-Coulom va Cam-Clay
Mit gidi han clia Mohr-Coulomb tron-; hinh 2, ¢6 dang:

f([cl.[k]) =01 - 03 - 2c cos@ - (0; + G3. sin @ =0 (@)
Mit thé ning déo ciia md hinh Cam Clay trong hinh 2, c6 dang:
M '
q=—p[—-2,1np'+/1—x+l"—v] (8)
(A-x) |
. e e : ) . o, +20,
v6éi  p’1a @ng sudt hitu hiéu trung binh, dudc dinh nghia p'= —-——g— 9)
q 12 do 1éch @ng sudt hitu hiéu, dugc dinh nghia q=0";-0"; (10)

" M d6 déc cia dudng quan hé p’ vii q ldc miu dét bj trugt, tidc 12 hinh chi€u clia dudng CSL
trong toa truc p’-q, vd M dudc tinh theo biéu thic sau: '

. an
3 —sing'
v 12 thé tich riéng, dugc dinh nghia: v=1+¢e (12)
e 12 hé s6 réng y

Céc hé s& bién dang A; x; T c6 dudc tir k€t qud cla giai doan nén ddng hudng vagiai doan 4p
dd 1&ch @ng suft trong thi nghiém nén ba truc.

170 L.
180
1501
40 50 BO 70 | n p
1 _ - 1 . L i
40 w 400 000 pLkN/m)

Hinh 3. v- p’ trong thi nghi¢m nén ba truc
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Cu8i giai doan nén c& két d&ng hudng trong thi nghiém nén ba truc cho dudng quan hé thé tich
riéng v theo ng suit hitu hiéu trung binh p’, dugc dinh nghia 12 dudng c6 két thudng (normally
consolidation line vi€t tt 12 NCE) c6 dang:

v=N-2ALn(p") ' (13)

trong d6 N 13 thé tich riéng trén dudng NCL iing véi p’ = 1 kPa

Cudi giai doan 4p iing suit 1&ch lic mAu d4t bi trudt, quan hé thé tich riéng v theo ng sudt hitu
hiéu trung binh p’ di&n td hinh chi€u clia dudng CSL 1én mit v-p’, c6 dang:

v=T-ALn(p) (14)

A 12 do doc ciia dudng NCL va dudng CSL vi chiing song song vi nhau, theo két qué cha hang
loat thi nghiém nén ba truc.

[ 12 thé tich riéng trén dudng CSL dng vdi p’ = 1 kPa

Mb hinh Cam-Clay theo biéu thifc (8) c6 thé tinh todn dudc ci bién dang dan hd va céc bién
dang déo ciia nén dat khi tic dong ngoai luc, déng thdi cling phin biét dugc Wng x{r dat clia dat cd két
thudng va dit cd két trudc. Puong nhién né ciing tinh todn dugc trudng u’ng sud, trudng bi€n dang,
trudng 4p e nudc 16 rdng trong qué trinh thodt nudc 15 réng thing du.

M5 hinh Cam-Clay d4u tién va cdi ti€n dugc dua vao trong cdc phian mém tinh todn Sage-Cirsp;
Plaxis di bdt ddu dudc sif dung & nudc ta.

Cédc md hinh ph4t trién sau Cam-Clay nhi : Mélanie; Nova, Hujeux, ...cling c6 kha ning tinh
todn nhu Camclay nhung c6 xét thém nhiéu dic diém gin v8i ng xi thuc clia dat nhur tinh di hudng,..
da dugc cai dit trong cdc phan mém 16n sau: U-dam; Flac; Cesar; Gefdyn; ...déu cé thé md phong
ting xif gin thyc nhat ciia dit nén théng qua trudng dng sudt-bi€n dang- 4p luc nudc 16 rong.

3. PHUGNG PHAP PANH GIA ON BINH NEN PAT THEO CAC MO HINH CU HQC PAT
TGI HAN

Nhim ting cudng khd ning phin tich 6 chinh xdc cla &n dinh clia nén di't n6i chung va cla
méi dc néi riéng, chling t6i gidi thidu mdt s& tiu chudn khéc tiéu chuin Mohr-Coulomb néu trén nhu
sau: )
3.1. Pianh gia on dinh theo bi€n dang ciit, [11, [21,[41.[51.[6]

Tu trudng dng sudt — bnen dang tinh todn ti cdc md hinh sau Cam- Ciay tai moi di€ém ciia nén

dit, ching ta c6 thé dénh gi4 8n dinh theo bi€n dang 1&ch (bi€n dang ct tdng quét) biéu thi biing bt
bi&n th{ hai cla ting xd bién dang:

I, = Jese, =(e)? +(€,) +(e.)’ +2(e,,)’ +2(e,,)" +2(e..) (15)

I .
vdi e, =6, - ; 8, (16), cdc thanh phin ciia ting xd bi€n dang léch

g;12 cdc thanlphin ciia ting xd bi€n dang
I,. 12 bt bién thi nhi't ciia ting xd bi€n dang
Trong bai todn phing 2D, bi&n dang 1&ch cé dang don gidn hon va dudc ky hi€u €4 dudc tinh
theo biéu thifc sau:

ad=‘/(3 —g,) +(6,—€,) +75 (17)
vdi Eyy; €22 Di€N dang nén tudng ddi theo phudng y va z
£m bi&n dang nén trung binh dudc tinh theo biéu thifc: € = (eyy+€22)/2  (18)
Yyz bi€n dang cit

Tay theo dic diém ctia cdng trinh mot s§ vién thi€t k& dé nghi chon mot gid tri bi€n dang cit
gidi han €4 1am gidi han cho phép clia bai todn.

3.2. P4nh gis on dinh theo “cong bc hai” d*W [2],[7]

Theo ldp ludn bén ciia R.Hill va cia D.C.Drucker, F. Darve da dé nghi phudng phdp phin tich
&n dinh theo cdng bic hai trong bai todn tdng quét nhu sau:

Dinh nghia tdng qudt “cong bic hai”:
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d*W =do.de : (19)
trong d6: do, de gia s& ng suit va gia sd bién dang
V6i bi€n dang nhd c6 thé phan tich gia s bién dang thanh:

de =de® +dg? (20)
véi de’, de” 1a gia s6 bi€n dang dan héi va gia s6 bi€n dang déo
Tix 46 suy ra:

d*W =do.ds® +do.de? .ot 21)
S6 hang thit nhi't luén duong do.de® >0 . (22)

chi triY trudng hgp duy nhit bing khong khi khdng cé gia tdi, do=0.
V4i vat liéu dan héi — déo k&t hgp, mit chdy déo tring véi mat gidi han, c6 hé qud cd bdn la
vectd bi€n dang déo thing géc vdi mit gidi han f(o) =0, nén:

de? = dﬂi (23)
oo
trong d6 d\ 12 s8 v6 hudng khong triét tiéu nén: do.de? > 0 (24)

C4 hai bit ddng thic (22) va (24) chitng td d*W 1udn ludn dudng trong vat liéu dan hdi-déo két
hdp.

Nhung trong vit liéu khong k&t hop, c6 sy ddn nd khi chiu cdt nhu cdt chit hoic dat sét dim
chit hoidc c6 két true thi de, < 0 trong giai doan nd rdi tng v6i mit gi6i han Hvorslev, phin tich twong
ty nhu trén, lic ndy d*W < 0. Ti diéu nay cho thiy c6 thé si dung d*°W d€ d4nh gi4 giai doan d4't ndn
dam chit bi nd rdi ra trong qud trinh chiu tdi 1&ch khi tinh todn theo nhidu budc gia tai. Hiéu cich
khéc, qué trinh bi nd r&i 12 qu4 trinh bt ddu bi trugt ciia nén dat hoic m4i doc.

Trong bai todn phing 2D, \ing suit 1&ch q dugc dinh nghia:
o, -0,
-
ng suit trung binh pcé dang: p= % (01 + 03) = %2 (01 - 03 +205) = q + 03

Cong c6 thé viét: dW = pde, + qde,

v8i -+ de, gia sO bi€n dang do ting xd cdu ng suit gdy ra (ting xd ng suit cau c6 cdc thanh
phén 1 ng sud't trung binh p) :

' de4 gia s8 bi€n dang do ting xd dd 1éch tng suit giy ra.

Cédc budc tinh todn mot cong trinh di't dip c6 méi d&c nhu dé dép, trong bai todn md phdng
thudng dugc thyc hién theo cdc bude thdi gian d€ c6 thé ghi nhin sy ph4t trién cdc trudng Wng sudt;
trudng bi€n dang; trudng 4p luc nudc 16 rdng. Trong céc trudng hop riéng, khi trudng Wng suit tdng
khong d8i chi c6 ng suit 1éch bién d8i, cong bic hai bing v6i sy phan tén ning lugng do bi€n hinh
gy ra (trugt).

q:

W = dqxd &4
Gi4 tri gia s6 d°W iing véi titng budc tinh todn c6 thé xét khu vuc bién dang déo xud' hién va
phét trién trong nén m4i ddc, dic biét cho nén m4i'dSc c6 ddm chit.

4. BAITOAN KHAO SAT [2)

v TR

Pap khdo sdt —
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DPa&i tugng phén tich 8n dinh cuc bd 12 mdt dip c6 cao 20m, chiéu rdng dinh 12 6m, dd dic talus
1:3 c4 hai phia thugng va ha luu. Dap dd't d8ng nhat, khong c6 18i chdng thim.

Bai todn phin tich &n dinh méi déc thugng luu tiY trang thdi nudc hd chita 8n dinh (18m nudc
trong hd) sau nhidu n'im cdn phai thio can nhanh trong vdng 9 ngay. T4c dong duy nhdt 1&n &n dinh 12
sy thay ddi trudng 4p luc nudc 18 r8ng trong thin dép gy ra sy thay d8i trudng ng sudt hitu higu sinh
ra s thay d8i trudng bién dang va din d&n hé s& an toan méi d6c gidm. Pap dit ddng nhit Mondely &
Phép, bj trugt méi déc thugng luu khi thio nudc nhanh nam 1981 14 mét thi du dién hinh., nhung d&
tinh todn hé s6 an toan theo c4c phudng phdp mit trugt try tron khéng nhan thiy dudc sy mét 6n dinh.

Bai todn khdo sdt dudc thuc hién trén chuong trinh tinh GEFDYN (la chuong trinh tinh theo
phudng phdp phin tif hitu han vdi cdc quy ludt dng x{ vat li€u gdm Mohr-Coulomb; Mohr-Coulomb
cai tién ; Hujeux, .. cho d4t bao hoa va khong bdo hda, cho c4 bai téan tinh va ddng), c6 lu6i phan tif
nhu sau:

a e~
o
el . O
et |
rd N e
= 1 1 L 1 N = 1 [ T ? i
Y 1 L1 X LY I ] ] i 1 7
N4 | B 1 1] i 1 1 § N 17
. ¥ WSy e T o T T 1 9 I B T £
¥ 1 LY 1 1 1 1 1 i § i ! &

Hinh 5. Ludi phdn tit bai todn ddp ddt khdo sdt trén Gefdyn

M5 hinh d4t dan hdi déo dudc st dung 12 mé hinh HUJEUX c6 cédc dic trung cla d4't than dip
va nén 12 cit pha tuong @¥ng nhy sau: trong lugng ri€ng hat y, =27 kN/m® hé s& rdéng n=0.55; hé s&
Poisson v = 0.25; géc ma sét thodt nudc ¢’ = 309; géc din nd y = 0,9¢’; luc dinh c=1 kPa; h¢ s dp
luc d4t & trang thdi tinh K=0,5; E = 20 Mpa; hé s thim phudng ngang k,, hé s& thdm phuong ding k; ;
k, = 10k, =1E-7 m/s, hé s0 thim cia phin ti ti€p xic mat dat véi nudc Kui=1E-6 . Vi hai gid
thuy&t hé s6 nén ciia nudc Cy, = 0 va C,=5E-7 Pa’

5. KET QUA VA NHAN XET
Cidc két qud phan tich dudi ddy dudc tdc gid thuc hién ndm 1997 tai Trung tim Qudc gia Thiy

cong Dién luc Phip, cho bai todn thio nuéc nhanh trong hd chita & thdi di€m nudc vira dat mdc thip
nhdt, v6i céc tiéu chudn bén khéc nhau.

K&t qud nén cdt pha

Hé s6 nén cia nudc C,=0 | Hé s6 nén cia nudc C,=5E-7 Pa’!

Hé s6 an toan FS

2 i i e 2 NI S L SRR LG - M, IR
v g 41 12 13 14 15 16 17 1B 19 2 ¥4 11 12 13 14 15 16 17 18 19 2

Theo tiéu chudn bi€n dang 1&ch

2 [ ot SRR AR TR SRR

R ———eR ST R kv g

. 1. 16 2 25 3 35 4 45 5%
XY g 5 1. 15§ 2. 25 3 35 4 45 5%

Theo d*W
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T TT———
iy

Y p 75 15D 225 300 375 450 525 600 675 7504 0 75 160 2256 300 375 450 525 600 675 750

Hinh 6. Két qud ddnh gid dj 6n dinh ciia mdi déc thugng luu theo ba tiéu chudn [2]

Cidc k€t qud tinh todn &n dinh mdi doc & cudi giai doan thdo nudc trong hd chita theo ba tiéu
chuén: Mohr-Coulomb; Bi€n dang léch va “Céng bic hai” trong hinh 6 bén trén, mo phdng tinh trang
&n dinh cuc bd trong thin, m4i déc va nén dap dit c6 xét d€n tinh nén nhd clia nude véi dd nén C,, =
5x107 Pa™, cho thi'y mé4i d&c thugng Iwu da bj trugt, trong khi d6 n&u khéng xét tinh nén cia nudc thi
méi ddc van cdn an toan. K&t qud ndy 1y gidi dugc sy trugt clia ddp Mondely néu trén.

Trong bai todn khdo sdt trén:

- Viing trugt theo tiéu chufn Mohr-Coulomb iing véi viing c6 hé s& an toan FS < 1

- Viing trugt theo tiéu chuin bi€n dang 1&ch Wng v6i viing ¢6 4> 2,5% -

- Vung trugt theo tiéu chudn “Céng bic hai” &ng véi viing c6 d°W < 0

Tém lai, ci ba tiéu chudn dénh gid én dinh cuc bd cla thin dip cho thdy c6 thé sit dung cdc
tiéu chudn nay phan tich d4nh gi4 6n dinh m4i déc clia céng trinh di't dfp.

‘ SLOPE STABILITY EVALUATION OF EARTH DAM WITH
DIFFERENT CRITERIA

Chau Ngoc An
University of Technology — VNU-HCM

ABSTRACT: This dissertion is devoted to analysé the slope stability calculations of earth dam at

the end of the emptying of the dam reservoir with the three failure criteria: FS of Mohr; the deviator
deformation and the Work ia second order with Gefyn code of calculation
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