KET QUA NGHIEN CUU VA UNG DUNG MR Tl

ANH HUONG CUA DAC TRUNG

HE SO THAM CUA DAT THAN VA NEN DAP
BEN VI TRI DUONG BAO HOA

Lwu Thij Diéu Chinh’, Lvu Céng Hung’

Tém tat: O Viét Nam sé luong dap dat va dé bang dat chiém ty 16 I6n trong s6 céc dap da xay dung. R6 rang
an toan vé 6n dinh dap la mot van dé mau chét lién quan dén sw an toan khai thac cda cong trinh. Viéc tinh
toan én dinh cta dap dat trong céng trinh thdy loi - thady dién phu thudc I6n vao két qua tinh toan tham, xac
dinh vi tri Puong bao hoa (PBH). Trong bai béo nay, tac gia tién hanh so sanh PBH xéc dinh theo phuong
phép Thay luc hoc (TLH) cta Dupuit va phuong phép Phén ti httu han (PTHH), sau dé st dung phuong
phép PTHH dé nghién ctru dnh hudng cla déc trung hé sé thdm cla than va nén dén vi tri DPBH. Cudi cuing,
strdung két qué nghién ctru nay dé phan tich 6n dinh ctia dap dét Budn Kudp.

Tirkhéa: Tham; dap dét; duong bdo hoa; én dinh

Summary: In Vietnam, the number of earth dams and dikes is accounted for a large portion. Obviously, the
dam stability is a key issue related to the operation safety. The stability calculation of embankment dam
depends greatly on the permeability calculation result, particularly the free surface determination. In this
paper, the comparison between the two free surfaces which are determined according to the Dupuit theory
and the finite element method is carried out, then the finite element method is used to investigate the effect
of the permeability coefficients of the dam body and foundation on the free surface location. Finally, these
results are used to analyze the stability of Buon Kuop embankment dam.
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@ 1. Mé dau

Bai toan tham la mét trong nhirng van dé quan trong trong thiét ké va thi céng dap va cac két cau
cong trinh thay loi. Bai toan thAdm cé thé dworc chia ra: bai toan thAm khéng ap va bai toan tham co ap. Dong
tham qua dap dat thudc bai toan tham khdng ap. Trong bai toan tham khdng ap, viéc xac dinh vitri DBH la |&i
gidiquan trong nhat. DBH |a bién phan cach hai viing dat bao hoa va dat khéng bao hoa nwoc[1].

VAn dé &n dinh mai déc chiu anh hwéng rét 16n tir dong tham - vi tri DBH. Tuy nhién viéc xac dinh vi tri
cliaDBH lakhodng don gian vala van dé dwoc nghién clru béi rat nhiéu cac nha khoa hoc [2].

C6 mét sé phuong phap xac dinh vi tri DBH nhw phwong phap vé lwéi thadm, ap dung ly thuyét Dupuit
[3]. Tuy nhién, nhirng phwong phap nay chi ap dung cho nhirng tridng hop véi dieu kién bién don gian,
trong khi cac cong trinh thyc té thwéng co diéu kién bién phire tap nén thuwéng dwoc gidi béng cac phuong
phap s6 nhu phwong phap sai phan hiru han, phwong phap thé tich hiru han va phwong phap phan te hivu
han [4]-[6].

Thoéng thudng hé sé thdm clia than dap sé duoc xac dinh chinh xac qua viéc ldy mau dat dam nén va
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thi nghiém trong phong [7] nén dé tin cay thwéng cao. Trong khi viéc xac dinh chinh xac hé sé thdm cha nén la
mét viéc kho khan do tinh phire tap cdia diéu kién dia chat va sw thiéu chinh xac cla tai liéu dia chat thu thap
duoc. Diéu nay dan dén kho khan cho viéc thiét ké cong trinh.

Trong bai bao nay, trudc hét DBH ctia 1 dap dat déng chat co vat thoat nwée (VTN) lang tru dwoc xac
dinh theo 2 phwong phap TLH va PTHH, sau d6 phwong phap PTHH duoc str dung d& mé hinh mot dap déat
ddng chét c6 VTN lang tru véi cac treorng hop hé sé tham cuia dat than dap (Kd) va hé sb thdm cla dat nén
dap (K,) thay déi K /K, = 1+50 |an va K/K, = 1+50 |an dé khdo sat anh hwéng ctia hé sé thAm clia dat than dap
va nén dap dén vi tri cia DBH. Cudi cling, két qua nay dwoc ap dung vao viéc phan tich thAm qua than vanén
dap céng trinh Thay dién Buén Kudp, so sanh véi két qua quan tréc thwe té va tiv dé danh gia van dé én dinh
clia dap khi phan tich véikét qua quan trac tham.

@ 2. Phan tich bai toan thAm qua dap dét

2.1 So sanh toa dé vi tri DBH xac dinh theo phwong phap TLH va PTHH véi trurong hop dap
déng chat trén nén thim nwéc hivu han ¢6 VTN lang tru

2.1.1 So dé va céng thirc xac dinh DBH theo phurong phéap TLH

Dwa vao cong thirc clia Dupuit, so' dd xac dinh DBH theo phwong phap TLH cla dap déng chét trén
nén thAm nwéc hiru han ¢é VTN lang tru dwoc chiratrong Hinh 1[8].

Ye

Hinh 1. So @6 xéac dinh BBH theo phuong phép TLH cta dap déng chét
trén nén tham nudc hiru han co VTN lang tru

Theo so ddtinh & Hinh 1, lwu lwong thAm don vi qua mat cat dap cé thé xac dinh theo cong thire:
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S(r dung phép bién déi twong dwong toan hoc cho phuwong trinh (1), ta ¢é phwong trinh DBH sau day:

1’2\/2i(L—x)+[H1+K" ] Ky (2)
: K K
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Theo phwong phap TLH, tinh todn thdm véi gia thiét chuyén dong thAm qua dap va nén la déc lap
nhau. Cu thé, khi tinh thAm qua dap thi xem nén 1a khéng thdm, con khi tinh thAm qua nén thi xem nhuw thdm
chuyén déng trong éng di tir thwong lwu ra ha lwu véi chidu dai trung binh L,=nL, v&i L, la chiéu réng day dap,
nlahé sé phu thudc vao T vaL,. Tuy nhién, gia thiét nay khéng phi hop véi thire té vi thAm qua than va nén thé
nao cling anh hwéng 1an nhau. Sw anh hwédng qua lai nay sé duo'c minh hoa ré trong muc 2.2.

2.1.2 So sanh toa dé vi tri DBH xac dinh theo phuong phap TLH va PTHH

Dé cb thé so sanh DBH dwoc xac dinh theo hai phwong phap TLH va PTHH, mét dap déng chét trén
nén tham nwéc hivu han co VTN lang tru véi cac thong s6 sau: H,=50m;H,=45m; H,=10m; T=20m; m, =
3,5:m,=3;Kd=10"m/s;:K,=5.10" m/s; m',=2 dwoc dwa vao phantich.

Sau d6, giai phwong trinh (2) béng phwong phap thir dan sé dwoc két qua toa dé DBH xac dinh theo
phuong phap TLH. Ddng thoi st dung phwong phap PTHH ciing sé cho két qua toa do DBH. Két qua toa do
DBH xac dinh theo hai phwong phap dwoc trinh bay trong Bang 1
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Bang 1. Toa do DBH xac dinh theo phuong phap TLH

X dlrdes || akste || ksl bl | ke | e || 2 || ke || 2l | Akt || e
Yrin 3938 E 37 NS4 BalR32 5 R30 1 E 26 BRIE 25 SWIEF2 B E20 30 7 216
Yeruu 40,8 | 354 (319|289 |26,1| 234 | 20,7 | 18,0|15,2(12,5|10,7

Buwong bao hoa xac dinh theo ca hai phwong phap dwoc thé hién truc quantrénHinh2 .
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Hinh 2. Két qua so sanh BBH theo phuong phép PTHH va TLH
Bang 2. So sanh toa do DBH theo phuong phap TLH va PTHH

X 175 | 185 | 195| 205 | 215 | 225 | 235 | 245|255 | 265 | 275 |285
AY = (Yorhy - YrLn) 15 |-17]|-29|-36|40|-44| 46 [49|-51|-52(-1,9-0,8
AylYorin (%) 3,7 |47 ]91|123-15,3|-18,6 | -22,4 |-27,2(-33,5-41,2-18,0-8.,4

Theo Bang 2, chénh léch toa d6 BDBH trung binh cla hai phwong phap TLHva PTHH 1a 18,93%. S& di
c6 sur chénh léch kha Ié'n nay 1a do tinh toan thdm béng phwong phap TLH dua trén gia thiét ctia Dupuit 1a cac
dudng dong song song va nam ngang, cac duwong thé song song, thédng dirng va vudng goc véi dwdng dong,
dan dén sai sb 16 dac biét 1a khi c6 bé tri VTN trong than dap khién dudng dong va dwéng thé bi tac dong, chi
phdi gay ubn cong. Hon niva, trong thuc té, diéu kién bién clia cac bai toan tham rat phirc tap va VTN thuéng
duoc thiét ké nham tang 6n dinh cong trinh, cho nén phwong phap PTHH dwoc kién nghi diing trong tinh toan
thiét ké. Tuy nhién véi wu diém don gidn, cac budce tinh toan twérng minh nén phwong phap TLH van co gia tri,
gitip cho cac k¥ sw dinh tinh va dinh lwong dwoc két qua bai toan tham trwée va sau khi ap dung phwong phap
PTHH nham loai bé kip théi cac sai sét c6 thé mac phai trong qua trinh thiét 1ap mé hinh tinh, khai bao cac
théng sé dau vao.

2.2 Phan tich 4nh hwéng cia hé sé tham cia dat than va nén dap dén vi triDBH
2.2.1 Hé s6thdm cta nén tang: K /K,= 1+50

S dung phwong phap PTHH, tién hanh phan tich mét chudi cac trwérng hop khi thay ddi twong quan
hé s6 thAdm clia dat than va nén dap dbi véi bai toan dap dat ddng chat cé VTN ldng tru. Cac két qua dwoc téng
hop va biéu dién trén cling mét hinh vé dé cho thay sw thay ddi cta vi tri DBH lién quan dén twong quan hé sé
thdm ctia datthan va nén dap (xem Hinh 3).

DAP CO VAT THOAT NUGC LANG TRU
Thay ddi K, ; MNHL >0
K, =K = 1.6-006 (mis)
K, /K =11t050
K= 16001 (mis)
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Hinh 3. Két qua xac dinh DBH theo PTHH véi céc trudng hop dap c6 VTN ldng tru va Kn > Kd
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Két qua phan tich trong Hinh 3 cho thay khi tang ty s6 K /K, = 1+50 Ian thi vi tri DBH c6 xu hwdng di
xudng, hay né6i mét cach khac hé s thadm clia nén K, cang tang thi vi tri DBH cang dich chuyén xudng phia
nén dap. Két qua phan tich khang dinh vi tri ctia DBH phu thudc vao ty s6 K /K.

2.2.2 Hé s6 thdm cla dap tang: K/K, = 1+50

Véi treding hop nguoc lai, twong tw mét chudi cac truvdng hop khi thay ddi twong quan hé sb thdm
clia dat than va nén dap déi vai bai toan dap dat ddng chét co VTN lang tru dworc tién hanh phan tich. Két
qua phan tich dwoc téng hop lai trong cling mét hinh vé dé cho thay sw thay ddi ctia vi tri DBH lién quan dén
twong quan hé sé thdm cta datthan va nén dap khi K, I6n hon K, (xem Hinh4).

DAP CO VAT THOAT NUGC LANG TRU
Thay d8i K, ; MNHL >0
K 2K, = 124006 (mis)
K= 1.8-001 {mis)
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Hinh 4. Két qua xéac dinh BBH theo PTHH véi cac truong hop dap cé VTN ldng tru va Kn<kKd

Két qua phan tich trong cho thay khi tang ty sé K/K, = 1+50 1an thi vi tri DBH ¢é xu hwéng dich
chuyén I&n trén, hay néi mét cach khac hé sé thAm cla than dap Kd cang tang thi vi tri DBH cang dich
chuyén [&n trén. Ddng thei két qua cling cho thay vi tri cia DBH phu thudc vao ty sé K /K.

(®  3.Ungdungkét qua phan tich vao tinh toan én dinh dap Budn Kuép

3.1Diéu kién dia chat cia dap Buén Kuép

Céng trinh thay dién Budn Kudp cé cong suét lap may 280MW va dién lwong binh quan nam
1.458,6x10°kWh, 1a cong trinh thay dién Ién thir hai & Tay Nguyén sau cong trinh Yaly. Trong giai doan thiét
ké, tw van thiét ké da tién hanh khao sat dia chat va két qua cé thé mo ta ngén gon nhw sau [9]:

- CAutruc dia chat tai vi tri nén dap gdm cé 02 pha bazan va sw hién dién cta lép e() day 1+3m ngan
cach gitra chung.

- Cé nhiéu béng chirng vé tinh réng ctia nén dap khi quan sat bing camera. Hién twong sut can khi
khoan xay ra phé bién véi do suttir 0.2m dén hon 1m.

- Hé s thdm trung binh clia tAng da bazan bot xp la 440m/ngd (twong trng 0,5cm/s hay 40000Lu);
hé sé thAm trung binh clia tAng da bazan dac sit xen kep 16 réng nirt né 1a 237m/ngd (twong trng 0,27cm/s
hay 21 000Lu). R4t nhiéu doan trong dia tAng khéng thé lam thi nghiém thAm dwoc vi lwong tiéu hao nuwéc
qualén.

- Xacdinh dactinh ngan nwéc clalép e(B) glua 2 phabazan: nén vai trai dap hoan toan khé néu tinh
tlr tAng sét e(B) tré 1én va muwe nwée ngdm chi xut hién khi hd khoan xuyén thiing tAng sét nay dé vao pha
bazan bén dwéi.

Do khoang cach cac hé khoan Ién (>30m), nén chwa thé danh gia dwoc kha nang lién théng gitra
cacl6 réng trong tAng da bazan 16 réng va bot x6p.

Cu thé két qua khao sat dia chat khu vwe dap qua cac giai doan cho két qua hé sé thdm clia cac 16p
dét danén dap nhw sau:

-Dabazan (phatrén): 241+403m/ngd (21 000+36 000Lu).

-Lép 16 rdng - bot x6p: 2 951+4 181m/ngd (260 000+370 000Lu).

-Léope(B): <0,1m/ngd (<10Lu).

-Dabazan (pha dwdi): 3mtréncung: 1,1m/ngd (100Lu). Con lai: < 0,5m/ngd (<50Lu).
-Dacatbot két hé tang La Nga: <0,5m/ngd (<50Lu).

—25023184 TAP CHI KHOA HOC CONG NGHE XAYDUNG




KET QUA NGHIEN CUU VA UNG DUNG

3.2 Két qua quan trac tham tai dap Buén Kuép

VAn dé thdm qua dap dét trong thoi gian dau 1am viéc cha dap 1a yéu té quan trong nhéat can quan
tam. Nén dap chinh Budn Kudp cht yéu la cac Iép da Bazan, déc biét la Iép Bazan 16 réng pha trén xen kep
bot x6p, nén hién twong thdm qua I&p nay rat phire tap. Viéc 1ap dat cac thiét bi quan trac thAm nham kiém
soat sy lam viéc ctia dap chinh Budn Kudp la can thiét ddng thdi phai tién hanh phan tich xtr ly cac sé liéu
thwe do dé danh gia 6n dinh thAm clia dap.

Vi tri 1&p dat thiét bi quan trac thAm tai ca than va nén dap chinh Budn Kubp duoc chi ra trong mat
béng va mat cat doc dap chinh Buén Kubp trong Hinh 5.
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Hinh 5. Mat bang va mat cét doc dap Buén Kudp c6 bé tri thiét b quan trac tham [9]

Xét mot mat cat dién hinh MC9 gdm céc hd quan tréc thdm than dap: QTT9-1 (dinh dap 415,5m),
QTT9-2 (mai ha lwu cao trinh 407,5m) va QTT9-3 (mai ha lwu cao trinh 402,5m) nhw trong Hinh 8 dé tién
hanh cac phan tich danh gia 6n dinh thdm. Két qué quan tréc thdm théng ké tai MC9 tir 01/01/2010 dén
24/9/2010 dwoc md ta trong Hinh 6. Sé liéu quan trdc mwe nwédc thdm than dap tai MC9 cho thay: muc
nuéc thdm ha thap nhiéu (ttr 25+27m) so véi MNHL, chénh l&ch gitra cac hé quan trdc khong cao, chirng té
DBH thdm trong than dap la pht hop.
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Hinh 6. Biéu dé két qua quan tric thdm than dap tai mat cat 9 [10]
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3.3 Phan tich bai toan thdm qua dap dat Buén Kudp
M® hinh tinh thAm theo phwong phap PTHH cho mat cat MC9 dwoc mé ta trong Hinh 7 .

Cang trinh Thiy dién Buén Kudp
MEtcito-9
MNDBT = 412 m L

OO RO
4
1l %&m&y’iﬁ

b
V"r- L
Vvt % AVAY/ VAVAY Va
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10
Hinh 7. M6 hinh tinh thdm theo phuong phap PTHH

T két qua phan tich, DBH xac dinh dwoc tir phwong phap PTHH dwoc biéu dién trén cing mét hinh
vé véi DBH tir két qua quan tric thuc té ( Hinh 8). Két qua so sanh cho thdy DBH thuwc té ha thap hon rat
nhiéu so vé&ily thuyét. S& di co két qua nhw vay la vi nén dap la Iép da Bazan 16 réng pha trén xen kep bot
xdp, hé sb thAm thuee té clia nén ratién va lén hon nhiéu so véi gia tri hé s thAm 14y theo tai liéu thiét ké, cho
nén vi tri DBH bi ha thap. Tredng hop nay hoan toan phit ho'p véi két qua phan tich thAm trongmuc 2.2.1.

MAT CAT 9-9

Cao do QTT9_1
420.0 ,MINDBT = 412.0 {MOTT T
4100 = — ~
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360.0
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Hinh 8. So sénh DBH theo ly thuyét va DBH quan trac duoc
3.4 Phan tich 6n dinh ctia dap dat Buén Kudp

Dé& danh gia 6n dinh cia dap khi DBH thuc té thap hon rat nhiéu so véi DBH tinh toan trong thiét ké,
tac gia lan lwot tién hanh phan tich &n dinh clia dap tai MC9 theo BBH Iy thuyét va DBH quan tric dworc, két
qua cu thé duoc thé hién trong Hinh 9 va Hinh 10.

Head

Hinh 9. Két qua tinh én dinh cla dép tai MC9 theo DBH Iy thuyét c6 K=1,654
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M3t Cat 9-9 Method: beshop simplfied
Factor of Safety 1 848
Center 231.704, 144.345
Radius: 103.803
y Left Slip Surface Endposnt 151.570, 78.363
Right Sip Surface Endpoint: 264.513, 45.863|
fEww oo -

Dudng Bao Hoal

»

Hinh 10. Két qua tinh 6n dinh cta dép tai MC9 theo DBH quan trac dugc c6 K=1,648

Tir két qua phan tich 6n dinh nhw trong Hinh 9 va Hinh 10 cho thay véi DBH theo tinh toan thiét ké thi
cho hé s6 6n dinh ctia dap K=1,654 con véi DBH quan tréc thi cho hé sé 6n dinh ctia dap K=1,848, nhu vay khi
vi tri DBH bj kéo xudng thi hé s6 dn dinh clia dap sé tang Ién, dam bao an toan van hanh ctia dap.

@ 4. Kétluan vakién nghi

- Hé sb thAm cdia nén K, cang tang thi vi tri DBH cang bi kéo xudng va ngwoc lai hé sé thdm cla than
dap K, cang tang thi vi triDBH cd xu hwéng nang lén.

-Toa dd vitriDBH phu thudc vaoty s6 K /K.
-Néu hé sbthadm clia nén I&n cin xem xét bo vat thoat nwde.
- Néu nén co diéu kién dia chat phirc tap nén chon K, thién nhé dé bao dam an toan céng trinh.
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