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AT LIEU

Mo hinh thim duéi dap trong luc c6 xét tinh bat dinh ctia hé s6 thAm va anh
huéng ctia gradient thim tai ha luu
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TU KHOA
Dong thim

TOM TAT
Nghién citu nay tap trung phén tich dong thim dwdi than dap trong lyc xay ding trén nén dt. Khac véi cac

bap trong luc
Phuong phép phan ti hitu han
Tinh bét dinh

X6i ngdm

mo hinh truyén théng thudong gia dinh hé s6 thim 12 hing s trong toan b ving tinh toan, nghién cttu nay
tich hgp su thay ddi cua dic tinh dat vao viéec mod phéng. Cu thé, cac gia tri hé s6 thAm duvoc tao ra ngau
nhién dita trén cc hAm mat d6 xé4c suét v&i gié tri trung binh (mean) va hé sb bién thién (COV). Viéc trién
khai duoc thye hién bing ngén ngit 14p trinh Python. Trong tim ctia phan tich 12 gradient thim tai ha lwu,
yéu t6 chinh gay ra hién tugng x6i ngim trong nén phia ha lvu. Cac két qua duwgce danh gia bing mo phong
Monte Carlo két hop v&i Iy thuyét théng ké. Cac két luan cho thiy mét sé gia tri gradient thdm thu dugc ti
md phéng 16n hon dang ké so véi két qua tinh theo phwong phép tit dinh (1én dén 39,87%). Nghién cttu
cho théy vai trd can thiét clia viéc xét dén tinh bit dinh trong cic mé hinh thim va dé xuit dwa yéu t6 nay

vao céc tiéu chudn thiét ké trong twong lai.
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ABSTRACT

This research focuses on examining the seepage beneath gravity dams built on soil foundations. Unlike typical

Gravity dam seepage models, which consider the permeability as a constant within a certain area, this study incorporates

Finite element method the natural variability of properties into the simulation. Specifically, random variables are generated in

Uncertaint;
Y random fields based on their probability density functions, which include a mean and a coefficient of

Internal erosion
variation (COV). The implementation is carried out using the Python programming language. The key
outcome of seepage analysis for gravity dams is exit gradients which are the main factor causing the internal
erosion of foundation in the tailwater side. The outcomes are assessed using Monte Carlo simulations
combined with statistical theory. The conclusions should be taken into account when considering internal
erosion due to flow gradients; it should be noted that some variable outcomes exceed the deterministic
outcome (39,87% larger for exit gradients). This study underscores the effectiveness of stochastic analyses
in providing valuable insights into the impact of soil variability, calls for further research in this area, and

supports the inclusion of probabilistic techniques in standard design practices.

1. Gigi thiéu st dung gia dinh ngiu nhién trong phan tich co hoc dit néi chung va

thdm qua céng trinh d4t ndi riéng 12 mot xu hwéng phd bién gin day.

Ddng bing séng Cttu Long stz dung nhiéu dap trong lic trén nén
dét cho hé théng quan 1y tai nguyén nude [1]. Loai dap nay duogc sit
dung dé didu tiét dong chay cua song ngodi dé hé théng phan phéi nudc
6 thé khai thac nuGe tit song [2, 3]. Bén canh viéc xem xét én dinh
ctia dap, co ché thdm ciing 12 mot nhiém vu chinh ctia thiét ké. Cac
nghién ctiitu vé thAm dva trén thue nghiém, phan tich va toan sb da duoc
tién hanh va nhitng nghién cttu dé da duoc st dung trong nhitng thap
ky gin day.

Tuy nhién, nhu da chi ra b&i Fenton va Griffiths [4], cic phuong
phap tiép can tht dinh nay mic dit di déng gép nhiéu cho linh virc
nhung viéc stt dung cac tham sb c§ dinh nhw hé s6 thAm c6 thé 12 khong

phit hop va viée st dung cac tredng nglu nhién di dugce d& xut. Viée
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Mot sb nghién citu dién hinh da st dung cac phuong phap xac suit nhw
Fenton va Griffiths [4], Calamak va Yanmaz [5, 6], Le et al. [7]. Cac
nghién citu nay di tip trung vao tinh todn dong ngdm va dé xuit xem
xét viée sit dung tinh bt dinh clia cic tham sé d4t, ching han nhu hé
s6 thdm, trong mé hinh hoa cac dong thim.

Pi cling xu huéng, nghién ctu nay két hop cac ly thuyét hién cé
@8 trién khai bai to4n thAm dva trén sy ngiu nhién ctia tinh chét d4t.
M6t mé hinh mé phéng dong thdm da duge trién khai dya trén nén
tang 1y thuyét phin t& hitu han va 1y thuyét xac suét, véi muc tiéu phan
tich anh hudng cta tinh bit dinh dén gia tri gradient thim, mét trong
nhitng théng s then chdt gay ra hién twgng x6i ngdm trong nén dit
phia ha lvu.
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2. Cac phuong trinh chu dao

Phuwong trinh chti dao mé ta dong thidm bn dinh theo hai phwong
(tham khao [8, 9]) dugc viét nhv sau:

a(1( aH)+a<1( 6H)—0 @
ax\ *ox/) 9z\"*az/)

trong d6 H 12 6t nuée (don vi 1a m), K, va K, 14 hé s6 thim (don vi 1a
m/s) theo phitong x (ndm ngang) va phuong z (thing ding).

Phwong phap phin t& hitu han (PPPTHH) dwoc trién khai cho
Phuong trinh (1) (tham khao [9]), v&i gia thiét phan ti hai chiu gdm
M niit, khi d6 phan b ot nwée duoe tinh todn nhu sau:

HGo2) = ) Ny, 2)H; = [NJ(H) @
trong doé, N;(x, z) la héulnlnét suy lién quan dén cot nuwéce tai nit H;, [N]
la ma trdn hang cta cac ham ndi suy, va {H} 1a ma trén cot (vector) cta
¢ot nude tai nat. Ap dung PPPTHH Galerkin, phwong trinh sé du cta

Phu’o?ng trinh (1) la:
x ) (tK )] dA=0 i=1M (3)
0x (L ! )

ff Nix, Z) dz\ ? oz

trong d6 bé day t dugc gia st 1a hing s6, va tich phan dwge thyc hién
trén toan mién phan tit (v&i bai toan 2-D, bé day t thudng chon 14 mét
don vi dai va & day 1a 1 m). Céc khai trién toan hoc ciing viée st dung

binh 1y Green-Gauss trong miit phing cho ra:

H [ax * ax %(’(Z a_H) N"] aa

oH aN OH dN; 4
= —tf (qxny + q,n,)N;dS — ff K, ™ OX K, %2 32 ]dA

trong d6 n, va n, 14 thanh phin theo phuong x va z clia vector phéap
tuyén huwéng ra doc theo chu vi.

Thay thé vao Phuong trinh (3) ta cé:

ﬂ‘ [ OH ON; zﬁH@N cdA
*ox Ox 0z 0z ()
= —t§ @+ anoNds (= 1,00

Pay ciing 12 hé gdm M phuong trinh, thiét 1ap bai todn theo
PPPTHH 2-D stt dung Phitong phép Galerkin. Liic nay, ching ta chuyén
sang ky hiéu ma tran biing cach st dung Phuong trinh (2) dé chuyén
Phu’o’ng trinh (5) thanh:

R

(K 1(H©Y = (£} )

va dé ciing 1a dang:
trong d6 [K{¢] 1a ma tran hé sé thAm phin ti (ky hiéu e dugc st dung

(e) I T
B ax] (H®)tdA iqsns[N] s (6)

dé phan biét v&i ma tran tong thé); {F} 1 vector lvu lwgng nit phan
tit. Gia thiét viing tinh to4n 13 déng hudng (K, = K, = K), ta ¢6:

aN1" [0N] [aN]" [ON
@] = Rahl I i e Kkl B el
[KFE] B KﬂA [ax] [ax] + [Bz] [Bz] tda
Thiét 1ap cho phan tit c6 M niit sé cho ma trdn dbi xting kich
thude M x M. Vector lwu ligng nit phan tit 1a:
(FO) == aminreas = - qoni()eas ©
S S

Lién quan dén didu kién bién, bai toan nay c6 hai dang: dang H-

®

type (tit ca cdc nit ndm trén bién nay da biét trwde gi tri cot nude va

gia tri can tim 12 lvu lwong tai niit) va Q-type (bién c6 gia tri lvu lwvgng
nit da biét khi tinh theo Phuong trinh (9)).
Trong hé toa do chudn hoéa (r, s), ham noi suy cho phin t bén
ntt la:
Ny(r,$) = (1 =) = s);
Ny(r,s) =31+ 1)1 - s);

Ns(r,) = 2(1+7)(1 + 5); (10)
1
N,(r,s) = 4_}(1 —-7r)(1+5s)
Céc ky thuét ctia PPPTHH dugc sit dung dé thiét 1ap ma tran do
citng phan ti [K{] c6 kich thude 4 x 4 va sau day 1a mot vi du tinh

to4n mot thanh phén trong ma tran [K]:

K = Ktabff

trong d6, K 1a hé s tham, t 12 bé day phan t; 2a va 2b 1a chiéu réng

(s— 1)2 G H?1

16 b2

drds an

va chiéu cao ctia phin tit theo hé toa d6 ty nhién (r, s). Cdc thanh phin
khéc dugec tinh toan twong tu. Tuy nhién, tich phan Phuwong trinh (11)
dugc thue hién théng qua tich phan s6 Gaussian tai cac diém c6 toa do
1, 5; = £0,57735 v&i trong sb W,W;=10vaij=12.

Do @6, ta cé:

K© =Kt~ szww(sj—l) +Ktbzzl6WW(n 12)

i=1 j=1 i=1 j=1

Ludi phét sinh trong ving tinh toan thuwo'ng khong phai dang chit
nhét ma 13 ti gidc bit ky. Lic nay, cdc cong thitc ding tham sb dugce
st dung dé hiéu chinh. Két hop cic ma tran phan ti¢ din dén phwong
trinh tong thé nhu sau:

[Krel{H} = {EI} (13)
trong d6 [Kyz] 12 ma tran hé sb thdm téng thé véi kich thude M, x M,
va My la téng sb nt trong toan bo hé théng; {H} 1a vector cot nuée téng
thé c6 kich thude 1a My x 1; va {F, } 1a vector luu lwgng niit tdng thé c6
kich thuée 1a My x 1.

Viéc phét sinh céc gi4 tri ngiu nhién trong trid'ng ngdu nhién
duge thue hién dwa vio ham mat db xac sudt (probability density
functions - PDF) gf)m hai gia tri trung binh (mean) va hé sb bién thién
(coefficient of variation - COV). Hé sb6 thAm cta dat (K) thudng tudn
theo phan bb loga chuin (lognormal) [5, 6], nghia la InK tuan theo
phén b chudn vé6i trung binh yy, x va phwong sai of .

Khi d6, cac gia tri K dugc cho trong viung tinh todn nhu sau:

i
alf”(:ln 1+— (14
Hi
Hing = lnMK_EoﬁlK (15)
K= eXp(Han + O'anT) (16)
trong dé sb ngéu nhién r c6 thé dugc phat sinh (Box and Muller [10]):
r = (=2Inuy)¥?sin(2mu,) 17
r = (=2Inu;)"? cos(2mu,) (18)

trong d6 u, va u, 12 hai bién ngiu nhién déc 14p tuan theo ham mat do
chit nhat trong khoang (0,1).

Phin t sit dung trong chuwong trinh tinh 14 phén ti ti¢ gidc bén
diém Gausian. Do d6, sau khi phét sinh 11 thi chiing ta ¢6 bo tap hop
céc diém Gaussian vi @ng v&i mbi diém Gussian ndy ta sé phat sinh mot
hé sb thAm ngﬁu nhién st dung cdc Phwong trinh (14) dén (18). Sau do,
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hé s6 thim ngiu nhién nay dugce gén vio cic phuong trinh tinh ma tran
do ctiing phan tif tai cac diém twong ng (Phuong trinh (12)).

Céc tac gia da thiét 1ap mot chiong trinh tinh st dung ngén ngit
Python da trén cac ly thuyét da mé ta & trén.

3. Két qua va thao luin

Trong nghién cu nay, mot md hinh don gian ctia dap bé téng
trong luc dit trén nén dit ddng nhit duoc sit dung dé phuc vu cho viéc
mo phong dong thdm (Hinh 1). Ludi tinh todn dwgc tao bing cac phin
tli t& gidc st dung phin mém GMSH, mét cong cu ma ngudn mé phd
bién trong tao hinh hoc va chia luéi cho cac bai toan ph?in t&¢ hitu han
[11]. Céc dic trung dia ki thuat ctia nén d4t, bao gdm hé s6 thdm trung
binh (K) va hé sb bién thién (COV), dugec trinh bay trong Bang 1.

Nhu da d@ cap trong phin truée, dai lwong dau ra chinh duoc
quan tim trong mé hinh thim nay 14 gradients thim tai bién ha lvu.
Khu vite phan tich gradient thdm duwgc chon 14 viing ndm phia ha luu,
noi ¢ nguy co cao xay ra hién tugng x6i ngdm do tbc d6 tham 16n,
theo kinh nghiém thic tidn trong thiét ké nén dap. Cu thé, viing nay
réong 10 m tinh tir chan dip bén phia ha lwu. Gia tri trung binh cua
gradient thidm trong vliing nay dugc st dung nhw mét chi tiéu dac trung
dé danh gia rai ro x6i ngdm va so sanh giita cic phrong phap mé phong

khac nhau.

Bang 1. Thong sb dic trirng ctia dit nén.

K (m/s) Cov Mo ta
10 2 Pét hat min
dap
S viing xem xét
gradient tham ra
10 m) £
£ (
© N
i 20 m 0m ' 20m
S
I X 73 z
« néen dat Q
N
8]
E.
truc x 50 m

Hinh 1. M6 hinh hinh hoc va mién tinh to4n cho dap bé tong trong Ifc.

3.1. bdnh gid d6 tin cdy ctia md hinh théng qua so sdnh két qud véi phdn
mém SEEP/W

Dé kiém ching d6 chinh xic cta chwong trinh mé phéng dugc
xiy dung, mot bai toan thim tit dinh dugc thiét 1ap va so sanh véi két

qua tit phdn mém SEEP/W, mét céng cu thitong mai phd bién trong
linh vige md phong dong thdm [8]. Do SEEP/W khong hé trg md hinh
héa tinh bét dinh, nén chi ¢6 thé so sanh trong diéu kién cdc tham sb
dat dugc coi 1a hing sb.

Bang 2 trinh bay su so sanh ba dai lwong: lvu lvong thdm, ap lvc
day ndi trung binh do dong thdm giy ra duwdi than dap, va gradient
thdm tai bién ha lwu, khu viee duge danh gia 1a dic biét cin chi ¥ v6i
hién twgng x6i ngim. Két qua cho théy sy chénh léch nhé hon 4 %, cho
thdy mé hinh phin t hitu han 2-D do nhém nghién ctu phat trién dat
dwgc d6 chinh xéc trong viéc md phéng dong thdm duwdi dap trong luc.

Bang 2. So sanh két qua mé phong giita chivong trinh tinh va phin
mém SEEP/W.

< , Chuong Lo
Két qua R 3 SEEP/W Khac biét (%)
trinh tinh
Luu lugng

4,336 4,333 0,060

(X 107°m3/s)

Gradient thim phia ha

N 0,311 0,323 3,879

lvu trung binh

Ap luc déy ndi
R 49,035 49,034 0,001

trung binh (kPa)

3.2. So sdnh két qud giita mé phéng tdt dinh va ngdu nhién

Dé danh gia vai trd ctia tinh nglu nhién trong hé sé thAm dit nén,
hai kich ban mé phéng duwgc thic hién: mé hinh tit dinh st dung gia
tri trung binh (khéng d6i) ctia hé sé thAm va COV bing 0; m6 hinh ngiu
nhién c6 hé s6 thim bién ddi theo trwvdng ngiu nhién loga chuin véi
cac dic trung théng ké di dinh nghia trong Bang 1.

Hinh 2 minh hoa trid'ng phan bé ¢t nuée dudi than dap cho ca
hai trwdng hop. Trong trvdng hop mé hinh tit dinh, dwdng ding thé
phan bd twong d6i ddu va muot, phan 4nh méi tridng ddng nhit.
Nguge lai, trong mé hinh ngu nhién, phin bé cot niée thé hién dao
dong cuc bd rd rét, phan anh su khéng ddng nhét ctia nén dit. Su khac
biét ndy chiing té ring céc dic tring nglu nhién ¢6 anh huéng dang ké
dén didu kién thuy luc trong nén cong trinh, ti* d6 anh hwéng dén én

dinh tdng thé cia dap.

20.0
) 27.6
17.5 4
15.0 1 26.4
£
125] o
£ St 25.2
10.0 : 5
=Te]
=] =
754 & S 24.0
<
5.0
22.8
2.5 1
0.0 216

0 10 20 30 40 50
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20.0
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15.01 26.4
E
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:‘ =1
El 2l 252
1004 & 5
=1 oo
= =
7.5 - S| 24.0
5.0 1
22.8
2.5
0.0 216
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Hinh 2. Két qua trudng cot nude: (a) Mo phéng tit dinh; (b) Mb

phong ngiu nhién.
3.3. Anh huéng cia s6 litong mdu

Trong mé phdng Monte Carlo, s6 lwgng mau 1a yéu t§ then chdt
quyét dinh d6 chinh xac va én dinh théng ké ctia két qua dau ra [12].
Tuy nhién, viéc ting sb lwong miu di kém v&i chi phi tinh toan 16n
hon, do d6 cin c6 danh gid hop 1y vé nguwdng t6i wu. Phan nay trinh
bay m6t phan tich xem xét tic dong ctia sb lwgng mau dén két qua.

Hinh 3 mé ta sy bién thién clia gia tri trung binh va hé sb bién
thién (COV) ctia gradient thAm tai ha lvu. Khi s6 mau nhé hon 5.000, cic
dai lvong théng ké ¢ dao dong trong dbi 16m, tuy nhién tit ngudng 9.000
mAu tré di, két qua bit dAu hoi tu v& gia tri 6n dinh. Diéu nay chitng minh
ring: dé mé phong dat do tin ciy cao, cin sit dung sé mau trén 9.000,
miic dit trong thite hanh k§ thuat, con s nay ¢6 thé dwgc diéu chinh tiy

theo do phtic tap cta bai todn va ning lyc tinh toan hién cé.
3.4. Phan tich thong ké di? liéu ddu ra

Pé danh gia phan b xac sult phit hop véi két qua moé phong
gradient thim, cac phan tich théng ké dugc thue hién, bao gdm: tinh
gia tri trung binh va hé sé bién thién (COV), kiém dinh tinh ph hop
(goodness of fit test) théng qua gia tri chi-squared tinh toan va st dung
chiing dé so sanh véi gia tri chi-squared t&i han tai mitc 6 nghia (level
of significance) 5 %. Hai phan bé 1y thuyét dugc kiém tra 13 phan bb
chuén (normal) va phan bb loga chuén (lognormal).

Bang 3 cho thiy ring, trong hiu hét cic truong hop, phan bd
loga chuén c6 gié tri chi-squared thdp hon d4ng ké so véi phan b
chuén. bdng thoi, da phin céc gia tri chi-squared cua loga chudn nhé
hon gia tri t¢i han (chi ¢c6 mot trudng hgp 16n hon), trong khi d6 phan
bb chudn thudng khong dat didu kién nay. Nhu vay, c6 thé két lusn
riing phén b loga chudn phan anh diing hon dic tinh phén tan ctia
gradient thdm, phit hgp véi Iy thuyét vé hanh vi ctia hé sb thim trong

nén d4t hat min [5, 6].

Pic biét, phan tich cho thdy 39,87 % gia tri gradient thim thu
duge tit md phong ngiu nhién vilgt qua gia tri ti mo hinh tit dinh
(0,3226). Két qua nay chi ra ring viéc st dung gia tri trung binh trong
thiét ké c6 thé din dén danh gia thiéu an toan néu khéng xét dén bién

thién thue té cta thong sé dat nén.

0,3085
0,308
0,3075

0,307

Trung binh {Mean)

0,3065
0,306

0,3055 )
S8 lugng miu

0,305

0 2000 4000 6000 8000 10000

0,192
0,191
0,19
0,189
0,188
0,187
0,186
0,185
0,184
0,183
0,182

cov

$6 lvgng mau

0 2000 4000 6000 8000 10000
Hinh 3. Anh hudng ctia s6 lwvgng miu 1én két qua (gia tri trung binh
va COV ctia gradient thim tai ha lwu).

Bang 3. Cic thong sé théng ké va kiém dinh phéin bb xdc sult ctia

gradient tham.

$6 mau 1000 | 2000 | 3000 | 4000 | 5000

Trung binh (lognormal) | 0,3077 |0,3082|0,3073 | 0,3076 | 0,3073

COV (lognormal) 0,1853 (0,1867 | 0,1883 | 0,1882 | 0,1896

Chi-squared (normal) 262,4 462 688 864 [1163,2

Chi-squared (lognormal) | 202,8 | 412,8 | 659,2 | 820,8 | 1058

Chi-squared t&i han 2329 | 446,5 | 657,0 | 865,8 |1073,6

S6 mau 6000 | 7000 | 8000 | 9000 | 10000

Trung binh (lognormal) | 0,3070 |0,3069 | 0,3069 | 0,3075 | 0,3075

COV (lognormal) 0,1897 (0,1908 | 0,1910 | 0,1904 | 0,1907

Chi-squared (normal) 1403,6 |1621,2 | 1826,0 | 2052,4 | 2294

Chi-squared (lognormal) | 1207,6 |1403,2 | 1600,0 | 1854,8 | 1998,4

Chi-squared t&i han 1280,6 | 1487,1 |1693,1 | 1898,7 | 2104,1
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Hinh 4. Phan b4 tin suit va phan b theo 1y thuyét tai cic kich ¢& miu khac nhau.

4. Két luan

Nghién cttu nay da trinh bay mot phuwong phdp moé phong dong
thdm duwéi dap trong luc trén nén dat, trong d6 yéu t6 bt dinh clia hé
s6 thim dugc tich hgp théng qua mé hinh trudng ngiu nhién. Khic véi
cic phwong phap truyén théng chi st dung gid tri tit dinh, mé6 hinh
dugc xay dung c6 kha ning mo ta sy bién thién khéng gian ctia tinh
chit dat, qua d6 phan anh t6t hon thuc té tai hién truong.

Chuong trinh m6 phong duge xdy dung dya trén PPPTHH hai
chidu va duge mi héa bang ngdén ngit Python, cho phép phan tich
gradient thdm tai ha luu, mét yéu t6 quan trong lién quan dén hién
twong x6i ngdm va mét én dinh nén dét.

Cac két qua chinh c6 thé tém lwvge nhu sau:

e Mo hinh tinh to4n cho két qua phit hop véi phin mém
SEEP/W trong bai toan tt dinh, v&i chénh 1éch nhé dudi 4 %, cho thiy
do tin ciy cta phuwong phap.

e  Khi xét dén yéu t6 ngiu nhién, tredng phan bd cot nude cb sy
bién dong r6 rét so véi mé hinh tit dinh. Pidu nay phan 4nh vai trd ctia
tinh bét dinh trong viéc thay dbi trang thai 4p lyc thAm trong nén dép.

e Két qua Monte Carlo v&i sé lwgng mau di 16n (tit 9.000 mau
tr& 1én) cho thiy céc théng s6 théng ké dat trang thai én dinh, dam bao
¥ nghia phén tich théng ké.

e Phan tich théng ké gradient thAm cho thiy dit liéu dAu ra phit
hop hon véi phan bd loga chudn, phit hop v&i gia dinh ban diu v& hé
s6 tham. Pay la mot co s@ quan trong dé 1ya chon md hinh phan bé khi

xdy dung mo phong thuc té.

e Diang chi ¥, khoang 39,87 % két qua md phong c6 gia tri
gradient thim vigt qua gid tri tit dinh, cho thiy rti ro dnh gia thap hién
tiong x6i ngdm néu chi st dung céc gi tri trung binh trong thiét ké.

T céc phan tich trén, ¢ thé két ludn ring viéc dua yéu t6 ngiu
nhién vao mé hinh dong thim khéng chi phan 4nh tét hon didu kién
thuc té, ma con gilp nang cao dd tin ciy trong danh gi4 an toan céng
trinh. M hinh nay c6 thé ing dung cho céc nghién citu tiép theo lién
quan dén thiét ké va kiém dinh do 6n dinh nén dap, dic biét trong bbi
canh dia chét phic tap.

Tuy nhién, nghién cttu nay ¢6 nhitng han ché 14 treong ngiu nhién
phét sinh chua st dung tinh twong quan (correlation) ctia céc thong s6
dAt va nhém nghién ctu dang trong qué trinh trién khai yéu té nay. Bén
canh d6, bai bdo con han ché trong viéc danh gia d6 nhay cua két qua
so v&i mot s& théng s& nhu COV.

Loi cam on
Chiing t6i xin cam on Trwdong Pai hoc Bach khoa, PHQG-HCM
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Tai liéu tham khao
[1]. W. J. Ang, Park, E., Pokhrel, Y., Tran, D. D., and Loc, H. H., "Dams in the
Mekong: a comprehensive database, spatiotemporal distribution, and
hydropower potentials," Earth Syst. Sci. Data, vol. 16, pp. 1209-1228, 2024.
L. Tancev, Dams and appurtenant hydraulic structures, Second edition ed.
Florida: CRC Press, 2014. [Online]. Available:
http://www.crcnetbase.com/isbn/9780203577059.

[2].

Boca Raton,

JOMC |210



Tap chi Vat liéu & Xdy dung Tdp 15 $6 03 ndm 2025

[31.

[41.

[51.

[6].

[71.

P. Novak, A. I. B. Moffat, C. Nalluri, and R. Narayanan, Hydraulic
Structures, Fourth Edition. Taylor & Francis, 2007.

G. A. Fenton and D. V. Griffiths, "Statistics of Free Surface Flow through
Stochastic Earth Dam," Journal of Geotechnical Engineering, vol. 122, no. 6,
Pp. 427-436, 1996, doi: doi:10.1061/(ASCE)0733-9410(1996)122:6(427).
M. Calamak and A. M. Yanmaz, "Uncertainty Quantification of Transient
Unsaturated Seepage through Embankment Dams," International Journal
of Geomechanics, vol. 17, no. 6, p. 04016125, 2017, doi:
doi:10.1061/(ASCE)GM.1943-5622.0000823.

M. Calamak and A. M. Yanmaz, "Assessment of Core-Filter Configuration
Performance of Rock-Fill Dams under Uncertainties," International Journal
of Geomechanics, vol. 18, no. 4, p. 06018006, 2018, doi:
d0i:10.1061/(ASCE)GM.1943-5622.0001114.

T. M. H. Le, D. Gallipoli, M. Sanchez, and S. J. Wheeler, "Stochastic analysis
through randomly heterogeneous earth

of unsaturated seepage

[8].

[9].

[10].

[11].
[12].

embankments," International Journal for Numerical and Analytical
Methods in Geomechanics, vol. 36, no. 8, pp. 1056-1076, 2012, doi:
https://doi.org/10.1002/nag.1047.

G.-S. L. Ltd., Seepage modelling with SEEP/W. Calgary, Canada: Geo-Slope
International Ltd., 2012.

D. V. Hutton, Fundamentals of finite element analysis, 1 ed. Boston:
McGraw-Hill, 2004.

G. E. P. Box and M. E. Muller, "A Note on the Generation of Random Normal
Deviates," The Annals of Mathematical Statistics, vol. 29, no. 2, pp. 610-
611, 2, 1958.

C. Geuzaine and J.-F. Remacle. "GMSH." https://gmsh.info/ (accessed.

R. A. Johnson, Miller & Freund’s Probability and Statistics for Engineers.

Pearson Education, 2018.

JOMC 211



