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Tom tét

Bai nghién ctu nay nhdm muc dich phan tich mét phuong phép tinh toan dong thdm qua dap dat-da khi hé s6 tham caa vat liéu dap
dap duoc xem xét nhu bién ngau nhién. Diém manh cta phuong phéap nay la str dung phuong phap phan t&r hiu han tich hop trong mot
phan mém phd bién vé tinh toan thdm va mot giai thuat don gian dé phat sinh truong ngau nhién. DE tim hiéu cac dic tinh cda phuong
phéap nay, mot dang dap dong chat duoc sir dung cling voi phuong phap Mo phong Monte Carlo. Trén co s¢ cac két qua c6 duoc, cac
van dé nhu viéc phat sinh s6 ngau nhién (random number), viéc thay déi kich thudc ludi phan t&r htu han va s6 lugng mo phong can
thiét dugc phan tich va trinh bay cu thé.

Tir khéa: phan tich tham; dap ddt-da; phuong phap phan t& htu han; hé s6 thdm; tinh khong chic chan.

Abstract

This study investigates an approach for seepage analysis within earth-fill dams whose hydraulic conductivities of soils are considered as
random variables. The strength of this approach is using finite element analysis integrated into a popular software for seepage analysis
and a simple algorithm for the random field generation for solving this problem. To study further about this approach, a homogenous
dam is used to conduct Monte Carlo simulation. Therefore, the related issues such as the generation of random numbers, the mesh

refinement and the number of samples are examined and revealed in the paper.
Keywords: seepage analysis; earth-fill or rock-fill dams; finite element method; hydraulic conductivity; uncertainty.

1. Gid6i thiéu

Dén nay, dap dat-da sir dung vat lieu dia phuong van con sir dung
pho bién dé xay dung hd chida nudc vi cac uu diém vén co cla
dang dap nay. Tuy nhién, nhu da chi ra & bai bao [1], phan lon
cac hu hong cua dap dat 1a do dong tham phét sinh trong than
dap vi dong tham la nguyén nhan chinh lam x6i cac vat liéu bén
trong than. Cac phan tich thdm s& dung tinh tat dinh
(deterministic) cta cac thong s6 tinh toan nhu hé s6 tham se gay
ra it nhiéu sai léch trong két qua va da co cac dé xuat st dung
truong phan b ngau nhién dé phan tich [2]. Theo do, cac nghién
ctu str dung tinh ngau nhién clia cac thong s6 dat da dé tinh toan
nhu phan tich trong bai toan c¢6 két (consolidation) ctia [3], danh
gia stic chiu tai cia mong theo [4], phan tich bai toan én dinh mai
doc cua [5] hay phan tich dong thdm ctia [6][7]. Trong cac nghién
ctu nay, tinh khong chic chdn ctia cac thong s6 dat nhu hé s6
tham (hydraulic conductivity), stc chiju cit khong thoat nuéc
(undrained shear strength), hay cac thong s6 khac duoc xem xét.
Bén canh do, cac nghién cau lien quan c6 thé dugc ké ra nhu sau
[8-16].

Mot cach ti€p can gan day duoc st dung trong nghién ciu
cda [6] va [7] c6 cac uu diém nhu tich hop phuong phap phan ti
htu han trong SEEP/W, mét phan mém kha phd bién hien nay
trong phan tich thdm, va mot gidi thuat phat sinh truong ngau
nhién kha don gian so véi cac giai thuat khac. Theo d6, phuong
phap Mo phong Monte Carlo (MCS) duoc ap dung dé phan tich
cac dac tinh ngau nhién. Tuy nhién, cach ti€p can nay cing co6

cac van dé can luu y khi sir dung. Do d6, bai nghién ciu xem xét
cach ti€p can nay dé phan tich dong thadm co xét tinh bat dinh cta
hé s6 tham thong qua mot dap dong chat don gian.

2. M6 ta ly thuyét

Bai toan dong thdm 6n dinh (steady state) sir dung phuong trinh
chd dao sau [17]:

(k5 + 5 (k5) e =0 (1)

trong do6, N la cot nuoc; ky va ky 1a hé s6 thadm theo phuong
x va y (do bai todn xem xét moi truong déng huong nén ks = k);
Q la luu luong tai cac bién.

Phuong phép phan t&r hiru han dugc st dung dé giai phuong
trinh trén thong qua SEEP/W. Ludi phan tir trong SEEP/W duoc
cung cdp gom co loai tam giac (triangle), t& giac (quadrilateral)
hodc hén hop cla hai dang trén. Ngoai ra, khi tinh toan céc tich
phan s6 (numerical integration), phdn mém cung cap dang 4 va 9
diém Gauss cho phan tir t gidc, 1 va 3 cho phan t&r tam giac.

Do dong thdm qua dap dat-da se phat sinh vang khong bao
hoa nén hé s6 thim duoc xem xét cac gid tri trong khu vuc khong
bao hoa. Hién nay, c6 nhiéu mo hinh tinh toan hé s tham c6 ké
dén gia tri khong bao hoa. Tuy nhién, bai nghién ctu nay st dung
mo hinh duoc dé xudt boi [18] do tinh phé bién cda n6, theo do:

K(h) = K:K,(h) 2)

trong do, K; 1a hé s6 tham & trang thai bao hoa; K: (h) 1a dang
chudn hoa (normalized) cta hé s6 thdm khong bao hoa va h 1a cot
ap. Trong vung bao hoa, do h > 0 nén K, (h)=1 va trong viing
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khong bao hoa, K; (h) < 1. K, (h) duoc tinh toan theo hai thong s6
chinh ciia mé hinh [a a van [18].

Khi xem xét tinh khong chdc chdn, bén canh K, o va n ciing
dugc xem xét nhu 1a bién phan bs ngau nhién. Tuy nhién, do lép
khong bao hoa bén trén [6p bao hoa cé luu lugng tham nhd so
v6i toan bo luu luong thdm va dé giam viéc tinh toan, nghién ctu
dé xuat chi xem xét tinh ngau nhién cta hé s6 tham va xem a va
n la khong ddi (tat dinh) cho ciing mot loai dat. Viec phat sinh cac
gia tri ngau nhién duoc thuc hién thong qua ham mat do xac suat
(probability density function - PDF) véi gia tri trung binh (mean)
va hé s& bién thién (coefficient of variation - COV). Hé s6 tham
cla dat duoc cho la tuan theo phan bé lognormal (xem [6] va [7]).
Do do, viéc phat sinh truong ngdu nhién cta hé s6 thim duoc
trién khai dua theo cac cong thic sau (K 1a hé s6 tham bao hoa):

2
otk =In (1 + Z_I?i) 3)
1
Ming = Inp, — ;01311( (4)
K = exp(Uing + OingT) (5)

trong do, r 1a s6 ngau nhién duoc phat sinh dua theo cong
thic sau [19]:

r = (=21Inuy)?sin(2mu,) (6)
hay

r = (—=21Inu,)"? cos(2muy,) (7)
trong d6, uy va u, 1a hai bién ngau nhién doc lap phat sinh
tr ham phan bd dong nhat (uniform density function) trong
khodng (0,1). Theo d6, hé s6 thdm ngau nhién duoc phat sinh va
gan vao céc diém Gauss tuong img. Viéc trién khai cac cong thic
nay vao SEEP/W c6 thé thuc hién thong qua bat ky ngon ngir lap
trinh nao ma co thé phét sinh ma CLR. Két qua phan tich duoc
thuc hién theo y tuéng M6 phéong Monte Carlo (MCS), tic la mot
s6 luong cdc mo phong tuong tu duoc thuc hién va st dung cac
ky thuat thong ke dé phan tich cac két qua tuong ting. Nhom tac
gia da st dung ngon ngr C# dé viét cac doan ma va tuong thich
vao thu vién cta SEEP/W dé co thé thuc hién ding céc y tudng
trén.
3. Phan tich mét s6 cac van dé trong viéc sir dung phuong phap
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Hinh 1. Hinh dang dap dat dong chét st dung dé phan tich.
Phan nay st dung mot dap dat don gian dang dong chat
(Hinh 1). Dap dugc don gidn hoa va khong ké vao cac bo phan
co ban nhu tang loc, vat thoat nudc, ... Phan tich sir dung phan
tr tam gidac (triangle) voi 3 diém Gauss. Két qua dung dé phan tich
la t6ng luu lugng di qua dap va gradient thdm tai chan ctia mat ha

ting khéng thdm
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luu dap (xem Hinh 1). Day la hai thong s6 quan trong trong bat ky
mot phan tich thdm nao qua dap dat. Thong s6 dat dau vao duoc
thé hién trong Bang 1. Nguoi doc c6 thé tham khdo cac thong s6
nay trong cac nghién ctu hién cé lién quan.

Bang 1. Thong s6 dat.
Trung binh hé s6 thdm bao hoa 1%10° (m/s)
Heé s6 bién thién 2,00
o (trong Mo hinh van 0,02
Genuchten)
n (trong Mo hinh van 1,40
Genuchten)

3.1. Viéc phat sinh s6 ngiu nhién r

Hinh 2. Su phan bé s6 ngau nhién r cia mot mau.
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Hinh 3. Su phan b6 s6 ngau nhién r cia mot mau.

S6 ngau nhién r (trong Cong thic 6 va 7) dong vai tro lon
trong viéc phat sinh moi truong co tinh khong chic chédn. Tuy
nhién, do phuong phap dang xem xét str dung phan mém hién
hitu (SEEP/W) nén nguoi dung can viét doan ma bang ngon ngtr
lap trinh va tich hgp vao thu vién cia SEEP/W. Mot diéu can luu
y 1a s6 ngau nhién r nay phai tuan tha theo phan bé chudn. bé
kiém tra tinh hop ly clia s& nay, mot mau thuc hién voi dap trén
da duogc xem xét. V6i hinh dang dap st dung, su phat sinh ludi
phan t&r mgc dinh cta SEEP/W 14 luéi c6 kich thuéc phan tirla 2,5
m va c6 2.289 diém Gauss, tuong tng voi 2.289 s6 ngau nhién
(xem Hinh 2 va Hinh 3). Hinh 3 cho thdy s6 r phan bé tuong doi
dat yéu cau.

Trong truong hop sur phan b caa r khong tuan tha phan bé
chudn, nguyén nhan c6 thé do ludi chua da min dé da s6 lugng
dung phan tich. Liac nay, nguoi dung c6 thé ting do min cla ludi
trong SEEP/W va tht lai. Luu y 1a viéc tang do min cda ludi chu
yéu dé kiém tra gidi thuat phat sinh r va c6 thé anh hudng dén két
qué phan tich (xem muc sau). Nguyén nhan thd hai c6 thé do
doan ma hoa chua hop ly. Lic nay, nguodi dung xem xét dé diéu
chinh.
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Bang 2. Thong s6 thdng ké clia 2 kich co ludi.

Kich co Trung binh SD cov Trung binh SD cov
(luu lugng) (luu lugng) (luu luong) (gradient) (gradient) (gradient)
(x10°m?/s) (x10°m?*/s)
2,56m 7,401 0,300 0,041 0,509 0,038 0,074
1,0m 7,420 0,126 0,017 0,505 0,036 0,072

3.2. Min héa lu6i phan tr

Nhu [20] da nhan xét, trong phuong phap phan t&r htu han, su
chinh xac cua loi gidi s6 duoc danh gia thong qua do min cta
lugi (refinement of mesh). Cu thé, c6 2 phuong thic 1a h-
refinement va p-refinement dé thuc hién y tuong nay. Véi phuong
phdp ma bai nghién ctu nay dang st dung, voi ludi cang min thi
do chinh xac lién quan dén loi gidn toan s6 cang tang 1én. Tuy
nhién, sir phan bd s6 ngau nhién lai cé su thay déi, tic bién thién
nhiéu hon, tuong tng vai sy thay ddi clia muc bién thién (scale
of fluctuation). D6 la van dé can luu y khi st dung vi vdn dé nay
lam thay d&i ban chdt dau vao cua bai toan ngau nhién nay.

3,00 — kich thwdc Z.5m

=—-— kich thwéc 1.0m

0,00 5,00 10,00 15,00 20,00 25,00 30,00
Hinh 4. S6 ngau nhién r cda 2 kich c& ludi tai vi tri gitra than
dap.
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Hinh 5. Két qua MCS cua tdng luu luong cda 2 kich co ludi.

Hinh 4 cho thdy doc theo dudng thang gitra than dap (xem
Hinh 1), su phan bé s6 ngau nhién trong 2 dang luéi (ludi cé kich
thuéc phan tir 2,5 m va ludi 1,0 m) cho thdy sy bién thién cda
lu6i 1,0 m nhiéu hon (twong ting muc bién thien lon hon). Bén
canh doé, nghién ctu thuc hién moé phong MCS cho 2 dang ludi
nay. Két qua phan tich t6ng luu lugng va gradient thay luc duoc
trinh bay trong Hinh 5, Hinh 6 va Bang 2. V&i két qua nay, ta thay
mac di su khac biét caa gradient thdm (trung binh va COV) khong
nhiéu nhung khi xem xét tdng luu luong, ta thdy su khac biet kha
I6m cta COV. Day la két qua cla viéc thay déi mic bién thién
(tic thay ddi kich co lugi phan t).

Nhu vay, néu bai toan phan tich c6 quan tam dén mdc bién
thién trong phat sinh truong ngau nhién thi cac giai thuat phic
tap khac nén dugc sir dung nhu LAS (local average subdivision)
clia [21] hoac cac gidi thuat khac.
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Hinh 6. Két qua MCS cta gradient thdm cua 2 kich ¢ ludi.
3.3. 56 lugng mAu
Van dé tiép theo 1a s6 lugng mau can thiét dé co két qua chap
nhan duoc. Theo [22], trong mot mo phong dé tinh s6 Tt theo tinh
than MCS, s6 lugng mau can thyc hién lén dén 30.000 mau. Day

la con s6 kha lon khi thuc hién véi SEEP/W. Bai nghién
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Hinh 7. M3i quan hé gitra s6 lugng mau va cac gia tri trung binh (mean) va COV cda tdng luu lugng va gradient tham.

ctiu nay thuc hién phan tich s6 luong va cac két qua phan tich
duoc thé hién & cac hinh dudi (Hinh 7). Két qué cho thdy gia tri
trung binh va COV bién thién nhiéu khi s6 luong mau it hon 400.
Trong cac s6 gan 500, cac gia tri tuong d6i 6n dinh. Do do,
nghién ciu dé xuat sir dung 500 mau dé phan tich. Tuy nhien,
néu diéu kien cho phép, nguoi dung c6 thé thuc hién s¢ mau
nhiéu hon.

4. Két luan

Bai nghién ciu da s&r dung mot phuong phap phan tich dong tham
qua dap dat co6 xét tinh khong chdc chdn caa vat lieu dip dap.
Phuong phap nay c6 cac uu diém 1a st dung mot phan mém
manh va phé bién hién nay trong phan tich dong tham va két hop
mot gidi thuat tuong déi don gian trong viéc phat sinh truong ngau
nhién. Tuy nhién, qua phan tich mot dap dat, bai nghién ctu da
chi ra cac luu y khi s&r dung phuong phap nay:

Su phan bg clia cac s6 ngau nhién: néu su phan bé khong
hop ly, nguoi dung can kiém tra cac nguyén nhan c6 thé, nhu da
trinh bay & phan tren.

Van dé do min cla ludi phan td: lugi cang min thi cang tot
vé mit todn s& nhung lai lam thay déi ban chat cda dau vao cta
truong ngau nhien.

S& luong cac mau can phan tich dé co6 két qua chap nhan
duoc: viec can béng gita két qua chdp nhan duoc va thoi gian dé
thuc hién mo phong 1a quan trong va 500 mau c6 thé chdp nhan
duoc.

Loi cam on

Nghién ciu nay dugc tai trg boi Dai hoc Quéc gia Thanh phd HO
Chi Minh (DPHQG-HCM) trong khuon khé dé tai ma s6 C2020-
20-21.

Tai lieu tham khao
[1] Foster, M., Fell, R., Spannagle, M. (2000). The statistics of embankment
dam failures and accidents. Can. Geotech. J., 37(5): 1000-1024.

26| 02.2021

[2] Fenton, G., Griffiths, D. (1996). Statistics of free surface flow through
stochastic earth dam. J. Geotech. Eng.,
https://doi.org/10.1061/(ASCE)0733-9410(1996)122:6(427).

[3] Bari, M., Shahin, M., Nikraz, H. (2013). Probabilistic analysis of soil
consolidation via prefabricated vertical drains. Int. J. Geomech.,,
https://doi.org/10.1061/(ASCE)GM.1943-5622.0000244.

[4] Griffiths, D., Fenton, G. Manoharan, N. (2006). Undrained bearing
capacity of two-strip footings on spatially random soil. Int. J. Geomech.,
10.1061/(ASCE)1532-3641(2006)6:6(421).

[5] Genevois, R, Romeo, R. (2003). Probability of failure occurrence and
recurrence in rock slopes stability analysis. Int. J. Geomech.,
https://doi.org/10.1061 /(ASCE)1532-3641.

[6] Calamak, M., Yanmaz, A. M. (2016). Uncertainty quantification of
transient unsaturated seepage through embankment dams. Int. J.
Geomech,, https://doi.org/10.1061/(ASCE)GM.1943-5622.0000823.

[7]1 Calamak, M, Yanmaz, A. M. (2018). Assessment of core-filter
configuration performance of rock-fill dams under uncertainties. Int. J.
Geomech., 18(4), 1532-3641.

[8] Freeze, R.A.(1975). A stochastic-conceptual analysis of one-dimensional
groundwater flow in nonuniform homogeneous media. Water Resour.
Res., 11(5): 725-741.

[9] Gutjahr, A.L., Gelhar, L.W. (1981). Stochastic models of subsurface flow:
Infinite versus finite domains and stationarity. Water Resour. Res., 17(2):
337-350.

[10]Lin, G. F., Chen, C. M. (2004). Stochastic analysis of spatial variability in
unconfined groundwater flow. Stochastic Environ. Res. Risk Assess.,
18(2): 100-108.

[11]Mantoglou, A., Gelhar, L. W. (1987). Stochastic modeling of largescale
transient unsaturated flow systems. Water Resour. Res., 23(1): 37-46.
[12] Tartakovsky, D. M. (1999). Stochastic modeling of heterogeneous

phreatic aquifers. Water Resour. Res., 35(12): 3941-3945.

[13]1Zhang, D. (1999). Nonstationary stochastic analysis of transient
unsaturated flow in randomly heterogeneous media. Water Resour. Res.,
35(4):1127-1141.

[14]Ahmed, A. A. (2009). Stochastic analysis of free surface flow through
earth dams. Comput. Geotech., 36(7): 1186-190.

[15]Ahmed, A. A. (2013). Stochastic analysis of seepage under hydraulic
structures resting on anisotropic heterogeneous soils. J. Geotech.
Geoenviron. Eng., 139(6): 1001-1004.

[16]Le, T. M. H., Gallipoli, D., Sanchez, M., Wheeler, S. J. (2012). Stochastic
analysis of unsaturated seepage through randomly heterogeneous



TAP CHI VAT LIEU & XAY DUNG

earth embankments. Int. J. Numer. Anal. Methods Geomech., 36(8):
1056-1076.

[171Geo-Slope International Ltd. (2012). Seepage modelling with SEEP/W.
Calgary, Canada.

[18]van Genuchten, M. T. (1980). A closed-form equation for predicting the
hydraulic conductivity of unsaturated soils. Soil Sci. Soc. Am. J., 44: 892—
898.

[19]Box, G. E. P., Muller, M. E. (1958). A note on the generation of random
normal deviates. Ann. Math. Stat., 29(2), 610-611.

[20]Hutton, D. V. (2004). Fundamentals of finite element analysis, 1st edn.
McGraw-Hill, New York.

[21]Fenton, G., Vanmarcke, E. H. (1990). Simulation of random fields via local
average subdivision. J. Eng. Mech., 116(8): 1733-1749.

[22] Wikipedia. Monte Carlo Method,
https://en.wikipedia.org/wiki/Monte_Carlo_method, truy cép ngay
25/2/2021.

022021 |27



