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TU KHOA TOM TAT

Phén tich thim Bai béo nay trinh bay viéc phan tich dong thidm phat sinh trong ba loai dap dét dugc st dung phd bién
Dap dat da (dap ddng chét, dap c6 16i giita chéng thdm va dép c6 161 nghiéng chéng thim), trong d6 hé sb thim ciia
Phuwong phép phan ti hitu han dat dép dap dugc xem xét ¢6 tinh chit phan bd ngiu nhién theo khong gian. Nghién ctu tip trung ddnh
Hé sb thAm gi4 hai dai ltgng quan trong trong bai toan thim 13 téng luu lwgng thim qua dap va gradient thAm. Cu
Tinh khéng chic chén thé hon, phuong trinh thAm qua dép d4t duoc giai bing phwong phap phén ti hitu han thong qua phin

mém tinh thdm phd bién hién nay 1a SEEP/W. Hé sb thim dugc phét sinh ngiu nhién théng qua ham mét
d6 xé4c sudt v&i gid tri trung binh va hé sb bién thién twong ¢ng. Viéc phat sinh gia tri ngiu nhién dwoc
mi héa théng qua ngon ngit C# va duge tich hgp vao SEEP/W. Tiép theo, M6 phong Monte Carlo digc
st dung két hop véi céc cong cu théng ké dé tng hop va danh gia két qua. Cac két qua nay duge so sanh
vGi cac két qua duge tinh toan tit phitong phap tit dinh. Theo d6, trong ca ba loai dap, c6 dén 100 % kha
ning lwu lwgng tinh toan ti phuong phap ngiu nhién 16n hon lwu lwgng tinh toan tit phuong phap tit
dinh. Trong khi d6, khoang 50 % kha ning gradient thAm tinh toan tit phiiong phap ngiu nhién 16n hon
gradient thdm tinh toan tit phitong phép tit dinh. Cac phan bé tin suit ctia Ivu Iwgng phit hgp véi phin

bb chudn, trong khi d6 cac phan bd tin sult ctia gradient thim c6 xu hweéng 1éch phai.

KEYWORDS ABSTRACT

Seepage analysis This paper presents the seepage analysis through three popular types of earth-fill dams (homogeneous,
Earth-fill or rock-fill dams central-core and inclined core), whose hydraulic conductivities are considered as spatially random. This
Finite element method study focuses on evaluating two important parameters of seepage which are the flow rate and gradient.
Hydraulic conductivity More specifically, the governing equation of seepage through earth-fill dams is solved using finite element
Uncertainty analysis within a popular software, i.e. SEEP/W. The hydraulic conductivies are randomly generated based

on the relevant probability density function with its mean and coefficient of variation. The generation of
the random numbers is coded using C# and integrated into SEEP/W. Next, the Monte Carlo simulations
are applied, including statistical techniques for assessing the results. These outcomes then are compared
with ones resulted from the determisnistic calculations. Hence, within all three types of dams, there is a
probability of 100 % in which the flow rates calculated from the random method are greater than ones
from the deterministic method. As a meanwhile, there is a probability of about 50 % in which the gradients
calculated from the random method are greater than ones from the deterministic method. The frequency
distributions of the flow rates fit well the normal distributions meanwhile the ones of the gradients show
a right-skewed trend.

1. Giéi thiéu Viéc stt dung tinh ngiu nhién ctia cic théng s6 dit da da dugc st

dung nhidu trong thoi gian gin day. Cu thé hon, ¢6 cdc nghién cttu lién
Phan tich thdm luén dwoc stz dung trong qua trinh thiét ké dap ins & gang ¥ . ) g
£, 4z Ae iAo R N o quan nhu phén tich trong bai todn co két (consolidation) cua [3], danh
dat da s dung vt liéu dia phwong vi nhu da nghién citu trong [1], o ] N B
. 2 L R N . < gia stic chiu tai cua méng cua [4], phan tich bai toan 6n dinh mai doc
nguoi ta thay mot ti 1€ 16n cac vu hu hong dap dat da 1a do dong tham .
N N R o . ;" , cta [5] hay phéan tich dong tham cua [6],[7]. Trong cac nghién ctu
gdy ra. Tuy nhién, theo [2], trong qué trinh phéan tich dong tham, cac , ., ik P
L, B i . L. L . 2 nay, tinh khoéng chac chan cua cac thong so dat nhu hé so tham
phuong phép st dung tinh tat dinh (deterministic) ctia cac thong so ) o, )
; . VA ; > A ; .. (hydraulic conductivity), stc chiu cat khong thoat nudc (undrained
tinh todn nhu hé so tham sé gay ra it nhiéu sai 1éch trong két qua va ]
. s x o sz IO shear strength), hay cac thong so khac dugc xem xét. Ngoai ra con c6
truong phan bo ngau nhién da duoc de xuat st dung dé phan tich.
cac nghién ciu lién quan tw [8 - 16].
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Mot nghién ciu khac ddng duge quan tdm tir tai liéu [25]. bay
12 mot nghién ctu ¢ xét tinh bat dinh ctia hé s6 thim khi xem xét bai
toan thAm qua dap dAt. Nghién cttu nay st dung phiwong phap sai phan
hitu han (finite difference method) va muc tiéu 1a danh gié vi tri ctia
duong bao hoa (free surface) trong than dap. Nghién ctu nay ciing da
cho thy, do tinh bét dinh ctia hé s6 thdm nén vi tri ctia mit bio hoa

trong than dép ciing bién thién, dic biét tai vi tri mait ha lvu.

Bén canh dé, SEEP/W 1a mot phdn mém duoc san xuit boi Cong
ty GEO-SLOPE International Ltd. c¢6 tru s& tai Canada [17]. Phin mém
ndy duoc sit dung dé thize hién céc phén tich hién tugng thim dién ra
trong moi truong dit. Phan mém st dung cong cu toan sb 1a phuong
phép phin t¥ hitu han va c6 thé mé phong bai toan én dinh (steady-

state) hodc bai todn theo thoi gian (transient).

Trong cidc phuwong phap st dung, mét phuwong phip dugce st
dung gin day trong nghién citu ctia [6] va [7] c6 cdc vu diém nhu tich
hop phwong phap phin tit hitu han trong SEEP/W, mét phan mém kha
phé bién hién nay trong phan tich thim, vi mét giai thuat phat sinh
triedng ngiu nhién kha don gian so v&i cac giai thuat khac. Do @6, bai
béo st dung phitong phap nay dé phan tich dong thim c6 xét tinh bét
dinh ctia hé sé thim vio viéc xem xét cic dang dap dit da khac nhau.
Nghién cttu st dung ba dang dap dit d4 phd bién c6 hinh dang bén
ngoai gidng nhau, tuy nhién phan bé bén trong c6 sy thay dbi. Cu thé,
dap ddng chét, dap c6 16i gitta chdng thim va dap c6 16i nghiéng chéng
thdm sé& duoc sit dung. Muc dich 1 dé xem xét ciing mét phuong phap,
st khac nhau (néu c6) Gng v&i cac hinh thitc dap sé duge phan tich va
trinh bay.

2. M0 ta ly thuyét va phuong phap nghién citu

Phuong phép nghién cifu ctia bai bao nay duge tb hop tit cac ¥
twdng sau:

Ly thuyét thAm dugc mé ta qua phuong trinh chit dao (1).

Ap dung 15i giai to4n s6 cho phutong trinh (1), cu thé 1a phwong
phap phin ti hitu han dugc thitc hién théng qua phin mém SEEP/W.

Trong phuong trinh (1), do hé sb thdm kx va ky c6 xét gia tri
trong viing khong bio hoa nén ly thuyét ctia van Genuchten [18] duge

st dung dé mé ta dic tinh nay.

Bén canh d6, do xem xét tinh bién dbi (tinh khong chén chic) ctia
hé s6 thim kx va ky nén cac phuong trinh tit (3)-(7) dugce 4p dung.

Ngon ngit 14p trinh C# duge sit dung dé mé héa cac phirong trinh
(3)-(7) va tich hop vao phén mém SEEP/W. Cong cu va cach thic dé

thire hién viée ma héa, ngudi doc c6 thé tham khao tai liéu [26].
Thuc hién M6 phéng Monte-Carlo v&i s6 lvong mau 13 500 miu
cho m&i mot md phéng.

St dung céc cong cu théng ké dé danh gia két qua va so sanh véi
két qua tinh toan dén tit phwong phap tit dinh (titc phrwong phap xem
xét hé s6 thim 12 khong thay d6i theo khong gian).

Nbi dung tiép theo dwoc trién khai dé 1am r6 thém cac phuong
phap nghién ciu nay.

Bai toan dong thim 6n dinh (steady state) st dung phwong trinh
chu dao sau [17]:
L) +2(k,2)+0=0 @

; X ox ay \' Y ay

trong d6, H 1a cét nudc; k, va k, 1a hé s6 thAm theo phwong x va
y (do bai todn xem xét méi tridng ding hwdng nén k, = k); Q 1a lvu

lwong tai céc bién.

Phuong phép phin t& hitu han dwgc sit dung dé giai phuong
trinh trén thong qua SEEP/W. Luéi phin tit trong SEEP/W dugc cung
cAp gdm c6 loai tam gidc (triangle), t& gidc (quadrilateral) hodic hén
hop ctia hai dang trén. Ngoai ra, khi tinh toin céc tich phan sb
(numerical integration), phdn mém cung cip dang 4 va 9 diém Gauss

cho phin ti tif gidc, 1 va 3 cho phin ti tam giéc.

Do dong thdm qua dap dit d4 sé phat sinh viing khong bdo hoa
nén hé s6 thAm dugc xem xét cac gia tri trong khu viee khong bio hoa.
Hién nay, c6 nhiéu mé hinh tinh to4n hé s6 thAm c6 ké dén gi4 tri khong
béo hoa. Tuy nhién, bai nghién citu nay st dung mé hinh dwgc dé xuét
bé&i [18] do tinh phé bién cta né, cu thé

K(h) = KK (h) (2)

trong d6, K, 12 hé sé thdm & trang théi bdo hoa; K, (h) 12 dang
chuén héa (normalized) ctia hé s thAm khong bao hoa va h 1a cot 4p.
Trong viing bdo hoa, do h > 0 nén K, (h) = 1 va trong viing khong bao
hoa, K, (h) < 1. K, (h) duge tinh todn theo hai théng sb chinh ctia md
hinh 1a o van [18].

Khi xem xét tinh khéng chic chin, bén canh K, hai hé s6 a van
cling dwgc xem xét nhu 12 bién phan bd ngiu nhién. Tuy nhién, do 16p
khéng bio hoa bén trén 16p bao hoa ¢ lru Ivgng thAm nhé so véi toan
bd lvu lvgng thAm va dé giam viéc tinh toan, nghién citu d& xut chi
xem xét tinh ngéu nhién ctia hé s6 thAm va xem o va n 13 khong d6i (tit
dinh) cho ciing mot loai dAt. Viéc phét sinh cac gia tri ngAu nhién duoc
thuc hién thong qua ham mat d6 xac suét (probability density function
- PDF) véi gia tri trung binh (mean) va hé sb bién thién (coefficient of
variation - COV). Hé s6 thAm cua dit duge cho 13 tudn theo phan bd
lognormal (xem [6] va [7]). Do dd, viéc phét sinh trudng ngﬁu nhién
ctia ké s6 thAm duoec trién khai da theo céc cong thic sau (K 1a hé s6
tham bao hoa):

ot =M1 +Z—’£) )
Pk = Inpg — %Uﬁm ©))

K = exp(tink + Oink™) 3)
trong d6, r 1a sb ngau nhién dugc phét sinh dya theo cong thite

sau [19]:
r = (=2Inu,)?sin(2mu,) 4)

hay
r = (=2Inu;)"? cos(2mu,) (5)
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trong d6, u; va u, 12 hai bién ngiu nhién doc 14p phét sinh tit ham
phan bb ddng nhét (uniform density function) trong khoang (0,1). Theo
d6, hé s6 thAm ngiu nhién duwgc phat sinh va gan vio cac diém Gauss
twong ng. Viéc khai trién céc cong thic nay vio SEEP/W c6 thé thuc
hién théng qua bét ky ngdén ngit l4p trinh ndo ma c6 thé phat sinh ma
CLR. Két qua phan tich dugc thiyc hién theo y twdng Mé phong Monte
Carlo (MCS), tiic 12 mét sb luwgng cic md phong tiwong tu duge thirc
hién va st dung céc ky thuat théng ké dé phan tich cac két qua twong
tng. Nhém téc gia da sit dung ngén ngit C# dé viét cac doan ma va
twong thich vio thu vién ctia SEEP/W dé ¢6 thé thuc hién ding céc ¥
twong trén. Hinh 1 trinh bay so d6 khéi mo6 ta giai thuat phat sinh gia

tri ngdu nhién ctia hé s6 thdm dén cac nit Gauss tiong Gng.

M6 phong Monte Carlo duge st dung dé xem xét bai todn nay.
Cu thé hon, theo tinh thin ctia mé phong Monte Carlo, nghién cifu nay
tién hanh 13p lai lién tuc cic mAu nghu nhién dé dat dugce két qua cubi
cling. Ung v&i mot mau, giai thuat phat sinh hé sé thim ngau nhién sé
phan phdi gia tri hé sb thAm trong toan b ving tinh toan. Lic nay, bai
toan thAm sé duoc giai theo céc gia tri hé s6 thdm da duoc gan va diéu
kién bién twong ng. Két qua tinh toan sé cho gia tri cac théng sb luu
lwong va gradient thim twong @ng. Ghi nhan két qua v&i chudi thuc
hién L3p lai lién tuc. C4c céng cu théng ké sé duge sit dung dé phan tich

cac chudi so liéu nay.

Viéc xem xét két qua diu ra cta tinh toan 12 gradient thiAm (dd
dbc thiy Ivc) ciing twong ing véi viée xem xét vén tdc thdm (tdc nhan

giy x6i d4t) do gradient thAm va van t6c thAm c6 méi lién hé véi nhau.

Ngoai ra, trong mot nghién c¥u lién quan, nhém tac gia da cé cac

lvu ¥ khi stt dung phwong phap nay nhu sau:

e Giai thut phat sinh s6 ngu nhién r (Céng thic (6) va (7)
dugc xem 12 hop 1y néu phan bd tin suét cta céc sb nay phit hop véi
phan bb chuln (normal distribution).

e Viéc lam min kich thugc luéi phén t& dem lai sy chinh xac
hon v& mit toan sb [20], tuy nhién viéc thay dbi nay 1am thay dbi ban
chét ddu vio clia méi tredng ngdu nhién vi 1am thay dbi mitc bién thién
(scale of fluctuation). Do d6, néu bai to4n c6 xét dén mic bién thién thi
céc giai thuat phét sinh tredng ngau nhién khac nén dugce ap dung (vi
du [21]). Tuy nhién, cac giai thuat nay phdc tap hon.

e 86 lvong mau dé thue hién MCS cin di 16n dé dem lai két
qua tin cay. Tuy nhién, viéc nay s&é mit nhiu thoi gian khi lam viéc véi
SEEP/W. Dé can bing giita thoi gian thue hién va d6 chinh xéc cin c6,
500 mAu 14 s6 c6 thé chap nhan dugc.

Theo tinh thin ctia M6 phéng Monte-Carlo, s6 lwong thue hién
mau cang nhiéu thi két qua cang t6t hon. Tuy nhién, do viéc mé phéng
tén kha nhiéu thoi gian nén nghién cifu cb ging tim s lwvong miu cé
thé chip nhén dvgc dé can bing giia tinh hop 1y ciia két qua va thoi
gian mé phéng. Trong M6 phong Monte-Carlo, s lwong mau chip nhan
dugc khi cac théng sb théng ké clia mot mé phong (vi du gid tri trung
binh mean, va hé sb bién thién coefficent of variation — COV) di dén &n
dinh. Theo d6, nghién cttu da chon sb lvong miu 1a 500 dé dap tng

yéu ciu trén. $6 lvgng 500 nay ciing dugc sit dung trong mot s6 nghién

cttu duge trich din bén trén.

Doc cic gid tr
dau vao
K. COV,an

Doc gia tri ap lye
nude p i nat

>

Phit sinh bién ngiu
nhién u, va us

Diém dang xét nim
trong viing khéng bio
hoa = tinh toan hé so

]

Tinh todn s6 ngu
nhién # theo (6) hodc

(7)

tham Kyh) theo (2) Bing

}

Tinh toan hé sé thim
K ngiu nhién theo (5)
- Gan K vao nit

Gauss tuong g

Piém dang xét nim
trong viing bio hoa
- hé sb thim
Kih)=K:

Hinh 1. So dd khéi mé ta viéc phét sinh hé sb thAm ngiu nhién va

dugc gan vao cac nit Gauss tvong Wng.
3. Ap dung vao cac hinh thic dap dat da khac nhau

Trén co s& d6, bai nghién ctu nay st dung phuong phép da trinh
bay dé phan tich dong thAm qua céc dang dap dit da khéc nhau [22].
Cu thé hon, 3 dang dap phé bién dutgc trinh bay trong Hinh 2 (dap ddng
chét), Hinh 3 (d4p c6 phan 16i giita chéng thdm) va Hinh 4 (dap c6 15i
chdng thAm dang 16i nghiéng). Muc dich ctia viéc phan tich 12 xem xét
su tac dong ctia méi trwdong ngau nhién 1én cic dang dap khac nhau. Do
d6, vat liéu st dung gidng nhau cic thong s6 nhw COV, a va n va dugc
trinh bay trong Bang 1. Cic théng sb nay dugc sit dung diwa vao cac
théng ké nghién ctu lién quan tit tai liéu [27]. Cac gi4 tri két qua ding
dé phan tich 13 tdng Iwu lwong thim qua dap va gradient thim tai cic
vi tri quan trong @ing v§i tiing loai dap (xem Hinh 2, Hinh 3 va Hinh 4
dé biét cac vi tri cAn xem xét gradient thim). Cic gia tri gradient (d6
dbc thity lue) duwge xem xét 12 gia tri cuc bo tai vi tri dang xem xét dugc
xuét ra thong qua SEEP/W.

CAn lvu ¥ thém, ba loai dap st dung trong nghién cttu 14 cac hinh
thitc dap thong dung khi xay dung dap dt st dung vét lidu tai chd. Ty
vao didu kién sin c¢6 ctia vat lidu va diéu kién thi céng cling nhu yéu
ciu ctia coéng trinh, mot hinh thitc dap cu thé sé dwgce chon. Théng
thuwong, khi dap c6 16i chdng thdm thi vat liéu sé c6 hé sb6 thim thép
hon cac phfin dép khéc (duge thé hién qua Bang 1). Nhu véy, sy khéc
nhau & ba loai dap chinh 13 hinh théc cAu tao (c6 hay khong c6 16i
chéng thim; hinh dang 16i chéng thAm nhu thé ndo, nghiéng hay trung
tam...).

Luéi phin ti diing dé phan tich 13 phin ti tam giac (triangle) v&i 3
diém Gauss. Kich thwéc phin tif trung binh duoc sit dung 13 2,5 m. Kich
thwde nay duge st dung trén co s& lwdi toi vu ctia SEEP/W dua trén
kich thuée téng thé ctia cac dap dua vao. Ludi c6 thé dwoe min hon dé
¢6 két qua tét hon v& mit toan sb tuy nhién lc nay lai gip vn dé vé
mittc bién thién (scale of fluctuation) ctia truong ngéu nhién. Néu mitc
bién thién khong dwgc xem xét, bai nghién cttu st dung kich thuwde wéi
t6i wu ma SEEP/W cung cip (titc 2,5 m). Theo khing dinh tir tai liéu
tham khao [17], lw6i nay da dugce téi wu va chip nhin dugc vé tinh
hop 1y v&i mét mién tinh todn bét ky. Ludi duge danh gia c6 mic do

min dang trung binh (medium).
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10m 30m
25m . 1< mat cit xem xét luu
MUCNUO, luong thAm
a L
& /')\‘e vj tri xem xét
i gradient tham
Hm: dap déng chat
tang khong thdm
Hinh 2. Hinh dang d4p dat dong chat st dung dé phéan tich.
10m 30m
25m ! mat cAt xem
Iz Myc nuoc xét luu luong
- thdm
& K \
< ..g,,q A
Oom S
$

tang khong tham l 14m

vi tri xem xét
gradient thdm
Hinh 3. Hinh dang d4p dat c6 16i gitta s& dung dé phén tich.
10m , 30m
§ il
125"” ! N mat cat xem
<> _muc nuéc | xét luu lvong
|
0 |
¢ i
/.8 I
g
Oom S
— £
18m I\ tang khang tham
v tri xem xét
gradient tham

Hinh 4. Hinh dang dap dét c6 16i nghiéng st dung dé phan tich.
3.1.S6 ngdu nhién va si phdn bd twong ing

Nhu d3 trinh bay, s6 ngiu nhién r déng vai trd quan trong ctia
phwong phap nay. Do d6, phin nay trinh bay sy phén b6 sé r trong than
dap. Céc Hinh 5, Hinh 6, Hinh 7, Hinh 8, Hinh 9 va Hinh 10 trinh bay
phan bd cuia s6 ngdu nhién trong toan bé than dap ciing nhu cic bd
phan (16i, phan d4p thugng Iy, phin dép ha lwu) ctia 3 loai dép.

Bang 1.
Céc thong s dau vao.
Thong sb Phan dt dip Phan 16i
Trung binh ctia hé s thAm 1x10° (m/s) 1x10% (m/s)
COV ctia hé s6 thdm 2 2
« (md hinh van 0,02 0,02
Genuchten)
n (m6 hinh van 1,40 1,40
Genuchten)
Ws-25--2
@-2-15
B-15-41
1-1--05
1-05-0
10-05
Wos5-1
WB1-15
W15-2
m2-25
m225

Hinh 5. Sy phan b ctia s6 ngiu nhién r ctia mét miu trong toan bo

than d4p & dang contour — dap ddng chét.
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Hinh 6. Phan b sé ngiu nhién r cia mét miu trong toan bd than dap

déng chat (MP-M6 phong; PBC-Phan b6 chun).
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Hinh 7. Sy phan bd ctia s6 ngiu nhién r ctia mét miu trong toan bod

than d4p & dang contour — dép c6 16i gitra.

ira - Phan 5 —P —POC

- —PEC

Tan sudt

56 ngiu nhién S5 ngdu nhién

Hinh 8. Phéan b6 s ngiu nhién r ctia mot mAiu trong toan bd than dap,
phén 16i, phin dip thugng lwu va phin dip ha lvu cta dap c6 16i giita
(MP-Mb phéng; PBC-Phén b6 chudn).
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Hinh 9. Su phan b6 cta s6 ngiu nhién r ctia mét mau trong toan bd

than dap & dang contour — dép c6 16i nghiéng.

Bang 2.
Kiém dinh Chi binh phitong véi cdc phan bb s6 ngiu nhién r.
Phén bb Xalculated Xfimit
Dap ddng chét (toan bd) 5,6 18,3
bép 16i gitta (toan bd) 19,5 18,3
bap 16i gitta (phan 16) 4,4 12,6
bap 16i giita (phan TL) 10,0 15,5
bap 16i giita (phan HL) 4,9 15,5
bép 16i nghiéng (toan 3,9 16,9
bd)
Dap 16i nghiéng (phin 5,5 12,6
16)
Dap 16i nghiéng (phin 7,0 12,6
TL)
Dap 16i nghiéng (phin 1,7 15,5
HL)

Theo 1y thuyét, phan bd tin suét ctia s6 ngAu nhién r phai tuan
thu theo phan b chuédn (normal distribution). Cdc Hinh 6, Hinh 8 va
Hinh 10 thé hién c4c dudng phan bb chuin vé& mit 1y thuyét dugc cho
12 m6 ta t6t nhét cdc phan bd tin suit nay. P& danh gia c6 tinh dinh
lugng hon, nghién ctu da st dung Kiém dinh Chi binh phiong (Chi-
squared Test) dwgc tham khao tit tai liéu [28] dé danh gia miic d6 phu
hop (goodness of fit) ctia cic phan phéi nay.
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Bang 3.

S6 liéu théng ké ctia MCS.

Dang Téng lwu lwgng thAm Gradient thAm
Trung binh SD cov Deter. Trung SD cov b6 léch Deter.
(Mean) (x107m3/s) (x107 binh (Skewness)
(x10"m3/s) m?3/s) (Mean)
Pong chét 74,005 3,005 0,041 41,560 0,509 0,038 0,074 0,291 0,508
Loi gitta 4,400 0,415 0,094 2,458 0,507 0,206 0,406 0,508 0,542
Lo6i nghiéng 6,860 0,597 0,087 3,797 1,548 0,464 0,300 0,199 1,558
Ch thich:
SD - standard deviation (d0 1éch chuén)
cov - coefficient of variation (hé sb bién thién)
Deter. - deterministic (két qua tinh theo gi4 tri tit dinh)
Bang 4.
Kiém dinh Chi binh phitong véi cdc phan bé ctia lvu lvgng va gradient thim.
Luu luong Gradient thAm
Dang dép 2 2 2 2
Xcalculated Xiimit Xcalculated Xiimit
Pap ddng chét 13,5 22,4 40,9 27,6
bép 16i gitra 20,3 30,1 40,9 28,9
bép 16i nghiéng 31,1 37,7 15,9 33,9

Bang 5.

Panh gia xac sudt gia tri tinh toan tit phiong phap ngau nhién 16n hon gia trinh tinh toan ti phwong phép tat dinh.

Dang dap Luu luong Gradient thim
Dap ddng chét 100 % 51 %
bap 16i gitta 100 % 43 %
bép 16i nghiéng 100 % 49 %

oF & e Yy LRI A A AT S Vet S e Al Y

Hinh 10. Phéan b6 s6 ngiu nhién r ctia mot mAu trong toan b than
dap, phan 161, phin dip thugng lwu va phin dip ha lvu ctia dap c6 16i
nghiéng (MP-Mb phong; PBC-Phan bb chuén).

Kiém dinh nay st dung mét théng sé dwoc goi 13 Chi binh
phuong tinh toan (y_calculated™2) va dugc tinh toan dva vao su khéc
biét giita phan phéi tin sudt thitc té va phan b chuén twong ng. Bén
canh @6, gia tri Chi binh phuong gi¢i han (y_limit"2) ciing dugc tinh

toan v&i y nghia théng ké (level of significance) 5 % duoc st dung dé
so sanh. Néu _calculated"2 <+ _limit"2, phan bd chuin 1y thuyét duge
cho 12 phit hop v&i phan bé tuln sudt tir thi nghiém. Bang 2 trinh bay
cic so sanh tit Hinh 6, Hinh 8 va Hinh 10. Két qua cho thiy chi duy
nhit mot tredng hop 7y _calculated™2 16n hon y_limit"2 (tuy nhién d6
chénh 1éch ciing khong nhiéu), tit ca cac trudng hop con lai cho thiy
giai thuét phat sinh s6 ngiu nhién r ciing kich ¢& lwdi sit dung da dap
ng v&i yéu ciu di néu ra.
3.2.Két qud st dung MCS

V6i hinh dang va céc s6 liéu dau vao nhu trén, tng véi mdi dang
dap, MCS duge thire hién véi 500 mau. Két qua dugc thé hién trong
cic Hinh 11, Hinh 12 va Hinh 13 va Bang 3, Bang 4 va Bang 5.

Tt cdc két qua trén, nghién ctu da c6 cic nhan xét sau:

e Véi cac hinh dang dap c6 ciu tao phitc tap hon (c6 16i chéng
thdm), mtic d6 bién dong ctia két qua (théng qua thong s COV) ¢6 gia
tri 16n hon (vi du, véi Ivu lwgng thidm, COV ctia dap c6 16i 1a 0,094 va

0,087 so v&i 0,041 cta dap déng chit; véi gradient thdm, COV ctia dap
¢6 16i 1a 0,406 va 0,300 so vGi 0,074 ctua dap déng chét) (Bang 3).
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e Sit dung ham phan bd dé tinh to4n, nghién ctu cho thiy c6
dén 100 % xéc suét luu lvong tinh tit phwong phap ngiu nhién 16n hon
lvu lwgng tinh tit phwong phép tit dinh. Bén canh d6, c6 dén khoang
50 % kha niing gradient thdm tinh tit phitong phap ngu nhién 16n hon
gradient thdm tinh tit phwong phép tit dinh (Bang 5).

e St dung Kiém dinh Chi binh phuong, nghién ciu cho thiy
phén b tudn suét ctia Iwu lvong phit hop v6i phan b chuén tuong

@ng (do yZ cuated < X&mic)- Trong khi d6, hai trong ba trivd'ng hgp cua
gradient thim, phan bd tin suit chwa phit hop hoan toan véi phan bb
chudn twong tGng (Bang 4). Tinh toan thém hé sb 1éch (skewness) ctia
cac phan b gradient nay (Bang 3) cho thiy cac phan b ¢é xu huwéng
1éch phai.

Bang 6.
Céac thong sb lién quan dén mét vi du dép da db c6 16i chéng thAm va bd phan chuyén tiép.
Loi gitta Léploc1 Lép loc 2 Lép loc 3 ba db
Dy, Bé Bé Bé
D85 DlS DSO D85 D15 DSO D85 DlS D50 D85 D
(mm) day day day
(mm) (mm) (mm) (mm) (mm) | (mm) | (mm) (mm) (mm) (mm) (mm)
(m) (m) (m)
0,01 0,06 0,5 1,0 1,5 0,5 6 12 18 1 70 140 200 3 500

Tan susit

Hinh 11. Két qua ctia MCS trong dap ddng chit cta téng lwvu lgng
thdm va gradient thdm (MCS-M6 phéng Monte Carlo; PBC-Phan b

chuén).

Hinh 12. Két qua ctia MCS trong dap c6 16i giita ctia téng lvu lvong
thdm va gradient thAm (MCS-Mb phong Monte Carlo; PBC-Phan bd

chuén).

Hinh 13. Két qua ctia MCS trong dap c6 16i nghiéng cta tong lwu
lwong thim va gradient thAm (MCS-M6 phéng Monte Carlo; PBC-Phén

bb chuén).

3.3.Ap dung trong ddp dd d6 c6 16i chéng thdm & giita

Phin nay chi trinh bay cac y twdng khi m& rong viée 4p dung cho
céc hinh thiic dap dét d4 khac, vi du nhv dap d4 db khi bs phan chuyén
tiép gitta 16i va phin dip thwong va ha lvu phic tap hon.

Viéc 4p dung c6 thé digc mé rong khi phan tich mot dap da dbé
¢6 16i chéng thdm & giita. Mot vi du st dung d4t min 1am 16i chéng
thAm va phin d4 db c6 kich thuée d4 16n nén dé ngin ngita x6i trong
16i, mdt bo phan chuyén tiép duwoc xdy ding kém theo. Theo tiéu chuén
thiét ké cac 16p loc ctia [23] va [24], kich thuéc cb thé ctia cac 16p loc
duvoc trinh bay nhu theo Hinh 14 va Bang 6. Theo mé ta ly thuyét cia
phan mém SEEP/W trong tai liéu [17], v6i cac vt liéu c6 kich c& hat
nhu 16p loc 3 tré 1én thi vat liéu nay vé miit vat 1y khéng c6 7 nghia
trong viéc tiéu tan ning lwgng thAm (cot nwdc) nén ving nay khéng
cin mo ta v md phéng trong bai toan thim. Do d6, mé phéng chi cin
xét phan 16i, 16p loc 1 va 16p loc 2. Céc coéng viée nhu phét sinh hé s6
thdm nglu nhién va st dung MCS van dugc thyc hién nhue da mé ta
bén trén.
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Hinh 14. Hinh dang d4p d4 db c6 16i chéng thidm v6i b phan chuyén

tiép.
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4. Kétluan

Bai bao nay trinh bay mot nghién cttu lién quan dén sy phén tich
hién twong thidm di qua ba loai dép dAt phd bién hién nay. Tuy nhién,
khdc v6i cac phan tich tit dinh khi hé s6 thim duoc xem xét nhu khéng
thay dbi trong cling mot 16p dAt, nghién ctu nay sit dung tinh ngiu

nhién cta hé s6 tham dé xem xét bai toan.

Phuong phép nghién ctu ctia bai bdo nay 1a két hop phuong
phap phan ti hitu han théng qua phin mém SEEP/W va xay dung giai
thuat phat sinh s6 ngiu nhién r, tit d6 phét sinh hé s6 thim c6 su phan
bb ngiu nhién trong than d4p dt. M6 phong Monte Carlo dwgc sit dung
@& phan tich tinh ngiu nhién ctia bai toan théng qua s6 lwong 500 mau
cho mét triedng hop phén tich. Céc cong cu théng ké duoc st dung dé

phan tich cdc két qua nay.

Nghién citu dd cho thdy, giai thuit phat sinh sé ngiu nhién r
dugc xay dung hop ly khi cac phan b6 tin suét ctia sé ngiu nhién nay
trong than dap phit hgp v6i phan bé chuén.

Bén canh d6, nghién cifu ciing cho thiy véi cac dap c6 c6 16i
chéng thim, mitc d6 bién dong ctia két qua (thong qua théng s6 COV)
¢6 gia tri 16n hon (vi du, v6i Ivu ligng thAm, COV clia dap c6 16i 1a
0,094 va 0,087 so v&i 0,041 cua dap dE“)ng chét; v6i gradient thdm, COV
clia dp c6 16i 12 0,406 va 0,300 so v&i 0,074 clia dap ddng chét).

Ngoai ra, nghién cttu con cho thiy c6 dén 100 % xac suét luu
lwgng tinh tif phuwong phdp ngiu nhién 16n hon lwu ligng tinh tit
phuong phap tit dinh va c6 khoang 50 % kha ning gradient thdm tinh
tlt phiwong phap ngu nhién 16n hon gradient thdm tinh tit phuong
phap tit dinh. Két lusn ndy rit quan trong vi da cho théy viéc thiét ké
chi stt dung két qua tt dinh di chwa luong hét céc rii ro do su ngiu

nhién ctia tinh chat vat liéu gay ra.

Nghién cifu con cho thiy phan b tuln suét ctia Ivu lvgng phit
hop v6i phan bd chuin twong tng. Trong khi d6, véi gradient thim,
phén bd tin suét chwa phit hop hoan toan v&i phan bb chudn twong
iing va cac phan bd ¢6 xu hudng léch phai.

Tuy nhién, nghién citu chvwa danh gia sy¢ anh hudng cua sy thay
dbi cac thong sé (vi du nhu COV) 1én két qua diu ra. Pay ciing 1a du
kién trong céc nghién ctu sip t&i cta tap thé tc gia.

LOi cam on

Nghién cttu nay dugc tai trg bdi Dai hoc Quéc gia Thanh phé Hb

Chi Minh (PHQG-HCM) trong khudn khé d2 tai ma s6 C2020-20-21.
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