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PHAN TiCH TIEN TRINH THAM VA XOI THEO THOI GIAN
VOI DONG THAM NGANG VA PUNG

Lé Van Thao
Truong Dai hoc Bach Khoa, Dai hoc Da Nang

Tém tit: Nhitng két ccfu thuy lyc dong mot vai tro quan trong trong cudc song hang ngay ciia
chiing ta nhw cung cdp nang lwong, cung cdp mroc diéu khién I lut... X6i ngam la mét trong
nhung nguyén nhdn chinh gay nén hién twong mat on dinh trong cdc cong trinh nhu dap, de hay
cdc hé chira nuée bang dat. Foster et al. (2000)[1] da thiee hién thong ké trén 11192 ddp dat
I6m, trong sé 128 ddp dat bi vé dwoc biét, ¢6 khodn 46.1% la do x6i bén trong, 48.4% la do miwde
tran qua ddp va 5.5% la do trweot 16. Tién trinh x6i ngam c6 thé phdn ra thanh bon logi: x6i ro ri,
x6i kéo theo, x6i tiép xiic va xéi hat min. Tién trinh x6i hat min c6 thé gdy ra nhitng thay doi
quan trong vé ddc trung thdy lire va co hoc ciia ddt. Trong thuc té yéu cau mé hinh nghién ciru
can phaz phu hop Véi két cdu va dong chay trong than dap Vi vay muc tiéu cua bai bao sé phan
tich tién trinh tham va xéi theo thwoi gian ciia mau nhiéu lop voi dong chay ngang va dong chay
ditng, dé dam bao sw danh gid an toan ciia nhitng két cau thity lec va dé phiv hop véi két cdu
ddp, dé thuc té.

Tir khéa: X6i ngam, dong tham ngang, dong tham ditng, Pdp dit.

Summary: Hydraulic structures play an important role in our daily life such as energy supply,
water supply, flood control... Underground erosion is one of the main causes of instability. in
structures such as dams, dikes or earthen reservoirs. Foster et al. (2000) [1] performed
statistics on 11192 large earth dams, out of 128 known earth dams, 46.1% were due to internal
erosion, 48.4% were due to overflowing of the dam and 5.5% were due to slippage. The
process of underground erosion can be divided into four types: seepage erosion, traction
erosion, contact erosion and fine-grained erosion. The process of fine-grained erosion can
cause important changes in the hydraulic and mechanical properties of the soil. In fact, the
research model needs to be suitable for the structure and flow in the dam body. Therefore, the
objective of the study will be to analyze the seepage and intenal erosion process with time of
many layers specimens to ensure the safety assessment of hydraulic structures and to match
the actual dam and dike structure.

Keywords: Internal Erosion, horizontal seepage flow, vertical seepage flow, Earth dam.

1. PAT VAN PE

X6i ngdm 1a mot trong nhimg nguyén nhan
chinh gay nén hién tugng méat 6n dinh trong
cac cong trinh nhu dap, dé hay cac hd chira
nude bang dat. Ngdy nay, x6i ngam c6 thé giy

ra nhiéu hu hong dén nhitng két cau thuy luc
ctia nhiéu dat nudc trén thé giéi. Xoi dit dugc
gy ra boi dong thim thong nhitng dap dat, dé
hodc nhing cong trinh nén dap... Foster et al.
(2000) [1] di thyc hién thong ké trén 11192
dap dat 16n, trong s6 128 dap dét bi v& duoc
biét, c6 khoan 46.1% la do x6i ngam, 48.4% la
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do nudc tran qua dap va 5.5% la do truot 15.
Tién trinh x61 ngdm co6 thé phan ra thanh bon
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loai: x01 ro ri, x61 kéo theo, x061 tiép xuc va x0i1
hat min.

X6i ro 11 (concentrated leak erosion) c6 thé
xuat hién trong vét nit hodc trong dng cua
dap dat hodc xuét hién trong phan nén mong
cua ching. Xo6i nay duoc gay ra boi su sut
lun, 1am kho, dong cling, ra dong va bé gay
nhirng két cdu thuy luc hodc nd co thé xuat
hién trong nhitng khu vuc bi thdm lién tuc noi
ma chta nhiéu hat thé hodc nhirng vat liéu
khong duoc dam chat, tao ra mot hé théng
nhitng 16 rong bén trong. Xo6i kéo theo
(backward erosion) bao gdém su tach cua
nhitng hat dat khi tir phia dudi sau d6 phat
trién dan 1én phia trén. X6i tiép xuc (contact
erosion) cling dugc mo td nhu x6i bén ngoai
hodc x6i bé mit, mot dang cta x0i ngﬁm cai
bao gém X01 cua hat min tur su tiép xac voi
hat th6. Trong pham vi cua bai bdo nghién
ctru x6i hat min, x6i ndy c6 thé giy ra su thay
ddi vé thanh phﬁn cO hat, do réng, va do dan
thay luc cta dat. X6i hat min dugc dinh nghia
la nhirng hat min tach va vén chuyén vao
khong gian nhimng hat tho. Thanh phan tich
cua nhirng hat min c6 thé sép xép lai hoac loc
vao khong gian 16 rong (Reddi et al. 2000 [2];
Bendahmane et al. 2008 [3]; Marot et al,
2011a [4]). Nhitng tién trinh nay tham chi c6
thé gay ra su tat ngfm cuc bg, cong véi sy
thay d6i van toc dong chay va 4p suat ban
dau. Vi vay su thay d6i cua ca dong tham va
gradient ap suat phai dugc quan tim dé danh
gi4 tai trong thity lyc. Mot cach dé xem xét ca
su thay ddi van toc thim va gradient ap sudt
dugc dién tid boi ning luong tiéu hao béi
dong thadm (Marot et al. 2011b [5], Marot et
al. 2016 [6]). Fell va Fry, (2007) [7] da dé
xuét ba tiéu chuin cho x6i hat min xuét hién:
Tiéu chuan hinh hoc chi ra ¢& hat min phai
nhé hon ¢& 16 rong ctia nhirng hat tho. Theo
tiéu chuan ung suit nhitng hat min khong
dugc lap ddy vao khong gian cua nhimng hat
tho va khong nén mang theo mot sé lwong 16n
boi tng sudt hiru hiéu. Dbi véi tiéu chuan thi
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ba lién quan dén tai trong thuy luc, gia thuyét
rang van toc dong tham di vao phai du 16n dé
day nhitng hat min ra bén ngoai. D4i v6i hai
tiéu chuin dau, su phan bd ¢& hat hién dién
nhu 13 thong s6 chinh. Tiéu chuan th ba lién
quan dén dong chay dé tach va van chuyén
cac hat min. Pé dam bao danh gid do an toan
ctia nhitng két cau dap thuy luc, nhimg mo
hinh thi nghiém can phu hop véi két cdu dap
thuc té v6i dong chay ngang. Mot thiét bi
dugc st dung cho phép thi nghiém véi dong
tham thang dting theo hudng 1én hoic xudng.
Tuy nhién tién trinh x6i hat min dugc giy ra
boi dong thdm va do dan thuy luc cta nhitng
loai dat dAm chat tuy thudc vao két cau dat
(Smith va Konrad, 2011 [8]) va huéng dong
chay. Mgt day cua nhiing thi nghiém duogc
thuc hién theo hudéng dong chdy dung va
ngang trén cac loai dit “gap—graded” and
“widely—graded”. Nhiing mau tao ra dugc sir
dung mot ky thuat dAm tinh dé tranh hién
tuong “soil anisotropy”. Vi vay bai bao sé& tap
trung phan tich tién trinh thdm va x6i theo
thoi gian ciia dong thadm ngang va dung

Marot et al. (2011b) [5] da d& xuat cong thirc
tinh chi s6 khang x6i I, (cong thic 1) va dya
vao gié tri ctia chi s6 khang xo6i

I, = - log (cumulative loss dry mass/Esiow) (-) (1)

Trong d6: “cumulative loss dry mass” 1a khoi
luong kho bi mét tich lity; Enow [J] 12 tich
phan theo thoi gian cia tong ning luong dong
chay véi téng nang luong dong chay tinh theo
cong thirc (2)

Pfiow =pg Az Q + Q AP (2)
Q: téc do dong chay (m®/s); AP: do ha &p
suat giira dinh va day ciia mau; Az: chiéu cao
ctia mau.

Marot et al. (2016) [6] da dua ra sy phan loai
X6i hat min tir “x6i cao” cho dén “khang x6i”
tuong tng nhu sau:

Néu 1,< 2 x6i cao; 2 < I4< 3 x0i; 3 < I,< 4 X0i
vira; 4 <1,< 5 khang vira va l,> 6 khang x6i.
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2. NGHIEN CUU THU'C NGHIEM
2.1. Mo ta thi nghi¢ém

Mot thiét bi x6i dwoc dé xuit boi Marot va
nhitng cong su. (2020) [9] duogc st dung dé
dic trung do nhay x6i cia dat. Thiét bi bao
gdm nhitng phan chinh: Mot budng x6i, mot
hé théng cung cép nudce, mot hé théng thu
thap dat, mot hé thdng thu thap nudc. Thiét
bi thi nghiém bao gdm mot budng xoi di sita
dbi dé bio hoa mau theo hudng di 1én va dé
tao lyc dong thdm di vao mau theo huéng di
xubng trong sudt tién trinh x6i. Mot bé nudc

phia thuong luu cung cip nuéc (nude duge
loai bo khoang) & dau vao ciia mau dat trong
sudt tién trinh x6i. Hé théng thoat nudc hinh
dang phéu duogc két ndi voi bé chua nudc
chay ra tir miu boi mot éng thuy tinh. Bé
ndy duoc trang bi v6i dng nudc chay ra dé
diéu khién cot nudc thuy luc & phia ha luu
va mot hé thong quay chira dung 8 thiét bi
dung dé thu thap nhirng hat dat x6i. Nudc
chay ra dugc can lién tuc trén mdt ban can
khdi dé xac dinh téc d6 dong chay duoc
phun vao.

_I reservoir l_
? Air pressure
- pores Downstream
Y reservoir
¢
Water tank Flow meter H’ Hf ’ j
for saturation {_(0'2 < ~ ;- Outlet
4
| % H Piston
L : Flow meter'// i S Layer of
= (2-50 Lmin) glass beads
| J, Perforated
5 E | plate I
: Base mesh l,
| Vil (1.2 mm
| / pore opening)
7/ < i
Flow for | o /
saturatlonl Data | PnessuAre
acquisition M~ " sensor
by Labview : | N s = ke
\ | " opening grid —1—collection
¢ v - -t
\ Optical A /
< T sensof~ - E R E éec(ron-c Balance)
"
EE {J : |
{ iy |
A - E F x J |
8
| [ -] i
| / A x f |
| Valve / ¢ /7 d |
I control air Effluent Rotating |
| pressure tank sampling system |

Hinh 1: So d6 thi nghiém cua thiét bj x6i da chiéu (Marot va nhiing céng suw, 2020 [9])

Cac mau thi nghiém dugc thyc hién theo 3
budc: tao mau, bdo hoa mau va thi nghiém
tham di xudng hodc di ngang

2.2. Qua trinh chuin bi miu

Cac mau duogc chuan bi bing cach dam am
v61 moi 16p 1a 50mm theo chiéu cao dé ngan
ngura sy phan tang va dam cho dat chiéu cao
350mm. Nhitng mau dugc tao ra bang cach st

0

dung k¥ thuat dam tinh dé gidi han tinh dang
hudéng cia dat va ddm cho dén khi dat trong
luong riéng thiét ké. Tat ca miu dugc dit voi
{ng suat truc 1a 60 kPa thong qua mt piston.

Budc bio hoa bat dau véi sy phun khi CO2 tir
dudi day dé cai tién su hoa tan cua khi vao
nude, va sau d6 mau dugc bio hoa sir dung
nuéce (d3 loai bé khoang) bang cach nang dan
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dan bé nudc bio hoa. Thoi gian cho bdo hoa
mau x4p xi 24h. Trong budc thi nghiém x6i
hat min, mau dat dugc dit v6i dong tham theo
huéng di xubng hodc di ngang voi gradient
thuy luc nhiéu cép, no duoc tao ra béng cach
nang dan dan bé nudc phia thuong luu tng voi
mdi thoi gian 30 phut. Hé thong thu thap xoi
dugc quay tron khi gradient thuy luc duoc
nang lén dé thu thip nhimg hat x6i. Khdi
luong kho x6i dat duoc bang cach lam kho
nhitng cc chira nude va nhimg hat x0i trong
mot 16 sdy trong khoan thoi gian 1a 24h. Trong
sudt qué trinh x6i, mot cam bién 4p suat duoc
két ndi ¢ dinh va day ciia mau dé do do chénh
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ap suét ciia mau. Mot cam bién da chiéu duge
su dung dé do tim nhirng hat min nhét (hat sét,
hat bun). Mau dugc dat trén mot ludi loc dudi
v6i 16 1udi 1a 10mm va mot ludi khic dit &
trén véi 16 Iudi 1a 1.2mm dé cho phép su x6i
cua nhirng hat min. Luu lugng nudc dugc do
bang nhimg “Flow meter”. Toan bo dit liéu
duogc thu thap nho h¢ thong thu thap di li¢u.

Nhimng mau dit v6i dong thim theo hudng
ngang dudi gradient nhiéu cdp. Dic tinh cua
nhitng mau thi nghiém dugc thé hién trong
bang 1. Trong d6 ky hi¢u H 1a dong chay theo
phuwong nim ngang.

Bing 1: Pic tinh ciia nhitng miu thi nghi¢m

Miu Trong lufo‘{lg Gradient Chiél;l dai
kho ban dau thuy luc mau

4-V 16.1 0.1-2 8.1cm

4-H 16.1 0.09-0.58 35cm

2.3. M hinh s6 d6i véi miu chuan bi 3 16p

V6i muc tidu dé xac dinh dién tich bé mit
ctia dong chay ngang, mot mo hinh sé véi
phﬁn mém Plaxis duoc thuc hién. M6 hinh ty
16 nhé cho mau cé chiéu cao 350mm va
duong kinh 80.8 mm. Chi tiét ciia cac thong
s6 dau vao dugc thé hién trong bang 2. Muc
nudc thuong luu va ha luu duge dinh nghia
trong hinh 2. Gi4 tri d6 dan thay luc theo

phuong ngang va phuong ding dugc gia
thiét bang nhau. Két qua mo phong truong
van tbc va xac dinh mat cit hinh chit nhat
duoc thé hién trong hinh 2 va 3. Mau duoc
tao ra boi 3 16p: 16p day, 16p gilra va 16p trén
v6i trong luong kho 1an luot 1a 18 KN/m?, 16
KN/m® va 18 kN/m® va dugc chi tiét trong
bang 2. Két qua md phong dugc thé hién
trong hinh 3.

Bing 2: DPiu vao ciia nhirng loai dat

Théng sb Tén Gia tri Pon vi
M6 hinh vat liéu M6 hinh | Mohr-Coulomb -
Kiéu cua trang thai vat liéu Kiéu Drained -
Lop day va trén
Trong lwong riéng cua dat chua bio hoa Yunsat 18 KN/m?3
Trong luong riéng cua dat béo hoa Yeat 19.08 KN/m?
Hé s tham theo phuong ngang Kx 2.10°% m/s
Hé s6 thong theo phuong dung Ky 2.10°3 m/s
Hé sb Poisson v 0.3 -
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Théng sb Tén Gia tri Pon vi
Luc dinh Cref 0 KN/m?
Lép giira
Trong lwong riéng cua dat chua bio hoa Yunsat 16 KN/m?®
Trong luong riéng cua dat bdo hoa Vsat 16.96 kN/m®
Hé s6 tham theo phuong ngang Kx 2.10% m/s
Hé s6 thong theo phuong dung Ky 2.10% m/s
Hé s Poisson v 0.3 -
Luc dinh Cref 0 KN/m?
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Hinh 3: M6 phong truong dong chay
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2.4. Tinh toan hé sé thAm

Do dan thay luc dugc tinh toan dua vao cong
thac Darcy (3)

k= QIS 3)
Trong d6: Q: téc d6 dong chay thé tich

i la gradient thay luc

S: dién tich mat cat ngang dong chay

Trong truong hop dong chay dung hoac
dong chay ngang doc theo chiéu dai mau,
dién tich mat cat caa dong chay twong tng
véi mat cit ngang cia mau. Dbi véi trudong
hop dong chay ngang doc theo duong kinh
mau, dién tich mat cit ngang cua mau gia
thuyét duoc tinh gan ding:

S= (Smin+Smax)/2 (4)
Trong do:

Smin: dién tich mat cat ngang ¢ vi trj chd vao
va chd ra cua dng c6 duong kinh 10mm

Smax: dién tich dong chay hinh ch@r nhat Ion
nhat: Smax = D. hfiow-max Vi hfiow-max 12 chiéu
cao cua dong chay, dugc tinh todn nho vao mé
phong Plaxis hfiow-max =11.66¢m (Hinh 3)

[_kHoAHOC IV
3. KET QUA VA THAO LUAN

Hai thi nghiém duogc thuc hién véi loai dat sb
4, mét thi nghiém theo dong chay diung (thi
nghi¢m 4-N-V) va thi nghiém kia theo dong
chay ngang (4-N-H). D6 thdm va téc do xo6i
theo thoi gian dugc chi ra trong hinh 4 va hinh
5. Hinh 4 chi ra rang d6 thdm cua loai dat s6 4
dudi dong chay ngang 16n hon do dan thuy luc
ciia nhimg mau dudi dong chay ding & thoi
gian tir 0 dén 60 phut. O nira thoi gian sau do
thim véi gia tri lan luot 1a 3,5.10° m/s va
7,0.10° m/s. Dudi ca hai huéng dong chay, do
thAm nay lién tuc giam trong sudt tién trinh
x6i. Toc d6 x6i dao dong trong sudt tién trinh
thi nghiém nhung luén nhé hon 10 kg/s/m?.
Tién trinh nay dugc xem la tién trinh loc cua
cac hat min. Tuong Gng v&i tién trinh tham,
tdc d0 x6i theo thoi gian cua hai mau duoc
hién dién trong hinh 5. Gi4 tri toc d6 x6i &
trang thai on dinh 1an luot xép xi 1a 4.10°3
kg/s/m? va 4.10° kg/s/m?
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Hinh 4: Két qua tién trinh thdm theo thoi gian
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Hinh 5: Két qud téc dé x6i theo thoi gian

5. KET LUAN VA KIEN NGHI

Cac mau thi nghiém x6i hat min duoc thyc
hién véi dong chdy dung va dong chday ngang
trén nhitng mau duoc tao boi nhidu 16p. Két
quéa chi ra rang dudi dong chay ngang, dong
thAm nhiéu hon nhung khang x6i hon. P9 dan
thiy luc theo hai hudng 1a khac nhau do su

xuat hién dong wu tién lam can tré tién trinh
x6i hat min. Piéu nay da ching to anh hudng
dang ké ciia hudng dong chay dén kha ning
x6i ngam.

Tac gia dd mo phong dong chay bang phan
mém Plaxis d6i véi mau chuan bi 3 16p, va
tinh toan dugc dién tich theo dong chay ngang
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