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This paper presents a study on the stability of road embankment due to
the effect of water level changes on the slope. Two scenarios of the
drawdown were considered. The first one is the case of the embankment
with the water on one slope and the second one is for the embankment
with the water on both two slopes. For the two cases, the water level on
one side drops. Effects of various parameters such as the permeability of
the road embankment soil, the rate of change in water level on the
stability of the slope were evaluated, to found out the principle of the
change of stability of the embankment. The results showed that the
embankment stability reduces if there is a drawdown of the water level on
the slope.
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Rut nwérc.

1. Mé& dau thay d6i mwc nwéc trén mai ta-luy, sé hinh thanh

Nén dwong ven cac con séng hodc qua cac bai
song, nén dwong doc theo cac kénh muwong thuy
loi hodc nén dwong di qua cac khu viee dam, ao, ho
thudong xuyén phai ti€p xic véi nwedc mat mot bén
hodc hai bén ta-luy nén dwong. Su ti€p xic cta
nwdc mit voi nén duong cd thé lam cho nén
dwong bi bao hoa nwéc nhw 1a hé qua cia mot qua
trinh thAm nwéc vao trong nén dwong. Mot mat,
khi nén dwong ngdm nwéc, nwdce sé 1am suy giam
cac tinh chit co-ly nhw lyc dinh don vi va géc ma
sat trong cta dit nén, lam cho kha ning mit 6n
dinh ctia nén dwong tang 1én. Mit khac, néu cé sw
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nén mot sy chénh léch ¢t nwéc gitra phan bén
trong thin nén dwong va phan bén ngoai noi sat
bé mat ta-luy, dic biét khi mwc nwére rat nhanh. Sw
sat 16 nén dwong ven séng Pa thudc dia phan
phuong Dong Tién - thanh pho Hoa Binh vao nam
2018 c6 thé xem la mot vi du minh chirng cho hién
twong trén (Hinh 1).

Cac cong trinh thuy loi nhw dé, dap cling quan
sat dugc hién twong mit on dinh khi muc nuwéc
trén mai ta-luy rut nhanh (Nguyén Canh Thai,
Lwong Thi Thanh Hwong, 2012). Lién quan dén
van dé nay, cac nghién ctru dén sw mit 6n dinh cta
than dé, dap hay bo song khi c6 muc nwéc trén
mai rat nhanh da dwoc nghién ciru. C6 thé ké ra
day cac cong trinh cia Desai C.S. (1977);( BorjaR],
(Kishnani, 1992);( Nguyén Canh Thai, Lwong Thi
Thanh Hwong , 2012); Toan Duong Thi and Duc
Do Minh (2019).
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Hinh 1. Bo hitu séng Da bi sg[l& (ha Iuu fhdy
dién Hoa Binh) do myc nwéc séng rit nhanh
(ngudn: internet).

K&t qua clia cac nghién ctru chi ra ring, chiéu
cao mai, téc do rut, hé s6 thdm clia nén dap anh
hwdng nhiéu dén hé s6 on dinh trugt ciia mai.

Mic du vy, trong thiét ké nén dwong 6 t6, vin
dé nay thwong chwa dwoc dé cap dén. Viéc danh
gia mot cach chi tiét cac tinh huong rat nwéce co thé
xay ra cling nhu téc do rut nwéce trong tinh todn 6n
dinh mai ta-luy nén dwong chwa dwgc quan tim
ding mic.

Bai bdo nay trinh bay mot nghién ctu ly
thuyét va thir nghiém s6é vé sy 6n dinh cta nén
dwong do anh hwdng cua sy thay doéi mue nwéc
trén mai ta-luy gay ra véi cac kich ban rat nwéc
khac nhau.

2. Phwong phap nghién ciru

Trong bai bao nay, tac gia st dung phuwong
phép phan ti& hitu han (FEM) thong qua thuét giai
SEEP/W va SLOPE/W cua bd phin mém
Geostudio-2012 dé tinh toan. Thuat giai SEEP/W,
dwoc ap dung dé thuc hién cac phan tich dong
thdm bang phwong phap gidi chinh xic theo
phuwong trinh cta Richards (Richards, L.A., 1931).
Cac phéan tich 6n dinh mai doc ta-luy dwoc thuc
hién bing phwong phap phin manh Bishop bang
thuat gidi SLOPE/W, c6 tinh dén ap luc nuwdc 16
rong dwoc tinh toan trong cac phan tich trang thai
ngan han trong diéu kién thoat nwdc.

3. Cac trwong hop tinh toan

Tién hanh nghién ctru 6n dinh ctia nén duwong
d6i véi nén dwong dap va nén duong dao chir L
ven song. Trong mdi trudmg hop sé stt dung cac
diéu kién bién (muwc nwéc, toc do rut nwéce, hé sé

tham dit dip) khac nhau dé tinh todn nham danh
gia mot cach khai quat va chinh xac hon vé sy lam
viéc clia nén duong trong cac diéu kién nhit dinh.

D&i véi nén duwdng dip, tién hanh nghién ctru
nén dwong c6 chiéu rong la B=9m; chiéu cao 16p
dat dap H=12m; mai ta-luy c6 d6 ddc 1:1, 5; dat
nén tw nhién va dat dip 1a loai 4 sét v4i cac tham
s0 tinh toan cho trong Bang 1.

Bdng 1. Chi tiéu co ly cdc I6p ddt ddp nén dwong.

TT Théng s vat Gia tri ’ Ponvi
liéu Nén tw nhién| Néndip | tinh
Dung trong ty
| hhien (W) 15 16 |kN/m3
2 | Lwcdinh (C) 16 17 kPa
3 | Géc ma sat (@) 14 15 b6 (°)
4| Hés6thim K:=107 |Kzthay ddi| m/s

Cac diéu kién bién duoc dwoc sir dung nhw
sau. Nén dwong dap c6 muc nwdc mit tic ddong &
mot bén (truweong hop 1) va & ca hai bén than nén
dwdong (trwong hop 2). Trong tredng hop nwéc
mat tic dong & ca hai bén than nén dwong thi muc
nwéc mot bén khong thay ddi con mét bén rut
xubng.

Trong cac truedng hop trén, vin toc rat nwéc
V1ay mot trong 4 gia tri: V;=0, 01; V2=0, 1; V5=0, 5
va V4=2 (m/ngdy dém). Qua trinh rat nwéc tir cao
trinh 0, 8H xudng cao trinh 0, 1H sé dwoc chia déu
thanh 5 buéc rat véi cac ky hiéu lan lwot la: By, By,
B3, B4 Vd B5.

Do6i véi nén dwong dao c6 mot bén mai ta-luy
tiép xdc vdi nwde song (treong hop 3). Muc nuwée
song sé rat tir cao trinh ban dau la H xuéng dén
cao trinh H’so v&i day song.

4. Két qua phén tich 6n dinh nén dwong

4.1. Nén dwong ddp, mwce nwéc & mét bén mdi
ta-luy rit xuéng

Trwdc hét, tién hanh danh gia 6n dinh ctia nén
dwong véi myc nwdc mat & trén mot mai ta-luy
vGi van toc nwdc rat V = 0, 01 m/ngay dém, hé s6
thAm cda dat dap K> = 107 m/s. Ta dwoc két qua
nhw & Hinh 2, 3, 4.

Trong cac Hinh 2, 3, 4, dwong nét dut (---)
thé hién dwong bao hoa nwéc trong nén duong.
T cac két qua trén cé thé thiy rang, hé s6 6n dinh
cla nén dudng giam dan theo tirng buéc nuwére rit
tir hé s6 6n dinh cao nhat khi chwa rat nwéc 1a 2,
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PHAN TiCH ON DINH MAI DOC
(Chiéu cao d4t dap H=12m)
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Distance (m)
Hinh 2. Khi myc nwéc chwa rit xubng - trudng
hop 1.

PHAN TiCH ON D!NH MAI DOC
(Chiéu cao dat dip H=12m)

twong thuy lwc. Khi c6 sw chénh vé ap lwc nudc 16
rong gitra phan bén trong than nén dwong va phan
bén ngoai noi mai ta-luy (do myc nwérc rut), sé
hinh thanh nén gradient thuy luc, va do d6 la dong
tham tir bén trong nén dwong ra ngoai. Dong thim
kém theo d6 la ap lwc thAm (Seepage Force) sé
thic diy cho mai dit thém mat 6n dinh.

Tiép tuc tinh to4n cho cic van toc rat nwéc V
khac nhau, ta c6 dugc két qua 1a do thi thé hién sw
thay doi cua hé s6 6n dinh mai déc nén dwong
twong &ng véi tirng van toc rut nwéce va theo cac
buéc rat nhw Hinh 5.
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Hinh 3. Sau bwéc rut nwéc thir hai - trwomg hop 1.

PHAN TiCH ON BINH MAI DOC
(Chiéu cao dat dap H=12m)
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Hinh 4. Sau bwdc riit nwéc cudi cung - truong
hop 1.

12 dén hé s6 6n dinh thip nhit khi nwéc rat dén
murc thap nhit la 1, 30, ¢ nghia la hé s6 6n dinh
giam xap xi 40%. Qua trwong hop dau tién vdi van
téc nwéc rat khd nhé (0,01 m/ng.d) ta da nhin
thay dwoc la hé s6 6n dinh thay doi rat16m.

S& di hé s6 6n dinh cda nén dwong giam
xubng khi murc nwée rut la do anh hwdng cia hién

2.40
212

25 +-—5—+——-"---A4——-r—_—

190 4+ 212w 181 1

. I R 189 L

165 1.75 1145 |4

140 149 ST 130

s 4 432+

o0 121 | 446

' Ban dau| Bwéc1 | Budc 2 | Bwdc 3 | Buwde4 | Bude s

——V=0,01] 212 1.81 1.59 145 1.36 1.30

v=0,1 212 1.77 1.53 1.37 1.27 1.21
V=0,5 212 1.76 1.51 1.34 1.23 117
V=2 212 1.75 149 132 1.21 1.16

Hinh 5. Hé s6 6n dinh nén dwong theo cdc vdn téc
rut nwoc va cdc bworc rit nwoc khdc nhau -
trwong hop 1.

Nhin vao Hinh 5 thdy rang, khi tdc do rat nwéc
cang nhanh thi hé s6 6n dinh ciia nén dwong cang
giam. Diéu nay cé thé dwoc giai thich nhuw sau. Khi
nuwéc rat nhanh, dwong bio hoa trong thian nén
dwong chwa kip thay ddi theo téc do nuwére rat (do
can phai c6 thoi gian d€ nwéc thdm ra ngoai), khi
do6 d6 chénh ap luc nwéc 16 rong gitra phan bén
trong nén dwong va phin bén ngoai nén duong
noi tiép giap mai ta-luy (gradient thiy lwc) 16m gy
ra s mit 6n dinh I6n hon, hay hé s6 6n dinh nho
hon. Hinh 5 cling cho ta thay, hé s6 6n dinh cta
nén dwong nho hon 1, 4 d6i voi cac bude rat nwde
tr budc 4 dén budc 5 va mot s6 két qua doi vai
bwéc 3 (khi V= 0,1 m/ng.d).

V&ihé s6 6n dinh nhw vy nén dwong da dwoc
coi 1a d3 mit on dinh (khi ma hé s6 an toan ldy
bang F,=1,4 (Bui Xuan Cay va nnk., 2009)).

D€ c6 thé danh gia mot cach day da hon, ta
tiép tuc xét dén cac trweong hop con lai khi thay doi
hé s6 thdm dit dap nén dwong (Kz). Cac két qua
tinh toan dwoc trinh bay trong Bang 2.
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Bdng 2. Hé s6 6n dinh twong trng véi cdc hé s6
thdm (Kz )va vdn téc rit nwéc (V) khdc nhau.

Cac Hé s6 On dinh

buwéc| Kr=1e-6 (m/s) K>=1e-8 (m/s)

rat | V; V, V3 Vs Vi %3 Vs Va4

By |2,06|2,06|2,06|2,06|2,26|2,26|2,26|2,26

B: [1,79|1,76|1,73|1,71|1,89|1,88|1,87|1,87

B: 11,59|1,55[1,50(1,47|1,63|1,61|1,60|1, 60
Bs 11,47|1,41]1,35|1,31(1,47|1,44(1,42|1,42
B, [1,38|1,32|1,24|1,20|1,36|1,33|1,32|1,31

Bs 11,33|1,26|1,18|1,14(1,31|1, 28|1, 26|1, 25

Ta c6 thé thiy tir Bang 2 13, khi d6 thim cda
phan dit dip cang 16m thi hé s6 6n dinh cang nho
va nguoec lai. Diéu nay la do, khi d6 thAdm 1ém hon
thi n6 gy ra ap lwc thidm (Seepage Force) 16n hon
néu co su rat xuéng ciia myrc nwde trén mai ta-luy.
Ap Ic thdm g6p phan thic ddy sw mat 6n dinh ctia
nén dwong. Néu lay hé s6 an toan vé 6n dinh truot
cda nén dwong Fy,=1,4 thi nén dwong véi chiéu
cao ddp 16m, H=12 m, c6 thé sé mat 6n dinh khi
murc nwdce rat xuéng tir bude 4 (voi tat ca cac do
thdm cua dit dap xem xét). Diéu ndy goi y rang,
d6i voi nén dwong dip cao va c6 muc nwdc mat
trén mai ta-luy thi viéc ki€ém toan 6n dinh nén
duwong c6 xét dén sw rut xuéng ciia murc nuwéce trén
mai la cin thiét.

4.2. Nén dwong ddp, mwc nwéc & hai bén mdi
ta-luy, mét bén riit xuéng, mét bén khéng doi

Xét bai toan nén dwong dap véi tdc do rit
nwéc V=0,01 m/ngay dém, tién hanh tinh toan
twong ty nhw treong hop 1, ta dwoc két qua nhw
& cac hinh dwéi day (Hinh 6, 7, 8).

Tiép tuc tinh todn cho céc van téc rat nuéc V
con lai, ta c6 duwgc cac hé sé 6n dinh theo tirng
bwéc rat nwdce irng véi cac van toc khac nhau. Két
qua dworc thé hién trén Hinh 9.

PHAN TiCH ON BINH MAI DOC
(Chiéu cao dat ddp H=12m)
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Distance (m)
Hinh 6. Mwc nworc chwa rut-trieong hop 2.

PHAN TiCH ON BINH MAI DOC
(Chiéu cao dat dap H=12m)
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Hinh 7. Sau bwérc rit thir 2- trivong hop 2.

PHAN TiCH ON BINH MAI DOC
(Chiéu cao dat dap H=12m)
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Hinh 8. Sau bwdc riit cudi ciing- truong hop 2.

2.15
1.93
1.90 [ I S S S U S —
RN
1.65 +————-1—% - 11 ___
1.39
1.40 A 159 124
1.15 ___________________1._22___ '.' — Tt
090 1.13 1.08
' Ban d3u | Bwéc1 | Budc2 | Budc3 | Budc4 | Buécs
——V=0,01| 193 1.61 1.39 1.24 1.16 111
V=0,1 1.93 1.60 1.37 1.23 1.15 1.10
V=05 1.93 1.59 1.36 1.22 1.13 1.08
V=2 1.93 1.59 1.36 1.22 1.13 1.08

Hinh 9. Hé s6 6n dinh nén dwong theo cdc vdn
tdc rut nwéc va cdc bwdce rit nuwéce khdc nhau -
truong hop 2.

So sanh Hinh 5 va Hinh 9 c6 thé thay: khi c6
muc nwéc & hai bén mai ta-luy va mot bén rut
xudng v&i van tdc V thi nén dwong sé dé mat én
dinh hon so véi khi mwe nwéc chi & bén mot bén
mai ta-luy va rat xuéng véi cung van téc. Cu thé,
hé s6 6n dinh thip nhat ltc nay la 1, 11 so véi gia
tri 1, 3 & treong hop trudce. Piéu nay 1a do khi
nuwédc mot bén rat xuéng con mét bén giit nguyén
thi bén myc nuwdc gitr nguyén sé giup duy tri
duwong bdo hoa trong nén dwong phia bén do &
mtrc cao. Khi d6 gradient thiy lwc tir mai c6 muc
nuwéc gitt nguyén dén mai c6 muc nwée riat xudng
sé cao hon so véi tredng hop chi c6 myc nwéc &
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mot bén va rut xudng, Gradient thuy luc cao gop
phén lam gia ting mic d6 mit dinh nén dwong
hay giam hé s6 6n dinh ctia no.

Hinh 9 ciling cho thiy, nén dwong bi mit én
dinh ngay tir bwére rat nwée thit 3 (so véi budre thi
4 & treong hop ¢ muc nwéde 1 bén) khi ma hé sé
on dinh nhé hon hé s6 an toan cho phép (Fi<F).

4.3. Nén dwong dao - trwong hop 3

Trong thuec té, nhitng nén dwong dao khu vure
mién nui dé bi mat 6n dinh, dic biét khi c6 mua
dai ngay. Lic nay than nén dwong va mai ta-luy
dwong bi ngdm mot lwgng nwéce 16, tham chi bao
hoa. Hién twgng nay con cé thé bi cong tic dung
khi mai ta-luy &m ctia dwong tiép gidp véi song. Sw
tang 1én hodc giam xudéng cia muc nwéc song
cling sé lam thay d6i mic d6 6n dinh cta nén
dwong. D€ di tim bl tranh mé td ré hon hién
twong nay, tién hanh phan tich 6n dinh ctia nén
dwong dao co xét dén sy thay déi ciia muc nwée
trén mai ta-luy 4m. Trong phén tich nay, gia thiét
nén duwong dao trong 1op dat da dong nhat véi cac
chi tiéu co-ly géc ndi ma sat g=25¢ va lwc dinh don
vi c=35 kPa.

Dai véi bai todn nén dwong dao ta thyc hién
phén tich 6n dinh d6i véi mét gia tri van toc nwéc
ratla V=1 m/ngay dém.

Cac buwéde rut nwée nhu sau:

- Buére tinh ban dau: Khi mwce nwére séng & cao
dé H va dwong bdo hoa trong nén dwong ngang
bang v&i muyc nwdc sdng;

- Budre 1: Khi nuwére trong nén dwong ding 1én
dot ngodt (do mwa nhiéu) va muc nuwdc sdng van
chwa rut xuéng;

- Budre 2: Khi myre nwére song ha dén cao trinh
(H+H’)/2 = 30m;

- Buére 3: Khi mure nwére séng ha dén cao trinh
H.

Cac két qua dwoc minh hoa trén cac hinh tir
Hinh 10 dén Hinh 13.

Cac hinh tir Hinh 9 dén Hinh 13 cling c6 quan
diém rang, nén dwong dao ven séng khu vurc mién
nui (nén dao chit L hodc nira dao nira dap) c6 hé
s6 dn dinh thap khi nén dwong bi ngdm nuwéc. b6
la do dwong bao hoa trong than nén duwdong & mirc
cao. Sy rut nwdc trén mai ta-luy am cang lam cho
mirc d0 mit 6n dinh cta nén dwong gia ting.
Trong nghién ctru nay, ching t6i méi chi phan tich
sw anh hwdng clia dwong bao hoa (tirc yéu to thuy
lwc) dén sy 6n dinh nén dwong chir chwa xét dén

PHAN TiCH ON BINH MAI DOC TALUY NEN BUONG PAO
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Hinh 10. O’ trang thdi ban ddu - truomg hop.
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Hinh 11. Sau bwéc 1 - trwong hop 3.
PHAN TiCH ON BINH MAI DOC TALUY NEN BU'ONG BAO
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Hinh 12. Sau bwéc 2 - trwong hop 3.
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-10 5 20 35 50 65 80 95 110 125 140

Distance (m)

Hinh 13. Sau bwdc 3 - trwong hop 3.
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sw suy giam cac chi tiéu co-ly cia dit nén khi ngdm
nuwéc. Co nghia 13, trén thwe té sy mat 6n dinh cia
nén dwong con cé thé 16n hon.

Mac du trong truedng hop tinh todn nay chwa
6 cac dir liéu thuc té d€ phan tich, so sinh mirc do
on dinh nén dwong véi cac két qua tinh todn, song
c6 thé nhan xét dinh tinh rang, nén dwong ven
song khu vic mién ndi véi mot bén la vach nui (ta-
luy dwong) va mot bén la song (bén ta-luy am) sé
rat dé bi mat 6n dinh néu mai dat ta-luy dwong bi
b3o hoa nwéc do mwa nhiéu, mwa 16n. Hién twong
nay sé bi thic day thém néu cé sy rat xuéng nhanh
clla muc nwée song.

5.Kétluin

Tl cac két qua tinh todn s6 nhan dwoc trong
nghién ctru nay, c6 thé rat ra mot sé nhan xét nhw
sau cho nén dwong dap:

- D6i voi nén duwdng dap c6 mot bén mai ta-luy
tiép xuc v&i nwde mat, khi mwe nwée trén mai ta-
luy rat xudng thi nén dwong kém 6n dinh hon.
Truwong hop c6 muc nwdc trén hai mai véi mot
bén nwéc rat xudng con mot bén gitt nguyén thi
nén dwong sé trong trang thai nguy hiém hon
treong hop trén. Diéu ndy chirng minh rang
trwdong hop nao duy tri duwdng bao hoa trong than
nén duong cao hon sé la treong hop bat lgi hon.
Khi myc nwéc rat xuéng thap nhat 1a lic nén
dwong mat 6n dinh nhat.

- T6c do rut nwdce trén mai ta-luy cang 1om, nén
dwong cang dé mat 6n dinh. Hé s6 thAm cla nén
dwong dap ciling danh hwéng dén su gidm do 6n
dinh cia nén dwong, trong d6 hé s6 thim lém hon
sé lam nén duwdng kém 6n dinh hon.

- Doi v6i nén dwong dao ven séng khu vuc
mién nui véi mot bén ta-luy 4m tiép gidp muc
nuéc song thi dé bi mat 6n dinh khi nén dwong

trong trang thai ngdm nwéc va hién twong nay sé
dwoc cong tac dung bdi sw rat xudng cia nuwdc
séng.
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