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PHUONG PHAP TiNH TOAN DU POAN VUNG THAM NGUY HIEM TREN MAI
DAP PAT CHIU ANH HUONG CUA THUY TRIEU

L& Vin Duc
Trudomg Dai Hoc Bach Khoa, PHQG-HCM
(Béi nhén ngay 01 thang 10 nam 2009, hoan chinh sita chita ngay 03 thang 01 ndm 2010)

TOM TA T: Duti tdc dong cia thiy tneu bién dg dao dong ciia muc nudc bdo hoa va gradient
tham J khi tr uyen vao than ddp cd xu hudng tdt dan. Do do ton tai viing tam gidc tham nguy hiém
(Tt GTNH) co gid tri gradzem tham cuc dai. Dwa vao phuong trinh lién tyc va gia thiét truyén dao dong
thdam, vimg TGTNH duwge xdc dinh. Phuong phdp sai phan hitu han (SPHH), giai tich (GT) va TGTNH
dwoc ldp trinh dimg phdn mém EXCEL, nhdm tinh todn va danh gia két qua mé phong. Thi ngh:em 50
chira fang sai s6 tong luu leong thdm trong mét chu ky triéu giita hai phwong phdp SPHH va TGTNH
khing qua 1,3%, sai so gradzent thdam J cuc dai khéng qua 12%. Ngoai ra, sw phan tich tinh on dinh
ciia mdi ddp dat chi ra rang: tinh trang thdm nguy hiém xay ra khi muec triéu thdp nhat, tuong g véi J
ra cuc dai. Pdy la mét trong nhitng Iy do quan trong giai thich nhiéu hién twong sat lo bo séng & viing
Déng Bang Séng Ciru Long trong thdi gian qua.

Tir khéa: Dong tham khéng én dinh, ddp ddt ving anh huong thiy triéu, khu viec tham nguy
hiém trén mdi ddp dat, pheong phap gidi tich, phuong phdp sai phan hitu han, dong bang Song Ciru

Long.

1. MO PAU

Vién dé sat 16 méi dap, dé va bo song duge
nhiéu nha khoa hoc trong nudc va trén thé gidi
quan tdm nghién ciru vi thiét hai do nd gdy ra
déi doi séng kinh té xa hoi khong nhe.

Lé Manh Hung (2005) [1], Tran Vin Tic
va Huynh Thanh Son (2005) [2] d3 c6 nhitng
nd luc nghlen ctru hién tugng blen hinh long
dén, x6i 16 do s\ tac dong gn?ra yeu t6 thuy luc
hinh dang va céu tric long dan di véi song va
kénh ty nhién thudc ving Dong Bing Song
Ciru Long. Tuy nhién, d6i véi cic song kénh
ving tridu, ngoai nguyén nhén vira néu, yéu to
dong thAm khéng 6n dinh ciing 12 mét nhén td
khong nho gay ra sat 15 bo séng, xem Trin
Chin Chinh va Lé Van Duc (1992) [3], Trin
Anh Trung (2005) [4].

Tinh trang gdy mét én dinh cia méi dép
chiu anh hudng cia su thay ddi muc nuéc tiép
xtic mai dap, b séng (thuy tridu) dang dugc
cac nha khoa hoc trén thé gi6i quan tdm nghién
clru va tién hanh xdy dung cic céng cu mo hinh
tinh toan thim khéng 6n dinh nhu: Jun-feng
FU va Sheng JIN (2009) [5], Shang-jie Xu va
cong sy (2009) [6]. Tiép theo xu thé vira néu,
cong trinh nghlen clru nay dé xuét giai phap
tinh toén xéc dinh ving thdm nguy hiém & méi
déc dap, dé hay bor song tiép xic véi thiy triéu
va phén tich kha nang sat 1o nguy hiém nhét do

dong thim khong 6n dinh dudi tac dong thuy
triéu gdy ra. Viéc 1am nay déc biét co y nghia
d6i véi khu vuc vung dbng bing Séng Ciru
Long dé gép phin tim giai phép lam giam nhe
thién tai, d3 va dang gy thiét hai khong nhé
cho xa hoi.

2. MO HINH THAM TUA ON DINH
(QUASI-STEADY SEEPAGE FLOW
MODEL):
2.1 Céc dic tinh co bin ciia dong thim chju
tac dong cia thiy triéu

Xét mot dap }}inh thang, cdu tao bai va}
ligu tham dong chat va ding hudng, c6 hé so
thim 1a K (m/gio), dat trén nen khong thdm
chiu tic dong ciia cac yéu td thiy luc sau:

* Muc nude ha luu thay ddi theo quy ludt
thuy triéu:

W
H(t)= Z, + H.sm(?.t) (D

_V6i Zy: cao trinl} murc nude trung binh cia
triéu; H: bién d9 triéu; T: chu ky triéu; t: thoi
gian.

= Muc nudc thuong luu la h%mg s6 Hy;

= Céic thong sb khac dugc chi ra trong
Hinh 1.

Dong thim chju anh hudng thiy tridu c6
mot so tinh chat sau:
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- Vi tri dudng bido hoa thay déi theo thoi
gian Bién d¢ dao dong ctia muc nuéc bio hoa
va bién d¢ dao dong cua do ddc thuy luc ¢ xu
huéng giam dan khi véo siu trong thén dép. Do
dd, néu myc nuée H, la hang s0, hodc dap du
dai, thi s& ton tai mot mit cit cé bién do dao
dong bing khong, phén chia dong tham ra lam
hai khu vyre: khu vue thdm khéng én dinh; va
khu virc thim én dinh (xem Hinh 1).

- Trong than dap, ton tai duong bao muc
nuéc bdo hod Hyw & Hypy va dwong bao
gradient thiy luc Jo. & Jpin. Tir d6 cho théy
bién d§ dao dong va gia trj 16n nhét cia ca muc
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¢) So b 3: khang ¢6 lvu lugng thim qua dap

nuée béo hoa va gradient thuy lyc J déu nidm &
gin mat tiép xtic véi triéu.

Goi B va C lan lugt 1 giao diém cua
duong bao Hpax va Hpiy v6i mat dap. Céc
dudng thing tiép tuyen v6i dudmg bao Hp &
Hpin tai mat dép cat nhau tai “diém gici han”
M(x,y) Tam giac BMC, dugc goi 1a “tam gidc
tham nguy hiém” vi 1a ving chta céc duong
bdo hoa co gradient cue dai (Jyax & Jinin), 14 noi
¢6 sy bién dbi 16n vé muc nude bio hoa, va cé
su trao d6i manh gitta thiy triéu va dong thim
trong thin dép.

u|2H

M X

d) So d6 4: mé hinh bai todn ding kiém tra mé hinh

Hinh 1. So d6 thdm khéng én dinh qua dap véi ha lwu chiu anh hudng thity tridu

- Toa d6 diém M phu thudc cic yéu té
sau: .

e Dic tinh ciia miu tridu thiét ké (bién do,
chu ky, dang,..);

e Cao trinh myc nuée khu chira;

e Hinh dang va kich thuéc cia dap;

o Hé s6 thim cia vét lidu lam ddp va nén;

e Khéi lugng riéng cia nuée tridu va khu
chira.

Tuy theo sy thay déi ciia cic yéu té trén
ma vj tri diém M c6 thé roi vao mot trong ba
dang so db sau:

- Loai I: Hinh l.a : cao trinh muc nuédc
khu chira (H,) thap hon cao trinh muc nuéc

trung binh triéu (H ), téng luu luong thim
trong chu ky triéu chay tir vung triéu vao khu
chira. Dong thdm ra mai déc khu chira 6 thé
xuét hién chiéu cao hit nuéc a, tuy thudc vao
vi tri diém M, chiéu cao muc nuéc khu chira
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H,, m4i déc thuong luu dap (m’), hé s6 thim K
cua vét ligu dép.

- Loai IL: Hinh 1.b : H, > H , tong luu
luong tham trong chu ky triéu chay tir khu chira
ra bién triéu. Do anh hudng cia dong thdm qua
khéi mai dbc thugng luu, doan déu cia dudng
muc nuée bdo hoa c6 thé xudt hién chiéu cao
chuyén tiép a.

- Loai II: Hinh l.c : Hy=H , tong luu
luong trong chu ky tridu bing 0.

Vige xdc dinh vi tri diém M, va tam glac
BMC la vén dé quan trong trong viée thiét ké
méi dap ha luu dé tranh hién tuong xoi 16 do
dong thdm chiu anh hudng thay tridu gdy ra.

Dya vao nhitng phan tich néu trén, bai béo
nay dé xudt mé hinh thdm gdn nhw on dinh
(quasi-steady seepage flow model) tuong
duong v6i md hinh thdm khong on dinh, sao
cho dam bio céc tiéu chi sau:

- Téng heu heong tham trong mét chu ky
triéu dugc tinh boi hai mé hinh la twong tw
nhau,

- Gradient tham Jye va Jyin ¢ khu tam
gide BMC dwoc tinh boi hai mé hinh la nhu
nhau.

- Viéc Idp trinh va tinh todn mé hinh dé
xudt don gian va tién loi.

2.2 Phuong trinh co ban xdc dinh diém gi6i
han M

Pé xic dinh diém M(x,y), nghia la xac
dinh toa dd x vd y ciia M, ta cdn phai c6 hai
phuong trinh:

Phuong trinh lién tuc

Téng luu luong khéi lugng th4m trong mot
chu ky triéu xuyén ‘qua mit cit giéi han MM’,
voi M’ 1a hinh chleu cia M lén ddy ddp (xem
Hinh 1), do nguén va tridu gdy ra thi cin bing
nhau. Trudng hop néu xem khéi lugng riéng p
= const, phuong trinh dugc dién ta nhu sau:

a)T= [ gx,y,0.dt @

Phuong trinh truyen dao djng

Dé giai tim M, ngoai phuong trinh (2), can
phai c6 thém mot phuong trinh thir hai dién ta
su thdm nhép cua diém giéi han M véo trong
than dap. Do dd, ta dua thém gia thiét sau:

“Thoi gian chuyén déng ctia mot hat luu chat
thdm doc trén hai duong bao hoa Min va Max
dén diém gi6i han M thi bing mot chu ky triéu
1. Phuong trinh nay dugc goi la phuo‘ng trinh
truyén dao dong tham, phu thudc vao timng bai
toan cu thé, va duoc thé hién dudi dang tong
quat nhu sau:

F(x,y, T, A,Zy,mk, )= 0 (3)

Véi, x, y : toa d§ ciia diém M can tim;

q(x,y): luu luong tham qua mot don vi
chiéu rong & mién thim 6n dinh;

q(x,y, ): luu lugng tham tirc thoi “qua mot
don vi chiéu rong & mién thdm khong 6n dinh;

T: chu ky triéu;

: bién do thay tridu;

Z © cao trinh myc nudce trung binh triéu;

m : mai déc mat dap ha luu;

k : hé s6 thdm cia vt liéu céu tao dép.

Giai hé phucmg trinh (2) va (3) ta s& tim
dugc x, y, va co thé tinh dugc g(x.y), tong luu
luong thim qua dap, Jiax> Jmins- .- Tuy nhién viéc
gidi truc tiép hé phuong trinh (2) va (3) bing
phuong phap giai tich khong don gian, do do
phai dung giai phap tinh ding dan. Vi thé, mdt
chuong trinh EXCEL duoc 1ap sin nhim phuc
vu cho viéc giai tim diém M.

2.3 Phuong phap tim diém M
_Phuong trinh lién tuc

Xét bai todn v6i hé toa d§ xoy nhu dugce
chi ra trong Hinh la. M(x,y) 1a diém gi6i han,
N(X, Y) 1a diém thiy tridu tiép xtic véi mit dép.
St dung phucrng phédp trang thai toe thoi, gia
sir dong thdm thoa diéu kién ap dung cdng thirc
Dupuit, Iuu lugng thdm vao mat cat giéi han
MM’ & thoi diém t 1a:

Q(ng,t) - E Y
2°(x

(4 a)
_ x)

Trong do:
X—-Hmsm[zﬁ J Hm+c (4.b)
T

Y= 1‘4.sin(27r z ] * Zis (4.c)
T

Téng lugng nudc thim qua- MM’ trong chu
ky T la:
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-t

2

W(vio)= [g(x,y,n.dt = k [ [H s 1)+ 2, } = 4.d)

Luu lrong thdm & mién thAm 4n dinh 1a:

q= k_w (5.a)
2(x-m'a,)

2

[f{.sin(z?m) + Z,b} —y?

% 5 At
[— I-}.m.sin(?"z) ~-Hm+c- x:l

V6i a, dugc tinh ding cong thirc N.N.
Pavlopxki [7]:

q= ka, (m [+_HD (6b)
m' a,

So sanh (5.a) va (6.b) , suy ra:
yz-(H,,+a,,)’=a,,[ (a"-%-H"D (7)
; 1+In -g_

2(x-m'a,)

Phuong trinh truyén dao déng

Can cu vao gia thiét vé thoi gian truyén
dao dong thim, ta tinh hew tée tham thie doc
trén hai duong bdo hoa Min va Max, sau doé
tinh thoi gian chuyén dong cua phén tir thdm
doc trén hai dudng bdo hoa nay cho dén diém
giéi han M, ta cé:

T = tiax + tmin = (d-x) + (c—x)* (83)
Hz‘.”l k'|)"H||

Hay :

er= =% (c-x) (8.b)
|H J’I |-V — Hj|
v61 k’ dugc tinh béi:

P X (8.c)
e

o diy,

k : hé sb thdm (Darcy) cia vt liéu dap,
k’: h¢ s6 thdm thuc cia vat liéu dép;

e : do rdng cla vat liéu dap.

Hmsm( ) Hm+c—x}

Tong luong nuée thim ra khoi mat cit
MM’ trong chu ky T & mién tham 6n dinh la:
W(ra)=q.T (5.b)
Thé vao phuong trinh lién tuc, sau khi khir
k & hai vé, ta duoc:

=7 y'—(H,+a,)’ (6.2)

2(x-m'a,)

Didukién: H, #y vaH, #y.
Giai hé ba phuong trinh: (6.a), (7) va (8.b)
ta tim duoc ba an s6 x, y va a,.

3. MO HINH DONG THAM KHONG ON
PINH

Xét mo hinh thdm So db 4, trong Hinh 1.4,
phuong trinh mé phéng déng thAm khong ap
(unconfined aquifer) mét chiéu, khong én dinh
nhu sau (xem [4]):

K [ el oH } N_ Sy oH
ox x| K K o

©®

O day : H=H(x, t) : cdt nuée do dp (m)

K : hé sé thdm cia méi truong thAm
(m/gio)

N: Iuru luong thdm tir mua (m/gio)

Sy : hé sb tich chira cua ting thim nuée
khéng 4p

t : thoi gian (gid)

x: khoang céch doc truc Ox, nim ngang

huéng tir bién triéu vao moi trudng thim, O lay
tai diém tlep xtc triéu (m).

Tuyén tinh héa (9) theo phuong phép
Boussinesq, ta dugc:

O’H N_1oH
x> T a a:
O day:

(10.a)
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=K.H (10.b)
i
S

sy

a= (10.c)

T: hé sé dn truyén ciia ting thdm nudc
khéng dp (m?/gid);

H :vé day trung binh ciia ting thdm nuéc
khong dp (m);

a : hé sb din muc nudc (m’/gid)

_ Giai phuong trinh vi phén (10.a) v6i cic

diéu kién sau:

o Diéu kién bién thuwong leu:

bap co chidu dai L du dai dé dao dong
tridu tit va muc nuéc H, & ha luu 1a hing s,

khong c6 dong th4m ngang qua mit dép ha luu,
diéu kién bién thuong luu thoa:

oH

2 |4s =0 (11)

e Diéu kién bién ha heu:
x =0, H(0, t) = Zy+ Hsin(wt) (12)

: 27 o . ;
Voi: o = —YT : tdn s0 goc (rad/giv); T

chu ky dao dong triéu (gid); H bién do tridu.
o Khéng c¢é mua (N = 0).

3.1 Phuong phap gidi

3.1.1 Phuong phap gidi tich

Dungcphlromg phap phan ly bién sb, giai
(10.a) thoa céc diéu kién bién (11) & (12), ta
duoc phuong trinh muc nuéc bao hoa nhu sau:

Hx,O=Zo+ ,,m,“{a, JE ] (13)

biy la mdt dao dong sin, c¢6 bién do tat
dén, hé s6 tit din 1a mdt ham dang mil
e (" a2 giam nhanh theo x (xem Hinh 5a).
3.1.2. Phuong phip sai phin hitu han

Giai (10.a) v6i céc diéu kién bién (11) &
(12), diéu kién ban déu 1a diéu kién tinh toan tir
phuong phap giai tich ing vai t=0:

H(x, 0) = Zy + ﬁle4m“l‘.si{—\,:g x} (14)

~ Sir dung so db sai phan &n, dung sai phan
tién cho thoi gian (t) va ding sai phin trung

tam c6 hé s6 cho dao ham riéng phén bic 2
theo bién khong gian (x), ta co:

oH _H-H' (15.9)

ot At

FH_GHH 2 cH g H -2 +H)
& N

V6i: i=1,2,.N: chi s6 budc tinh khéng
gian, v6i Ax = const; n = 0, 1,.2, 3,.. chi s0
budc thoi gian, v6i At = const; (n+1) 12 budc
thoi gian sau; n 12 budc thoi gian hién tai.

va e] + 63 = l,V('Ti 92 [= (0,5 = 1)

Khi:

= 0, = 0,5: so dd sai phén 4n Crank
Nicolson (xem [8]);

» 9, = 1: so db 4n véi sai phan cia dao
ham riéng phan bac hai theo khéng gian liy &
budc thoi gian sau.

Thé (15.a) va (15.b) vao phuong trinh
(10.a), sau khi thyc hién mot sé phép bién dbi
toan hoc, ta dat dugc:

o H'' + B HM 4y H = g
Vo itl..N
(16)
vai o, =0;
;= ﬁZ_;vo'fii=2..N;
Ax!
2*9

gl 2y L N f 1 N
g Ax® adt
0

P 8 1.,, 8, N,

Bi MHLH‘(Z H A\’ZH’ T’
vai i=2 .. (N-1)

B,=_4 24 Lypy Gy N

Ll — 2

Bu= - py 4 (i,——) s

Ax? Ax? B
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Trong trudng hop bién thuong luu 1a myc
nude cho trude theo thoi gian, ta diéu chinh :

2%6,, 1),
ﬁNz_( Ax? +a.At)'
-8 4y 24 1
S SHAC—n

L. n+l
veéi: Hj",
vao thoi diém n+1 va thoi diém n, twong (mg.

q N
W

H{ muc nuéc & bién triéu,

Vei: Hyh . Hp,, muc nuée & bién
thugng luu, vao thei diém n+1 va thoi diém n,
trong (rng.

Mot chuong trinh trang dién tr EXCEL da
dugc viét dé tinh toan va so sanh céc 1oi giai
dua theo phuong phdp sai phan, giai tich va
tam gidc nguy hiém cho tn.rong hop mai dap
bang 0, voi ba so db loai I, II va III nhu trinh
bay sau.

3.2. Bii todn 4p dung dé so sanh két qua tinh
gita phuong phdp gidi tich va sai phin hiru
han

- Dé so sanh két qua tinh gilta phuong
phdp sai phian hiru han va phuong phip giai
tich, mé hinh dép hinh chit nhat (Hinh 1.d) véi

g e | :
so do loai III thoa diéu kién E—| oy =0,b0

qua yéu td mwa (N= -0); diéu kién ban diu cia
hai phuong phap giong nhau H(x, t) duoc lay
theo (14). Céc tham so khic duge cho trong
Béng 1 - So dd loai I1I.

- Két qua muc nuéc bio hoa H theo t &
cdc mit cat x = 2m; 5m; 15m va 25m duoc chi
ra trong Hinh 2.a, 2.b, 2.c, 2.d tuong tng. Két
qua cho thidy cé sw phu hop cao gilta hai

phuong phap. Khi x=0, bién d¢ triéu 1a 0,5m;
khi x=2m, bién d6 muc bdo hoa 13 0,35m; khi
x=5m, bién dd muc bdo hoa la 0,2m; khi
x=15m, bién dé muc bdo hoa la 2,5cm; khi
x=25m, bién d§ muc bdo hoa chi con 12 6mm,
nghia 14 dao dong triéu hdu nhu tit. Sai léch
muc bdo hoa giita hai phuong phap khong qua
4 mm. Khi x < 15 m, léch pha gitra hai phuong
phap hdu nhu khéng déng ké; khi x = 25m; thi
léch pha giira hai phuong phép vao khoang |
gio.

Phuong phép sai phan hitu han so db 4n
Crank Nicolson ciling dd dugc so sinh véi
phuong phdp phén tir hiru han va duoc kiém tra
boi s6 liéu thuc do tai Binh Dire, Long Xuyén,

- trong truong hop khong c6 mua cho thdy ring

cdc mé hinh déu md phong khé phu horp hién
tuong vét ly clia truyén dao déng triéu vao than
dap v6i sai sb giira céc phuong phép khong
vurot qua 10% (xem [4])

4. SO SANH KET QUA THU NGHIEM
GIUA HAI PHUONG PHAP TiNH THAM
TUA ON PINH VA TINH THAM KHONG
ON PINH.

Dung phuong phép sai phan hitu han dé
tinh toén kiém tra phuong phép tam gidc thdm
nguy hiém, véi mé hinh thdm qua dép hinh chit
nhét (m =m’ = 0) trong ba trudéng hop sau:

» Soddloail: H, < H :
* Soddloai ll: H,> H :

* So db loai IIl: Hy~ H ;
S6 liéu bai toan cho trong Béng 1. Két qua
tinh todn va so sinh dugc chi ra trong Bang 2.

Bang 1. Céc trudng hop thir nghiém

Sa do Thuy trieu Bién
loai khu Bic tinh dip Théng s6 sai phan
chira
Zy A I H, (m) L K (m/git) ﬁ Sy a (m%/gid) Ax At ®,
(m) | (gi®) (m) .
(m) (m) (m) | (gid)
1 1,0 0,5 24 0,5 25,5 | 0,2083 1,6 0,08 4,1667 0,5 2 1,0
11 1,0 0,5 24 1,5 25,5 | 0,2083 1,6 0,08 4,1667 0,5 2 1,0
111 1,0 0,5 24 - 25,5 | 0,2083 1,6 0,08 4,1667 0,5 2 0,7
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Bing 2. Két qua so sanh

Diém M(x) Jmax Jmin Tong luu luong Q qua dap
So db trong chu ky T (m*/m/ngiy)
loai :
i X (m) y(m) PP. PP. Sai FE. PP. Sai s0 PP. PP S:?i
PHH | TGTNH 6 SPHH 0
A i TGTNH | (%) | SPHH | TGINH |
(%) (%)
1 21,554 | 1,568 | 0,1484 0,1348 9,13 -0,1060 -0,1186 11,86 | 0,1460 0,1448 0,88
11 21,650 | 1,714 | 0,1091 0,1002 8,14 -0,1478 -0,1595 796 | 0,1677 0,1698 1,27
I11 21,555 | 1,638 | 0,1273 0,1172 8,00 -0,1272 -0,1363 T11 0 0 -

Két qua tinh toan chi ra ring;:

- Sai s6 d¢ dbc thiy luc Jo., clia dong thim
thim nhdp vao thin dép khong qua 10%,
phuong phap sai phén hitu han cé xu hudéng
16n hon phuong phap tam gidc thdm nguy
hiém."

- Sai sb d6 déc thay luc Jmin cUA dong thdm tir
than dap chay ra bién triéu dbi véi so db loai
[ khoang 12%, déi voi hai so d6 con lai dudi

" 8%. V& mit gia trj tuyét ddi, J;, clia phuong
phap tam gidc thdm nguy hiém c6 xu huoéng
lI6on hon phuong phdp sai phan hitu han,
nghia la ¢6 xu hudéng an toan hon néu dugc
sir dung dé tinh toan én dinh méi déc khi
thiét ké mat dap.

- Sai sb téng lwu lugng trong mét chu ky tridu
ddi véi hai so @6 loai I va II khéng qua
1,5%. Con dbi véi so do loai 111, thi ca hai
phuong phap déu dat gia tri bang khong.

- Pbi vé6i so db loai 111, cao trinh myc nuéce
tim thly dugc & bién thugng luu cao hon
muc nude trung binh thiy triéu 12 42 mm déi

v6i phuong phdp sai phan hiru han, va 38
mm d6i véi phuong phép tam gidc thdm
nguy hiém.

5. PHAN TICH SU ON DINH CUA MAI
DAP DAT DUGI TAC DUNG CUA DONG
THAM CHIU ANH HUONG THUY TRIEU

Hinh 3.a, 4.a, 5.a chira réng trong trudng
hop Jiax, dong thim chay vao trong théan dap,
luc do dong thdm tac dong vao phan tir dt c6
xu huéng huéng vao trong than dép. Nhu vay,
hat vat liéu cia mdi truong thdm s& cé xu
huéng trinh duoc hién tuong tach roi khoi khéi
dat. Nguoc lai, trong truong hop Jy, dong
thim huéng ra bén ngoal luc do dong thim tac
dong vao phan tir dét c6 xu huéng lam phén tir
dét tach khoi than dép. Nén hién tugng sat 16
d4t d& xay ra hon. Trong tinh trang nay, néu
cong thém luc gdy ra do cdc nguyén nhan khac
nhw: vén téc dong chay, séng do tau, do
gi6, ...s& rat d& xay ra hién tuong sat 16 bo dép,
kénh.

So sdnh cao trinh myc nude biio hod H theo t
tol mit cdt x = 2,0 m, gilfa phiteng phip gldl tich & Sui Phan Hiu Hyn
[ 4s = 05m: AU= 2 gids 0, = 0.7)

——H(1). X=20m - GT |
| —== 1), X=2.0m - SPIII |

Cao trinh e nutic o bba H (m)

Thit glan t (i)

a) x= 2,0mm

Hinh 2a. So sénh myc béo hoa H(t) giira phuong phép giai tich v sai phan hiru han: so db
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So sdnh cao trinh myc nude bio hoi H theo t
tol m3t cdt x = S m, giTa phueng phip gidl tich & Sai Phin Hiu Han

i 1, = 0.7]

Ty = DSm: A=

H(), X=5m - GT

=

e Tt Tt Sl

t
=2

TF =0

LTk

L
!
=
1

[ R R R

I

Thisi gian 1 (i)
b) x= 50mm

N

(0, X=15m - GT
Hit), X=15m - SPHH

i
= O 124 gor

Pmnmg 'l"hl‘-l' sai phan hin han: Ax = 0,5m; At = 2 glir; 0, = 0.7) ——
.

'y

So séinh cuo trinh myc nude biio hod H theo t, tol mbt et x=15m,

Thol ghan t (gid)
¢) x=15m

e FIOE) Sy

(w1) | w08 04X S yuy o)

IN: H = DS Zy, = i, T 24 gl

IPhuong phdp sai phin hitu hpn: Ax = 0.5m: At = 2 pid; 0, = 0,7|
1:!

So séinh cuo trinh mifc nitde biio hoi H theo t, tol mpt cét x = 25 m,

25m - GT
25m - SPHH |

(1), X=
L.

e Bl A S

E

[ R T
i
[

s e 3 o el
i

o ol it piin

0,025
0030 §- -1 4 - & -

3

Thisl glan t (ghi)

d) x=25m

Hinh 2b,c,d. So sdnh myc bao hoa H(t) gitta phuong phép giai tich v

an hiru han: so d

hi

x

asaip
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Myt o it Hoa cfe dal (Imast & S e iHming e s

Bidn ha luo dang SIN: 1= 051 2, = Tm. 1=24 firis: 100 6 S0 i g B
[Phirong phap sal phin hing han: Ax = 0.5m; At =2 glig 0, = 1,0

Cao trinh myc bio hba (m)

e e e e e e e e R e i
O.u:l Bl e e e e
0,00 -ttty et S R SO S SR

0 I 2 3 4 5 6 7 & 9 10 1 1213 14 15 16 17 18 19 20 21 22 23 24 25

Toa d) x (m)

a) Hypnay va Hyp theo x

D) dbc thiy Iye Jmax & Jmin theo x
Bien ha tew dang SIN: V1= 0.8m: £, = Ion Vo 24 glog hien thieeag ten: Hn = tsmoohding shis L= 255 0
Plhurong phip sai plrdn hira han: Ax = 0.5m; At = 2 giir; 0, =

020 5 : . S

OIS - - —— - = - — = - == - s o A e R i

1> 0 => e tridu chiy vio dp ) |
J <0 => nutdc trong than ddp chdy i

b) Jinua va Ty theo x

Hinh 3. Céc dic trung co ban cua dong thim - so db loai |
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i aamts b s cufe danfiion ) @ e o (Hurio) thea &

Ridn g bou dang SIN: s 88w 7, = bm, T

v s

[Mhirma phap sal phan bin b ;v 2 il 0, = 1,0

o Jlmar - x == Hmin - 4
16
L5
14
13
Z
i 12
]
21
H
E 10
E 09
8 s
0,7
06
05
0 5 10 Towagx(m 15 20 13
a) Hypax va Hypip theo
Bidu dd 40 doe thizy Iye Jmax & Jmin theo x
Bidn lig low daog SIN: 11 = 0.5m; 7 0= U, T=2 de thuaag Taw: Dl = V.20 (bl 58, 3
Phirmgz phap sal phin hin han: Ax = 0.5m; At = 2 ghir; 0, = 1.0
| ~&- Jmax - x =% Jmin - l
L e —— —————— p o e —= - 1
u 1 [1> 02> nute ridu chily vio dgp | ‘
My 111 €0 => nusc trong than d3p chiy ra | |
G iadandid. - Svliendt T e e S e 1
|
- b O
£ % | e ) = 1 I I
= nm -
_g T I‘b. ;"‘l-im-m---n-.---‘-f :

a8 et e v T v e T b e < ) T e s e

e Toudox(m) - =

b) Jinax V2 Jiin theo x

Hinh 4. C4c déc trung co ban ciia dong thim - so db loai T
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Bién ) duo dhng mye nude bio hod Max & Min theo x ]’_

Bien ha hm danz SIN: 11

{Pirrong phip val phin bt han: Ax = 0.5m; At = 1 glir; 0,=0.7] i

bEn; 2y

——MATPRGT
8- Max - PP.SPHH |
Min - PP, GT |
Bl L 2

O, 102 gl

Bién 40 my'e nude hilo hda (m)

Khodng ciich x (m)

a) Hyp, va Hyip theo x

DO dic thiiy lye Jmax vi Jmin theo x
Ridn ha lon dase SIN: 0 = 05m; 7, = O, Tedd giiv
Phinvag phip sai phdn hini hgo: Ax = 0,5m; At = 2 gibr 0, = 0,7

as R VRN PR T S T T T T a1 L

li I I 1 1 1 1 I i I 1 I I | I I ! I 1 [ 1 ] i
; v & & 1 011 O [ GO N A TN G SN O S T R A GO |
T SV JEY R oS S OO IR [P e Ll e S o ) SO S T SO LS [ e PR e B ERR
[ '“\A VR T AR T T T VO TR TN O R F R 1 -]

(R T e A A A B N N A T I
I “n‘h. ! 1 ! | i ! [} 1 1 [ I l
S ‘,'r'Wr"’?-q"_“?*r?*r?*r’.*r".’1'.‘1‘.‘ """ |
$ (T T O T T ?ﬁ-m“_.\, e I I O TR T
= EEEENEEE. [ Tootododalo L L 1 1 1 0 L |
2 0w _ TiTy e e e i H e EEEEeIITOY

] I 484 & & 44 ;,@.ﬁva'ﬁ 516 17 18 19 0 2 B B N
3 1 1 i I I I.‘... 1 1 1 1 1 1 1 I 1 | I I 1 1 1 T
FL 0 I VI W T . nf SO K N (O O TR O[O 1 SO S A (MR O I |

RS e T e TR A VA 1 Tl T S T A S [ i)

(TR T 2 O NN N TN U AN S GO AN SN NN SN T TN SN SO SRR [N R Y

T L O O O T T R T O [ [ 1
c Lo i el ke Vo o g i St i o e s i St Pl v o Sl
[ S| [T T I I | [ [ [ [ |
s —1—1 . B S i) 1 1 1 - L

Toa dj x (m)

b) Jinax V2 Jin theo x

Hinh 5. So sénh két qua tinh toan cac dic tnimg co ban ciia dong thim - so dd loai 111 giira hai phuwong phap giai
tich va sai phéan hiru han.

6. KET LUAN

Phuong phép tinh todn tam giac thdm nguy
hiém & mai dap, dbi véi dong tham chiu anh
hudng thuy tneu da dugc dé xuat nhim dé xac
dinh hai yéu td quan trong tong luu lugng
thm trong chu ky tneu va d6 déc thiy luc cuc
dai (Jnax) va cuc tiéu Umin) cla dong tham. Két
qua chi ra rﬁng, sai s6 tong luu luong khong
qua 1,3%; sai 50 Jax khong qué 10%, va sai s6
Jmin khong qua 12%, c6 xu huéng an toan khi
dugc ding dé thiét ké én dinh mai dbc dap.

Hién tuong sat 16 mai dép, dé, bd song do
nhiéu nguyén nhan:
- Van téc clong chay lii vuqt qua vén téc
khéng x6i cho phép clia dit mai dap, boy
song;

- Do céu hinh long dén doan sdng cong,
chiu téc dung truc tiép cla vén toc dong
chay 16n tao nén luc gay xoi 16.

Do tdc dong clia ty nhién va hoat dong ciia
con ngudi thay ddi cdu tric long dan hodc
gdy tai trong bét lgi trén mat dap, dé, hoic
bo song.

Do tac dong cia song do gid, do tau va céc
phuong tién van tai duong thiy giy nén,....
Ngoai nhitng nguyén nhan néu trén, trong
trudng hqp tiép xic véi dao dong thuy
tridu, mai dé.p, dé, bo song s& chiu thém
tic dong x6i 16 do dong thdm khong on
dinh & ving tam gidc thim nguy hiém gay
ra, dic biét khi dong thim chay ra bién
tridu img véi do dbc thiy lyc Jyi,. Hién
twong nay cang nguy hiém hon, khi myc
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nuéc trong khu chira cao tao nén tong

E ] so sdnh, kiém tra phuong phép tam gidc thdm
lugng nude tham ra bién tricu 1ém.

nguy hiém trong truong hop mai déc dap, de,
hodc bor song khac khong, va c6 xét dén anh

Ngoai ra, dé tang kha ning ap dung thuc té
huong cua mua.

va tinh kha thi cua phuong phap, mét 50 nghién
ctru bo sung can dugc tiép tuc thuc hién nham

APPROACH FOR FORECASTING DANGEROUS SEEPAGE AREA
ON THE DAM SLOPE AFFECTED BY THE TIDE

Le Van Duc
University of Technology, VNU-HCM

ABSTRACT: Amplitude of osillation of water table surface and hydraulic gradient under tidal
effect, tend to decrease while the seepage flow enters the earthen dam. Therefore, there exists a
Dangerous Seepage Triangular Area (DSTA) where hydraulic gradient obtains maximum values. Based
on the continuity equation and an assumption on the transmission of seepage oscillation, this DSTA can
be specified. Finite Difference Method (FDM), analytical and DSTA methods were programmed using
EXCEL software for computation and evaluation of simulated results. The numerical experiments show
that the error of total seepage discharge during a tidal cycle between FDM and DSTA methods is less
than 1.3%; and the error of maximum hydraulic gradient is not greater than 12%. Besides, the analysis

on the earth dam slope stability shows that the most dangerous seepage case occurs when the minimum
tidal water level exists as well as maximum hw],rnu]m orrm’mnr of out-seepage flow is reached. This is

exists as adient of out-seep eached
one of the important reasons that explain plenty of rzdal river bank erosions in Mekong River Delta.

Keywords: unsteady seepage flow, tidal earth dam, dangerous seepage area on earth dam slope,
analytical method, finite difference method, Mekong River Delta.
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