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AT LIEU

Panh gia su 1am viéc cta bo phan thoat nuéc trong cac cong trinh dit bang
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TU KHOA TOM TAT

B phén thoat nuée Trong céc cong trinh d4t, b phan thoat niéc déng vai trd quan trong vi gitip ha thdp mutc niéc ngdm trong

Dong t’hém mdi tredng thAm, ti¥ d6 giam thidu cac rii ro do mue nde ngim cao gay ra. Nghién citu nay tap trung danh

Déip dflt . gia hiéu qua 1am viéc ctia bo phén thoat niée trong cdc cong trinh d4t dién hinh. Phitong phap phin ti hitu

11\::1:?:: ;:zp phin ti hita han han Galerkin dugc st dung dé giéi phuong trinh cin bing dong thdm trong méi trudng dit. Trong tru’c‘ing

Tuwdmg chén hop céc vliing khong bao hoa xuat hién trong khu viyc tinh todn, mo hinh van Genuchten dugc 4dp dung dé
tinh to4n hé sb thim ctia dit trong cac viing nay. Khi xdc dinh mit bio hoa, 12 ranh giéi giita viing khong
bao hoa va viing bdo hoa, mét thuit toan giai 13p vGi cac tiéu chi hoi tu dugce stt dung. Python duge ding
dé thiét 1ap mot chwong trinh tinh tich hop tht ca cac 1y thuyét da dé cap & trén. Sau d6, chuong trinh nay
duwge ng dung dé phan tich hiéu qua ctia bo phan thoat nide trong dap dit va phia sau tudng chin. Két
qua cho thdy phuong phap dé xuét ¢6 thé ing dung hiéu qua trong viéc d4nh gi4 hiéu ning ctia bé phan
thoét niéc trong cong trinh dat.

KEYWORDS ABSTRACT

Drain In earthworks, drains play an important role as they help lower the groundwater level within the seepage

Seei:ie media, thereby minimizing risks associated with high water tables. This study focuses on evaluating the

Ear! am

performance of drainage systems in typical earthworks. The Galerkin finite element method is employed to
Free surface

N solve the governing equation of seepage flows within porous media. In cases where unsaturated zones appear
Finite element method

Retaining wall within the domain, the van Genuchten model is applied to compute the hydraulic conductivity of soils in
these zones. When determining the free surface, which is the boundary between the unsaturated and
saturated zones, a loop algorithm with convergence criteria is employed. Python is used to develop a
computing program that integrates all of the above-mentioned theories. This program is then applied to
analyze the effectiveness of drains in earth dams and behind retaining walls. The results indicate that this

proposed method can be effectively used to assess the performance of drainage systems in earthworks.

1. Giéi thiéu Viéc thiét ké cac bo phén thoat niwéc hién nay da ¢6 céc quy trinh

x4y dung sin c6 va vat liéu chon cho vét thoat niére tity thude vao nhiéu

Trong cdc cong trinh dit, viéc kiém sot dong thdm 13 mot yéu
ciu thiét yéu trong thiét ké va thi céng. Thuc té cho thiy, viéc khong
kiém soét tdt dong thdm 13 tic nhan chinh giy ra cac hv hong cong
trinh d4t nhw dap dat, de [1, 2].

Hinh 1 va Hinh 2 minh hoa hoat ddng ctia bo phan thoat nuéc
trong d4p d4t va twdng chén. Cac hinh (a) thé hién cac cong trinh chira
duge thiét k& bd phén thoat miGc va céc hinh (b) thé hién céc cong
trinh dugc bd sung b phan thoat nudc. Theo d6, mai ha luu dap dat
14 bién khéng thuan lgi cho viéc thidm nén dudng bio hoa thoat ra cao
hon khi cong trinh ¢6 bo phan thoat nude. Twong tu, tudng chin dit
khong c6 bd phan thoat nuéc nén khi trong dit phat sinh miyc nuwée
ngim (c6 thé anh hwdng ciia sdéng hd gin d6) va xét tinh hubng bat 1oi
nhét, mitc nwde tic dung 1én twong cao bing muc nitdc ngdm nay. Khi
6 b6 phan thoat nuée thi miye née ngdm da ha dang ké.

*Lién hé tic gia: nguyenvotrong@hcmut.edu.vn

Nhan ngay 22/04/2025, stia xong ngay 17,/05/2025, chip nhan ding ngay 19/05/2025
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yéu t6 [1, 3]. Tuy nhién, hiéu qua lam viéc thuc t& ctia bd phan thoat
nuée van cin duoce danh gia dinh luong, dic biét thong qua cic mo hinh
toan sb. Bai bao ndy tip trung vao viéc md phong toén hoc dé danh gia
hiéu niing ctia bd phan thoat néc trong viée ha mue née ngim va kidm
soat dong tham, tit d6 hd tro qua trinh thiét ké t6i vu hon.
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Hinh 1. Sy hoat dong ctia bo phan thoat nuéce trong dap dét: (a)
khong c6 vét thoat nudc; (b) ¢ vat thoat nudce.
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Hinh 2. Sy hoat dong ctia bd phan thoat nuce trong twdng chin: (a)
khong c6 vat thoat nudc; (b) cé vat thoat nude.

2. U'ng dung phuong phip phin t& hitu han Galerkin dé giai
phuong trinh cha dao ctia bai toan thim hai chiéu (2-D)

Phuwong trinh cht dao mé ta dong thdm hai chidu dugc viét nhw
sau [4, 5]:

o () + 32 (K. 57) = 0 M
trong d6 H la cot nude (don vi 1a m); K, va K, 1a hé so tham theo
phuong nim ngang x va phwong thing dtng z (don vi ctia hé sé thidm
12 m/s); bé day theo phuong vudng géc mit phing ctia bai todn 1a 1 m.

¥ téng co ban ctia phwong phép phin ti hitu han (PPPTHH)
Galerkin dugc trich ti tai liéu [5]. Dé minh hoa, xét phuong trinh vi

phén:
dxz +f(x) =0 (xg<x<x) @
vGi didu kién bién (Hinh 3):
y(xa) = Yo va y(xp) = yp 3
Loi giai xAp xi duge gia thiét nhu sau:
y () = ZiLi yiny(x) @

trong d6 y; 1a gia tri 11 giai tai x = x; va n;(x) 1a ham th? twong @ng.

N, M
R 2 X3 Xy TM+1
(xg) ()

Hinh 3. Ving tinh toan x, < x < x, dwgc r¥i rac thanh M phin ti.

Thay 101 giai gia dinh (4) vao phuwong trinh chu dao (2), ta thu
dugce s du:
RC;y) = S 5% + £ (0] = 5)
1 [ meol + £
Phuong phép Galerkin dp dung didu kién s6 du c6 trong va mbi
ham thi 12 ham trong sé:
[ CORG y)dx =
[0 Sy G + fE)]dx G =1,M+1) ©)
Khi d6, phuwong trinh nay dugc thé hién:
f;,.jﬂ n;(x) [:_; [yimy () + yjpanyea (0] +
feo]dx=0 G=1,M+1) @
Tich phan Phwong trinh (7) dat dugc M + 1 phwong trinh dai s&
v6&i M + 1 gia tri 101 giai tai ndt chua biét ¥j, va céc phuong trinh nay
¢6 thé duoe viét dudi dang ma tran:
[Krel{y} = {F} (€)]
trong d6 [K;] 12 ma trdn d6 cting hé théng, {y} 12 vector chuyén
vi ntt va {F} 1a vector luc nit. Cac thuat ngit do ciing (stiffness), chuyén
vi (displacement) va luc (force) trong co hoc két cAu dvoc anh xa tuwong
ttng sang hé sb thdm (hydraulic conductivity), c6t nuée (hydraulic

head) va lvu lugng (flux) trong bai toan thuy lyc. Phuong trinh (6) 1a
dang chuin ctia PPPTHH Galerkin, bao gém ca qué trinh thiét 1ap
phuong trinh phin t va xdy dung hé phuong trinh tong thé.

3. Thiét 1ap phuong trinh phin t&

Pé xay ding phwong phap phin tit hitu han cho bai to4n thim
hai chidu, gia dinh mdi phan ti c6 M nt, va sy phan bd cot niée trong
phin t& dugc md ta béi:

H(x,z) = 3™, Ni(x, z)H; = [N]{H} )
trong d6 N;(x,z) 1a ham ndi suy twong ¢ng v§i cdt nuwde tai ntit H;, [N]
la ma trdn hang cac ham nodi suy, va {H} 1a ma trin c6t (vector) cta cot
nudce tai nit.

Ap dung PPPTHH Galerkin, cic phuong trinh s du ctia Phiong
trinh (1) la:

B, w2 2) +

0 (i=1,M)

trong d6 d6 day t gia dinh 12 khong db6i va tich phan trong toan dién
tich phén tit (véi phan tich 2-D, d6 day t thudng 14y 12 mot don vi dai

Soeta= a0

va 12 1 m trong bai béo nay). Cac bién dbi toan hoc ciing nhu viéc sit

dung Pinh 1y Green-Gauss trong miit phéng dan t6i:

8, [ (24 2 (20 ) a

AH dN;
= —t§, (quny + @ INdS — t ff, [K S50+ an
BH ON;
Z Bz 0z

trong d6 n, va n, 1a thanh phin theo phwong x va z clia vector don vi
huéng ra vuéng géc véi chu vi.

Quay v& phwong trinh s§ duw Galerkin trinh bay trong Phiong
trinh (10) va thay thé c4c quan hé dwgc phat trién théng qua Dinh 1y
Green-Gauss, Phuvong trinh (10) tr¢ thanh:

I, [KeSmoi+ K, 5220 tdA = —tfy (qumy +

a;nz)N;dS (12)
(i=1M)
va ciing 14 hé théng M phwong trinh phén t hitu han hai chidu théng
qua phuong phap Galerkin.
Tai thoi diém ny, chiing ta chuyén sang st dung cac ky hiéu ma
trin va si dung Phu’o’ng trinh (9) dé chuyén Phuong trinh (12) thanh:

ﬂ ax ax] ] [ ]{H(e)}tdA (13)

= —¢. qsns[N]"tds
va c6 thé thé hién duéi dang:

(e 1@y = {E°} (14)
trong d6 [K 2] 1a ma tran hé s6 thAm phin ti (chi s e dugc st dung
d& phan biét véi ma tran tdng thé); {Fq(e) } 1a vector lvu lwgng tai nit
ctia phin ta.

Moi trudng duoc gia thiét ddng hwéng nén K, = K, = K:

) = k1, [ 2]+ 2] (2] o =

v6i phin tif ¢6 M niit thi ma trin trén 12 ma trin d6i xitng M x M.
Vector luu Ivgng nit phan ti 1a:
(Y= - ¢ qn,[N]"tds = — & qsn {N}tds (16)
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4. Pidu kién bién

Bai toan dong thAm thudng c6 hai loai diéu kién bién chinh, dugc
minh hoa trong Hinh 4. Trong ving S,, c6t nuéc H dugc gan la Hy;.
Trong mb hinh héa, tit ca cic nit nim trong phan nay déu ¢é cot nuée
da biét va cac gi tri cAn tim 13 lvu lwgng tai ndt (don vi 1a g = Tz
trong bai toan phang). Dang bién nay goi la H-type. Phan S, c6 gia tri
lvu Iwgng da biét ciia q 12 qg, (Vi cac gié tri ndy dugc phan bé trén mét
don vi chidu dai cta S, nén don vi la — = —) Dang bién nay goi la
Q-type. Do d6, tit ca cac nit nim trong phan nay déu cé lvu lvong
dugc tinh toan bing Phuong trinh (16). Cac thiét 1ap twong tw cho phin
S; va S,. Trong nghién citu nay, do céc bién dang Q-type c6 lvu lugng
phéan bd g, = 0 nén ban diu cac gia tri lvu lwgng nit mic dinh 13 khéng
(zero). Tuy nhién, do viéc xac dinh mit bio hoa, mét sb bién cin duoc

xem xét va mb ta mét cach diic biét trong phin tiép theo.

e (@ = qsﬂ
’ @

o) —
2 T
o |\
n <
- 2
:; =
w

>

S2(q=0s2)
Hinh 4. Cic dang diéu kién bién.

5. Thiét 1ap ma trian phin t&

St dung hé toa d6 chuén héa (r, s) nhw mé ta trong Hinh 5, cic
ham néi suy cho phan ti hinh chit nhat bén ntit dugc xac dinh nhu sau:
1
Ny(rs) =71 -1 ~-5)
1
N2(7'5)=%(1+T')(1—5) a7
Ns(r,s) = Z(l +r)(1+5s)

N,(r,s) = %(1 —7r)(1+5s)

(-1, -1 (L, -1
fe——2a ——
Hinh 5. Phin ti chit nhét v6i chiéu rong 2a va chidu cao 2b.

Ap dung PPPTHH, ta x4y dung dugc ma trin d6 citng phin ti?
nhu sau:
KD K KD K
W21-[
K31 K32 K33 K34 (18)

(e) (e) (e) (e)
K Ky Kig Ky

Sau ddy 12 mot vi du v& céch tinh mét thanh phan trong ma tran [K]:
K = Keab [* 1 [ 1 + S L drds 19)

a2 16
trong d6, K 14 hé s6 tham,; t 1a chidu day phan t; 2a va 2b 1in luot 12

chidu réng va chidu cao cta phin tit trong hé toa dé tu nhién (r, s)
(Hinh 5). Cac thanh phﬁn khac duoc tinh twong tu. Tuy nhién, tich
phén trong Phiong trinh (19) dugc st dung tich phin sb Gaussian tai
cac didm c6 toa do 1,8; = £0,57735 v6i céc trong sb W, W; =1,0 va
i,j = 1,2 [5]. Theo dé, ta co:
K = Kt232, %2, Sww(s; - 1)" + (20)
Kt— Z 1Z] 11GWW(rl —1)2

Cac luéi du’(jc tao tw dong thuong khéng c6 hinh ch® nhat ma la
hinh tG gidc (Hinh 6). Do d6, 1y thuyét hién c6 goi y st dung cong thitc
ding tham nhu sau:

K = KESEL S W (5~ 1) )

+Kt= 2 "y X2 116WW(n = D2 (r57)| (21
trong d6 |/ (7, sj)| 1a dinh thtc ctia ma trén Jacobi tai cic tao do r; va s;:
ox 0z
_ [ ]12] or or (22)
21 J22 ox 2z
os os
s
3
2 3
11 (1,1
4

L 12
\ - (1,-1) (1,-1)
1

Hinh 6. (a) Phan t¢ déng tham hai chidu bén nit; (b) Phan ti géc
trong hé toa do tu nhién.

Sau day la m()t vi du v& c4ch tinh mét thanh phén clia ma tran Jacobi:
Jin == 2‘1t 061:1 i[(s -Dx, +(1 - (23)
s)x2 + (14 s)xg — (1 + s)xy)
Két hop tit ca cic ma trdn phin ti¢ din dén phwong trinh téng
thé nhu sau:

[Krel(H} = {F;} 24
trong d6 [Kz;] 1a ma tran hé s6 thim téng thé c6 kich thudc My x My
vGi M, 1a téng sb cac nit ctia hé théng; {H} 14 vector cot niée téng thé,
kich thuée My x 1; va {F,} 1a vector lwu lutgng nit téng thé, kich thuée
My % 1.

6. Hé s6 thAm khong bio hoa va mit bao hoa

Nhu di trinh bay, hé s6 thAm K xuét hién trong cic phuong trinh
tinh todn ma trin hé s6 thim, tic 12 Phuong trinh (21). Dong thdm qua
than dap (Hinh 7) tao ra ving khong bdo hoa phia trén viing bdo hoa
(maét bao hoa la ranh gidi gitta hai viing nay). Vung khong bao hoa nay
van c¢6 dong thim nhung céc hé sé thim trong cdc viing nay dugce diéu
chinh (nhoé hon hé sé thim ban dAu khi bio hoa).
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Nghién cttu nay st dung mé hinh ctia van Genuchten [6] dé tinh
toan hé sb thAm khéng bdo hoa. Dya trén 1y thuyét nay, hé sb thim
khéng bdo hoa phu thude vio diu 4p luc tai cic diém quan tim (ky
hiéu 13 h) va ¢6 thé dwgc trinh bay nhu sau:

K(h) = KK, () (25)
trong d6 K 12 hé s6 thim bdo hoa va K, (h) 14 hé s6 chudn héa, h 13 cot
ap (bing cdt nudc trit cao dd tai nit d6). Gid tri ctia K, (h) c6 thé dugce
tinh toan theo hai théng s a va n. Gia tri K, (k) bing mot néu cot ap h
16n hon hay bing khéng (trong viing bdo hoa) va nguoc lai (tie 13 trong
vung khéng bao hoa, c¢dt &p h nho hon khéng, K,.(h) nhé hon mot).

Phuong trinh tinh K, c6 thé tinh theo [4, 6]:

K - [1—(uP"‘1)(1+(aP"))_m]Z (26)
T [Qvap) 2
trong d6 P la lyc hit dinh (kPa) (Iwc hit dinh dugce dinh nghia la sy

khéc biét giita ap suét khi va 4p sut nuwée 16 rdng); a 1a mot théng sb
(kPa); n 12 mét thong s6; m 12 mot thong s6 duoc tinhlAm =1—1/n

(a va n 12 cac thong sé thyc nghiém dugc xac dinh tif cac thi nghiém).

diémra
clia mat b&o hda

thwong luu
HAup

tang khong tham

O

x ¥

Hinh 7. Thim qua d4p d4t dbng chét.

Hinh 7 trinh bay mét vi du v& dap dAt ddng chit duoc xay dung
trén nén khong thdm nuwée. Mue nuée phia thugng litu c6 gié tri hy,;, so
v6i mit dit va mye nwe phia ha lwu c6 gid tri hggyy,. Mit bio hoa hinh
thanh trong than dap c6 diém thoét nwéc E nim cao hon muc nuée ha
lwu. Cac diéu kién nay din dén viéc thiét 14p cac diéu kién bién nhu sau
(xem Hinh 7):

e Céac bién AB va GF la bién loai H-type v&i cot nudc dugc xac
dinh twong ng theo muc nudc thugng lwu va ha lvu.

e Bién BCD nim trén viing bdo hoa. V& mit 1y thuyét, c6 thé
ton tai dong thAm khong bio hoa di ra khoi cic bién nay. Tuy nhién, vi
céc Ivu Iwgng nay khong déng ké so véi dong bao hoa va dé don gian
héa mé hinh, cac bién nay c6 thé dugce xi Iy nhw 13 bién khong ¢6 dong
thdm (loai Q-type va céc gia tri clia F, bing 0). Phin mém SEEP/W,
cong cu phd bién trong phan tich thim, ciing 4p dung cich xi 1y nay
trong cac bai toan tuong tu.

e Bién DF phtc tap hon vi c¢6 diém thoat nuéc E ctia mit bio
hoa xudt hién trong bién nay. Phin EF goi la mat thdm va dv kién c6
cac dong thdm di ra. Khi xt 1y loai bién nay, ngudi ding c6 thé wdc
doan trude cdc doan cé thé chita diém thoat nudc E va dp dung quy
trinh xi¥ 1y riéng, sé dugc trinh bay chi tiét trong phin sau. Trong phin
mém SEEP/W, cic doan bién nay duogc danh diu 13 “mit thim tiém

ning” (potential seepage face) vi phan mém sé ty dong xac dinh diém

ra E va mat bao hoa bf“ing quy trinh ldp.

e Dua trén két qua ctia budc tinh tiép theo, néu tdn tai cac nit
¢6 cot ap bing 0 nhung vu lwgng tai d6 lai 1én hon 0 (tifc 1a c6 dong
thdm chay vao than dap), thi diéu nay 1a khong chip nhan dugc. Trong
trwdng hop ndy, cdc nit d6 sé duoce chuyén sang didu kién bién kiéu Q-
type (F; = 0).

e Quy trinh tinh sé tiép tuc dugc Lip lai cho dén khi tht ca cac
ntit thude mit thdm c6 ot 4p bing 0 va Ivu lvgng nho hon hoc béng 0.

Quy trinh xac dinh diém thoat nuée hodic mit thAm trong “mit thim
tiém ning” (DF trong bai todn & Hinh 7) dwgc trinh bay nhu sau [4, 7]:

e Ban diu, diéu kién bién Q-type dugc thiét 1ap (F; =0 tai tat
¢4 cdc nit trong bién DF). Bai toan dugc giai bing Phwong trinh (24)
v6i cdc didu kién bién da cho. Do d6, mit bdo hoa va diém thoat ra
hodc mit thim duoc xac dinh. Mit bio hoa dugc xac dinh théng qua
trwong ap sudt 16 rdng va st dung ky thudt noi suy dé 14y cac diém c6
ap sudt 18 réng bing 0.

e Néu trong mit thAm xuét hién cac nit c6 cot ap 16n hon 0
(ttte 12 gid tri cot nwée H 16n hon cao d6 didm d6) thi didu nay khong
dwgce chip nhéan vi bién loai Q-type (F; = 0) khong cho phép cot ap
ting. Cdc ndt nay sé duvgc chuyén sang diéu kién bién loai H-type v6i
ot 4p bing 0 (ttc 1a cot e H bing cao d6 z clia cac nit).

e Sau budc cip nhat, néu van con céc nit ¢ ot ap bing 0 nhung
lvu Iwgng tai d6 lai duong (tic 1a c6 dong thim di vao than dép) thi cac
ntt nay lai dugce chuyén trd vé diéu kién bién loai Q-type (F, =0).

e Quy trinh nay duoc 1ip lai cho dén khi tit ca moi nit trong
mit thim déu thoa ddng thoi hai didu kién: ¢6 cot 4p bing 0 va lwu
lvong nhé hon hoic bing 0.

7. So sanh véi phin mém hién cé

Nghién ctu nay st dung mot bai toan dugc trinh bay trong Hinh
8. Hinh dang don gian ctia dap hinh vuéng dugc xem xét: chiéu dai mét
canh 12 10 m. Chiéu cao (so v&i mit dit) ctia muc nude thuong vu va
ha lvu 1An lugt 1a hyp =8 m va hyoyy = 2 m. Nén khong thdm nudc va
dat duoc st dung trong mé hinh c6 cdc thong sé lién quan dwoc hién
thi trong Bang 1. K, 14 hé s6 thAm béo hoa, c4c théng sb a va n dugc sit
dung cho m6 hinh van Genuchten [6] dé tinh to4n hé sb thAm khong

bao hoa lién quan.

1|
/

L mat b&o hoa

N giém dira
ﬁ o
L - mat thdm ca
5 o TR
_ /4; D
& Tl E
N =4
o X
10
e -

Hinh 8. Hinh dang bai toan (don vi dai trong hinh 14 m).
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Bang 1. Théng s6 dit.

Bang 3. Théng sb d4t trong cac Gng dung mé phong.

Vé&i cong tic roi rac héa, ching téi st dung cong cu Gmsh [8].
Cong cu ndy c6 thé tao phin ti tam gidc va td gidc. Hinh 9 thé hién
1u6i trong bai todn nay: 1w6i s dung phin ti ti¥ gidc ¢ bén diém
Gaussian, viing tinh to4n c6 1464 nit va 1393 phan tir.

Bai nghién cttu st dung phén mém SEEP/W [4] dé so sanh. Kich
thude ciing nhv théng sé moé hinh van Genuchten dugc nhip vio
SEEP/W. Két qua tinh toan dwgc trinh bay trong Bang 2 Do sai léch
gitta chwong trinh tinh va SEEP/W nhé hon 3 %, cho thiy d6 chinh xéc

cao va kha ning 4p dung ctia mé hinh.

I
isEET g

s aNsERRERRERE R LAY

-
11177

T

Hinh 9. Roi rac héa v&i phan ti7 ti gidc.

Bang 2. So sanh két qua ctia m6 hinh bai bdo va SEEP/W (h,, hs va h

12 chiéu cao ctia mit bdo hoa so v&i mit dit taix = 2 m, 5 m va 8 m).

K, (m/s) a (kPal) n K, (m/s)| o (kPa™l) n Ghi chi
10* 0,10 2,5 10° 0,005 2,5 Sét pha diing trong dap dat
10+ 0,05 1,5 Cat diing trong twdng chéin dit

Gia tri SEEP/W | Chuong trinh tinh | Su khéc biét (%)
h2 (m) 7,376 7,391 0,19
h5 (m) 6,183 6,187 0,06
h8 (m) 4,572 4,570 0,04
h10 (m)
P 3,344 3,436 2,67
(diém thoét ra)
Q (x10*m3/s/m)| 3,2252 3,2246 0,02

8. U'ng dung danh gia su 1am viéc ctia bd phan thoat nuéc
8.1. Pdp ddt dong chdt

Ung dung diu tién ctia mé hinh dwge thic hién trén bai toan
thdm qua d4p d4t ddng chit nhim d4nh gi hiéu qua ctia bd phan thoat
nuée. Hinh 10 minh hoa mé hinh hinh hoc ctia mét dap dit dugc xay
dung trén nén khéng thidm véi cic thong sb kich thude cu thé. Cac
théng s6 dic trung ctia vat liéu dip dap dugc trinh bay trong Bang 3.

e Hinh 10(a) thé hién trwdng hop khong c6 bd phan thoat
nudc, tuong tng v6i tinh hudng thiét ké chwa téi wu, khéng tao didu
kién thuan lgi cho nudc thdm thoat ra & ha lwu.

e Hinh 10(b) mé ta tredng hop 6 1ip dit bé phan thoat nude,
gitip ting cuwdng kha ning dan nuwéc ra khoi than dap. Liu ¥ ring trong
thue té, dap dAt c6 thé duogc thiét ké véi nhidu dang bo phan thoat nide
khac nhau, nhu 16p loc ngugce, ranh tiéu, hay éng din nuéec, ...

(b)

b phan
thodt nude
bé mat

;

=40m
=40m

he
h

50m 10m 50m 50m 10m 50 m
tang khéng thém téng khong thdm

Hinh 10. Pap dit ddng chét: (a) khéng ¢6 bd phan thoat nudrc;
(b) c6 bd phan thoat nude.

Trong m6 phong trudng hgp khong cé bd phéan thodt nudce, bién
phia ha Itu duge gia dinh khong thAm hoan toan, ttc 1a khong cho
phép dong nudc thoat ra ngoai. Day 1a tinh hudng bét lgi thudng gip
néu thiét ké thiéu 16p tiéu nwée. Nguge lai, khi c6 bd phan thoat nuée,
bién ha Itu dwg'c md hinh héa nhw mot mit thAm, cho phép dong thAm
thoat ra khoéi than dép theo diéu kién vat ly thuc té.

Két qua mé phong dugc trinh bay trong Hinh 11 cho thiy anh
hudng ro rét cta viée ¢ hay khong cé bo phén thoat nude.

e Truong hop khong c6 bé phan thodt nwdc nhu Hinh 11(a),
diém tho4t ra cia mit bio hoa nim & do cao 32,3 m so v6i mit dAt.

e Truong hop c6 bd phan thoat nudc nhu Hinh 11(b), d6 cao
ctia diém thoat nuéc giam xudng con 20,3 m.

Piéu nay cho thiy hiéu qua d4ng ké ctia bd phan thoat mrGe trong
viéc ha thip duwdng bdo hoa, tit d6 giam 4p lic nwée bén trong than
dap va ting do 6n dinh cong trinh. Tuy nhién, néu chiéu cao dudng bao
hoa sau khi lép dit bd phan thoat nude van chuwra dat yéu cAu thiét ké,
ky st ¢6 thé két hop thém céc giai phap bd tro nhuw thiét ké 16i khong
tham (161 dAt sét) bén trong than dap, hoic ting kich thudc va kha ning
dan nuwée cha 16p thoét nude.

duimg bila hia

Khoing €5t 45 (m}

Khodng cat 2p (m]

[ 20 40 &0 80 100 20 40 60 80 100

Hinh 11. Pap dit ddng chét: (a) khong c6 bd phan thoét nwdc; (b) cé
bd phan thoat nugce.

8.2. Twdng chdn ddt
Ung dung tht hai duoc thue hién d& danh gia hiéu qua cua b

phan thoat nuéc sau tvong chén dét. Trong thuc té, twong chin thudng
duoc st dung dé giit én dinh cho khéi dAt dép phia sau, va khi xult
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hién muc nwéc ngdm cao, 4p luc thiy tinh tic déng l1én twdng c6 thé
gy mét én dinh nghiém trong néu khéng dvgc kidm soét hop 1y.

Hinh 12 minh hoa hai kich ban khac nhau trong thiét ké tung chén:

e Hinh 12(a) m6 phéng truong hgp khéng c6 bd phan thoat
nuwée. Trong tinh hudng ndy, dong thdm tit méi treong xung quanh
(chéng han do anh hudng tit séng, hd hoic muc nwéc ngdm ding cao)
khéng c6 dwdng thoat thuin lgi. Hé qua 1a myc nuée ngdm phia sau
twdng dang 1én dang ké, tao ap luc 16n 1én két cAu twdng.

o Hinh 12(b) thé hién trudng hop twdng chin duoc trang bi bo
phén thoat nwée hop 1y, ching han nhv 18 thoat nide, rénh tiéu hodic
16p cat thoat nuée di kém vit liéu loc. Cac cAu tric nay cho phép dong
thdm thoat ra ngoai hiéu qua, tit d6 1am giam muc nwdc ngam va giam
ap luc 1én than twong.

Mb phong duge thiic hién bang chwong trinh tinh (Hinh 13) da
phat trién cho thiy két qua kha quan. Khi c6 bo phan thoat néc hoat
ddng hiéu qua, mit bdo hoa phia sau tudng chin duoc ha thip déng
ké. Cu thé, diém thoat nwéc dugce xac dinh & cao do cach mit dit
khoang 1,1 m, trong khi myc nuéc ngdm ban diu dugc gia dinh 1a
10 m, tiic 1a d4 ha thdp gin 9 m sau khi c6 bién phap thoat nuéec.

T [
bb phan \
v thodt nuee | |
ke \ | 18 thoat
\4 | nwec
|

—— (a)
cat adp

MNN=10m
MNN=10m

45m 1 ' 45m

tAng khéng tham
Hinh 12. Tudng chin dit: (a) khéng c6 bo phan thoat nuéc;
(b) c6 bd phan thoat nude.

tAng khong thim

Két qua nay chitng minh ring bo phan thoat nutéc cé anh hiwdng
trie tiép dén viéc kiém soat 4p lwc nude phia sau twdng chin, va cin
duge xem xét k§ lvdng trong thiét ké dé dam bao én dinh 1au dai ctia

cong trinh.

khoang cét dp (m)

0 10 20 30 40

Hinh 13. Tuwdng chin dit c6 bo phan thoat nudc.
9. Két luan

Nghién cifu ndy di phét trién mét mo hinh toan sb dua trén
PPPTHH Galerkin nhim phan tich sy 1am viéc ctia bo phan thoat nuéc
trong cac cong trinh dAt, dic biét 1a dap dit va twong chin. M6 hinh dé

xult xét dén dong tham trong didu kién c6 viing khong bio hoa, trong

@6 hé s6 thAm dwgc hiéu chinh theo ap sudt m¢éc 16 rng théng qua md
hinh van Genuchten.

Mot thuét toan lap da duoc xay dung dé x4c dinh mit bdo hoa,
v6i kha ning ty déng cip nhat diéu kién bién dia trén trang thai ap
lIye va lwu lwgng tai cdc niat. Thudt todn nay dic biét hiéu qua trong
viée xit 1y mit thAm tidm niing, noi vi tri thodt nudc chua dugc xic
dinh truée, thong qua qua trinh cip nhét luan phién giita didu kién bién
loai H-type va Q-type. Chitong trinh tinh dugc phat trién bing ngon
ngit Python di tich hop ddy di cdc thanh phan Iy thuyét va duoc kiém
chting bing cach so sanh v&i phan mém thuwong mai SEEP/W. Két qua
so sanh cho thiy d6 chénh léch nhé hon 3 %, khéng dinh tinh chinh x4c
va do tin ciy ctia mé hinh.

Mo hinh da duge 4p dung dé phan tich hai bai toan dién hinh:
dap dit ddng chit va twdng chin dét, c6 va khong c6 bd phan thoat
nuée. Két qua mé phong cho thiy viée 1ip dit bd phéan thoat nude gitip
ha thip rd rét mit bio hoa, giam 4p lue thim va cai thién didu kién én
dinh téng thé cta cong trinh. Cu thé, trong bai toan dap dét, cao do
diém thoat nwée giam ti¥ 32,3 m xudng 20,3 m; trong bai todn twdng
chin, myc ndc ngim sau twdng giam ti¥ 10 m xudng con 1,1 m.

Tit cac két qua dat duoc, c6 thé két luan ring mé hinh d& xuét 1a
mot cong cu hitu ich va kha thi & danh gia hiéu qua ctia bd phan thoat
nuée trong thiét ké va kiém tra an toan cho cic cong trinh dit. M6 hinh
6 thé duogc tiép tuc mo rong dé 4p dung trong cac bai toan thidm khong
4n dinh hoic ¢6 hinh hoc phitc tap hon, ciing nhu két hop véi cac tiéu
chuén thiét ké dé dwa ra cdc khuyén nghi k§ thuét phit hop.

Loi cam on
Chtng t6i xin cam on Trwong Dai hoc Bach khoa, PHQG-HCM
da hd trg cho nghién ctiu nay.
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