UNG DUNG PHUONG PHAP SO GIAI BAI TOAN SONG GIAN POAN
TRONG TiNH TOAN THUY LU'C KHI PAP BE TONG VO

Lé Thi Thu Hién'

Tém tat: V& ddp ho chira nuée thieong gdy hdu qua ngdp lut nang né. Cdc gia thiét vé ddp bé téng
hoan toan hay mét phan dwoc chi ra trong cdc tdi liéu lién quan lam can cir trong viéc nghién ciiu
bai todn séng gidn doan trong cd hai truong hop ndy. Bai bdo néu ra phuwong phdp sé dwoc dp
dung dé gidi bai toan vé dap, dong thoi dwa ra cac vi dy ding dé kiém dinh mé hinh nham khang
dinh tinh ding dan, hiéu qud ciia chwong trinh trong viéc mé phong séng vé ddp. Phan cudi ciia bai
bdo, tac gid vmg dung mé hinh nay trong viéc nghién ciru hinh dang cvia ho chira anh hidng t6i qua
trinh luu lwong tai ddp va ap dung tinh toan cho mot truong hop cu thé.

Tir khoa: V& dap, dap bé tong, phuong phap sd, qua trinh Iuu luong.

-

1. PAT VAN PE

bip bé tong thuong dugc xay dung véi
nhiém vu ngin dong chay tao thanh ho chira véi
muc nudc 16n ¢6 nhiém vu cép nudc tudi, san
xuat dién, giam thiéu 1t ha du... Tuy nhién, ban
than chung ciing tiém an nhiing nguy co gy nén
tham hoa ngap lut néu dap bi v& va giai phong
mot luong nude 16n xudng ha luu. Lich sir xay
dung dap trén thé gidi co khong it nhiing truong
hop v& dap bé tong gay nén nhiing hau qua nang
né: dap Gleno (Italia) v& nam 1923 (hinh 1) hay
dap Malpaset (Phap) v& nim 1959 (hinh 2). Hinh 2. Ddp Malpaset (Phap, 1959)

Viét Nam ¢6 gan 7000 ho chira 16n, nho da Dap bé tong chiém phan twong dbi trong sd
va dang dugc xdy dung, nén an toan dap dang  do. Mac du cho dén nay, chua c6 trudng hop v&
tré thanh mot van dé Cép thiét trong quén 1}’7 dﬁp bé tf)ng thuc té nao xay ra & Viét nam,
ngudn nudc. nhung nhitng nguy co xay ra v& dap dang nay
khong phai 1a khong cd. Vi vay, viéc tinh toan
thity lyc bai toan v& dap bé tong nham dua ra
céc canh bao sém cho ha du la vin dé can thiét
trong van dé an toan dap. Phuong phap sé dua
vao hé phuong trinh nudc néng hai chiéu
(Shallow Water Equations, SWE) thuong duoc
sir dung trong viéc mo phong cac thong sb thuy
lyc cua dong chay 1ii do dép v nhu: myc nudc,
van téc,... Trong bai bao nay, tac gia da lya
chon phuong phap thé tich hiru han (FVM) dé
phan ra dang tich phan ctia phuong trinh nudc
néng va xay dung mdt chuong trinh tinh dya
vao ngoén ngit Fortran nhim mo phong dong
chay do v& dap. Bén canh do, tac gia ciing thong
ké mot sd qui pham, qui chuan trong tinh toan
' Bg mén Thity hyc - Treong Pai hoc Thiiy lgi. thiy luc do v& dap bé tong trén thé gidi.

Hinh 1. DBap Gleno (Italia, 1923)
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2. CO SO XAY DUNG CHUONG TRINH
TINH

2.1. Cac gia thiét vé diéu kién thiy lwc va
kich thuée vét vé.

Cin ¢ vao tai lidu thong ké, (Lim Foo Hoat,
2012) va tiéu chuan danh gia v dap bé tong cia
Y, (Pubblicata sulla Gazzetta Ufficiale n. 56 del
7 marzo 1996), cac didu kién thuy luc va gia
thiét vé vét v dap bé tong khi tinh toan thiy luc
duoc dua ra nhu sau:

a. Cdc gia thiét vé diéu kién thiy lyc

Vi dap bé tong, vo dap thuong khong co
lién quan nhiéu dén cac yéu té thuy van. Muyc
nude ban dau trong ho chira duoc ldy 1a muyc
nude 16n nhat. Néu hd chia nhé, can ké téi su
thay doi ciia muc nude hd trong trudong hop co
mo céac ctra 1y nude. Néu hd chira ¢6 dung tich
16m, dé don gian co thé coi muc nudc ban dau
trong ho 13 hang s6 voi gia thiét dap vo tic thoi.

Trong qua trinh tinh luu lugng thao tai vi tri
v3 dap, c¢6 thé bo qua luu luong vao hd hay

dong chay qua cac ctra thao nudc ra khoi hd.

Ha Iuu déap dugce coi ¢ diéu kién kho.

Trong tinh toan, kich ban v& dap nguy hiém
nhit thuong dugc xem xét: Bé rong vét v 1a
16n nhét, thoi gian hinh thanh vét v& 1a ngin
nhat, (Lim Foo Hoat, 2012).

b. Cdc gia thiét vét vé ciia ddp bé téng.

Theo tiéu chuan danh gia v& dap bé tong ctia Y:

- Néu dap vo mot phan, thuong 1a phin
tuong ung voi do cao dap 16n nhét véi ty 1¢ dién
tich vét v& va dién tich mat cat toan bd dap
khong nho hon 1/3 .

- Coi dap vo tuc thoi trong ca 2 truong hop
v& hoan toan va v& mot phan.

- V6i dap bé tong trong luc, vét v& duoc coi
1a thing dtmg, trudng hop dap vom thi coi dap
v& hoan toan.

Tuy nhién, theo tiéu chuan Hoa Ky (Bang 1)
trong (Lim Foo Hoat, 2012), kich thudc vét v
thuong dugc danh gia qua ty 1¢ giira chiéu rong
trung binh va chiéu rong toan bo dap.

Bang 1. Tiéu chuan vét vé cia cac loai dap

Logi dap Chiéu réng trung | D¢ doc mdi vét vé Thoi gian vé Tiéu chuin
binh vét vé (gio)

Dap dat/ Pa | (0.5-5.0)xH 0-1.0 0.1-4.0 USACE(2007)

) (1.0-5.0)xH 0-1.0 0.1-1.0 FERC(1988)

Pap bé tong | V& thanh nhiéu Thang dtng 0.1-0.5 USACE(2007)

trong luc khdi <0.5x L Théng dimg 0.1-0.3 FERC

bap vom (0.8-1.0)xL 0-d9 déc mai tu nhién <0.1 USACE(2007)
Toan bd dap 0-d6 déc mai tw nhién | <0.1 FERC

L: Chiéu dai toan bo dap USACE (U.S Army Corps of Engineers).

H: Chiéu cao 16n nhét cua dap FERC (Federal Energy Regulatory Commission).

2.2 Phwong phap s6 mé phong dong chay
do v dap

Céac mo hinh todn dugc lya chon phai dam
bao viéc lua chon cac thong sb va diéu kién
sao cho su sai léch cua cac két qua tinh thay
luc 1a khong dang ké. Két qua chinh thu dugc
thuong 1a xac dinh ving ngap lut, bao gdom
cac thong sb:

Ban do ngép lut,

Muc nude 16n nhét,

Van tdc 16n nhat,

Puong qua trinh myc nudce, luu lugng tai cac
vi tri, mat cit nghién ctru.

Phuong phap s6 tinh toan sy lan truyén lii do
vo dap dua vao hé phuong trinh nudc nong
(SWE) dugc st dung rong rai trong viéc tinh
toan cac thong sb thuy lyc cua dong chay li
nhu: mue nude, van tdc, ...

Hé phuong trinh SWE hai chiéu dugc viét
duéi dang:

U _FU) GV _ ¢ _ _ 1
ot o T ey~ SW=SU)-S,U) (1)
Trong do:
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h hu
U=|hul; F(U)=| hu® +0,5gh" |
hv huv

oz
Sox = _6_)::7; SOy :_E h4/3

U la véc to bién, dang bao toan; F va G la
céc thong luong theo cac phuong x, y; S 1a sd
hang ngudn gdm 2 thanh phan: S; 1a 46 doc day
va S, dai dién cho anh hudng clia ma sat.

7p 12 cao trinh day; n 1a h¢ s6 nham Manning;
g 1a gia toc trong truong; x,y bién 1a toa do
Décéc; t 1a thoi gian.

Goi A(U) 1a ma tran Jacobian cua thong lugng

3 Sy =

F(U) theo phuong x : A(U) = :_[Fj . Vivay:

0 1 0
AU)=|c*~u® 2u 0
—uv v o u

Véi ¢ =+/gh 1atoc do lan truyén song
Gia tri riéng va véc to riéng cua vdi ma tran
A la:

Ay=u—c
Jyy =1 ()
Ay =u+c

UZH Un At

Trong do F,,,; va G, . ,la céac xap xi
Riemann cia cac thong luong F, G trén mdi
mot canh 6 ludi tinh toan trong mdi budc thoi
gian At. Trong bai bao nay, cac gia tri trén duoc
tinh theo phuong phap Roe, (Roe, 1981).

Tich phan s6 hang ngudn S(U) trong mdi 6
luéi duoge xur Iy theo phuong phap Flux Difference
Splitting Method, gidi thi¢u boi (Jha va nnk, 1995;

At

n+l _ n
Ui - Ui _A_X(Fnl/z,j

{hu +0,5gh* |;

0z, \/u +v°

- Fi—l/z,j) AL (Gi,j+1/2 -
Ay

0
{ghsm ; 8,(U)=|ghs,
()y ghS

\/I/l +V

) i h4/3
0 1
1A_u c R2A:O;R3A:u+c (3)
1 v

Tuong tu, ta cling tim dugc ma tran Jacobian
B(U) cua thong lugng G(U); gia tri riéng va véc
to riéng tuong ung.

Giai h¢ phuong trinh nudc néng (1) theo
phuong phap thé tich hiru han trong hé ludi hai
chiéu Cartesian. Lay tich phan phuong trinh (1)
trong truong hop S(U)=0 trong trong mot 6 ludi

c6 kich thudce 4, ; —{x l,x_l}X{y_l,y_l}Vé
J== it

dién tich la ‘A ‘_AxxAy VOl Ax=x | —x |;

l+5 l—E
Ay=y =y |, (hinh 3).
2y
3[ UdV + [n-E(U)Q =0 (4)
V Q
|:G__1_G__1} (5)
l,j+5 l,j—E

Hubbard va nnk, 2000) nham dam bao sy can bang
giita su chénh léch thong luong qua mdi 6 tinh
toan v&i chénh léch do sb hang nguén tao ra.

Bén canh d6, dé loai bo cac két qua khong
hop 1y khi xtr Iy bién kho, uét, cach xt 1y dung
cao do day gia gidi thiéu bdi (Brufau va nnk,
2000) dugc ap dung.

Phuong trinh cudi ciing:

At
i, 171/2)

(6)

+ At[(slx )1+1/2 j + (Slx )1 1/2,j (Sly )1 j+1/2 + (Sly)l] 12 SZ]
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v A
Yjr1/2 T T [0,1]
U2 | .
ny=1[-1,0 P =[1,0
v l___ _-_4-_[.(_] ________ ij ﬂ)[ ]
A '
Yivz |___Y__ y_ _____ :
, ¢ nm=[0-1] |
:, i R
" ! i
| Ax |
1 - 1 -
O Xi1/2 Xi X2 X

Hinh 3. O luédi tinh toan trong hé Cartesian.

3. KET QUA NGHIEN CUU

Ap dung phuong phap s6 di néu & trén, tic
gia dung ngdn ngit 14p trinh Fortran 90 1ap mot
chuong trinh tinh. Dé kiém tra tinh dung dén va
hiéu qua ctia phuong phép sé dugc lya chon, hai
vi du néu trong muc 3.1 dugc dung dé so sanh
két qua thu duoc khi ing dung chwong trinh tac
gia 1ap voi két qua thi nghiém (muc a) va két
qué cua cac tac gia khac (muc b). Ca hai vi du
déu cho két qua phu hop.

3.1. Cac vi du kiém nghiém chwong trinh.

a. Dong chay lii do dap vo tire thoi, hoan toan

Y.

Hinh 4. Mat bcing va cat doc cua thi nghiém
Chervet and Dalleves

Vi du nay dugc gioi thiéu lan dau tién vao
nim 1970 bdi Chervet and Dalleves nhim
nghién ciru dong chdy do v& dap trén kénh bi
thu hep dot ngot dong thoi c6 do doc thay doi.
Mait khac, vi du nay ciling dugc dung dé kiém
ching két qua ciia phuong phap sé khac trong
(Aureli va nnk, 2000). Muc nudc ha luu dap 1a
0.02m va myc nudc thugng luu la 0.3m. Do
nham n=0.014.

0.4

] Qua trinh muc nuoc (x=-4,0m)
0.3 | Tinh toan
N Thuc do
,é\ \
£02+ \\
. \\/ /J\
0 \ ‘ \
0 10 t(s) 20 30

Hinh 5. Qua trinh muc nuoc tai x=-4.0m

0.25
7 Qua trinh muc nuoc (x=+1,0m)
0.2 — Tinh todn
B Thuc do
0.15 —
£ _
c
0.1 4 -
i o /\//\
0.05 —
0 \ ‘ \
0 10 t(s) 20 30

Hinh 6. Qua trinh muc nuoc tai x=+1.0m

So sanh két qua giira phuong phap sd va sb
liéu thuc do vé duong qua trinh muc nudc tai
cic mit cit trudéc dap x=-4.0m va sau dap
x=+1.0m trén hinh 5 va 6 hoan toan phu hop
nhau, (tai dap, x=0). Vi vy, phuong phép s6 lya
chon hoan toan phu hop trong viéc “bat” song
gian doan do dép vd tuc thoi, hoan toan.

b. Dong chay lii do ddp vé tire thoi, mdt phan

Mot trong nhiing vi du pho bién nhat vé bai
toan vo dap mot ph?m la vi du dugc gidi thiéu
boi Chaudhry — Fennema nham danh gia kha
nang mo phong soéng gian doan cua phuong
phap sb. Vi du nay duoc sir dung nhiéu trong
cac bai bao cua (Brufau va nnk, 2000; Liang va
nnk, 2009) v.v...

Mién tinh todn c6 kich thuée 200mx200m,
day bang. Phan dap v léch vé bén phai nhu
hinh 7 ¢6 chiéu rong 1a 75m. Myc nudc ban dau
trong hd chaa 14 10m, muc nude ha luu 1a 5m.
Cho rang 4 bién cta mién tinh toan déu 13 bién
dong. Ludi tinh toan duoc chia vai kich thude 1a
AxxAy=Imx1m, hé s6 Courant C,=0.9.

KHOA HOC KY THUAT THUY LOI VA MOI TRUONG - SO 50 (9/2015) 91



?mdc nudc, m)

Hinh 7. V& ddp tirc thoi, mét phan.

Két qua dang 3D cua phuong phap sd trong
viéc mo phong “bat” song v& dap lan truyén &
thoi diém t=7.1s duoc md ta nhu hinh 7. Két
qué nay ciing phu hop véi cac nghién curu trude
day cua cac tac gia da néu ¢ trén.

3.2. Hinh dang ho chira anh hwong t6i dic
tinh dwomg qua trinh lru lwong tai mit cit dap

a. Hé chira hinh chit nhét va hé chira hinh
chit nhdt c¢6 phan mo réng.

DPé danh gia hinh dang ctia hd chia anh
hudng t6i qua trinh luu lugng tai ddp, cac tac
gia d@ mo phong lai vi du dugc néu trong
(Pilotti va nnk, 2013). H) chtra A ¢6 hinh chir
nhat c6 chiéu dai 296m, rong 76m, day bﬁng.
Ho6 chira B ¢6 phan m¢ rong phia thuong luu
nhu hinh 8. Myc nuéc ban dau trong hai ho 1a
ho=30m. Pap dit & bién cudi 2 hd. Bé qua ma
sat, cho rang ha luu dap khong c6 nudc.

Ban déu, gia thiét dap ciia 2 hd v& hoan toan.
Qua trinh luu lugng tai mat cat dap cua hai hd
duoc tinh toan nhu hinh 9.

148 6
A B $9

296

200

D

76 76

Hinh 8. Hinh dang, kich thuoc 2 ho chira A, B
(don vi m)

Néu kénh dan dai v6 han, luu luong don vi
tai mat cat dap 1a hang s6 va dugc tinh theo bai
toan v dap co ban Ritter.

Trong khoang 30 gidy dau, khi phia thuong
luu hd A chua anh hudng t6i sy lan truyén cia
song gian doan, luu lugng tai dap chinh bang Qp
= grxb.

8
qr :Eho gh, (7

Khi chiéu rong vét v& bang 1/3 bé rong toan
bo dap cia ho chira A, duong qua trinh luu
lugng tai dép nhu hinh 9.

V6i hd B, tai nhimng gidy ban dau khi phan
hdé chita md rong chua chay vé dén dap, luu
luong dong chay tai mat cat dap chinh 1a luu
luong Qp. Khi anh huéng cua phan mo rong nay
lan truyén dén mit cit dap, luu luong dong chay
tang 1én nhanh chong va dat dinh.

14000

Qua trinh [uu Turgng

7000 -

Q(m?/s)

—hd A
—hé A (b/B=1/3)
hdé B

0 200 400
t(s)

Hinh 9. Qua trinh luu luong tai mat cat dap
ctia 2 hé chira A va B.

Két qua nay ciing hoan toan phu hop véi két
qua phan tich trong (Pilotti va nnk, 2013).

b. Ho chira hinh ném

Hai truong hop trén ho chia co dang day
bang nén chua danh gia dugc anh huéng cua
d6 doc day hd t6i duong qua trinh luu luong.
Xét truong hop hd chita c6 dang hinh ném nhu
hinh 10. Puong qua trinh luu luong tai mat cat
dap (hinh 11) thu dugc tir phuong phéap so rat
phu hop véi két qua theo phuong phap
Simplified method (SM) da gioi thiéu trong
(Aureli va nnk, 2014; Piloti va nnk, 2010) cang
khang dinh tinh dung dan ciia phuwong phap s6
gidi thi€u ¢ trén.
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Hinh 10. H6 chita dang hinh ném

Qua trinh Tuu Tuong

—ly thuyét
— tinh toan

0 2‘0 ;0 6‘0 80
t(s)
Hinh 11. Puong qua trinh luu luong

cua ho chira hinh ném.

c. Ho chira Ridanna?2 (Italia)

Hb chira Ridanna2 ¢ ving phia Bac nudc Y.
Hinh dang va dac tinh cua hd chua nay kha
gidng véi truong hop hd chia c6 dang hinh
ném & trén. Vi vdy hinh duong qua trinh luu
lugng ciia ho Ridanna2 kha giéng voi két qua &
hinh 11.

Hinh 12. Pia hinh long hé Ridanna2

Qua trinh luu luong tai mit cht dap

— V& hoan toan
—Ly thuyét
— Ly thuyét
— V& mot phin

0 1(;0 Z(‘)O 300 460 500
t(s)
Hinh 13. Qua trinh luu lwong tai dap khi dap vor
hoan toan va mét phan (b/B=0.38).

Ngoai ra, két qua truong hop dap vo mot
phan ctia hd chira Ridanna2 ciing rat phu hop
v6i két qua cua (Pilotti va nnk, 2010). Mt khac,
tac gia cling tinh toan dudong qua trinh luu lugng
cho trudng hop dap v& hoan toan. Két qua tinh
toan ciing rat giéng véi két qua 1y thuyét duoc
suy ra tir phuong phap SM.

4. KET LUAN

Théng qua 2 vi du trong muc 3.1 cho thiy gia
tri tinh toan theo phuong phap sb rat phu hop véi
gia tri thuc do va két qua cia cac tac gia khac da
cong bd trude d6 nén co thé két luan phuong
phap s6 dam bao mo phong duogc cac dong chay
1ii ca trong truong hop dap vo hoan toan hay dép
v& mot phan trén cac dia hinh phirc tap.

Trong phéan hai cua bai bao, sir dung chuong
trinh di dugc kiém nghiém nay dé mo phong
duong qua trinh luu lugng ciia mot s6 truong
hop hinh dang hd chira khic nhau theo gia thiét
dap vo tic thoi, hoan toan hay mot phan. Tur d6
dua ra nhiing két luan vé dic diém hinh dang hd
chtra anh huong dén dic tinh cta qua trinh luu
luong ndy. Do tin cdy cia két qua tinh bang
phuong phap sb c6 thé thdy bang cach so sanh
két qua tinh duoc v6i két qua tinh bang phuong
phép (SM) da gidi thi¢u trong (Le, 2014).

Ngoai ra, phuong phap sb nay ciing duoc ap
dung dé mo phong qué trinh luu lugng tai vi tri
v& dap cta hd chira Ridanna2 (Italia) trong ca 2
truong hop: v& hoan toan va v& mot phan. Két
qua nay phu hop véi két qua 4p dung phuong
phap s6 khac trong (Pilotti va nnk, 2010) dong
thoi cling phu hop véi két qua theo phuong
phéap (SM).
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Abstract:

NUMERICAL SIMULATION OF FLOOD

WAVE WHEN CONCRETE DAM BREAK
Dam break flow often causes huge damage. The hypothesis of total or partial concrete dam break
shown in official reports is considered as fundamental documents in study the flow due to dam
collapsed. The article indicates a numerical method which is used to solve the shallow water
equations to simulate shock wave due to dam break. Besides that, the paper also gives some test
cases to verify the effectiveness and robustness of the numerical scheme in shock capturing
capacity. In the last part, the author applied this scheme in studying the influence of different
geometry sharps of reservoirs on the breach hydrographs. A real case study in Italy is selected to
demonstrate this research.
Keywords: Dam break, concrete dam, numerical method, breach hydrograph.
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