KET QUA NGHIEN CUU VA UNG DUNG

NGHIEN CUU PAC TRUNG XOI CUA BE cnﬁm SONG BIEN
DO SONG TRAN BANG MO PHONG SO SPH

Pham Thé Anh’

Tém tat: Bé chan séng cd vai trd quan trong trong viéc bdo vé cang va céc ¢éng trinh dén sinh. Tuy nhién, trong
cac dot bdo va dong dat, dé bj de doa pha hiy. X6i nén dé la mét trong nhiing nguyén nhan chinh gay mét én dinh,
pha hdy dé. Nghién ctru trinh bay déc trung xoi ctia dé chan séng do séng bién théng qua mé hinh don gian ctia dé
va séng tran bang phuong phdp SPH (Smoothed Particle Hydrodynamics). Séng tran duoc mé phéng bang dong
chay lién tuc cd lvu luong khéng déi, dé tir trén xudng. Tuong téc gitva pha nuée va dat duoc thé hién thong qua
Iurc dong tham. Anh huéng cta luu lvong séng tran dén dac tinh x6i dugc moé phéng va phén tich. Anh huéng cia
théng sé bé réng viing dnh huéng trong phuong phap SPH téi déc tinh cda x6i ciing duoc trinh bay. Két qua cho
thay rang, luu luong séng tang qua trinh x6i dién ra nhanh hon va théng sé ctia phuong phép SPH cé dnh huéng
I6n dén két qué mé phéng.

Tirkhéa: Phuong phap SPH; phurong phap khéng ludi: x6i: 6n dinh; dé chén séng.

Summary: Breakwaters are important countermeasures for protecting harbors and other properties. However,
under heavy storms and earthquakes, breakwaters become unstable and damaged. Scouring is one of main
reasons causing the failures. This study employs SPH method (Smoothed Particle Hydrodynamics) and a
simplified model to investigate characteristics of the scouring of breakwater mounds due to overtopping flow. The
overtopping flow is a continuous flow with constant discharge. Interaction between soil and water is expressed by
seepage force. The effect of the flow discharge on characteristics of the scouring is simulated and analyzed. In
addition, the influence of the smoothing length in SPH method is also presented. The results show that, as the
discharge is greater, the scouring progresses more quickly. Moreover, the smoothing length has significant effect
on the results.

Keywords: Smoothed Particle Hydrodynamics; meshless method; scouring; stability; breakwater.
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(@ 1.Givithisu

Dé chan séng ¢é vai trd quan trong trong viéc bao vé tau thuyén va cac cong trinh bén trong cang. Dé c6 kha
nang bi pha hoai trong dot bao va déng dat, dién hinh nhu trong tran déng dat song than nam 2011 & Nhat Ban.
Arikawa [1] chi ra nguyén nhan gay mét én dinh va sup db dé chan séng gdm: Ap lwe séng dong; Chénh léch murc
nwée hai bén caisson; Xéi nén dé chan séng do séng tran; Giam strc chiu tai clia nén do ting ap lwe nwéc 18 réng.

Trong téng két pha hdy clia dé chan séng trong tham hoa nam 2011 & Nhat Ban, Kazama [10] két luan xoi
la mot trong nhi*ng nguyé&n nhan chinh gay pha hoai dé. Van dé xo6i da duoc nghién clru bdi nhidu tac gia.
Farhoudi [8] cho réng xéi cuc bo la van dé phtrc tap, phu
thudc vao déc diém tinh chat cia dong chay. Bormann [2]
chi ra chiéu sau xai la ham ctia van téc va chiéu cao dong
chay va kich thwéc hat. M. R. Islam [12] mé phéng x6i dat
b&ng mé hinh don gian cho nén dat kho va dat bdo hoa va
thay rang, x6i tdng theo thdi gian khi lwu lwong chay
khong ddi. Sulianto A. A. [15] tién hanh thi nghiém va mé
phéng SPH cho bai todn x6i cuc bd do séng than tran va
cho rang chiéu sau xéi tang khi tang lwu long séng tran
va giam khi tang kich thwéc hat clia vat liéu dp dé. Hinh 1. M6 hinh dé chan séng bi x6i do séng bién
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Tuy nhién, M. R. Islam [12] va Sulianto A. A. [15] khéng trinh bay day du tinh toan ap lue nwéc 16 réng, trng
suét hibu hiéu va bién dang cho nén dat bao hoa trong SPH.

M@ hinh hai pha dat nwéc cho dét bao hoa trong khudn khd SPH van chwa dwoc phat trién toan dién, chi
co thé ap dung giai quyét van dé don gian [3,4,5,7]. Nghién ciru nay ap dung phirong phap SPH mé phéng xdi dé
Kamaishi, Nhat Ban trong truong hop don gian véi nén dat kho.

(.: 2. Co'sé cua phwong phap SPH

Phwong phap SPH la phwong phap khéng lwéi, loai hat. Chuyén dong ciia mot thé lién tuc dwoc mé hinh
héa béi mét tap cac hat chuyén déng. Mién tinh toan dwore révi rac thanh hivu han cac hat, trong dé cac hat duoc
gan (mang) bién van tbe, khdi lvong, (rng suét... va chuyén déng tuan theo cac phuong trinh bao toan (khéi
lwong va dong lweng). Cac bién cla tirng hat dwoc tinh toan dwa vao sw noi suy tlr cac hat [an can trong mién anh
hwéng dwoc dinh nghia trwére. Viéc ndi suy dwoc dura vao biéu thirc tich phan:

fx)=[of )W (x—x,h)dx’ (1)
trong d6: W 1a ham Kernel; h 1a chiéu dai dinh nghta viing anh hwéng ctia W.

Phwong trinh x4p xi cho mét ham va cho dao ham riéng ctia ham dwoc thiét [ap tir (1) (chi tiét xem [11]).
Ham x4p xi cho hat i theo cac hat j trong mién anh hwéng dwoc thé hién bang hai phwong trinh ¢t yéu trong
phwong phap SPH (2, 3): Viing nh hudmg €

f@) =EL S ) W -x,h) (2) «® o,

Ham Kernel

Wix x,h)

af(xl) mj Wiy ®
=TS o (3)
Véi:Nlatong sbd hattrong mién Q;
Mfij = W(x[- —Xj,h) )

aWU _ Xi—Xj aW,‘j @ ®
ax; | ry oy Hinh 2. Minh hoa mién I4n cén Q ctda hat i va ham W

Chiéu dai kh quyét dinh dén sd lwong hat tham gia vao tinh toan cac théng sé cla hat i, do do6 cé anh
huwdng dén do chinh xac cla bai toan.

(@ 3.M6hinh2phadit-nwéc

Nghién ctru nay coi dat la tap hop hai pha dat - nwéc. Trong phwong phap SPH, dat va nwéc ngoai tuan
theo phwrong trinh chuyén déng riéng ré nhuw dé cap trong nghién ctru trwedre [6,11] con c6 sw trong tac véi nhau.
Sw twong tac hat dat va nwéc dwoe md ta qua lwe thdm. Nuée chay qua khe réng trong dat sé tac dung moét luc téi
cac hat dat va nguwoc lai. Lwc thAm f phu thudc vao van tée twong dbi gitra hat dat va nwdc (Vyater — Vsoir) » hé 56
réng nva hé sd thAm k. Theo Maeda [14] va Bui [3], lwc thdm f dwoc tinh:

f =y,n (vwatejrc_”soil) (4)

trong do: y,, la trong lgng riéng cla nwéec.

Trong md hinh hai pha, v&i lwe thAm dwoc trinh bay & trén, phwong trinh chuyén déng clia hat dat va hat
nwéc trong khuén khé phuong phép SPH[3,4,5,7,11]:

(va-vy)
D a'+a aw Vw1t
Pat: 2 ‘f 5B + —R W.. + g% 5
=Zjamy pipj ox! -1y Zjem PiPa ia T gi ()
(Va |j
2 [ W, Ha +;1b£ BW
Nudc: 2% = _FN g, Pa*PoiWep my, base_tHnch” Wap - 5% — m Wia+g% (6
Dt Yp=1m papy 0x" Eb =1Mp T oxF —[las Zb =1 b iatgq (6)

trong d6: o va B bidu thi cac thanh phan D& Cac x, y, z véi quy wéc Einstein 4p dung cho céc Chl sb Iap lai;i,alahat
dAt va hat nwédc dang dwoc xét; p, ap lwe nwdc tai vitri hat a; p, mla ty trong (coi p, khong ddi), khéi lvong; via van
toc, o' la tenxo trng suat hiku hiéu (gia tri am biéu thi sw nén), g la thanh phan ngoai luc.

Viéc xac dinh cac gia tri trng suét, ap lwe nwac va cac gia tri khac trong khuodn khd SPH dwoc trinh bay trong
[3,4,5,7,11] v&i mé hinh dat Drucker - Prager va nuéc chuyén dong tuan theo cac phuong trinh Navier-Stokes.
(@ 4 .Ungsuitbandau

V&i bai toan méat dat bat ky, phwong phap téng tai trong lwe thweng dwoc ap dung dé tinh toan (ng suét
ban dau trong dat. Theo d6, (rng suat ban dau dwoc tao bang cach tang trong lkong ban than & cac buwdc tinh
toan dAu tién. Bui [4] da thiét 1ap cong thirc tinh (’ng sut ban dau trong khudn khd phwong phap SPH véi thanh
phan luc giam chan DZ dwoc thém vao phuong trinh (5):
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N a; ] apB af an‘j
j:lmj(plT+E— My 6% + £ (RY + R] ))ax—ﬁ + %+ D 7)

E

onziplahe sé gidm chan khéng thir nguyén,

trong d6: pe = ¢, pe VOic,lahé sdgiamchan, duoctinh:ca = ¢
dwoclay bang 0.02, h chiéu daiving &nh hwéng va p, E 1a khéi lwong riéng va moudule dan héi clia dat.

Vi ly do Ire gidm chan sé dan dén s tiéu hao nédng lwong, phuong trinh (7) chi ding cho muc dich tinh
toan trng suat ban dau.
(@ 5.M6phongxéi dé bién do séng bing phwong phap SPH

Nghién ctru mé phéng x6i dé bao vé cadng Kamaishi, Nhat Ban trong treérng hop don gian. Mét cat cia dé
voity 1é 1/200 thé hién trong Hinh 3. Tai th&i diémco song |&n, ton tai mwc nwéc chénh léch hai bén clia dé. Dudi
tac dung clia séng tran, dé bj x6i gay mat 6n dinh cho dé, de doa dén hoat dong bén trong cang.

Overflow
v=0.6m/s .,,-:j,'_‘I.. .

Harbor side
~

Extra layer, 1cm

88.5cm
Hinh 3. Mat ¢t t7 16 1/200 ctia dé Kamaishi, Nhat Ban (M. R. Islam, 2014)
Béng 1. Théng s6 st¥ dung trong mé phéng
i T ! ' ' S6 lvong hat dat 924
2oalh el Khodng cach ban dau
gitra cac hat Ad, m

0.005

1.05Ad,;
Chiéu dai kh, m 1.5Ad
va 2.0Ad
Buwdéc théi gian Af, s 107°

Khéi lwong riéng khd clia

o kg/ngl?’ 2008

Khéi lwgng riéng cla

0.0 0.1 0.2 0.3 i nwoc, kg/m

. . PR N Hé s6 tham, cm/s 0.10
Hinh 4. M6 hinh mé phong bang SPH H sb réng 1 0.50

Nghién ctru chi xét truéng hop don gian, nén dat Goc ma sat trong ¢

kho (khong co nudc & 2 phia clia dé) va bo qua trong lugng (c=0),dd
clia caisson. Thanh phan séng tran dwoc mé hinh bang Modulus E, MPa 15
dong chay co lwu lvgng khang dbi va chiéu cao song tran Hé Sl AR 0.35
dwoc gia dinh 14 14.5cm nhu Hinh 3. M6 hinh dat dan déo alital bl ol LT

. L . i - Hé so a, B cho nwde 0.1,0
str dung trong nghién clru la Drucker-Prager; nuwéc tuan Bidn ctrng dudi nén C5 dinh
theo cac phu’o’n‘g trinh Navier-Stokes. 1/2 mé hinh dwoc Bién bén phai dé Déi xting
mé phdng dé& nh&m gidm th&i gian tinh toan (Hinh 4). Thong 012
s0 dung trong mé phéng dwgc trinh bay trong Bang 1.

1000
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5.1 Tinh toéan (rng sudt ban dau cho bai toan iy

Ap dung phwrong trinh (7) dé tinh toan trng suétban ,, |
d4u trong nén dé co mat dat khdng phang. Véi diéu kién | .
bién va théng sd nhw trong Bang 1, gia tri kh = 1.05Ad cho 0.00 - _
I I T T T T T I T
0.0 0.1 0.2 0.3 0.4 0.5
Hinh 5. Ung suét dat ban dau trong dat, N/'m’
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giatri trng suat ban dau phu hop (Hinh 5).




o YT (-
5.2. Thay déi pham vi mién anh hwéng kh ~ 0.12 .
ciia cac hat dat va nuéc ] e mema——— 0.00
Nham khao sat anh hwéng cla chiéu dai : ?‘W Gt
mién anh hwéng kh t&i két qua xoi, nghién ctru mé 0'06'_ mw 062
phéng v&i 3 treéng hop nhw thé hién trong Bang 1. g3 Egg
Diéu kién (rng suat ban dau dwoc théa man cho ba . 123
truong hop phan tich, nhw thé hién & Hinh 5. e I
K&t qua voi chidu dai kh = 1.05Ad: 00 o 02 030
B i . .. Hinh 6. Bién dang cét Ién nhat tai thoi diém t=0.4s
T két qua thé hién trong Hinh 7, v&i lwu
lwong khéng dbi, mién xoi tang dan va dat truot
xudng phia chan dé. Sau do mién xéi dan én dinh,
tuy nhién cac hat dat bj x6i & chan dé tiép tuc di
chuyé&nraxa hon.
h1.05-fxv---
0.12
— 1=0.0s
........ 1=0.4s 01
........ t=0.6s
- = 1=09s 0.08
== 1=1.18
- =LA 0.06
—_— 1=2.0s 0.04

et~ IR

-0.4 -0.35 03 0.25 0.2 -0.15 -0.1

(I £
oo

-0.05 0 0.05 0.1 0.15 0.2 0.25 03

Hinh 7. X6i clia dé tai cac thoi diém khac nhau (hat dét trong hinh tuong tmg véi t=2.0s)
Sosanh kh=1.05d v&ikh = 1.5Ad va kh =2.0Ad:

t=0.4s

------ kh = 1.05dx 20,95
0.12 = == kh=1.5dx

e k=1,

i s ——-kh=20x a=rme
0.09 kh=1.5dx —-=- Hinh dang dé ban dau

=== kh=2.0dx
0.06

-0.04 0.01 0.06 0.11 0.16 0.21 0.26 031

= = = kh = 1.5dx
— — =kh =2.0dx
-=-== Hinh dang d& ban d&u

02 -015 -01 -005 0

t=2.0s

0.05 0.1

0.15 0.2 0.25 03

Hinh 8. Pham vi x6i tai thoi diém t=0.4s, t=0.9s va t=2.0s
So sanh cac triéng hop véi nhau trong Hinh 8, ta thay ring khi pham vi anh hwéng kh tang, mién xoi
giam. Do vay, gia tri kh co anh hwéng dén (rng suét bién dang clia dé.
5.3 Trrorng hop thay déi lwu Iwong

Nham khao sat anh hwéng ctia lwu lwrong song tran téi xoi clia d&, song tran véi van tbe v=0.6m/s va

v=0.3m/s sé& dwo'c mo phdng. Song tran dworc thiét ké sao cho vi tri xoi nén dé cdia trrerng hop v=0.3m/s triing véi
trwérng hop v=0.6m/s. Théng sb kh str dung cho mé phoéng trong trirérng hop thay dbi lwu lwong Ia 1.05Ad, cac

théng s khac khang dbi co gia tri trong Bang 1.
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ceeeeees Y = 0, BMHS

= Hluh dang d& ban FEu == y=03ms
- —— Hinh deng dé ban dau
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Hinh 9. Mién x6i tai thoi diém t=0.4s va t=0.9s

Vi két qua thé hién trong Hinh 9, khilwu lvgng séng tran ting, sw xoi ctia dé dién ra manh hon.

6.Kétluan

Nghién ctru da mé ta bai toan xoi, bai toan bién dang I&n bang phwong phap SPH théng qua mo hinh
thwe té. Théng sb kh trong phwong phap SPH cé anh hwéng 1én két qua tinh toan. K&t qué mo phéng cho thy,
khi van tdc ctia séng tran tang, nén dé bi x6i nhanh hon va pham vi xéi réng hon.

Nghién clru nay chi dirng lai & md phéng, do d6 két qua can dwoc kiém chirng béng thire nghiém. Nghién
ctru tiép theo cn tap trung phat trién mé Hinh 2 pha dat - nwéc nham mé phéng day du cac diéu kién thuc té cia
bai toan, gbm dat bao hoa, muc nudc hai bén dé chénh léch va trong luong clia cassion. Ngoai ra, can thiét tao
mo hinh séng tran trong diéu kién that, vi du tao séng that twong tac véi cassion tran qua dé dé khao sat bién
dang va én dinh cia dé.
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