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Cong ty tu van thiét ké GTVT phia Nam, Tp. H6 Chi Minh, Viét Nam

Pit vin dé va thiét 1ap phwong trinh
truyen dan am

Podng bang Nam bd 1a khu vuc quan trong
va chiém mot phan dién tich rét 16n cua Viét
Nam. Do 1a khu vyc thdp va ndm giap bién tir 3
phia, nuéc bién qua hé¢ thdng song ngoi chang
chit gy tac dong dén phan 16n dién tich khu vyc.

bic diém dic trung khac cua khu vyc nay 1a
su ¢6 mit cia 16p dat yéu day dudi nén. Trong
diéu kién 4y, than dudng thudong duoc dip bang
cat. Theo tiéu chuan thiét ké, chiéu cao tdi thiéu
cua than duong dugc xac dinh tur 2 diéu kién:

- Pay két cdu a0 duong can dugc nang cao
so v&i myc nudc thuong xuyén hay myuc nude
ngﬁm mot tri s6 can thiét tuy thudc vao loai dat
than duong;

- Vai dudng can dugc ndng cao so voi
muc nudc cao nhat, c6 xét dén chiéu cao song
leo, tdi thiéu 0.5m.

Tuy nhién dbi voi khu vuc nay, didu kién
khdng ché trong phan nhiéu truong hop 1a didu
kién 1. Trong thuc té hién nay, myc nudc tinh
toan khi xac dinh cao d¢ duong thuong duogc
xem la myc nudc tridu cao (thuong dugc ldy voi
tan suat 10%).

Anh huong cua thiy triéu bién dén do am
clia dat than duong, vé nguyén tic, khong chi
phu thudc vao muc nude cao nhat, ma con phu
thugc ca vao thoi gian tac_dong cua mdi lan
dang-rit. Do tac dong ctia mdi chu ky nuéc dang
1a ngin han, c6 thé cho rang anh huéng cua thuy
triéu dén d6 am cua dat than duong 1a khong
16n.Vi ly do d6, viéc st dung myc nudc triéu cao
lam myc nudc tinh toan 1a qua an toan, lam tang
qua mic can thiét khéi lugng nén duong va gia
thanh x4y dung.

Viéc nghién ctru kha ning giam bot chidu
cao dip than dudong co6 y nghia thyc t& quan
trong vi nhirng ly do sau:

- })01 v6i dong bang Nam bd, cat la vat
lidu dat tién do trit lugng it va thuong phai van
chuyén tir xa.
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- Trén nén dat yéu véi kha ning bién dang
16n, do phai dam bao 6n dinh va tién d6 kiém
soat lan da dinh trugc, viée tang chiéu cao dép s&
lam ting gi4 thanh xir Iy nén; nhét 1a khi khong
thé sir dung cac giai phap xu ly théng thuong
cho nén dip thip, ma phai chuyen sang st dung
giai phap phuc tap va dit tién hon danh cho nén
dép cao.

- Do mang luéi dudng trong khu vuc con
kém phat trién, mdi tuyén duong moi theo thoi
gian déu tro thanh mot truc phat trién dan cu, khi
d6 cao d6 san nén cua cac khu dan cu méi sé phu
thudc nhiéu vao cao do mat duong mdi mo.

Pé giam khdi luong nén, can phai giam
chiéu cao dép. Can clr dé 1am viéc do 1a phai biét
duogc bién thién do 4m trong than duong, nghia
1a phai nghién ctru qua trinh truyén dan am. Tuy
nhién bai toan cu the vé qua trinh truyen dan am
dudi tac dong ngan han va mang tinh tuan hoan
nhu tac dong cua thiay triéu bién lai chua duge
nghién ctlru.

V& nguyén tic, viéc truyén dan nhiét va am
1a nhing qua trinh xay ra dong thoi va lién hé 1an
nhau. Dé rd thém co thé trich din ra dudi day
cac biéu thirc nhiét dong luc cua cac qua trinh
truyén dan d6 tir 1y thuyét truyén dan nhiét va vat
chat ciia nha bac hoc Nga Lucbv A.V. [5]:

X, :—%Vt, (1)
XB:—V;J—F%VI, )
a -
trong do V=1 1y6_ (voi bai toan 2
y

chiéu) — toan tir Haminton,

t- nhiét d6 tuyét dbi (theo Kenvin),



(G_Fj_ nang lugng riéng F cua

ov
khéi vat chét chuyén dong (tinh cho 1 don vi
khoi luong v),
- - .
1, vag 1, cic véc to don vi tuong tng

theo cac chiéu x va y.

Do qua phuec tap, khi du béao trang thai thiy-
nhi¢t trong than dudng nguoi ta déu phai chap
nhan nhleu gia thiét don gian héa. ‘Huong nghién
cru truyén thdng 13 xem két cau than va 4o
duong nhu mot hé théng nhiéu thanh phan va
nhiéu pha. Trang thai am thudng duoc xac dinh
boi thanh phan ciia pha nude (1ong, khi, bing).
Pé mo ta dong hoc trang thai nay thuong ngudi
ta xdc dinh trong mdi truong hop cu thé co ché
truyén dan ap dao: khuyech tan, mang, mao dan
hodc hap dan. Trong rat nhiéu nghién ctu ly
thuyét vé trang thai thuy-nhiét cua dudng hién
nay, d6 Am dwoc xem la thé niing truyén din
am.

Piéu kién dic tho cua khu vue (va hau nhu
ctia toan lanh thé Viét nam) 1a nhiét do (theo
thang bach phan) luén duong, gradien nhiét
trong than dudng khong 16n. Trong diéu kién
nhur vay, c6 thé bé qua anh hudng cta qua trinh
truyén nhiét dé xem xét qua trinh truyén din 4m
mdt cach doc 1ap. Co ché truyén din am chu yéu
1a co ché tac dung cua lyc h?ip dan va lyc mao
dan, viéc truyén dan nudc tv do va nudc mao
dan dugc xem nhu mot qua trinh duy nhat va
tuan tha dinh ludt thim Darsi. Thé ning truyén
chuyén dong trong qua trinh d6 1 ning luong
riéng cua dong 4m. Bang cach bo qua dong ning
cua dong am vi n6 qua nho, nang luong riéng
ctia dong 4m duoc biéu dién dudi dang sau [2]:

h=y+te, ©
P8
Trong do: )
h: - nang luong riéng cua dong am

(thuong con dugce goi 1a cot nude ap);
y cao do cua diém dang xét,
P ap sudt nude 16 rdng ¢ diém dang xét,
P, trong lugng thé tich ciia nude,
g gia tbc trong truong.

Tu dinh luat thim Parsi va diéu kién lién
tuc cua dong am, c6 thé thiét 1ap duoc phuong
trinh vi phan cua dong 4m khong 6n dinh trong
than duong nhu sau:
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Diém dic biét trong phuwong trinh (4) 1a su
ton tai ctia doi khong bao hoa trong than duong.
Tinh chét cua dat & do6 thay doi trong mdi tuong
quan chit ch& vé6i hién twong mao dan va 1a ham

sb cua do hat dinh:
Vj = pa _pw

Trong do:
v - do hut dinh cua dat;
pa - 4p sudt khi 1 rdng trong dat;
- 4p sudt nudce 16 rong.

6] Vung du6i myc nude trong than dudng,
dat o trang thai bao hoa nu’oc ap suat nudc 16
rong bang ap suat khi 15 rdng, do hat dinh
béng 0, hé s6 thAm £ 1a h:?mg 6. Tir muc nude
tro 1én la ving khong bao hoa, ap sudt khi 18
rong bang ap suat khi quyen (duge xem nhu
béng 0), ap sudt nude 16 rong nhd hon 4ap suét
khi quyén (tic 1a p,, < 0) va giam dan khi 1én
cao, do hut dinh y do vay 16n hon 0, hé s6 tham
k 14 dai lugng bién thién tiry theo do 4m W, trong
khi d6 4m W lai giam dan cung véi ap suét nude
16 réng (1a ham sb cuia do hat dinh ). Mt nudc
ngam trong dat dugc xac dinh boi diéu kién p,, =
0. V6i nhan xét trén, dé thuan tién hon cho viéc
phan tich, phuong trinh (4) c6 thé bién doi vé

dang sau:
y

W _
& di
) . &)

S0 liéu cua bai toan bao gom:
-Quan hé bién thién muc nude tridu bén
ngoai than duong theo thoi gian:
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ox

oh
6x
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ay
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H=H() (6)

- Céc quan hé thé hién tinh thim cia dat
than duong (phu‘ thudc vao loai dat cu thé va
dugc xac dinh bang phuong phap thuc nghiém
[1], [2]):

W= fy) (7

k=k(W)=f,(y) (®)



Phuwong phap gidi phwong trinh truyén
din Am

Dé giai phuong trinh vi phan (5), trude tién
can x4c dinh diéu kién ban dau va céc diéu kién
bién. Do dic diém tudn hoan cua thuy triéu, diéu
kién ban dau ctia bai toan cé thé cho tuy v, vi sau
mot khoang thdi gian nao do, ché do bién thién
4m trong than duong s& trd nén 6n dinh. Vi du c6
thé cho:

h— = hy (= hang s6) ©)

Céc dicu kién bién cua bai toan nay nhu sau:
e Du¢i day than duong:

% y=0=0 (10)
e Trén bé mat than duong:

—k%‘yhn =V, (11
Trong do:

h,, chiéu cao than duong,

V, véan tde dong trao déi d6 am véi
khong khi (dugc coi 1a bang 0 trong bai todn
nay).

e Trén mai dbc (H.1):

Miwe mrde=TT{t;
Rt mrde

_

H.1: Cac phan mai ddc véi nhiing diéu kién bién
khac nhau

- Doi véi phan nam dudi muc nude (phan

1):
h = H(t) (12)
- DOi voi phan c6 nudc tir than duong
thoat ra (phan 2):
h=y (13)
- Dbi v6i phan ti do (phan 3):
Oh
-k e v, (14)
Trong do:

n huéng phap tuyén ddi véi mai doc,
V, van toc dong 4m qua mai déc theo
huéng ciia phap tuyén d6 (dugc xem 1a bang 0).

Phan 2 chi dugc xac dinh trong thoi gian
tinh toan. O nhitng bu6c lap dau tién, dbi voi
toan bd phan mai déc nam trén muc nude déu ap
dung diéu kién (14). Chi tir budc lip thir 2, néu
ap suat nudc 16 rong & chd nao do6 trén phan mai
ddc ndm trén myuc nudc lai dwong thi trong qua
trinh tinh toan tiép theo, diéu kién (14) duoc thay
bang diéu kién (13).

Dé giai phuong trinh (5) tac gia da sir dung
phuong phéap sai phan hitu han véi ludi roi rac
tam giac nhu trén H. 2.

Bing cach chuyén sang hé toa do tam giac
u, v, w nhu trén H. 3, phuong trinh (5) c6 thé
bién ddi thanh (15). Tiép theo d6, bang cach thay
thé cac dao ham riéng trong (15) bang nhimng
biéu thire sai phan, dong thoi khir cac didu kién
bién, ¢ thé thu dugc cac phuong trinh sai phan
cho tit ca cac nat. Cac phuong trinh ay duogc
thong ké trong phan phu luc.

H.2: Lu6i tam giac dé roi rac hoa bai toan
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v, wh
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H.3: H¢ toa do tam giac
O oh) Of oh
aﬂ@_au ou) ov\ ov
YT op ot 2cos’ o
2cos2oc£v(kaailvj
15
2cos’ a (15)

Pé thuan tién cho viéc trinh bay tiép theo, ta
s€ viét h¢ phuong trinh sai phan thu dugc cho tat
ca cac nat ludi dudi dang toan ti:

n+l n
"t —h
T

Dn+1 =Kn+lhn+1 +(0n+1

Trong do:

- D" : ma tran vudng dang dudng chéo,

VOl cac phﬁn to d ;’H 1a trj s& dao ham Eia_W tai

/4

l6p thoi tuc
ow

d“n+l — _n+1 — o (1+I

i =S =pug ol

dién tich ciia cac phan tir bao quanh nit i);
-K"™: ma trdn vudng nhan duoc khi

xap xi v€ phai cua phuong trinh (15), phan t&

k”n+1

y
s6 tham tai diém gitta doan théng ndi nat th i
£ g ;o \ n+l n+l |
voi tat thir j, con k,; " = _Zkii ;

i#j

nit i O gian n+l, la:

(voi trong so xét toi

cta nod (véi i # j) dugc tinh theo tri s6 hé

n+l |
_ hn+1 . 1

tri s6 cot nude ap tai nat thir i & 16p thoi gian
n+li;

véc to, vOi cac phan tu hl.
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_ ¢11+1 .
diéu kién bién.
Qua trinh tinh toan duogc thuc hién theo so
do sau:

véc to thu dugc khi xur ly cac

h'=h""
pr hnHT—hn = K™ 4 (16)
voi:
D™ = D(p™)
Kn+1 :K(an)
trong do:
pr= pwg(—hM; " yJ

Phuong trinh (16) 1a phi tuyén ddi véi
véc to cAn tim trén mdi 16p z = A", qua
trinh tim z tai mdi 16p thoi gian méi duoc
thuc hién theo trinh tu:

z>D,K,p—>z

No6i mot cach khacthi tai mdi 16p thoi gian
méi, vec to z s€ 1a nghi€ém cia mdt phuong trinh
toan tr nao d6 dang:

z=f

Pé giai phuong trinh toan tir d6 (cho mdi
16p thoi gian moi) ta lai st dung so dd tinh toan
sau:

1. Gan cho z gia tri x4p xi ban dau 2’ = /",
theo d6 xac dinh cac ma tran D, K va véc to u;

0

n

2. Giai phuong trinh D f =Kf"+¢

dé xac dinh 17

3. Véit=1choz' f";

4. Theo gi4 tri xdp xi mdi cla z, xac dinh
lai D, K vau;

5. Giai phuong trinh D

t_pn
fz-h :Kft+¢

dé xéc dinh f*;



6. Xac dinh gia tri xap xi tiép theo cia z
theo cong thirc:

+1 _ _t t t
z; z; +ai(fl. -z

a;

trong do:

Lap lai qua trinh tir budc thu 4 voi t=t+1,
cho dén khi chua thoa man di€u kién

t
z' —

z' - f’" la chuan cua
sai s& z' — f'. Truong hop nguoc lai thi két thuc
qué trinh véi z = .

Qua trinh vira trinh bay c6 thé mo ta bang so
do trén H.4.

f=z

Af

fI!I

z

H.4: Trinh tu tim kiém véc to chua biét z tai mdi
lop

Chuan cua sai s0 da dugc chon nhu sau:

| -mad
1

Béng chuong trinh tinh toan theo thut toan
trén, tic gia da tién hanh tinh toan nhidu két céu
than duong, véi nhidu loai cat dip, bé rong
duong va chiéu sau ngap toi da khac nhau, c6 va
khong co 16p gia cb méi ta luy, tac dung cua
nude ngdp tr 1 va 2 phia, 6 va khong c6 thiét bi
tiéu nudce ngam Véi moi truong hop, myc nudc
trong than duong dugc xac dinh sau mdi 0.1h,
ddng thoi co6 thé xem xét sy bién thién cua
truong 4m trong d6 theo thoi gian. Cac két qua
d6 co thé dugc xem mot cach tryc quan dudi
dang phim quay nhanh. Mot s6 vi du vé su thay
d6i myc nudc sau mdi 0.5h duge trinh bay trén
H.5. Trén co s¢ phan tich cac két qua thu dugc
c6 thé rit ra cac két luan sau:

- Véi tit ca cac loai cat ddp thong thuong & Nam

bd, nude thuy tridu chi giy ra trang thai 4m thay
d6i & phan bén ngoai ciia than dudng (voi chiéu
rong anh huong ky hiéu boi chir b trén H.5),
chiéu rong phan nay thuong khong vuot qua 2m,
tie 1a khong qua chidu rong 18 duong. O phan
gitta cia than duong muc nudc 6n dinh hon va
ludn thap hon muc nudc tridu cao.

- Khi than dudng (ddp bang cat) duoc bao gia cb
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bang dat dinh véi tinh thdim nho hon thi chiéu
rong phan bén ngoai v6i trang thai 4m thay dbi
giam xudng dang ké, con muc nuée 6n dinh &
phin giita cia than duong lai khong khac di
nhiéu so véi trudng hop khong c6 16p gia cb.
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H.5: Bién thién myc nudc sau nhitng khoang thoi gian At =

Viéc tinh toan trén mé hinh ciing cho théy,
mic du bién thién myc nude triéu khong phai 1a
tuan hoan theo nghia tuyét ddi, van c6 thé xem
dién bién myc nudgce trong 1 ngay cua thang tr1eu
cuong voi tri sé muc nude tridu cao bang tri s6
trung binh ctia thang d6 nhur 1a dién bién ctia mot
chu trinh tudn hoan dé don gian héa viéc thu
thap va nhép sb lidu tinh toan. Nho viéc mé hinh
hoa, ciing c6 thé phan tich sy phan bd 4m trong
than duong thong qua cac dudng dong murc hut
dinh - dong muc am. Mot sd vi du vé phan bd
4m trong than duong dugc thé hién trén H. 6.

KHI TRICU 1AM

0.5h

Céc két qua d6 co thé sir dung dé chinh xac lai
cac chi tiéu vé cudng do cua than dudng khi thiét
ké 4o duong.

Mo hinh cting cho phép danh gia hiéu qua
lam viéc cua cac thiét bi tiéu nudc ngdm trong
diéu kién chiu tac dong thay dbi cua thuy tridu
(H. 7). Ciing twong tu nhu khi chiu tic dong tir
phia mai déc, muc nudc trong than duong khi co
tac dong cua thiy tridu qua cac thiét bi tiéu nudc
ngam van ludn thap hon so voi muc nudc tridu
cao.

i e

b

1.5m

W =061 Wa

il

W =093 Wao

KE1 TR AL |

1.5m

H.6: Cac dudng ddng mirc 4m
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R tedide riduy

cau nlvdl

Chig thegt wrde nedm

H.7: Bién thién myc nudc trong than duong khi chiu tac dong ctia thily tridu qua thiét bi tiéu nudc

ngam

Céc két qua tinh vé6i s liéu tir nhitng diéu
kién thyc té s& mo ra kha ning giam bét chidu
cao dip cua than dudng, nho d6 sé giam bot khbi
lugng va kinh phi xay dung trén nhiing khu vuc
chiu dnh hudng cta thiy triéu.
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CAC PHUONG TRINH SAI PHAN

Vi tri nat

Phuong trinh

Céch xa bién

qu,v,w
T m

n+l n 2
h u,v,w h u,v,w _ 22 . Auu +AW " m IAWW
b 2

A - A 1
Trén mat nen q,w‘w /’ln+ u,y,w — hnu,v,w 2

2 2
= {A*W+A’w+m2 IA’WW}rm +1V

2 T m’b* 2m*b 7
Sat mdt nén 5q nl o 2 _ 2_
uvw h U,v,W h wvw 22 - Auu +AW " m IA_WW n m . lVy
6 T m°b 2 2m°b
Du6i déy nén q wl g 2
u,w h u,v,w h u,v,w _ 3 - A,uu 4 A+W i m 1A+WW
2 T m°hb 2
Sat day nén Sq g g 2
uyw h u,v,w h u,v,w _ 22 . AW I AW " m 1A+ww
6 T m’b 2

Trén taluy phai Dy R e — B b

2 T m2b2

mb "

2 2
- {O.SAW A+ 2 . IAW} mtly
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Trén taluy trai q n+l 2 2
wovow h u,v,w h wvw uu +0.5AW " m lA_WW n m-+1 Vn
2 T 2 mb
Goc trén phdi 2.5g n+l _ 2 m? -1
6u,v,w h Ly h LY 2b (0 5A+uu + A_vv + A_WWJ'F
T
2 2
m” +1 v+ m :—1 V
2mb 2m*b 7
Goc trén trai 2.5 Bt R 2 m* -1
6 — . = m2b2 A+uu +O.5A w + A ww |+
2 2
m°+1 Vo m ;i-l v,
2mb 2m~b
Goc duoi phai 0.5¢,  B™ s — " R o m? +1 ,
6 T mpr 2mb "
GéC dudl tl’éli O q“ . hn+1 hnu,v,w B 1 A+ . m2 +1 V
6 r m** 2mb "
Céac ky hiéu:
T- budc thoi gian, b - budc theo truc w,
m - 6 doc mai taluy, qg = pwga—W v >
u,v,w ap

+ n+l n+l -

A uu = ku+045,v,w (h u+l,y,w — h u,v,w), A uu =
+ n+l n+l

A w = ku,v+OA5,w (h uv+l,w — h u,v,w ),

+ +1 +1 -
A ww = ky,v,w+045 (hn u,v,w+l _hn u,v,w), A ww =
+ _
A, =N + A .

Auu = A+uu + Aiuu N Avv = A+vv + Aivv N
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hn+l
u ~0.5,v,w u Lv,w — u,y,w |,

+1
_kuv 05w(h u,y—-l,w — hn u,v,w),

n+l hn+1
u v,w—0.5 u,y,w—1 — u,v,w |y



