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LOI GIOI THIEU

Cuén sach “Xoi cuc bj tru cau” dwge xem nhu cudn sdch chuyén khéo cung cap cho
cdc ky su, nghién ciru sinh, hoc vién cao hoc va ban doc trong va ngoai nganh xdy dung
cong trinh giao thong co sé khoa hoc va thuc tién, nhitg théng tin chuyén séu, co ban va
cdp nhdt vé co ché x6i cuc bg, cdc thong sé co ban danh hiedng dén x6i cuc bg, cdch tiép
«din vdn dé xéi cuc bj va cong thirc dw dodn xoi cuc bj tru cdu qua song tie tru don dén tru
phirc tap déi véi dat khéng dinh va buée dau dé cap 16i ddt dinh ¢ trong va ngodi muée dé
mong dwge gop phdn bé nhé vao céng tac nghién ciru, thiét ké cong trinh cdu qua song
dam béo duwoc yéu cau ky thugt, kinh 16, an toan va hiéu qua. Cudn sach c6 mét sé ngi
dung dd dirpc sir dung dé gidng day cho hoc vién cao hoc cia nganh xdy dung cong trinh
giao thong tir khéa 1 dén khoa 19. Cuén sdch gom nam chwong: Chuong 1. “Ly thuyét
dong thé”, gidi thigu van dé co ban ciia chat long ly twomg cdn thiét dé tiép can vin dé xoi
cuc bg try va thuy lec cau, duong. Chwong 2. Gidi thiéu “Vai tro cua nhot (chat long
thiec) " d6i Véi tru cau ndi riéng va cong trinh cau ndi chung, dp lwe nede vao tru cau, dnh
huong cua try cdu dén nuede dang tai cdu. Chuong 3. “Nhén thirc co ban vé x6i cuc bg”.
Chitong nay tdp trung vao van dé co ban nhdt ciia cudn sdch, phan tich va dua ra cong
thire die dodn x6i cuc b & chan tru cau déi voi tru dom va try phirc tap. Chuong 4 tp
tmng vao gidi quyét vdn dé “X6i 6 nhom coc” - x6i tai chdn nhom tru coc. Chuong 5 gtaz
quyét vin dé “Xoi cuc by & tru phirc tap”, mt van dé dang t8n nhiéu cong sirc va gidy
myec ctia cdc nha nghién cieu va thue hanh xdy dung cdu dong

Tdc gia xin bay t6 sw cam on dén tdc gid cua cdc cong trinh va bai bdo trong cdc
trang thong tin cua tap chi ASCE, TRB, JHR ma tac gia da duwgc sir dung trong quad
trink bién soan sdch. Loi cam on ciing dwgc giri dén by mon Thiy luc - Thiy van noi
16i cong tdc, noi tao diéu ki¢n thudn lgi cho cong viée cua t6i, dén cdc anh chj em lam
cong tdc in Gn ciia Nha xudt ban Xay dung dé cuén sach dén tay ban doc. Do trinh dj
han ché nén trong qua trinh bién soan khong tranh khoi sai sot, rdt mong nhén dwgc
sw gop y ciia ban doc dé lan tdi ban t6i cudn sdch dige hoan thién hon. Gop y xin guri
vé B6 mén Thily luc - Thiy van, khoa Céng trinh Truong dai hoc Giao théng Vdn tdi,
Lang Thuong, Dé'ng DPa, Ha N¢i. Dién thogi Bé mén: 0437662536, sé di déng cua tdac
gia 0912491456.

Téac gia.
Trén Pinh Nghién



Chuong 1
LY THUYET DONG THE

1.1. PHUONG TRINH CO BAN

1.1.1. Phuong trinh Ole (Euler) dgng ciia chét 16ng khang nhét

Phuong trinh ddi vé&i chét 1ong khong nhét 1a truomg hop riéng ciia phuong trinh
Navié-Stéc (Navier-Stokes). Di véi chit 1ong khong nhot img sudt phép tai bat ky
diém nao trong chit long ciing khéng phy thudc vao phuong chuyén dong, tirc 1a img
sut tiép bing khong, 7= 0. Ung suét phap dugc thay thé bing - p 12 ap suit nén.

Oxx =0y =0z =—p (1.1a)

Phuong trinh O le dgng khi lyc khéi 1a trong lyc (thay F=g)

_Vp_{ov :
g P [a: +(VV)V] (1.1b)

trong d6 Vp 1a gradp, 1a ' mét toan tir bién mot dai lugng vé huéng thanh mdt dai
lugng véc to.

1.1.2. Phwong trinh Béc-nu-li (Bernoulli)

Trong trudng hop cht 16ng ly tudng, chay én dinh, khong chiu nén, doc theo mot
dudng dong thi tich phan Béc-nu-li viét dudi dang cot nudce khi phuong truc z nguge
chiéu va song song v6i phuong gia tdc trong lyc rit ra tir phuong trinh O le dong
(1.1b) c6 dang:

p u £ u?
z+-——+—=const = H, hay & dang &p suat: pgz + p+ p— = const (1.2)
rg 2g 2
Phuong trinh viét cho hai diém (1) va (2) doc theo dudng dong:

2 2
PR - R e .. (1.3)
pg 2g pg 2g

Déi véi chét 1ong khdng xody c6 Vx ¥ =0, phuong trinh khdng chi ap dung cho
dudng dong ma con ap dung cho 2 diém bt ky trong dong chay.



1.1.3. Chuyén dgng thé, thé van toc, ham dong.

Dong chay ma cac phén tir chit 1ng khong c6 chuyén dong quay don thudn goi
1a chuyén dong khong xoy hay chuyén dong thé, cé véc to xody bing khong,

¢=VV=0hay o, =0;,0,=0;0,=0 hay RorV =0 (trongdé w=RotV/2) (1.4)

Trong chét 16ng khéng xody VxV =0 hay:

(%_%]’4.(%_6"1)]4.(%_%)]‘:0 (15)
o oz 0z 0Ox ox oy

Rot 12 mjt toan tir, bién mot véc to thanh mot véc to khéc:

i j k
pov=2 2 2 (1.6)
x oy o
u, u, u
u u
Rosv =0l i e = P8, B, SUy Ou, (1.7)
dy o a o o oy

Biéu thirc (1.7) 1a diéu kién cin va du dé ton tai ham ¢(x, ,z,¢) sao cho:

L AL ., (1.8)

u, ™ U, = o U, e
Ham ¢ dugc goi 1a ham thé téc do, do dé:
V=gradp=Vg (1.9)
Truong tdc d6 goi 1a dong thé (hay dong khéng xody). Thé téc 46 1a hé qua
khéng xody cuia chét 16ng ma tai ¢6 ham dong 13 hé qua cia bao toan khdi luong.
M6t chuyén déng ton tai ham @(x, y,z,¢) thoa man (1.7) goi 1a chuyén dong thé hay
chuyén dong khong xody, trong do:

d¢=%dx+%’dy+%dz=u,dx+uydy+u,dz (1.10a)

Mit c6 ¢ =const hay d = 0 1a mit ding thé vén téc.

Béi voi dong chdy phing (dong chay hai chiéu) thuong ky hiéu truc tung la y va
truc hoanh 1a x, do d6 géc quay quanh truc z d6i véi dong thé:



d ou
w, = (" a“*J:o hay 2 = (1.11)
ox

e,
ox Oy o
Phuong trinh dudng ding thé van tdc ciia dong chay phing chay 6n dinh la:

do=udx+u dy_a"’dx+a‘”dy=o (1.10b)
ox o
it i = g =BV (1.12)
oy 7 ox

thi (1.13) thoa man (1.12) va ham w(xy) dugc goi la ham dong.
Déi voi dudng dong ta c6: ¥xdr =0 (1.13)
it ra udy — udx =0 (1.14a)
Thay (1.12) vao (1.14a) ta dugc: dg= dw—%;,dy+awdx 0 (1.14b)

hay dy = 0, tirc 1a w = const hay ham dong giir gia trj khong dbi doc theo dudng
dong. Hiéu s6 cua hai duong dong (w, — w,) 1a luu lugng giita hai duong dong,
v, .
9= [dv=y,-v,
wi

Trong chuyén dong phing c6 thé c6 syt lién hé giira ham thé va ham dong:

op_ v
x o
dp_ oy (1.15)
ay— ox
o abu; 229V, B0 0y (1.16)
ox Ox ay 19,3

Biéu thirc (1.16) chi ra ho dudng dong @=const va ho dudng y =const truc

giao vi nhau tao thanh ludi thity dong trong dong chay phing; nghia 1a tit ca cac
diém giao cit déu hinh thanh géc vudng vi tich ¢ déc (hay hé sé géc) cua ching
bing -1(Hinh 1.1).

Doc theo duong dong y =const — == (1.1 7‘)



— —v———-r—I | V=
—_— ¥ Y
M p fe g
= === WY
y L
0:0, 0:=0,
X X
Hinh 1.1a. So d6 duong ~ Hinh 1.1b. Dong déu //véi  Hinh 1.1c. Dong déu tao goc
truc giao truc x « Vvai truc x
Doc theo dudomg ding thé p=const L stis, (1.18)
@=const uy
Dong déu tao gbc a vai tryc x ta c:
Thé tc do =V, (x cosa+y sinq)
Ham dong ¥ =V, (ycosa - X sing)
Thanh phin téc do u, = Vocose, u, =V, sina
Trong toa d¢ cuc thi v=f(r,0)
. oy oy
va dy =——dr+—dé 1.19
Y=o " o0 (.19
1.1.4. Luru 6 va xody
Luru sé dugc dinh nghia la: T' = J'u,ds (1.20a)
Trong dong chay phing & toa 46 Oxy c6 dw = dxdy
ov ou
pe =[a—ajdxdy=;’,dw (1.20b)
Pay 14 dinh ly Stéc. Pi véi dudng cong C bét ky:
T = [ucosds = [¢,de (1.20c)

@

1.2. PIEM NGUON VA PIEM TU

Piém ngudn 1a diém ma chét long tir d6 chay di theo moi hudng doc theo phuong
ban kinh. Nguoc lai néu cht 1ong tir moi huéng chay vé theo phuong bén kinh ta c6

diém tu.



1.2.1. Ham ¢ va y cho diém ngudn (q > 0)

Tai diém M(r, 8) c6 toc do:

u'=VCOSQ=——q—(_‘059=L£=_£2
' nr 2nrr 2nr
u',=Vsinf)=isine=il=ﬂ2
! 2xr 2nrr 2nr

,
% /
Y ;

ek =2 s
Vg = 27[0 hay Vigen = 27z'aragx Hinh 1.2. Diém nguon

Dinh nghia cho ta luu lugng q tir diém ngudn 14 tm cia vong tron c6 ban kinh

q=27trV (121)
: q
do do: dp= dx + yd)
© T (xde+ ydy)

Tich phan cho ¢ = 9 jar+c
2r

Ta cé: Pogun = -lnr=Lnfx* +)? (1.22)
2z 2 g
Tim ham dong v :
Biét: dy = udy - vdx = —I— (xdy - ydx)
27r?

Vi doc theo dudng dong y = const lam cho xdy = ydx

Tichphancho Iny=Inx+C hay y=Cx

1a phwrong trinh dudng thing qua gbc toa d, dudng dong 1a diromg thing doc theo
phuong ban kinh.

Ham y (x,y)=C thay ddi theo 6 do d6 y =C,6 hay y =Cig 2.
X

Tim hing s6 C,. Biét g=y,-y, véi u/,lg_o; V| thi:g=C, 27, nit ra

6=2x

q frilsie . -9
G = e do d6 ham dong y c6 dang : Vpgsn 2”9 (1.23a)
hay Y rguin =2—(;-arag§ (1.23b)



1.2.2. Him ¢ va y cho diém tu q<0)

Tuong tu ta c6 ham ¢ va v cho diém tu véi chidu nguoc lai:

D =—zilnr=—5q—ln\brz+y2
r

T

va m='ngZ
2 x

Trong toa dg cuc taco y = f(r,t) do dd: dy =u, (rdt)—u,dr

(1.24)

(1.25)

(1.26)

Do dong chay theo phuong ban kinh Ug=0, ddi véi ngudn u, =2L lam cho

q
dy=——rd0
4 27r

nr

Tich phan cho y = 5‘]—9 +C khi 6= 0 thi C =0, do d6 di voi diém ngudn ta co:
/4

9q <
Vo =2—”9 va o, =—%0

1.3. XOAY TU DO

(1.27)

Trong xody tu do luu s I'>0 (quay ngugc chiéu kim dong hd), I'< 0 (quay

thuén chiéu kim ddng hd).
r

Thé téc do: p=—120 (1.28)
2
4 3 r
Ham dong: y=——Inr (1.29)
2z

Céc thanh phin téc do: v, =0,v, = ZL (130)
nr

Hinh 1.3 Xody tw do

1.4. LUONG CUC

1.4.1. Vén @& Iy thuyét (Hinh 1.4)

bat nguc“m tai géc toa dg, tu cach ngudn ds vé phia duong truc x
y

w(r,8)=%0~£(0+d0)

_g40

2z Ngu6n ds Tu x

y(r,0)=

10

Hinh 1.4



Oy Jubt b i ohey SR S e e sl 5@ 38 pedir—sn A

s r—dr

dén 40 = dssin@
r

qdl _ _qdssin@ __msine

do do u/(r,H):— 2z 2zr r

(1.31a)

trong d6 m = ‘;—ds la cuong d¢ cua lwéng cuc, thé hién hang loat vong tron c6

tim & truc oy, yl(x,y):—m=—my—/r=—m% (1.31b)
r r X+y
Toa do
2 2
y —x Xy
u(x,y)=m—-"—. ,v(x,y)=-2m————
(53] (xz +y? )2 A3) (xz +y? )2 (1.32)

1.4.2. Ham dong va thé téc dj khi ngudn va ty ddi ximg

Goi cudng o ludng cyc 1a m =22 (1.33)
n

Théthody: =78 (1.34)
!
Hamdong: y = MmN g (1.35)
Thanh phén téc do:
vr=_mc<:s0;v"=_m51:\6 (1.36) o
4 4 Hinh 1.5 Nguon doi ximng tu

qua truc 'y
14.3. Dong déu két hgp véi ngudn

Dong déu song song véi truc ox c6 tdc do & xa vo cung 1a Vo két hgp voi ngudn
tai gbc toa o Oxy ta dugc:
Vo y v=nbU

Diém dimg
Diém dimg r
N 0 (?
Nguén X

N =

Hinh 1.6. Dong déu két hop voi nguén

I

oo

P

11



