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LOI GIOI THIEU

Cudn sdch Xo6i 16 & cong trinh cau ¢é thé cot nhue sdch gido khoa vii nhitng thong
tin co ban va cdp nhdt nham ddp itng nhu cdu ciia sinh vién, cdc ki sit, hoc vién cao hoc
va bdc hoc cao hon trong linh vuc xdy ding céng trink cdu, diedng noi riéng va co so ha
1dng néi chung ki gidi quyét van dé tdc déng twong hé giita cong wrinh va déng song.
Cde ki sie thie hanh ¢6 thé coi cudn sach nay nhie mét tai liéu c¢dp nhdt céc kién thiec
thuy e, dong luc hoc dong séng va thuy luc cong trinh cdu céng trén dicong dé cé co 5o
Ii thuvét ré rang va chdc chdn dit gidi quyét ¢6 hiéu qud van dé gdp phdi trong thic 1¢
xdy ditng cdu ditong vugt song.

Sdch gom sau chuong: Chuong 1. Gidi thiéu chung vé dong lic hoc dong séng va xir
d cong minh cau. Chatong 2. Néu vdn dé cot 160 vé i thuyét dong chdy trong séng c6 lop
hién bién dang, dong song 6 tdi ban cdt trong thé théng nhdt. Du dodn bién dang dong
song ne nhién diroc gidi quyét d chitong 3. Vidn dé c6t 161 vé i thuyét va thute hanh thiét
ké, ddnh gid xéi 1o tai cong trinh cdu Ion, cdu nho va cong dicoc 1dp trung gidi quyét o
cde chitong 4, 5 va 6. Cdc kién thitc co bdn va cdp nhat méi nhdt cing voi mot sé thi du
lam sdng 13 vdn dé i thuyét duoc trinh bay chi tiét givip nguoi doc ting budc hiéu 16 va
fam chit dicoc cde nguyén If tinh x6i khdc nhau ciing nhut trinh te trong thuc hanh tink
todn. Nguwot doc ciing tim thdy 14 cong thiic tinh x6t cuc bo tai tru cau dang dioe thige
hanh o cdc miedc khde nhau trén thé gici.

Tdc gid cdm on Vién duong quoc gia My NHI va cdc tde gid ciia cde bai bdo thuge
ASCE dd cho phép sao chup lai 1rén mang ludi thong tin khoa hoc quic €. Loi cam on
ciing xin gii 107 1dp thé nhitng ngiedi tham gia cia Nha xudt ban Xdy dung va bo mon
Thuy hiee - Thuy van Truong dai hoe Giao thong Vdn tdi dé cudn sdach dén 1ay ban doc.
Trong qud trinh bién sogn khéng tranh khoi sai sét, rdt mong nhdn digc si gép y ciia
han doc. Gép y xin giei vé Bé6 mon Thuy luc - Thuy van Truong dat hoc Giao théng
Vin tai - Ha N6i.

Tac gia



Chuong 1
GIOI THIEU CHUNG

1.1. DONG SONG VA CONG TRINH

Cudn sdch nham tap hgp va giai thich nhiing van dé do nhu ciu vé su an toan va kinh
1€ trong x4y dung dan dung va cong nghiép lién quan dén dong séng va kénh dao ¢6 dia
chat dé bi x6i. Nhiing cong trinh nhu cay cdu bac qua song, cong thoat nudc ngang
dutng trong giao thong va thuy lgi, hé théng dap chan ngang dong chay hay dap bén...
tac dong tuong ho véi dong chay lam nay sinh vin dé x6i 16 trong dong chay va & ngay
¢han nhitng cong trinh nay. Thuc chét van dé x6i mdn 1a mot hién tuong tir nhién cua
dong chay trong song thién nhién va kénh dioe cing nhu cdc khe lach ¢6 16p dat dé b
x&i, ké ca dd bi phong hoa trong nhiing hoan canh cu thé. Dong chay trong song va kénh
dao thuc chat 1 dong chdy trong 1p bién dé bi x6i, 18p bién di dong, & d6 cb sy tic
dong tuong hé gita dong nude va bln cét trong mot thé co hoc théng nhat, song rit phiic
tap. Hién tuong x6i 10 v bdi lang trong tr nhién ludn xay ra khi lugng biin cit mat can
béng, vit la mét phin cha sy thay déi hinh thai hay dién bién long séng; ngodi ra con
phai ké dén tdc dong cha cdc cong trinh dén dong song do con ngudi tao ra. Con ngudi
vi su muu sinh dd xay dung nhiéu cong trinh nhu dap thuy dién. hé chita..., ngan song.
1an bi¢n lam thay d6i nhiéu ddng soéng, 1am mat can bing sinh thdi dong s6ng va ca biu
khi quyén. Cic két qua nghién ciiu trong phong thi nghiém, s6 ltéu do thuc t& va kinh
nghiém xay dung cdc cong trinh trong séng cho thdy cdc nha khoa hoc va cde ki su da
c6 gang tim moi cdch kiém sodt qué trinh X6 16, lam gidm thiéu rbi ro vA gidm su sup
do céc cong trinh; that bai khong it va thanh cong that 16n lao, song hinh nhu dé kiém
sodt hoan toan x6i 10 14 vin dé khong thé. Két qua clia cac nghién citu khdc nhau thudng
dua lai cdc khuynh huéng khac nhau, chua thdng nhdt va vi vy ma cdc nguyén If phan
tich x6i 1¢ chua thiét 1ap duge 16 rang: néi ding ra 1a chua hiéu duge day Al qud trinh tu
nhi¢n cua dong séng va tic dong gilta dong song va céng trinh. Do vdy, cac chuong sau
day chi néu ra cdc huéng dan déi vdi van dé von phiic tap nay hon 1a néu ra cdc giai
thich mo ta chinh xdc van dé phai thiét Iap xdc dinh cu thé x61 bdi. Céc nha khoa hoc va
cac ki su phai tim ki€m dé hi€u duge qua trinh dién bién long séng, qud trinh x6i 6 cong
trinh, tdc déng cua cong trinh dén qua trinh hinh thai long séng, cdc bién phdp giam
thiéu x61 dén mifc nho nhit, tao ra sut hai hoa clia cong trinh v6i dong séng.



Xo1 1o truse hét phai do dong nude, 1a két qua cu thé cla qua trinh thuy vin, cua su
thay doi khi hav v6i nhiéu tran 1d 16n xiy ra thudng xuyen hon, khoc liét hon trén pham vi
toan cau, lam phd huy nhiéu cong trinh, thay doi nhiéu dong song, chita dung nhiéu yéu t§
ngdu nhién va rui ro 1am cho van dé x6i 1& cang thém phiic tap. Céc [ 16n luon 13 mot thir
thich déi véi cac Ki su xay dung cong trinh thuy; 10 gay x6i tu nhién lam thay déi 16n mat
bang, mat cat ngang va cao do ddy ké cd vi trf cuc bo cic dong song va dong chay tu
nhién, cong trinh cau khong con vugt qua dong chay vi dong chay di thay déi.

Mua lG dong chay x6i sdu hon, lam séng von da cong lai cong hon: tao ra nhiéu long
lach. song mua can bln cat lai boi lang tu laj thanh nhiéu cén cdt, bii ndi... Dong séng
¢6 dia chit la cdt s& tao ra mot hé théng phic tap vé hinh dang ddy doc chiéu dong chay
vdi cde muc do cong lugn cuc bg khic nhau tao ra qué trinh dién bién long song rit phiic
tap. Dién bién dong song c6 the cé ba loai chinh song cling ¢6 thé phan lam sdu hay biy
loai vdi nhimg x6i 16 va bdi liang khac nhau.

Mot dong song ciing ¢6 thé chita cdc loai dién bién khdc nhau khi di vio cdc viing dat
¢6 dia chat khdc nhau & hai bén bo song va ddy song. Su x6i 10 bo ¢6 thé 1am cho dong
chay cang bi cong thanh céc vong day sau dé néi thang tao dong mdi dé lai khic song
chet thanh ho6 d6i véi kieu dong song uén luon "meander”. Doi véi cdc dong song ¢
cudn theo nhiéu bin cét tho - dong song di dong, vao mia can chi ¢é mot vai lach sau
¢6 nudc chdy len [6i gilta cdc bai ndi, cil lao, song mia hé nude chay tran lan véi hudng
chiy khdc v6i mia can, lam thay déi han céc lach sau tao ra nhiéu lach mdi. Tal ¢4 chi
la mot vai vi du vé hinh théi long song do x6i béi tao ra, tdc dong tuong héd gilta dong
nuac va bun cat. Do vay ngudi ki su cong trinh thuy, cdu dudng... trude hét phai hiéu va
kiém sodt duoc hai loai van dé truc tiép lién quan dén dn dinh cong trinh.

Mot la phai lua chon dugc vi tri song, 6n dinh vi trf clia né sao cho né hoat dong,. dién
bi¢n ding vdi ¥ dinh cia ngudi thi€t k€, chong lai su dién bién cong ty nhién cta dong
song. Hai la ban than céng trinh luon tic dong tuong hé véi ddng chay 1am tang khuynh
hudng x61 16 nhét la x6i cuc bo, do vay phai ¢6 bien phdp chéng x6i ngam gay nguy
hiém cho cong trinh. Cho t6i nay ngudi thiét k& chua thé du dodn chinh xac da 4o tin
cdy cao cic chitu sau x6i v vi tel X61 16u nhat xay ra tai chan tru, mé ciu, sau cong, sau
dap tran, & chan ke b, k& nan dong hay chan cdc cong trinh khéc xay dung trong song.
Li¢n quan tryc ti€p téi van deé nay 1a hai hién tugng rat phic tap song lién quan mat thiét
vOlL nhau va vai qua trinh x6i ma ngudi thi€t k& phai hiéu duogc dé ¢6 161 gidi chinh x4c.

(1) Tinh r6i cha dong chay - mot van dé rat phiic tap va ludn bién déi.

(2) Van tai ban c¢dt phu thudc chi y&€u viao quan hé tuong hé phic tap véi dong
chay roi.

Ca hai van dé nay trong thé co hoc thong nhat "dong nudc bin cat” ngay cing dat
dugc nhicu tién bo that khich I¢ nhe vao cong nghé hién dai va nang luc vo bién clia con
ngudi. Nguoi thiét ké va thi cong, khai thic cong trinh doi hoi phai ¢6 kién thire day da,



kinh nghiém 16t nhdt va phai gan k&t chat ché & mifc do nhudn nhuyén kién thite va kinh
nghiém cla cdc van dé khdc nhau dé iing dung, gidi quyé€t vin dé duge dat ra cho hiéu
qua nhit. Pay la qué trinh thuc sy khd khan doi hoi sic lyc cta nhiéu nha khoa hoc, ki
su, ngudi thict k&, quan i & nhiéu linh vuc cé lién quan vi mot muc tiéu hiéu duge dién
bién long song, an toan va hiéu qua cho cdc cong trinh trong quan hé coéng trinh dong
sOng sinh thai.

1.2. PINH NGHIA

P¢ hiéu duge cac van dé vé x4, trude hét can dua ra cdc dinh nghia vé x6i tai cong
trinh cdu. Xéi ¢ cong trinh cdu dudng ¢6 thé duge chia lam ba loai:

(1) X061 do dién bién ty nhién cha 1dng song hay bi€n dang long song 1y nhién 1a loai
x01 khéng fién quan dén cong trinh xay dung trong song.

(2) X6i chung hay x4i thu hep 1a x6i do cong trinh ciu lam thu hep dong 10 1y nhién
a0 ra.

{3) X1 cuc b [a x4 ngay tai chan try, mé cdu hay ke... do chinh tru vd mé cau va
ke... tao ra khi tac dong tuong hé véi dong chay, 1am thay déi cau triic cuc bo dong chay:
loai x61 ndy phu thudc vao loai cong trinh va duge chong 1én xéi chung va x4i tu nhién.

Nguy hiém nhat |3 trudng hop ca ba loai x4t ndy dong thoi cliing xay ra vi cling dat
gid tri 1on nhat.

X6i con duge chia lam x61 nuGe trong va xdi nude duc lién quan tryc tiép dén diéu
ki¢n khac nhau cua tat bin cat.

(1) X6i nudce trong 1a x61 khi ma vat lieu ddy & dong chay tu nhién trude vang bi xéi
& trang thai nghi. Ung sudt tiép hay t6c do dong chay tai ddy & mot khoang cich ndo dé
xa chan cong trinh con nho hon gid tri cua né lam hat bat ddu chuvén dong hay sir kKhéi
déng cha hat.

(2) X6i nude duc 1a x6i xay ra vdi ddy cdt di chuyén lién tue, 13 x61 ma dng suat tép
hay toc do dong chay o diay luon fuon 16n hon gia tri téi han cia nd lam vat liéu day di
chuyén. Xoi ngimg khi lugng buin cdt x6i di tir hé x6i do dong chdy gay ra can bang voi
lugng buin cdt bd sung vao hé x6i do dong chdy thuong luu mang tdi.

Tém lai, x61 tai vi tri cdu hay cong trinh ndi chung ¢é thé theo so d6 sau;

\ Xoi I cong teinh
]

l { !

[ Xai tu nhign l X06i chung Xéi cuc bo

t t t
f f 1

‘ Xoi dai han Xdi ngdn hgn Xoi nuge trong X6 nurdic duc




1.3. MO HINH NGHIEN CUU XOI

Hién nay, tén tai hai mé hinh nghién ciu x6i 12 mé hinh vat Ii v6i thi nghiém trong
phong va hién truéng va mé hinh s&; ca hai mo hinh nay hd trg cho nhau. Trude hét,
xem xét mo hinh vat i cdc hién tugng thuy luc cua long x6i. Cdc hién tugng thuy luc
trong tr nhién (nguyén hinh) duge thé hién lai trén mé hinh thi nghiém véi quy mé nho
theo mot ti 1€ nao dé. Két qua thi nghiém mé hinh két hop véi Ii thuyét va thuc t€ gidp
hi¢u chinh lai cong thite 1 thuyét, xdc 1ap quan hé thuc nghiém gifta cdc yéu & thuy luc
riéng biét cua hién tugng thuy luc. Ngoai ra mo hinh c¢on kiém tra lai cac gia thi€t tinh
va phit hién thém nhiéu diéu mdi. Trong m6 hinh c6 m6 hinh khong bién dang va bién
dang; mo hinh long citng va long x6i; mé hinh chinh thé, bdn chinh thé, mé hinh cuc bo
v mo hinh mat cat... D€ ti€n hanh nghién céu mo hinh, cdc hién tugng thuy luc phii
tuan theo cdc tiéu chuan tuong tu.

Hai dong chat 1ong dong thdi thoa man cdc diéu kién tuong tu vé hinh hoc, dong hoc va
dong luc hoc duge coi la tuong tw vé thuy dong luc hoc. Trong (v nhién chat 16ng chuyén
dong dudi tic dong cta cic luc khdc nhau nhu trong luc, dp luc, luc ma sat, luc dan hdi;
anh hudng clia cac luc d6i véi hién tugng thuy luc cling khic nhau. Pai véi long x6i 16 cua
mo6 hinh x6i & cdu thi vai trd clia trong luc 13 chi véu - tiéu chuan Froude (1869). Tu tieu
chuan Froude, t6c do dong chdy trong mo hinh cdn phai 16n hon t6¢ do khéi-dong hay
khong x6i cta hat. Mudn dam bao wrong ty dong luc hoc thi kich thudc hat bun cat phai
nho di mot s6 lan tuong tu nhu chiéu sdu va chiéu rong dong chiy, song thuc & hat bun
cat trong tu nhién ¢6 kich ¢@ nho va rat nho, nén rit ti 18 that khé vé ki thuit va ca nguyén
1 vi luc dinh két, khdc han véi hat & nguyén hinh 1a hat 1i chiu quy luat khéc. Do vay, da
dua vao tiéu chuin b sung xét bién dang long va tai bin cat.

2

U 2z
= Fr2 (1-1)
Agd d
trong d6: A=PsTP véi p, va p - khoi lugng riéng cua hat va nudc;
p

u. - toc do dong luc do (ng sudt tiép gay ra;
w=yt/p

Fr., - thong s6 Froude dong luc cia hat;

d - dudng kinh cia hat bun cit di dong.

Hai hién wong thuy luc s€ twong ty thuy déng luc hoc néu Fr., = Fr. :

U*n U* Tl
= ——t (1-2)
\/Angdn \/Amgdm

Chi s6 7 va m chi nguyén hinh (thuc t€) va mo hinh thi nghiém.




Thay u; = gRS = gﬁS , don gian cho g va sap x¢&p Iai ta duge:

hS Ad ¥
_n an = on hay ?'uh)\«g :A‘ﬁ)\'d :""i (1-3)
h S, A.d, * g

trong d6: Ay, Ag, Ag VA &, - ti 1& gilfa nguyén hinh vd m6 hinh d6i véi chiéu sdu trung
binh, d6 déc nang lvgng, mat d¢ tuong déi bun cdt va dudng kinh hat. Bi€t g = 2,/3;
Ao = )u(__-kﬂ‘skg‘ﬁ (cong thuc Sedy) s€ rut ra duoc A

—y
Su dung: C=C, [é] vdi C,, 14 thong s6 ¢6 thu nguyén cua C, s6 ma y xdc dinh phu

thuoc vao nhdm () va chiéu sau trung binh h: trong d6 A, Ac 1a ti 1¢ t6c do va (i 1é he
$O Sedy s€ it ra dugc A, tir 4o s€ co:

[) 0.5+y }”-"
Ay =| -2

“d £ 0,5

/\-rl

cubi ciing ta cé cong thiic xac dinh ti 1& tuong d6i cha khdi luong riéng clia bun cat:

Iy
3 2( 505
Ry :—h{ ! J (1-4)

M 2P

trong dé: 2, - ti 1& theo chi¢u dai.

Thay (1-4) vao (1-3), cho v& trii bing v& phai s&€ c6 nhiéu bién phdp khdc nhau trong
thi nghi¢m mo hinh. Ti 1& luu luong nude:

hg =hy A (1-5)

Doi véi mo hinh thuy luc khau do thodt nudc clia cdu 6 hai diém dic bi¢t vé chuyén
dong cia dong chay.

(1) Dong chay trong pham vi khau do cdu ¢6 tinh khong gian, thu hep vao ciu, m¢
rong sau khi ra khoi cdu véi bién dang 1ong song khong 6n dinh.

(2) Khu vic dong chay bao tru cdu lam xudt hién bai toan thuy dong luc cha ving
dong chay bi anh hudng cha try va khong con anh hudng ctia tru cau; bai todn cla toan
dong chay la bai todn bén trong song lai chdy bao tru cdu la bai todn ngoai déng thdi
cling xuat hién va rat phifc tap vi x6i chung 1am dnh hudng dén xéi cuc bo dong chay khi
chay bao.

Hai dac diém nay két hop véi diéu kién cta phong thi nghiém phét chon ti I¢ hinh hoc
khic nhau cho kich thude doc, ngang va ding, thay déi do ddc, chon thanh phan biin cdt
thich hop dua ta dén mé hinh bién dang hinh hoc song phai ddm bdo tiéu chuin da néu



phan dnh dugc ban chat dong chay va vin dé nghién citu x6i & cdu. Déi véi dong chay
bao quanh tru cdu & s6 Froude thap, Kolkman (1982) néu ra ki thuat thi vi lam thay déi
s0 Froude song van dim bdo twong tu vé tai cat. Trudc hél, mat nude duge do dung ti 1¢
Froude. sau d6 thay d6i do doc phi hgp do vay thi nghiém xéi duoc tién hinh o 16c do
ca0. Thi nghiém chi ra té¢ do 6 thé tang gdp doi; do vay tuong tu hinh hoc duge bio
toan cong vai tiém nang x4t 16n trong mo hinh. Dgc gid cé thé doc chi tiét trong cdc
nghién ciu cua Johnson (1977), Gerodetti (1979), Yalin (1971), Kobus (1980}, Novak
va Cabetka (1981), Jelezoniakov (1989)...



Chuong 2

NHAN THUC CO BAN VE €O SO VAT LI
VA CO HOC CHAT LONG CUA LI THUYET DONG CHAY
TRONG SONG BIEN DANG - XOI MON VA TAI BUN CAT

Dong chay trong long song bién dang ¢ van tai bun ¢4t 12 mét dong hai pha gom
pha long vA bln cdt trong mot 16p bién di dong, ludn cd sy tic dong qua lai gilta chat
léng {nude) véi hon hop vat liéu hat bun cit & trong dong chay lam hinh thanh mat
$6 loai bién & 16p bién di dong, 16p bién nay lai thay déi cung vdi su thay déi cha cdc
diéu kién chay. Dong chay va bun cat phai duge xem xét trong mot thé théng nhit
khong thé tich roi 1am cho vin dé ngay cang phic tap hon, nay sinh nhiéu bai todn
chwa dugc gidi quyét, dac biét trong linh vuc dong réi, dong chiy 1dp bién. chuyén
dong cha séng, song déng thoi véi dong chay, su khuéch tdn, x6i 16 tai chan cong
trinh khi ¢6 tuong tic gifta cong trinh va dong chay: xéi trong ddt dinh; tat ca deu
gan lién vai van dé r6i vA van (i ban cdt. Vin dé co hoc cla su tuong tdc nay da
dugc dat ra tir lau va dat duoc nhitng thanh tyu ddng ké trong 1i thuyét vi thuc hianh
nhu da duge trinh bay trong cdc sdch clia cdc tde gia Raudkivi (1967, 76, 82, 90),
Sraf (1971), Bogardi (1974), Yalin (1972), Simons va Sentirk (1976), Garde va
Ranga Raju (1977, 1985), Leopold va cac cong sy (CCC) (1964), Richard (1982).
Vanoni (1975), Velikanov (1954, 58), Goncharov (1962), Grishanin (1979, 90),
Popov (1960, 63, 69, 74, 88), Baryshnikov (1988), Rjanitsu (1985) vé ché do dong
chay trong song va Sleath (1984), Niclsen (1992), Fredspe & Deigaard (1992),
Soulsby (1997) va Van Rijn (1993, 2007) cho ché do chay ving cira song ven bicn va
boy bién.

2.1. CAC TINH CHAT CG BAN CUA BUN CAT

Cac tinh chét ctia biin ¢t nhu trong luong riéng, kich ¢, hinh dang... ¢ vai tro quyét
dinh trong cac giai doan khic nhau clia chuyén dong va tai biin cat. Céc tinh chat nay
phu thuoc chu yéu vao nguon gde va qua trinh hinh thanh blin cit. Bun cat tao thanh 1dp
bién ctia dong chdy ¢6 thé chia lam hai loai 1a bin cét rdi rac va dinh két. Tuy nhien, cic
tinh chit cua bin ¢t trong séng tu nhién thay d6i rdt manh tuy thudc vao ham lugng sét
trong dat.



Dai vai dat dinh tuong tdc dién hod, qua trinh sinh hoc 14 quan trong hon ca, kich c&
va trong lugng riéng cia timg hat déng vai trd thir yéu, dat dinh thudmg tao ra cac khéi
dinh két ¢6 thé dat dén kich ¢& 161 da 4mm (Mirtskhulava) khi bi x6i bat ra.

D6t v6i blhn cdt roi rac cdn phai bi€t cdc tinh chdt cia timg hat va nhém hat
(luu lueng bun cit) do6 la: ¢@ hat, hinh dang, d¢ thé thuy luc cia hat, thanh phan hoa
hoc. sy lang dong trong qud trinh roi va & ddy d6i véi timg hat ciing nhu phan phai ¢d hat.
d6 rong, géc ndi ma sat hay géc phoi doi véi nhém hat.

2.1.1. C& hat

C& hat ¢6 thé duoc coi nhu yéu t6 quan trong nhét, thudmg duge xdc dinh nhd vio thé
tich cha hat va t6c d6 roi clia hat bidu thi qua dudng kinh hinh cdu wong duong, ngoli ra
con sir dung ¢ mat sang. Pudng kinh clia hat ban cat 1a dudng kinh ciia hinh ciu c6 ciing
trong lugng riéng, cung 16¢ do roi trong nudc finh va & cing nhiét do nhy moi trudng
nhi¢n, Dudng kinh tuong duong cua hat 13 dudng kinh ctia hinh ciu cé ciing thé tich véi
hat, khong thé hién dugc tinh vat [{ cda hat. dy = (6V /7)'* (mm). Buong kinh mét sing d
cta hat la ¢ mat sang hat lot qua, thudng thi d < dyy va d = 0,9d,, clia hat trong tir phién.

Dit duoc phan loai phit hop véi ¢& hat, sau day 12 thi du vé tiéu chudn hat duge cic ki
su thuy lue sir dung rong rii, 1am taj liéu tham khao.

Tiéu chuan Anh BS 1377 (1975) tuong tu nhu tiéu chuin thuat ngl bin cat cia Mi
(Vanoni, 1975, trang 20, bang 2.1).

Bang 2.1. Phan loai dit theo cd hat

Tén dat C& hat (um) Tén dat Ca hat (mm)
Sét rat min 0,24-0,5 Soi it min 2-4
Sét min 05-1,0 So1 min 4-8
S¢t rung 1-2 Soi trung g-16
Sé1 the 2-4 Soi tho 16 - 32
Bin rat min 4-8 S6i rit thod 32-64
Bin min 8-16 Cudi nho 64 - 128
Bun trung 16 - 31 Cudi 16n 128 - 256
~ Bin tho 31-62 P4 tang nho 256 -512
- Cit rit min 62-125 P tang trung 512 - 1024
- Cédt min 125 - 250 P4 tang lon 1024 - 2048
it trung 250 - 500 D4 tang rét 16n 2048 - 4096
. Cat tho 0,5 - Imm
;_Ceil rat tho ] - 2Zmm

i2




2.1.2. Hinh dang hat

Hinh dang hat chuyén dong & ddy dong chay anh hudng dén téc do day va toc do
trung binh dong chay, anh hudng dén t6c do roi cla hat, do 6n dinh clia doan song, kha
nang 14i cdt ddy, do réng cia dat, tinh tham, su dinh két clia dat. Hat trong ty nhi¢n ¢
hinh dang muén hinh muén vé: hinh khai, cdu, try, nén, elip tron xoay..., song ¢ thé
go6p lai thanh ba loai chi tiéu:

(1) Dua vao thé tich hat,

(2) Dua vao hinh chiéu cua hat;

(3) Dua vio 3 truc clia hat tuong img vudng géc voi nhau a, b, ¢ trong dé ¢ la truc
ngan nhat.

C
Jab
hinh dang hat dén téc do roi cta hat. Tée d¢ roi cta hat lai la thong s6 quan trong trong
tai buin cat, thé hién sy 6n dinh cla hat.

Hé s6 hinh dang C = 13 hé s6 thich hop nhat dé nghién cqu anh hudng cua

2.1.3. Cdp phoi hat

100 : L m—— T 99,993 T L T T
i /, ] 999 | ]
L i 89 i
2
2
- i i i
g 5
E. o 70 /
E £
=l 50 ® 50
= B i = 30+
1
L 4 1h 4
i ot i
0 L L1 1 0 01 L : l 1 L Il
0,01 01 10 o0 0,1 10
Ca hat {mm) Ca hat {mm)
Hinh 2.1a:

I Duong cong phdn phot; 2. Dudng cong tich liy.

Bun cdt thudng c6 quy luat phan phéi c¢& hat va c6 thé ding ¢& sang d€ phan tich ¢&
hat va thu dugc ¢& hat cdn lai trén sang d6i v6i cdc ¢& mat sang khac nhau. Viéc phan
tich thudmg dugc thé hién bang biéu dé dudng cong phan phéi va dudng cong luy tich ¢
hat trong toa do logarit chudn hay logarit xdc sudt nhu hinh 2.1a va hinh 2.1b. 50%
dudng kinh trén luéi toa do logarit xdc suit goi la dudng kinh hinh hoc hay duong kinh
gilta cla hat d, hay dsy va do lech ticu chudn cla nd xédc dinh theo cong thuc:
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100 | T l\ _'__...——"""'#:// T 14//
90 |- 1
/ / 4
80 — | 7 e A
70 : AL L L ol //
= 60 :; e f? /{ // { |
.§ 3 V4 LA
= _> J?‘ ////( ’/_..----""/
Jg 40 / / ! //I 1
5 L] % @%/ / / 1- Sét néing
& 30 - i 2- St bot
2 il | _ / 3-Asél
1 AT T 8- 4 - Cat n set
10 - B 5 - Cal
oL - l (-f | 6 - Cat - Soi
0.001 0,001 0,01 0,1 1 10 100
: Bon | Bon | Bu TE | rmpos N
e Sel mirg1 hat wira hatutrrzo | Catmin trung Cat tho 5oi
Hinh 2.1b: Dudng cong cdp phdi hat tiéu biéu doi voi cdc loai dat
dg V7 dg,, d
Gg — 84.1 ] hay Gg .84l — 50 (2-1)
disg so diso
DPudng kinh trung binh d 13 gid tri trung binh cua phéin phdi ¢& hat:
— Sdip, . = 1
dz—E'—p—1=Zdifi; di=2(d +d,,,) (2-2)
P
trong dé:  p; - phan tram trong lugng c& hat ¢6 dudng kinh d.,
f =P
Ip,
Quan he gitia d vi d, thong qua biéu thc:
H:dg CXP[O,SIHZ cgJ (2-3)
Ngoai ra con 6 ¢& hat hiéu qua d,:
d, =(djg+dyy +...+dgy)/ 9 (2-4)

Buong cong luy tich ¢6 tung d¢ thé hién phdn tram hat min hon (hay thd hon) so véi
¢ hat dad cho, con truc hoanh la cdc c& hat. Trén gidy xdc sudt thuong 1a phan phdoi
chudn déi v6i hat di qua mot qua trinh vin déng & dang bun cat ddy di chuyén di xa

HEUOI'I 20 ra no,

-
e 202

f(d)=

i
ov2n

14
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trong d6: d, d - lan luot [a dudng kinh hat dang xét v dudng kinh trung binh ciia

ca miu (2-2),

o - d¢ léch ticu chudn, o = /Z(d, —d)f, ;

f, - tan sudt cha c& hat d;.

Hat déu hay khong déu dugc xdc dinh nhd vao hai tiéu chuan (1) dys/ds < 4 hay 5 thi
bun cdt xem nhu déu hat, twong ty nhu (2-1) o, < 1,35. Néu hén hop bun cat khong dat
hai tiéu chudn ndy sé 1a bun cdt khong déu hat hay khong déng nhat vé kich ¢&. Bun cat
khong déu hat s& cé hat thd 1am tho hod mat ddy cét, giam nham hiéu qua trong qud
trinh ddng chdy. Dang ddy cat khong déu hat s& bi thap xuéng, phang ra do hién tuong
tho hod cling tao ra gidm nhdm so v4i ddy déu hat. Vay 1a hat thé vira giam nhdm hat
vira giam nhdm do hinh dang ddy, lam giam kha nang tai cat, thay ddi kha nang tai cat
theo thdi gian khi luu luong dong chay khong déi. Van dé x6i mdn bin cét khong déu
rat phuc tap, qua trinh x6i phu thudc vao phan phdi ¢ hat & IGp mat va nhiéu yéu t6
khac 1am anh hudng 16i ¢ ché do chay cia song, song lai ¢6 kha nang lam giam xoi
trong tinh x6i chung va cuc b & tru, md cau... (s€ duge trinh bay sau). Nhin chung, hat
bin ¢4t trung binh & ddy song giam va tinh déng déu cla hat tang khi song c6 do doc
giam. Hat bin cét ¢ ving quat boi & chan d6i ndi ¢6 hat c& nho nhdt clia dong bun cat,
khong thé di chuyén trén doan dudng dai.

2.1.4. Do rong
Do réng la ti & phan trim thé tich réng d6i vdi thé tich cha ca méu.

_ Thé tich mau — Thé tich hat

P - —
Thé tich mau

x 100 (%) (2-6)

D6 réng phu thudc vao: cap phdi hat, hinh dang, trang théi va cich lang dong, len
chat ctia hat. Nhin chung hat min ¢6 d¢ réng 16n hon hat tho. Quan hé giita do réng ¢6
hi¢u va ¢& hat cho & bang 2.2 dé tham khdo.

Bang 2.2. Cac loai cat va d¢ rong, P%

Loai cét % 1Ong Loai cat % rong
Cat tho 39-41 Cat min 44 - 49
Cit vira 41 - 48 Cit rdt min 50 - 54

2.1.5. G6c nghi va lue dinh két

Gid tri cdc gbée ndi ma sat phy thude vao ¢ va hinh dang hat. Gid tri nay xap xi véi
gid tri goc phot cla hat, d6 la gée hinh thanh gilra dong vat liéu véi phuong ngang trong
tir nhién.

15



Bang 2.3. Goc nghi ¢, cua hat theo Simons

dsg (mm) ba nghién Rat goc canh Rat tron, tron nhén
0,254 32 314 29,2
1,27 34,5 329 29,5
2,54 36.6 33.8 29,9
12,70 40,0 37.5 32,5
25,40 40,8 39,1 34,8
127,0 42,0 41,2 38,3
254,00 42,2 41,5 39.2

Gia tri luc dinh két C ctia dét dinh (kN/m?) cho trong bang 2.4.

Bang 2.4. Gia tri luc dinh két C (Escarameia va Thomas Telford 1td, 1998)

Loai dit dinh, C (kN/m>)

Loai dit dinh, C (kN/m?)

| sét Sét
Rit cing, hay ran > 150 Déo téi cimg 40 - 50
Cing 100 - 150 Déo 20 - 40
Chit 161 cimg 75-100 Rat déo, mém <20
Chat 30-73 Cat bui

2.1.6. D6 tho thuy hue bun cat o

D tho thuy luc bin cét © 1a téc do roi déu cua hat trong nude tinh. © la thong s§
quan trong nhit mo ta quan hé cta hat v&i chat 16ng. Khi dong bao hat 1a dong chay
tdng ta ¢4 dinh ludt Stokes nit ra tir phuong trinh Navier - Stokes khi bo qua luc quin
tinh, chi con sy can bang gitta luc can nhdt va rong luc ciia hat & trong nudc:

3ndpm, = glp, — p)nd3/6

2
m—«l—Agd

rat ra: =
TR

(2-7)

trong d6: - d6 tho thuy luc cta hat dang hinh cau:
Py, =P,
P

P, va p - khdi lugng riéng cua hat va cua nudc;

A=

[ =vp, 4 vav - hé s6 nhdt dong luc va hé s6 nhét dong cla nudc.

16



. w,d
Céng thitc (2-7) 4p dung cho hat ¢6 d < 0,Imm va (0,1 < Re < 1) v6i Re=—".
v

Nhin chung, khi hat hinh cau roi trong nudc ¢é thé sir dung sy can bang giita trong luong
hat trong nudc véi siic can quan tinh Niuton.

c, ™ (p, ~p)=d’
by Py TERTRG
4 1
rdt ra: 0, = [——A~Agd (2-8)
0Tz, ®
. Agd
hay hé s6 dp luc mat: Cp = 4 __gz_ (2-9)
3 g

Trong pham vi Stokes thi lyc can nhét bang luc quan tinh, do dé:

C. === (2-10)
D™ Re

. od o , o
Véi Re = —2- 1a s6 Reynolds ctia hat d tinh véi ey,
vV

Goncharov (1962) kién nghi cong thdic tinh ©, cho ba truong hop riéng biét phu
thudc vao ché do chay bao hat thoéng qua dudng kinh hat d va nthiét do:

2
0y =228 1o d <0015em (2-11a)
24 v
o, =1,068,/Agd chod>0,15cm (2-11b)
R T°C
va w =67,6Ad +0,52A 6 —1]| chod=0,015+0,15cm (2-11¢c)

trong (2-11c¢): don vi cua o, 1a cm/s; cua d 1a cm.
Zhang (1989) kién nghi:

2
@ = \}[13,9%) 4+ 1,09Agd ~13,95§ (2-12)

Van Rijn (1989) kién nghi:

2
) = 2gd chod <0,0lcm (2-13a)
18 v
w, = 1.1/Agd chod>0,0lcm (2-13b)

17



©, = 10%( 1+0,01d2 - 1) chod=(0,01+0,1)cm (2-13¢)

3
trong dé: d, = 13’ Ag;i (2-14)
v

D6 tho thuy luc cua hat o, phu thude vao s6 Reynolds, duong kinh hat, nhiét do nuéc,
hinh dang hat, twong hé giita céc hat, diéu kién bién ciia dong chay bao hat 1a tang, réi
hay qua do. Céc y€u 16 nay tic dong déng thoi. D6i véi dong chay trong song thién
nhién, con phdi b6 sung thém cac anh huéng khac 1am thay déi do tho thuy luc ciia hat
nhu: phan phai téc do dong chay, ham luong hat lo limg cling véi tinh khong déu va su
phan phai cta ching ciing v6i nhiét do nuéc thay déi. Thi nghiém chi ra d6i véi hat hinh
cau h¢ s6 Cpp = 0,4 khi Re = 10° ~ 10°, con d6i v6i hat trong tu nhién ¢6 hé s6 hinh
dang hat = 0,7 thi Cj =(1,0-+ 1,2). Thi nghiém chi ra gid tri trung binh cta cat thach
anh ¢ nhiét do 20°C c6 thé sl dung cong thitc don gian:

o (mm/s) = 663d> (mm) cho d < 0,15mm (2-15a)
o (mm/s) = 134,5d%? (mm) cho d > 1,5mm (2-15b)

va pham vi gitta 0,15 <d < 1,5mm

d(mm) |0,15|02 03 04 |05|06 07|08 09| 101/ 12115

® (mm/s) | 14,8 | 21,1 | 36,1 | 50,0 | 64,0 | 76,4 | 88,6 | 99,0 | 110,0|121,0|137.3 166,0

trong do: d - dudng kinh twong duong.

_ Zp;o;
. 2p,

T6c do roi cha ca nhém hat: 0} (2-16)

trong do: p; va o, - trong luong va do thé thuy luc cha hat d..
Ngoai ra c6 thé xdc dinh © theo biéu d6 thi nghiém cho hat ¢6 hinh dang khéc nhau
(SF=0,5+0,9), trong d6 don vi cua d tuong duong 13 mm va o 12 cm/s & hinh 2.2.

10 - 0,01
r i
1 0,001
E E
E T=0PG 5
o /éfw”(‘ -
0,1 :é - [ 0,0001
f;: =
0,01 0,00001
0,001 001 o ms 01 Hinh 2.2: D6 thé thuy luc o (mls)
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Hinh 2.3: D6 thé thu
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2.3. SUKHOI PONG CUA HAT O DAY DONG CHAY

Dong song thién nhién vao mua can ¢é luu lugng nho, chiéu sau dong chay nho lam
cho t6c¢ do dong chay va ting suat tiép ddy dong chay nho, cdc hat bun cit & ddy song &
trang thai nghi, lic nay dong chdy dugc xem nhur chdy trong I6p bién cung. Khi muc
nudce va luu luong tang ddn, nhdt 1a vao mia 14, 1am cho hat chuyén dong rdi rac, rdi cd
khai bin cdt chuyén dong manh, ta c6 dong chay trong 16p bién di dong. Khi céc hat bét
dau chuyén dong rdi rac, ta ¢6 su khdi dong clia hat va dong chay & trang thdi t6i han
gilta dong chay nudc trong va dong chay nudc duc. Trude hét, xét su khdi dong cla hat
theo huéng dng sudt tiép (hay con goi 1a luc day).

2.3.1. Ung sudt tiép khoi dong

Ung suat tiép khoi dong 1a g sudt tiép trung binh & ddy dong chay lam hat bat dau
chuyén dong. Tai liéu nay gidi thiéu phuong phap ban li thuyét cha Shields. Hat dit &
day song chiu tdc dong clia dong chay thong qua ap luc thuy dong (luc mat) va luc ning
vugt qua trong lyc giit hat 6n dinh trong nudc thi hat tic thoi ri khéi vi tri ban dau dé
chuyén dong. D61 véi hat déu va hat & 16p mat chuyén dong theo phuong chay thi ¢6 can
bang giéi han trugt doc:

ug 3
F = CDp—i—azd =F =o,glp, —p)Md (a)

trong dé: o - phu thudc hinh dang hat, hé s6 ma sdt... tic 1a phu thudc vao cac tinh
chat cua hat;
&, - heé s6 dién tich hat & mat phing vuong géc véi phuong chdy (u, = n/4
do6i véi hat hinh cau);
u, - téc dé dac trung cho hat tai dinh hat & ddy dong chay;
P, va p - khoi lugng riéng cla hat va nudc;
d - dudng kinh cta hat;
Cp - hé s6 ap lyc mat cba dong chay tic dong vio hat phu thudc vio s6
Reynolds ctia hat theo u,,.
S dung phuong trinh Karman - Prandtl cho phan phéi t6c do thi:
L ¢ [u*d] b)

U, ¥

d .d
trong dé: u, =\J7, /p. Vi C, :fz[l‘i] do dé: C, =f3[” ]
v

v

.d :
Pat == = Re, thi: F, = f,(Re, )p-L;—ff(Re* you,d? ©)
v
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Thay F| & (c) vao (a) rit ra quan hé cha dng suat ti€p khong don vi trong di¢u kién t6i
han (chi 56 c) phu thudc s6 Re...

2
U,
f;(Re._)p f—fﬁ(Re*c Yo, d” = a,g(p, —p)d’

2

L 2
do dé: Sre -El-f(Re*c)z f(Re,) (2-17)
Agd o,
trong do: A= L” —P) :
p
.d
Re*c = .li_“_;
Ay

U - tdc 4O dong luc khdi dong cua hat.

Vi pui, =1, nén (2-17) ¢6 dang:

Toe
0 —f(Re.,) (2-18)
glp, —p)d
\ u?
Biét rang 1. = pgRS va goi A—:j = Fr(fC 1a thong s6 Froude cua hat doi véi u., thi
g

diéu kién khoi dong clia hat ¢4 thé dugc viét & dang di chita ca (2-17) va (2-18):

. :ﬂ—:ﬂ"z‘f-:E:Frjc = f(Re,.) (2-19)
pegAd  Agd Ad
trong d6: S - do d6c nang lugng cua dong chdy (dong déu S =S, =S, S,, - do doc
mat nude, S, - do doc day dong chay).

D61 v6i mat cat chit nhat rong thi R=h=A/P, do d6 Toe = (ngS) hay d6i véi
duong d¢ sau bat ki 1y, = pghS. Quan h¢ gilia truc tung 8, véi truc hoanh Re._ dva vao
két qud thi nghiém trong mdng Khi dong réi da phdt trién ddy di trén nén cit c6
d = (0,4 + 3,4ymm la mot dai cong hep trong toa Ao logarit nhy hinh 2.3,

Picu kién khdi dong tuong dng véi luu lugng bun cit ddy tién dén khong. Dé tranh
phai thit dan tim diéu kién khdi dong cha hat ta sir dung Két qua thi nghiém cla Shields
va cla 9 tdc gia khac dugc Soulsby va Whitehouse (1997) cho trong hinh 2.4, d6i véi
ddy phang giita 8, ~ d.. Phén tich s& liéu chi ra hat chuyén dong r&i rac c6 thé khi
0. = 0,03 trong ung v6i Re., = 10. D61 véi dong hoan toan réi trén ddy cat (Re., > 400
va d > = 4mm) thi tiéu chudn Shields (hinh 2.3) ¢6 8_ = 0,056 s& lam cho toan bo ddy
cét chuyén dong.
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Ham khéi clia bun cat | /Agd

S6 Reynolds cla hat 6&t uxd/v

Hinh 2.3: Diéu kién khdi déng cua hat la ham
cua s6 Reynolds hat - Biéu do Shields

Shields (1936)
Miller Mecave & Komar (1977)
Luque & Van Beek (1976)
Mantx (1977)
Hammond & Collins (1979)
Yalin & Karanhan (1979)
Katori et al (1984)
Kapdasli & Dyer (1986)
Lee - Young & Sleath (1988)
Kantardgi (1992)
) —
ol " aQ o )
* sl .AE . o T
L

<

0.1

o

k]

a

o
mep»p@®e o+ 0D

»
L]
D

0,01
01 1 10 100 1000

d*—-—-—

Hinh 2.4: Su khdi déng cia hat la ham ciia duong kinh hat khéng don vi d«

Trong thuc hanh thudng sir dung truc tiép biéu dé Shields cai tién & dang hinh 2.4 bang
[Agd® : L ,
cach tinh d, =3 Ag_2 la duong kinh hat khong don vi, tra biéu do cho 6, tuong tng,
v

dugc 1., = pAgdO, 1a ing sudt ti€p khoi dong cla hat tuong ing véi dudng kinh hat d &
nhiét d6 nhat dinh. Ciing c6 thé sir dung phuong trinh xuét phat tir s6 liéu géc ctia Shields:

s 02124 +0,055 1 - exp(-0,02d.)] (2-20)

£
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hay phuong trinh théa min cdc két qua thi nghiém hién tai (10 tac gid ké ca Shields):
0,3

== +0,055| 1 —exp(-0,02d, 2-21
=TT [1-exp( )] (-21)

Ca hai phuong trinh (2-20) va (2-21) p dung cho 0,1 < d. < 10” v tham chi > 10°.
Ngoai ra (2-21) con 4p dung cho dong chay két hop véi séng hay chi do séng tic dong.

Cong thitc phan doan dua vao s& liéu thi nghiém hién tai theo dé nghi ctia Hager va
Giudice (7-2001):

0. =0,12d;%° chod* <15 (2-21a)

9, =0,02d)% cho 15 < d. < 150 (2-21b)

0,=0,052  chod*> 150 (2-21¢)
Ngoai ra ¢6 thé tich d. theo Re. theo Raudkivi (1991)

d* =2,15Re* cho Re* < 1 (2-224)

d* = 2,5Re}® cho | < Re* < 10 (2-22b)

d* =3,8Rel® cho Re* > 10 (2-22¢)

P¢ doc doc dong chay lam
anh huéng dén su khoi dong

cua hat cé thé duoc xdc dinh Téng 56 gdm 330 s6 liéu tit 7 nguén 11
theo biéu thic  (Soulsby,
Soulsby &  Whitehouse - 13
(1997).  Damgaard  (2000), _ A

. . @ ’ E +'i-
Whitehousc &  Hardisty S e .

- +
(1998)). < ¥ Bugng tuong quan thich hop
+ il .+ nhatvdiss liey

6. sin(¢ ~ ) 0,5} Ty Hé s6 tuong quan R = 0,873

= (2:23) * f D0 doc 0,98 + 0,005

0, sind

. 0 05 1 15 2

trong dé: ' " Thi nghiém

0., va 8, phi hgp véi gdc Hinh 2.5: Biéu do6 so sdnh két qud thi nghiém

d&c o va ddy bing. vé sy khdi dong cia hat & ddy doc véi cong thite (2-23)
d - géc ndi ma sat;
o - gbe déc day dong chay.

. . u U, N » 2 a ,~ . .
Quan hé gira e“‘ =—%=—= dya vao 330 két qua cta 7 ngudn thi nghi¢m cho
u U,
[ [

[

trong hinh 2.5 v4i hé s6 twong quan R = 0,873 di chinh xdc trong thuc hanh.
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Nam 1958 V. S. Knorov tién hanh nghién cttu thi nghiém chi tiét cho timg hat khoi
dong va tat ca cic hat ciing khdi dong, sau d6é xé4c dinh gidi han cla hai trudng hop ma
khong can 61 diéu kién luu lugng biin cdt ddy gidm dén khong. D6 thi dudng trong tam
c¢dc diém thi nghiém cda Knorov va dudng cong Shields cho trong hinh 2.6 ¢6 truc tung

W,

d e . 7 - . ~
la \fO_, truc hoanh 14 Re,, = . Buong néi trong tam céac diém thi nghiém gém 3
AY

doan théng, doan mot & phia trdi thé hién ddy phing, doan hai & gita 1a ddy qua do va
doan 3 & phia phdi 13 khu sitc can binh phuong. Trong viing thanh phang hai dusng rat
gan nhau, cat nhau tai khu vuc qua do tai Re. = 10, sau dé hai dudng hoan toin khic
bi¢t nhau ¢ khu sitc can binh phuong.

Trong bi€u dé Shields, tai Re. = 10 ddy én dinh nhat, diém nay khong xuat hién & dé
thi Knorov. Trong dé thi Knorov tri s& \/Q giam khi Re. tang trong suét khu vuc thinh
phing va qud do, réi chuyén sang khu sitc can binh phuong tai Re.c = 23, con trén bicu
do Shields gia tri nay Re., = 500. Trong khu stc can binh phuong tuong ting véi ca
ddy cat chuyén dong theo Knorov thi /8. = 0,162 con theo Shields thi /6, = 0,245.
Thi nghiem cho u.. = 0,02 m/s d6i véi dg = 0,44mm; v, = (0,015 + 0,025) m/s d6i vdi
d=(0.1+ 1.00mm.
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Hinh 2.6: Biéu dé iing sudt tiép ddy téi han khong don vi
1. Theo thi nghiém cia Knoroz; 2. Theo thi nghiém ctia Shields;
3. Trong tam diém thi nghiém cria Knorov.

Bun cdt cudn theo trong song hau hét déu c6 cap phoi hat rong véi o, = 4,0, trir cdt
hat min, do vy trong qud trinh x6i thuong tao ra Iép thd hod bé mat ngdn cin xoi. Goi
dsg, 1a duong kinh 16p tho hoa ihi dudng kinh nay tang khi T tang, song dat dén gid tri
gidi han thap nhit —** = 1.8 (chin 1985). Cdc gid tri giéi han dat dugc khi w./u.,. > 0,9,

504
trong dé u.,. la t6c do dong luc 161 han cla 1op tho hoa. Nghién citu cia White va Day
(1982) cho quan h¢:
2

-0,5
0 de, ymax |
s ), 4{7( s0u) m‘”‘] 10,6 (2-24)

dﬁ(]
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trong dé vat liéu ddy ban diu dac trung boi dg ¢6 8, = 0,05.

Ngoii ra d’“¢= 1,8 ngu ¥ néi dg,/dsy = 1.5 hay cap phoi gén nhu déu cia hat tho.
50a

Tac dung cha lop tho hod & chd, khi tit ca ¥mg sudt ti€p 1, < T, cua I6p tho hod. toc do
tai cdt giam theo thoi gian ¢ trong lic 18p thé hod lai phat trién. Thudmg thi 18p thé hoad
tu lai va ngimg phdt wrién 1am cho x4i cuc bo ddy tang lén cho dén khi tac dugc tép thod
hod mét, duy tri téc do tai cit ddy on dinh & mic do trung binh, song néu luu lugng
dong chay giam thi t6c do tai cit thuc té ¢6 thé gidm t6i khong. Hién nhién 16p tho hod
vi qud trinh tho hod do céc hat thé nhat dgg hay 16n kiém sodt. Van tdi bun cat lai ti€p
tuc chi khi 1, > 1, cua 18p tho hoa.

Su khai dong cia hat chiu anh hudng rdt 16n vao vi tri cha hat trong l6p mat va cac 16p
k¢ tiép. Mot hat chi cdn nhé cao hon cao do ddy chimg mot nira chi€u cao cda hat da giam
diéu kién khdi dong téi 6 14n so véi hat & cling mat phang. Hat ndi trén mat c6 thé bi cudn
trdi ngay khi 1, < 1, chung cho vat liéu ddy khong chi doi véi hat min hon ma ngay ca doi
véi hat tho hon. Mot thi du dé tham Khdo, dsq, ting ti 1€ véi u. 461 vai hat: ds, = 4,2; 9.5;
14,5; 19,0: 20,5 va 16,0mm tuong Ung v&i u. = 41; 53; 66; 76; 85 va 95 mm/s.

100 . T 7 |
875 - : L S

T — ' //‘:/ .f/; //é}

é_ e ' A P/ﬁ“ / %

Al

b,

A 1|
"

oL LU 7
31,5 ‘ | //
/]

! || 86 1an TN
/:J z!‘/)/ O =Léndéu
25 .. — ra A _
7 / FTIF a =11
2 | 3 v =1-2
/ ‘é /g(/ﬁ . = =1-3
12,5 I 2 AT sl o =1-4
P P T
/ S éﬁ;ﬁ v =1-5
0 : Eﬂﬁ et J a=1-6
10" 10° 10" ¢ hat {mm}

Hinh 2.7: Thay déi ¢& hat ctia Iop tho héa theo mitc d¢ 1dng tdc d6 dong luc
2.3.2. Téc do khoi dong cua hat

Téc do khoi dong day u, hay téc do khéi dong trung binh thuy tryc Vi hay t6¢c do
khai dong trung binh mat cat V_ 12 t6¢ d§ ddy hay trung binh lam hat sin sang tic thoi
roi khoi vi tri ban ddu doi v6i hat ¢é trong lugng nhat dinh. Trong dong chay 6n dinh
déu c6 do dSc day rat nho ta xét hat nam & ddy dong chay trong hinh 2.8 chiu tdc dung
clia ba luc gém: luc giit hat 6n dinh 14 trong lugng hat trong nudc:



G=g(p, - p)gd3 (a)

Ap luc thuy dong do dong chay chay bao quanh
hat tao ra thco phuong chay Fx. luc ning theo
phuong vuong gée véi phuong chay Fy.

42 u 2
Fx=C,, "4 = ®)
5 2 Ilinh 2.8: S0 d6 luc 1dc dong
nd”u - R .
Fv Chy — 7 2‘1 ©) vao hat ¢ day dong chdy

trong d6: Cyy, va Cp, - hé s6 dp luc mar theo phuong chay x va phuong y.
Hat ¢6 d > 1.5mm thi Cp,, vi C), phu thuéc vao hinh dang hat va vi trf ciia hat tuong
dol so voi cdc hat khac; hat nho s& chiu anh hudng cta luc nhét 1a chi yéu. Diéu kién

on dinh ctia hat theo phuong chay sé cho t6c do khdi dong truot trong trang thdi cin bing
161 han:

Fx—1gd(G-Fy)=0 (2-25)
Téc do khai dong bat hat khot ddy (hat khong c6 dong chay tic dung truc tiép):
Fy-G=0 (2-26)
C6 trudng hop ca hai diéu kién trugt va ning tic déng ddng thi.,
Thay (a), (b), {¢) vao (2-25) it ra:

2

Mo _ E_L (2-27)
Agd  3Cp, + tg(j}CDy
ul o 41

Tuong ty tir (2-26) riit ra: —% =" (2-28)
Apd 3 Cp,

trong do: A= M .
P

Gonchardp cho rang dudi tdc dung clia cdc luc thi hat s& khoi dong quay, do dé su
dung phuong trinh can bang momen tdi han tim téc do khdi dong cla hat:

Fxix + Fyly = Gt (2-29)
_ dez N 2 N 2 . N . . .
bat e theo phuong x 1a o,d”, theo phuong y 1a a,d”, canh tay don cta céc luc ti

l& v61 dudng kinh hat: phuong x ta ix = a,d, phuong y 13 Iy = a;d va clia trong luc 13
I = o,d; thay cdc gid tri ndy vao (2-9) ta ¢é:
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2 2
CDxC‘xsz’%‘iazd + Cl)y%dzp%&%d =a,gp, — p)d3u4d (2-30)

o, o,Ch, + 0L, O3Cpy,

Giai (2-10) vé6i viée dat oy = , Ot ra:

ooy

uz
o ; = Agd (2-31)

Chuyen téc do t6i han ddy Uy, ra téc d¢ trung binh thong qua quan hé:

1g17,7 _ 125V,

g 8150 | 6.15h
74 g

u(l = Vc

(2-32)

L

rit ra t6c do téi han trung binh dong chay V, tuong ng véi chiéu sau trung binh dong

chay h. .
V. = /2Agd I 6,15h (2.33)
o d

« xdc dinh theo s6 liéu thi nghi¢m vi do dac hién truong.

Goncharov chia V_ thanh hai loai t6¢ do giéi han duéi va trén:

(1) Toe do lang hay t6c do khong di dong hat, 13 t6c do tuong ung voi trang thai hat &
ddy dong chdy chuén bi tich khoi ddy, nhung cudi cliing van lai nam lai & ddy, d6 14 trj
6 mach dong 16n nhél cha luc nang khong vuot qué trong lugng hat trong nudc.

(2) Téc d¢ x6i hay t6c do t6i han tdch hat, 12 giGi han trén cha t6¢ do t6i han, khi tc
do dong chay vugt qud téc d6 nay thi x6i 16 1dng séng dién ra manh mé, cdc hat dat va
khéi bun cdt chuyén dong, lé\gié tri trung binh mach dong cda lyc nang bang trong
luong hat trong nudc. Goncharov nhan duge téc do trung binh ma hat khong di déng doi
vOi hat khong deu (d =0,7ds va « = 3,5) la:

V, =0,76/Agd Ig Sfﬁ (2-34)
5
Toc do tach hat (x61) cé o = 1,75.
V. =1,07JApd Ig 88h (2-35)
5
Két qua thi nghiém ctia Knorov cho t6¢ do U« ¢ khu sitc can binh phuong:
e =0,16,/Apd (2-36)
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Néu tinh t6c d6 theo Sedy thi:

V.= ——u., (2:37)

N

Zegjda (1957) kién nghi:

V. =0,9Agd lg12h (2-38)

0.1
Dia chat khong déu hat thi (2-38) cdn nhan thém (i} 1am gidm téc do khong x6i;
90
(2-38) phit hgp cho khu siic can binh phuong cé Re.. > 25 tuong tng véi dsg > (1 + 1,55)mm.
Trong pham vi qua dé (0,25 < d < 1,0)mm Knorov ki€n nghi:

\Y =32d0'25[lg?’dﬂ—5,5dq} (2-39)

trong do: h va d cé don vi la cmy;
V. c6 don vi la cm/s;
hing s6 32 va 5,5 ¢6 don vi.
Mirstkhulava (1957 - 1980) dé nghi cong thiic V. cho dat dinh:

Vv, = \/ - [(p, —p)ed +1,25C ]1g8 8h (2-40)
trong d6:  C, - lyc dinh tinh todn; C, = 0,035C, (C, tuvong ing vdi tai trong tinh)

n > 1 thé hién vai trd luc khdng cua dat d6i vai T,

Khi wd >20 két qua s6 liéu nhiéu thi nghiém cho:

A%
vV H 0,24
Ve _|h 2-41
o [d] (2-41)

Khi tinh (2-37) thi <

Je

duge xdc dinh theo Zegyda (1957):

€ _s66 lg% +6,0 (2-42)

\@
trong dé A = 1,6ds cho cét; A = [,3dy, cho s6i loai trung va A = dgg cho s6i tho.
Cong thiic chung cho dy;:
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C 57518 46 (2-43)
2d

7

hay cong thdce Strickler - Manning:

C n)
—:6,6?[5] (2-44)

Ve

Cong thiic {2-42) va (2-44) sai khdc nhau x 10% doi véi (500 < d}—](] < 10000) .
Ngoai ra toc do x4i tai diém bat Ki ¢6 do sau y theo quy luat logar-il:
u, =575u., 1g%} (2-45)
trong dé: y' 1a cao do tai dé phan phoi t6c do ;heo quy ludtcéu, =0. Poi vai dia chat la
soi san Neil (1957, 68) dé nghi: '

1/6
V. = Jzagﬁ[ﬂ (2-46)
A~ 1,65; xdc dinh u._ theo cong thuc:

U, = JBgd6, (2-47)

0. x4c dinh tryc ti¢p theo biéu dé hinh 2.4 hay cong thuc (2-20) + (2-22¢).

2.4. SUC CAN VA PHAN PHOI TOC b0 TRONG SONG

Trong dong chay déu 6n dinh ¢6 13p bién cing ctia long dan hd cling nhu 16p bién di
dong luon tén tai quan hé goi Ia phuong trinh sitc can thuc hién quan h¢ xac dinh gida
téc do trung binh mat cat V, ban kinh thuy luc R, do déc mat nude S va dac trung cua
I6p bién. Trong kénh thing ¢6 1dp bién ¢6 dinh, sic can dong chay quan hé voi nham
cha 16p bién thuong thong qua cong thie Sedy - Manning va doc lap doi véi dong chay.
Nhdm trong 16p bién di dong thay déi theo dong chay va quan hé khong truc t€p vil ¢&
hat va phan phoi hat cta 16p bién, that khé ¢6 phuong phédp cho phép tinh nhdm va t6n
that nang lugng ddng tin cay trong 16p bién di dong vi trude hét, hinh dang ddy thay doi
cling véi su thay déi diéu kien chay; ti€p theo la trong cdc hoan canh cu thé bun cdt day
chuyén sang dang lo limg, 1am thay d6i dong chay, tinh chit cla chat long va 1am anh
hudng ddng ké dén phan phdi 6e do, téc do trung binh.

2.4.1. Sirc can trong lép bién co dinh

DGi v6i 1op bién ca dinh trong dong chay r8i ta ¢6 quy luat 16¢ dg rut ra tir phuong
trinh ung sudt tiép r6i cua Prandtl - Karman.
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M 5, TSIg[ u*y] + 35,5 cho thanh tron thuy luc (2-48a)
* v -

v 5,751g{%} + 8,5 cho thanh nhim thuy luc (2-48b)

. )

Tt phuong trinh (2-48b) cho u = V tai noi y cach ddy bang 0,4 chiéu sau .
trong do k, la nham hat tuong duong cta 16p bién. Tich phan hai phuong trinh trén co so
56 Hiéu thi nghiém clia Bazin, Keulegan (1938) cho quan heé t6c do trung binh mat cit
hay quan h¢ luc khang logarit:

R .
X = 5,75 }g[ u ] +3,25 cho thanh tron thuy luc (2-49a)
u, v
\Y R R . .
—=35,751g © + 6,25 cho thanh nhdm thuy luc (2-49b)
u, .

Cong thire thuc nghiém Sedy - Manning:

V=CyJRS (2-50a)
véi: C = iR”f’ do dé:
n
V= lR”-‘S”Z (2-50b)
n
hay ¢6 thé sir dung: C:i+l?,?21gR 2-51)
n

trong dé:  n - h¢ $6 nhdm:
R - ban kinh thuy luc.

Ciing c6 thé xac dinh:

1,1
C=181g{1 : R] (2-52)
k.‘i
Cong thic Manning cho:
1/6
v - ?,66[8—] (2-53)
U, d ,

Tuong wr vii cong thite dang logarit thong qua h:

u, <

Jos, TSIg[kLJ%' (2-54)
trong d6 k, thudng 18y bang 2ds, duac chi ra & (2-43).
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2.4.2. Siic can trong 16p bién di dong

Trong dong chay cd 1dp bién di dong, khi bun cét di chuyén ddy sé bién dang tir ddy
phing sang séng cit, c¢dn cdt... . Su khong déu cia ddy anh hudng 16n dén sic can; sitc
can s& pom hai phan 1a sirc can hat va sitc can hinh dang ddy cong véi bin cét lo limg 1am
cho viéc danh gid sic can gip rat nhiéu khé khian. RS rang nhdm phu thude vao hai yéu t6:

(1) Ban chat cta vat licu ddy, hinh dang, cdp phdi va tinh chat ciing nhur su phan bo
theo chiéu dai va réng song.

(2) Chiéu sau dong chay va toc do hay ung sudt tiép xdc dinh ban chit cia ddy déi
v mét loai vat liéu nhat dinh.

Chinh kho khan di tao ra phuong phiap mdi xac dinh siic can.

Meyer - Peter va Miiller (1948) da chia d6 doc thuy luc cua ddy di dong thanh hai phan:

trong do: S, va S, - d6 doc tuong dng véi hat va hinh dang day.
. . 1 1 1
Tir (2'55) rut ra: —2 = —2 = - (2‘56)
C Cd C\-v
va: f=f, +1, (2-57)

trong dé:  C, C,, C,, - hé s6 Sedy chung, riéng cho hat va hinh dang day;
f, f;, f,, - hé s6 ma sat doc duong chung, riéng cho hat va hinh dang ddy.
Cac thanh phan nay ¢6 thé duge minh hoa bang hinh dnh séng cdt ddy va con cit
trong hinh 2.9.
a)

Hinh 2.9: Mdt cdt doc day
) Song cdi; b) Con cdt
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Séng cat phat trién khi ting suilt tiép ddy hay t6c do dong chay chi vira méi vuot qud
gia tri t61 han tuong tng véi mot foai hat nhat dinh (thudng 13 ds,) hay & gid tri thap ciia
6/0c tai Re. = % < (22 + 27), twong (mg vai cat hat min ¢é d < (0,7 = 0,9 mm. Kich
thudc cua séng cat coi nhu doc lap v6i chiéu sau dong chay, chiéu dai thudng (i
(107 = 10%)d va chiéu cao bang (1/5 + 1/10) chiéu dai.

Cén cit phat trién khi tng suat ti€p ddy hay toc do ddng chay vuot lén nhiéu so véi
2id tri 181 han, ¢6 chiéu dai tir (3 + 10) chiéu cao, doi khi téi SO 14n chiéu cao va chiéu
cao tir (0.1 + 0,3) chiéu sau dong chay.

Con cidt la két qua tdc dong tuong hd cha 1p bién véi chiéu sau dong chay trong song
¢4 dia chat la ¢dt, s6i, cudi. Té¢ dé dich chuyén xudi dong clia séng vi cén cit thuong
chi bang (1/4 + 1/3) 16¢c do dong chay,

Khi ¢mg suat ti€p ddy tiép tuc tang thi cdn cat s& dai ra vd bet xudng thanh mat day
khong bang phang tao co hoi dé lam phéng lai ddy trude khi trd thanh song cat nguoc
khi ma itng sudt ddy tiép tuc vuot 1én hon nira; dong thoi séng cat nguoc gin lién véi
song mét nude, song séng cat nguge khong phai 12 hién tuong chung cila diy ¢at trong
te nhién. Chi i€t doc gia cd thé doc tai liéu cha Yalin (1972). Graf (1971), Raudikivi
(1976. 1982, 1990). Kenedy (1969), Engelund (1970), Richards (1980), Fredsoe (1982),
Grishanin (1979, 1982, 1990); Velikanov (1958), Goncharov (1962), Znamenskaia
(1977): Rossinskii & Debonskii (1980), Baryshnikov & Popov (1988).

Gan ddy sitc cdn hinh dang diy c6 dang con cdt ¢6 thé duoc x4c dinh theo nguyén i
thuy luc doi vdi xody nude trde ¢dn cat. Gol t6c do trung binh & dinh cén cdt la V|, va
d cudi xody 1a V, thi tén that cuc bo do xody la:

5 2
h, = i(vf —v? ) 9. L1 (2-58)
2¢ 2¢\h-h,/2 h+h, /2
R
Cho ring (f} << | thi gin ding co6:
2 h 2
h o= | v (2-59)
2gl h

Chia ca hai v€ cua (2-59) cho chiéu dai séng X, s& duge do déc song S, dua S, vio
cong thie Sedy sé€ cho thanh phan can hinh dang long song:

C. A
v =2 Ao B (2-60)

Je h, h,

Str dung két qua thi nghiém cta Knoroz (1959) thi:
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142 1/8
Y
Sw _qpgl | | B (2-61)
Je h, ) (h,

Ca hai cong thic (2-60) va (2-61) déu cho gid tri Ién hon s6 liéu do trong song.
Snishenko (1964) tap hgp s6 liéu trong song cho:

S 2 _ 87 (2-62)
h,, +0,033%,

Thue (€ dong chay ¢6 dia hinh ddy rat phiic tap, c6 tinh khong gian, 1Am tang chuyén
dong xody va tang nhanh tén thit nang lugng. Do dd, cdn tim quan hé truc tiép gitta C,,
hay A, v6i cic yéu & clia dong chay. Einstein (1952) chia 15 = 14 + T, d€ giai quyét bai
toan. Trong d6 T4 va 1, [a Ung suat tiép do hat va hinh dang hat day. Ung suat tiép day
tang lam hinh dang day thay ddi, ddy bi mat n dinh, do d6 c6 thé sit dung gi4 tri nghich
dao cha tiéu chudn Shields lam thong s 6n dinh hat ¢ ddy.

1 Agd

8, u

LAY

(2-63)

Sir dung s6 liéu do trong phong thi nghiém va thuc € Einstein xay dung d6 thi quan heé:

2

== = £(y)
N e

va duge viét & dang:

C_W:f[AdCS;J, PR,

Je p

Song céac diém trén dé thi kha phin tan, doi hoi phai nghién ctu bé sung cho w hay
tim bién mdi. Alam - Kennedy (1969) phan chia d6 doc ndang lugng thanh hai thanh
phan nhu (2-55):
8gRS,,

Sy =S84+, dodo f=1,+£,véif, = =3

Ki thuét phan chia nay di dugc Meyer - Peter va Miiller (1948) sut dung. Hai téc gid

Jed
véi,trongdé 5%

v N="% 13 hé s& 6n dinh chia hat & ddy
v &dsg 50 v

cho rang f,, 1a ham cta

ciia Velikanov. Sir dung két qua trong phong thi nghiém va trong kénh dé thanh lap ho
dudng cong nhir hinh 2.9.

Lo v R
Cy gdsg dg
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Hinh 2.10: Biéu d6 xdc dinh hé s6' ma sdt ciia cén cdt
theo Alam va Kennedy (1969)

. _ \% - . R
Hinh gém hai ho duong ¢6 = {5 + 35) (duomg licn) va ho dudng Fr = v =
&40 VveR

(0,1 + 0,75) (dudng dat). DS thi chi ra f, it phy thuoc vao R/d tai R/d = 3000, chi phy

v -
thudc vao \/_ vi dong chay ty nhién ¢é R/d 16n, song lai khéng phit hop véi s6 lieu
&ds

trong phong thi nghiém. Tir 46 thi cé thé riit ra biéu thic:

3/4
C,
Y= 2,1[-—Y——] (2-64)

Ve o Vedy

song that dang tiéc biéu thifc cling khong phii hop véi s6 liéu thuc do cua nhiéu song,
thude Lién X6 cil va ciing chua phai 1a céch gidi quyét van dé. D€ tim hé s6 C chung
Grishanin (1979) va sau d6 la Snishenko (1982) gidi quyét van dé vé khoang cdch giita

PRVE
cdc xody 16n trong dong r6i phing Aoiy = h[c—] vakhi A, =4, thi:
g ’
3/2
A
< [ = ) (2-65)
Jg Lh

D¢ quan hé giita C va V ¢6 tinh chat chung cdn phai thiét lap dang khéng don vi.
Biét ring vy, /gd va u., c6 quan hé véi d nén khong sir dung cdc thong s6 ndy, sir
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dung ba ti le \/gh,/gB vi Ygv s& cho ta t6c do khong don vi khong phu thude vao

B/h, do dé:
c (v B
\/E 3gv' h
. T 2
Thong sé: =yJReFr? véi Re = E; Fr2 =V__

\%
Yev v gh

Do d6: —C~=f[Rc, Fr?, 2]

Ve

Sir dung quan hé tim duwgc chinh li s6 liéu do trong song c6 ddy cat, lay
v =1.15 x 10 % m%s (° = 5° + 25°, trung binh 1a 15°%); 791 gi4 tri do & 10 tram thuy
van cua 7 song & Lién X6 ¢l cho cong thiic:

c v 12 - 1/6
— =525 —| | = (2-66)
Je Yav) \B
Juravlev (1987) su dung s& lieu do & song cong ¢6 ban kinh cong so véi chiéu rong tir
1.5 = 10,2 da cho quan hé¢:

1/2
C A% £,
=" 1,12{———3 r__gv] [—EJ (2-67)

trong d6 r, vd ha 12 bén kinh truc cong va chiéu sau trung binh cia né.
2.4.3. Chuyén dong khong on dinh & lach sau
Dai vdi chuyén dong khong 6n dinh ¢6 gia t6c cuc bd nhd & song déng bang khi ¢6
quan hé déng nhat giita luu luong va muc nude thi:
. 0Q  OA
=Q(,Ayvi —+—=0 (2-68)
Q=Q(, A) EYIA
Dao ham Q theo A va nhan vao hai vé€ clia (2-68) s& duoc:
)
8l BA Ot
boi véi mét luu luong xdc dinh thi:

dQ_Qdl, Q
&

=0 (2-69)
dt o dt
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/ 3 . . R
Goi g— = CQ la t6c d¢ truyén luu lugng (truyén 1) doc song, so sanh (2-69) va
t

(2-68) riit ra:
oQ ov

Cr=2=V4+AL 2-70
QA BA (2-70)

v , . ! , ST
Vi 5 > 0 nén t6c do truyén luu lugng 16n hon tdc dé dong chay. Phan tir nudce trong

thoi gian 10 trong kénh king tru, lach sau dat duge t6c do déu thi chuyén dong thda min
hai phuong trinh:

ov. oV '
v+ oo (2-71
b ol ot )
N_1R (2-72)
ol A dl
Dong 1ii tra déu nay c6 d6 déc mat nude bing do ddc ma sdl.
Str dung (2-68) thi (2-72) dugc viét lai:
N __1oA o)
ol A at
Thay (2-73) vao (2-71) va lay f§ = 1,0 thi:
1V _12A .
Vo Ad
Do d6: A = B.V; B. thay d6i theo chiéu dai dong chay / va ¢ don vi 12 LT (46 dai va
thoi gian). D61 véi lach sau thi: 18 << _l_é‘_h’ do d6 ¢6 thé coi B = const. Sir dung
B&Z hoz
nguyén li thit nguyén ta cé:
2
Bo=M? (2-75)
(gB)
M - ham khoéng don vi cua (I/B).
Thay (2-75) vio quan hé A = .V, nhé rang A = Bh thi:
B 12
h= MLIM (2-76)
(gB)
14 1/2
v v=L[&] [Q @-77)
M\ B B

Két qua do trong song vao mita 1i & lach sau chi ra M = 0,92 % 0,12 v6i nhdm tuong
déi (dyy/h ) = 0,005.
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Quy luét gan duing cua M(I/B) la:

-

h
M=0,151g 10 (2-78)

50

Thay (2-77) vao cong thitc Sedy thi:
] g™
2 _ 14

5™ = M2 B8 Q (2-79)

3 lach sau c6 ddy cat, viec luu luong tang kéo theo giam nhdm hinh dang ddy, do doc
ma sdt {1 thay déi; néu gan dung cho ring n6 12 hang sd thi tir (2-77) va (2-79) rit ra:

(2-80)

(2-80) rat gan véi cong thitc Sedy.

R.m

2

o1
e 2
03
N4
A5

4 2 Q”2

m

Hinh 2.11: Biéu do cia quan hé (2-76) theo 56 liéu do doan kénh on dinh ving Trung A
1. Panvan: 2. Gazavat; 3. Kaisar Saka; 4. Shavat 1, 5. Shavat 2.

2.4.4. Day song la soi san, cudi

D&i vai dong chiy trong séng, sudi c6 ddy 12 soi, san, cudi thi do cdc hat ¢6 dang
trom, tron canh nén sic can hinh dang hat thudng nho, chi phi nang lugng nhé hon so voi
tén that cla stic cin mat va dong thit cap. Tuy nhién, khi chiéu sau dong chay nho, dong
chay thudng ¢6 rit nhiéu lach, chdy xodn vao nhau... tdt ci déu tiéu ton nhiéu néng
luong dong chay 1am cho viéc xac dinh nham gap khong it khé khan. Hey (1979) ki€n
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nghi bi¢u thitc cho dong chay sdi san di ké dén anh hudng ctia hinh dang mat cat ngang,
nhdm thanh ... cho trudng hop h/dy, > 6 va S, < 1%.

1 os 1175R
\/_ 3,5dg,
hay \/g=5,62lg ak Q2-81)
£ 3.5d,,

Gid tri a thay doi theo do doc (11,1 < a < 13,46)

boi véi dong chiy hep va nong trén nén sdi san Bathurst (1978) dé nghi cong thite rit
ra tlr s6 ti¢u hién trudmg:

2,34 Hh—0.08)
8 [ R E] (2-82)
g 0,365d 84 h

trong d6: B va h - chiéu rong va sau dong chay;

1,91dg,
R

x:0,139lg[

Déi voi dong chay ving nii ¢6 do déc 16n Thompson va Campbell (1979) dé nghi:

LR 2(1—%]@% 2-83)

Jr R

trong do két qua do thuc t€ chob=0,1: k = 4,5ds,.

2.5. LUU LUONG BUN CAT

Khi t6c 46 trung binh dong chay hay ng sut ti€p ddy trung binh vuot qud gia tri 16
han d6i véi vat ligu ddy, cdc hat & ddy c6 thé bit ddu chuyén dong theo phuong chiy,
nhu dd biet & muc 2.3. Cic hat chuyén dong theo céc cdch khdc nhau tuy thudc vao cic
diéu kién cla dong chdy, khéi lugng tuong déi cha hat so vét nudce va kich c& hat. Déi
vGi hat chuyén dong quay va truot thi céc hat khong chuyén dong lién tuc ma quay hay
trugt, nghi song lai ti€p tuc quay hay truot va cif tiép tuc nhu vay su6t hanh trinh ciia cac
hat tao ra loai bun cdt ti€p xic ddy dong chay. Hinh thic chuyén dong thit hai cia hat 1a
hat chuyén dong kiéu nhdy céc, khong thudng xuyén tiép xic véi ddy tao ra loai bun cat
tan trong dong chay song & khu vuc sdt ddy, loai chuyén dong nay 13 hinh thic cha yéu
doi véi cdt hat rdi c6 téc do roi tuong déi 1én. Hinh thic chuyén déng lo litng trong chat
1ong 1a kiéu thit ba va tao ra bin cdt lo limg, loai chuyén dong ndy duge duy tri do su
dao dong r6i cia dong chay. Thuce t€, hai hinh thiic chuyén dong déu tien thuong tap hop
lai va tao ra bun cdt ddy; vay bun cat day 13 loai bin cat chuyén dong trén mat diy hay
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sat ddy dong chay. Nghién ciiu chi ra ba hinh thitc chuyén déng cta bin cdt lién quan
dén do tho thuy luc o va téc do dong luc u.:

(.l) X - A - N I
2 < — <6 chuyén dong tiép xiic vdi day;

U,
® 2 s Py
0,7< < 2 chuyén dong sat day,
(—l) 2 " +
0< < 0,7 chuyén dong lo lung.
U.

Tuy nhién, khi chuyén dong Io limg va bun cdt I limg phat trién thi viéc phan chia
trén khong con ¥ nghia vat .

Ngoai ra con ¢6 bun cat rira roi, thudng 1a sét va dat bot do dong nude x6i mon mit
luu vire va bor séng ciing nhu syt mai mon cha s6i san trong qud trinh chuyén dong tao ra,
khong thugc vio bun cdt tao long va khong dua vao trong tinh todn vi né khong Lién
quan dén cdc thong s6 thuy luc cuc bo ciia ddng chay. Nghién citu hién thdi ¢6 thé chia
phuong phdp xac dinh luwu lugng bin cét thanh bon nhém tuy thudc vao cich tiép can
van dé. Phuong phdp ddu tién va 12 xa xua nhét lién quan dén (1, — T.) hay (05— 6,) ma
dai bi¢u 1a Du Boys (1879); phuong phap dua vao li thuyét xdc suét tdch hat va nguyén ii
cua co hoc chat long (Einstein, Chien (1942, 1950); phuong phap dua vao cong do nang
lugng dong chay tao ra (Bagnold, P. A, 1966 v.v...); phuong phép phan tich thi nguyén
ding mdy tinh t6i uu céc s6 liéu do thi nghiém va thuc 6.

That khé ¢6 thé x4c dinh céng thitc va phuong phap nao cho két qua phit hop thyc t€,
do viy hién nay c6 6i gan 200 cong thic x4c dinh luu lugng bun cit ddy, vi ring xdc
dinh chinh xdc luu lugng bun cat trong thuc t€ [a diéu chua cé thé hién nay. Vay, luu
lugng bun cdt 1a khéi lugng hay thé tich bun cdt thong qua mat cdt ngang dong chay
trong mot don vi thdi gian, don vi la kg/s hay m*/s. Luu lugng bun cét trung binh trong
thoi gian T la cua toan dong chdy.

| 128

Q== | fa. (b ydbdr
TI—'I‘!QO

Luu lugng bun cdt don vi trung binh q_ = %‘-

2.5.1. Bun cat day

Trudce hét phai néi dén cong thic thuc nghiém duge st dung rong rdi nhat do Meyer -
Peter va Muller (1948) gidi thiéu. D6 déc nang luong S duge chia lam hai phan song chi
¢6 mot phan (uS) ding dé tai bin cét, vt qua siic can clia hat. y phu thuge hinh dang day:
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1= (Coea/Cra) (2-84)
He s6 Sedy: C = 18lg(12R/k,) (2-83)
trong d6 tinh G, thi 18y k, = dsq; tinh Cp,, thi k¢ 1a chiéu cao séng cét hay con cdt; anh
hudng clia hinh dang ddy thay déi tir (0,5 + 1,0) tuong ung véi diéu kién ti cén cdl téi
ddy phang.
Luu lugng bun cat ddy don vi dp dung cho d = (0,4 = 30,0)mm va do déc
S =002 = 0,0004 la:
a, =8y8gd* [(WRS/ A~ 0,047 (m/s.m) (2.862)
Dang thitc ctia biéu thie (2-86a) lién quan dén u. va u.c do Grishanin bién ddi:

8 2 2 41,5
= U* _U.* v
dp A ( )

trong d6: u, =0,22./Agd ;

A = 1,65 cho (2-86):
€y - Xac dinh theo quan hé u. = v voi C/ \/g xac dinh theo (2-42)
(C/e)

hay (2-43) hoiic ¢6 thé xéc dinh theo biéu thitc khac.
Sur dung hai thong s6 ¢ v w cia Einstein thi (2-86a) ¢6 dang:

o=[4/y-0,188]" (2-86¢)

Einstein xuét phét tir quan diém xdc suat chuyén dong cha hat dé nghi quan hé
thuc nghiém:

¢ = f(y) (2-87a)

trong d6:  y - thong s dong chay hay cudong do ng sudt ti€p, 1a gid tri nghich dao
thong s0 shields:

d
¢ - thong so tai cat
p= 3 1 (2-87¢)
Agd

Quan hé giita luu lugng bun cat khong don vi va thong s6 on dinh ddy theo thi
nghiém cho trong hinh 2.11. Bazilevich V - A (1989) chi ra khi y > 20 (di¢u ki¢n 16i
han 13 y =~ 20) thi ¢ = 6,56 x 10"%/y'® (Paintal, 1971, JHR, pp 91-113).
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Hinh 2.12: Quan hé gilta thong s6 ¢va wiheo thi nghiém
Fod=286mm: 2.d=52Imni; 3.d=521mm(barits); 4. d = 5,21mm (than); 5. d = 7,.02mny;
6.d=172mm;7.d=07%mm; 8 d=0,375mmva 0315mm; (1,2,5,06- s6i; 7,8 - cdt)

Van Rijin (1993) chinh 1i cong thic dé nghi (1984) sau khi sir dung s0 liéu tai cat day
trong song & Ha Lan v Ai Cap (song Nile) ¢6 dg, = 1.050 + 530um) va (600 + 200)pm;
dyg = (1.270 x 90 um va (1.600 + 300)um; chiéusauh (m)=4,5+ 98 va 4 = 6; toc do
(m/s); V,, = 0,45 = 1,55 va 0,33 + 0,83; va q, (kg/s.m) = 0,002 + 0,18; va 0,0005 = 0,023,
vdi ddy chi y&u 1a con cét da cho:

eV (v —v )"
qh=0,015pthh[ ;") {;M h“} (2-88)

JAgdy,

Sir dung phuong phip Soulsby (1997), Van Rijn (6-2007) viét lai (2-88) dé dp dung
cho ca dong chay cé séng chay 6n dinh:

1.2
ao
q, =0,0150p Vh [—;“-] Me'? (2-89)
0.5
. V. -V, R A A
trong do: Me =] —/——= - thong s6 di dong;
JAgd

V, = V,, +7U,, - t6c do c6 hiéu qua, véi y = 0,8 cho séng déu va y = 0,4
cho séng khong déu;
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Uy = nH/[T, sinh (kh)} - t6c d6 quy dao séng tai dinh séng (dua vao li
thuy¢t séng tuyen tinh (H, - chiéu cao séng; T, - chu ki dinh s6ng);
\%
+U,
chay 1dy thco bi€u d6 Shields; V,, - toc do t6i han d6i vdi séng
theo Komar va Miller (1975).
Tinh V. va V. Van Rijn (1993) dé nghi cong thic don gian:

V=BV .+ (1 -PB)V,_, (véi = v ; Vi - t6c d6 t61 han cha dong

Ve = 0,19d 1g(12h /3d,,) cho 0,00005 < dy, < 0,0005m (2-90a)
Voo = 8,5dg) 1g(12h /3d,,) cho 0,0005 < dyy < 0,002m (2-90b)
Ve = 0,24(Ag) " ¢U5 T cho 0,00005 < dy, < 0,0005m (2-90¢)
Vew=0,95(Ag)" "y T cho 0,0005 < dyy < 0,002m (2-90d)

Nghién cau ciia Shuliak (1971), Snishenko (1978, 1982, 1983) cho thay t6¢ do dich
chuyén séng va cén cit ddy & dong chay tya 6n dinh:

C, =0,019vFr>* (2-91)
trong dé: Fr=V/ \fg—h

Bien doi (2-91) dé tinh luu lugng biin ¢4t néu bigt chidu cao séng hay con cat h,; va
ap dung cho song viing déng bing (theo Bazilevech, 1989):

V3.9
q, =0,0076h (ghh)"‘lf’ (2-92)
BV ANEAVACE
trong dé: b, = 3,5£—L)—— (2-93)
R
lg- —+ 6}
[ dso

R - bén kinh thuy luc; hay h < 1m thih, =0,25h
h>1mthih,=0,1h+02
2.5.2. Luu long bim cat lo limg
Bun cdt 1o limg ton tai trong dong chdy khi dong chdy ¢6 cuong do r6i cao va diéu
ki¢n gan dung la thanh phdn ding cia t6¢ do manh dong xap xi téc do dong luc,
Ui > @y (2-94)

Dong bun cat lo limg khoéang 90 - 95% dong chay chia bin cét ciia song dong béng,
c6 hat < 0,05mm, ¢6 vai trd to I6n trong dién bién long so6ng. Phuong trinh khuéch tdn
roi la co s cha Ii thuyét bin cét lo limeg.
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Phuong trinh khuéch tdn 161 doc theo dong chay:

%4_ Va_C_D1 o°C
ot of o1

(2-95)

trong d6:  C - ham luong bun cét trung binh;
D, - hé s6 khuéch tin r6i doc theo chiéu dai dong chiy /7;
V - t6¢ do trung binh song song véi phuong /.
Nam 1988 mét nhém cac nha nghién citu An D6 d¢ nghi sir dung D, cho song thién nhién:

(32
D, :339u*H[£J (2-96)
C
Dai v6i dong chay 6n dinh phuong trinh khuéch tén theo chiéu sau dong chay:
d
T P P (2-97)
dy dyl "dy

trong d6: £, - hé s6 khuéch tin bin cdt (g, = D,).
. . dC
Tich phan (2-97) cho: 0,C+e, "d_ +A=0 (2-98)
y

trong d6 hang s& tich phan A = 0 v6i gia thiét ham lugng biin cdt gn mat nude bing
khong. Giai (2-98) can biét quy luat phan phdi téc do va ting sudt tiép dé danh gid ¢,
Luu lugng bun cdt o ling:

I

9, = f cudy (2-99)
y=d
4
Engelund dé nghi: q,, = O,Sq{ - J .
(DU

2.5.3. Tong lun rong bun cat

. i . d —
Laursen (1958) tong lugng bin cdt phu thudc vao thong sé chinh 1a: : —l—; va C
m(l
theo trong lugng, Lai_ déi véi mot loat hat nhit dinh, do dé:
fhe
7;:: = f[ = } (2-100a)
(d. T, @;
X ! £
h tl]ci
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trong dé tng suét ti€p d6i vai hat:

- y? d_il,fsm v? im
‘“_p7,662 h) Psgln

T, =0 (pAgdi)

luu lugng bin cét theo trong luong g, = CS q, (kg/sm).

trong doé: S, =2,65;
q - luu lugng nude (m3/sm).
Khi d < 0.2mm thi: q, = %6 (2-100b)

Ackers va White (1973) dé nghi:

q{ u* n ~ m )
B3]t

I—n
uy \Y%
F, - véidlad 2-101
o ,/Agd(S,ﬁélgth/d] . (210D

trong dé: A, C, m va n x4c dinh theo thi nghiém lién quan dén d. vd A :(p“ —p];
p

3

A
d, =322 dtad,

Ve

(a) Hat tho d. > 60; n=0; A=0,17; m = 1,5 va C = 0,025.
(b) Ving chuyén tiép 1 < d. < 60 thi:

n = 1,00 - 0,56lgd.
m = (9,66/d.) + 1,34
A=(023/d.)+0,14

[E,Hﬁ(lgd-. )= {lgda ) —3.5?.]

C=10
Gia tri A thé hién gid tri t6i han cta sé di dong hat F,., diéu kién 16i han /6 . Két

Vv .
qua rdt ra tlr thi nghi¢m ¢6 0,04 < d (mm) < 4,0 va Fr=f < 0,8 va 68% s0 licu
gh

(1000 trong phong va 260 hién trudng) cho 0,5 < (qyn/gee) < 2.0 phit hgp hon so véi
cong thirc cla nhiéu tac gia khac.
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Chuong 3

DU POAN BIEN DANG LONG SONG THIEN NHIEN

3.1, KHAI NIEM VE CAC DANG DIEN BIEN LONG SONG

Cac dong chay trong tu
nhién cé day va bd, thanh
la loai vt licu dé bi x6i nhu
cdt, soi san, sét, dit bot va
cic hinh thitc hén hop khac
nhau cda ching tao thanh
I6p bién di dong, chiu tac
dong xdi boi thudng xuyén
cua dong nudc, tao ra su
matl 6n dinh ty nhién, thay
doi lien tuc hinh dang ddy,
hinh thinh va mat di cic
ddo noi, cac long lach, tao
ra dang cdc vong day trén
mit biang. dé lai cdc khic
- s0ng chét... Mdc dé mat on
dinh luén thay déi cling v6i
cdc hién tuong thuy van
(mua, 1d, bio...), sy mat 6n

Hinh 3.1: Ba hinh dang chinh cua dong séng
a) Dong chdy thing; b) Dong chdy xodn; ¢) Dong uén lion

dinh clia day song vi by song, cac loai thuc vat va pham vi phdt trién cia ching & bd va

bdi séng ciing nhu mitc d khai thac bii séng cla con ngudi. Bién dang long song ¢é thé

thuoe toai luan phién hay khong luan phién (khong déi ché cho nhau). Sy bién dang
khong luan phién tiéu bicu nhat 1a do luc quay coa wdi dat (luc coriolit). Da s6 cdc bién

dang tu nhién clia long séng thuoc loai luan phién nhau tao ra sy 6n dinh ¢6 tinh théng ke

theo thii gian, quan hé vdi cu tric Iong song. Dong chay va su bién dang cua long séng

tr nhién ¢6 ba dang bién dang co bin nhdt 1a: chuyén dong ctia cdc bdi lién bd, bién dang

theo mila ciia céc lach can va su hinh thanh lai cic bién dang cong kicu "meander”. Dong
song thién nhién thuong chia thanh ba loai nhu hinh 3.1.



Trong nghé giao thong con phan chia dong song thanh dong song c6 bai va khong ¢é
bai song. Béi song khong phai 12 két qua thudng xuyén cia 1 I6n ma la két qua clia dich
chuyén ngang dong chay tir b nay sang bi kia theo thai gian, 14 két qua ciha dao sau
lach sau va béi ddp bdi cét phia trong dong song. Nhin chung, cdc bdi song thudng bi
ngap trong mua lii, nhat Ia 16 cao.

Nghién cttu chi ra song thing néu chiéu dai lach sau so véi chidu dai thung ling sdng
nho hon 1,5, Vio mua can lach sau dao dong ngang trong pham vi long séng mila can,
dong chay huéng tir b nay sang ber déi dién tao ra bii c4t lién bo. Loai bién dang nay
chi ¢6 tinh tam thoi.

Loai séng c6 nhi€u lach len 161 gifta cic dao ndi 13 loai sdng ma dong chay mang
nhi¢u ban cdt hat tho vugt qui kha ning tai cat clia dong chdy. Luu lugng bin cdt ddy
dong lai lam ddy nang cao & phan trén trong lic doan kénh phia duéi cé do déc 16n
hon lam ting t6c do trong mia can. Mia lii ddong chay tran qua cic ddo ndi, cdn cit
lam x61 mon, thay doi vi tri cha chiing ciing nhw cdc lach sau tao ra mét mat bing méi.
Loai song nay ¢é mitc d9 6n dinh kém, thay déi hudng chdy manh, chiu tic dong 16n
clia ning cao, ha thap ddy song, c6 chiéu rong dong chay 16n va nong, dong thoi rat
khé du dodn.

Loai song cong "meander” thudng ¢6 dang chit S luon bién déng theo chicu dai va
chiéu ngang v&i viéc hinh thanh va mat di cac khdc lugn. Dong song loai nay ludn
chuyén dong doc theo dudng c6 stic can it nhat, mitc do cong phit tri¢n khong déu phu
thuGe vio khd nang x6i by va pham vi bai song. Sau khi tac va cat vong day dé ni
thang, doan thang mdi c6 do doc 16n va tr diéu chinh dong thuong va ha luu (& séng cii)
d€ hinh thanh doan cong méi.

3.2, PHUONG TRINH PONG LUC CUA DONG CHAY MOT CHIEU

Mo hinh mot chi¢u 1a moé hinh truc long séng, st dung rong rdi trong thyc hanh xay
dung cong trinh thuy. Trong phén ndy sir dung phuong trinh dong luong (dinh luat 11
Niuton) mang tén phuong trinh [Saint Venant (1871)] cho dong chay én dinh déi dan.

v Bav?
—Ft———=9{(§ ~8§ 3-la
a2 TESe TS0 G-l
Thay S = _%y =S, _oh va chia ca hat v€ (3-1a) cho g ta c6:
ol o g
1 0v BV &
a—h+——+9‘——=(sﬂ-sf.)= S, — —— (3-1b)
ol got g ol C’h

trong dé: g =981 m/sz;
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Si+ S.s S - 1an lugt 1a do d6c nang luong, do déc mat nude va do doc day
dong chay;
B - hé s6 sira chita dong lugng, thudng B = 1,0 trong thuc hanh;

. 2 R 5 - 2 - A o N . gt . _
h - chi¢u sau trung binh cia mat cat, (h = B voi A va B la dién tich mat

cat va chiéu rong mat nudc).
2 2

Truong hop thay S, = ﬁ hay S, = é_l- phu hop véi diéu kién thong s6 khong

& . + N 2 - h a\ - s - - - p " - N
on dinh clia dong chay la mEw < 0,5, khi dé ton that c¢6t nude doc theo chiéu dai dong
v 0 :

chdy tai mdi mat cat va tai timg thoi diém duoc xéc dinh nhy dong déu.
Giai (3-1) dong thoi véi phuong trinh lién tuc:

QoA

0 3-2
ol ot (5-2)

Néu dong 6n dinh thi thanh phéan %: 0 §(3-1)va %A =0 & (3-2), khi d6 (3-2) s&

cho Q = Av = const doc theo chiéu dai dong chay.

Dong chay & doan song cong, chdy trén lach can (hay bii vit) 14 dong chay khong

avz 2

doi dan, do do ! >( hay % < 0. Khi gia t6c clia chuyén dong khong déu la duong

St . .
{F- 5 > 0] thi luc can cua chuyén dong nay duoc tinh nhu dong déu. Trong dong khong
‘

déi dan cdn thay P = (1 — £) do d6 (3-1a) sé la:

N (1-&) v
S = e(S, - S,
ol 2 al &5 ~3¢)

. _ .2 2

hay —gs — 2V
o a2 a B

(3-3)

Khi dong chiay m& rong khong tach khoi by thi & = (0,1 — 0.3), tich khdi bo thi
2, .
£ = 0,5: con khi ‘38—; >0 thi £ =0,

H¢ s6 Sedy C nén xdc dinh d6i v&i trudong hop cd ké dén hinh dang ddy va c6 thé theo
(2-66) vi (2-67). Ngoai ra d6i véi dong chay hai chiéu (tai ving clia song ra bién) thi
vivl

2—.

v* /C*h thay bing
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3.3. PHUONG TRINH BIEN DANG CUA DONG CHAY MOT CHIKU

Xét mot doan long song ¢ chiéu dai rit nhd d7 gidi han bdi hai mat car 1-1 va 2-2.
Téng lugng bin cdt vio qua 1-1: Q. Do luong bin cit thay déi trong d/, nén tong lugng
bun cat ra khoi 2-2 la:

Qy
. +——=d!
Q.‘\[ af
\
‘—‘—\
aQ |
—— :
Q, I Q
! T f Z\L
l17° 4
—t : ‘w;;sdl
—L L
I AN
|

\ y
af

Hinh 3.2: So dé riit ra phuong trinh vi phdn bién dang long song
(cdn bdng ban cdr)

Goi luu lugng bun ¢4t bé sung trén mot don vi chiéu dai doc theo dong chay 1a q; thi

do chénh gifta tdng lugng bln c4t vao va ra khéi d/ trong thoi gian dt L

dv, {(QNt +q;df)—[Q“ +%d!ﬂdt=[q; —%}da’dt (a)

Trong thoi gian dt thé tich bun cdt & ddy, bd song va toan mat cit ngang ¢é su thay
doi trong d/ 1a:

av, = (1 - e duar (b)
ot
Sur thay déi clia bin cét Io Iimg:

dv, = J(AC)

dud/ (c)

Quy luat bao toan vat chit cho phép viét (a) = (b) + (c):
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dv, =dv, +dv, (3-4a)

8Qsl +(1—€)B%+M_q; =(} (3‘4b)
ol ot ot ‘

Phuong trinh (3-4b) 14 phuong trinh bién dang 16ng song, trong do:

hay:

¢ - hé s0 rong cla bun cdt day lang dong;
B - chiéu rong long song;
¥V - cao do ddy trung binh ctia mit cat ngang.

Khi luu lugng bin cét 1 ling khong 16n thi (3-4b) s€ la:

aQ-l a?t} ¥
—SL i (1-g)B=L—q! =0 3-4c
Py (1-8) o s (3-4c)
Néu khong c6 bin cit bo sung doc dudng thi q, =0 vatacé:
Ry 1-gpPug (3-4d)
ol ot

L.uu lrong bin cdt lién quan truc ti€p dén t6c do dong chay, do do & doan dong chay
nio ¢6 téc do vigt qud 18¢ do khdi dong bun cdt thi & d6 xay ra x61 va ngugc lai 10c do
nho hon s& X3y ra bdi. Hé théng ba phuong trinh co ban (3-1), (3-2) va (3-4) du giai
quyét cho mo6 hinh ddng mot chiéu clia dién bién long song. DE giai can thém hai
phuong trinh bé sung clia quan hé luc can, tic 1a cong thite xdc dinh hé s6 Sedy:

C=C(g,p,pn.d,Q. A, B) (3-5)
va luu lugng bun cat: '

Qu = Qu(g, P, pyr 1. d, Q, A, B) (3-6)
trong d6: g, p vi p, coi nhu hing s& vat Ii; i theo nhi¢t do nudc va gan véi dudng kinh
hat d.

Ham QU/, 1), B(, 1), q,{, t) 12 diéu kién di cho cha bai todn, cao d6 mat nudc
y = h +¥,. Déi véi bai todn cu thé can biét diéu kién ban dau va diéu kién bién tai t =0
doivéi Bva y, laB=B({,0)va ¥, = ¥y, (L 1.

Diéu kién bién trén cha doan song: Q =Q(0,1); Q, = Q0. hva y, = y5 (0, 1) thé hi¢n
qud trinh thay déi theo thi gian cia luu lugng, luu lugng bun cdt va cao do ddy. Dicu kién
bien dudi ctia doan 7 1a: y =y(/, t) va Q = Q(J, ). Mifc do chinh xdc cla 101 giai phu thuéc
vao do chinh x4c cla cong thitc xdc dinh lue can thuy luc va luu luong bun cat.

Tiéu chudn tuong tu cho phép viét:

<. f[Re,E_-i, E} (3-7)
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va quan h¢ nay duge xdc dinh bang thuc nghiém da biét & chuong 2, song cdn nhé ring
nang luong co hoc tiéu t6n cho mot don vi khdi lugng chat long trén mot don vi, chiéu
dai dong chay co gid tri bang luc ma sat:

gV
PN

Mat khdc, nang lugng tiéu t6n cho mot don vi khi lugng trong mét don vi thai gian,
12 t6¢ do khuéch tan nang luong duge trung binh héa cho toan mat cét ngang, bing coéng
suat cua luc ma sat:

€4 =gSfV=%£uz

3.4. DU DOAN DIEN BIEN LONG SONG THEQ PHUONG PHAP CAN BANG
BUN CAT - BAI TOAN MOT CHIEU
Dé gidi bai todn ta dua vio mot s6 gia thiét:
(1) Chicu réng 1ong song B 1a ham cua chiéu 4ai dong chay / va cao do mat nudc y,
B = B(/, y) khong thay déi trong qu4 trinh tinh;

Q

. a - 7 - av -
(2) Trong pham vi tinh déng chdy coi nhu én dinh: i 0 va o =0.
e

(3) Cao d6 mat nudc bing cao do trung binh ddy cong vdi chiéu sau trung binh cua

mat cat ngang: y =y, +h, do dé (3-1b) s& la:

' 2
X@+§y_0+a_h+v__:0 (3-8)
gal o a Ch

Tir phuong trinh lién tuc Q = vBh ritra v = Q/BE va thay vao (3-8), sau mot vai

sap x&p ta ¢6:

. 2 n 2 2
ng h ol ol gB3h of C ng h
2 2 I
Biét rang: Q — = Fr?; Q_2 = Fr? h , do d6 (3-9) dugce viét lai:
gB’h gB’h B
G-py R, Do _p2hdB g oo (3-10)
a  a Bd (2
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e h B ., \
Trong s6ng rong vung dong bang tri s6 Fr va % kha bé nén A duoc bo qua; dong
thai khong xét ti ghénh can va bun c¢ét bd sung doc dudng g (Viée xdc dinh q rat

phtc tap vi phu thude vao tinh chit cla dat & mdi déc, chiéu cao va d6 déc clia mai doc
ciing nhu thuc vat phdt trién & b séng) thi phuong trinh bién dang sé 1a:

QL q_gpPo_g (3-11)
ol ot

Hé théng phuong trinh (3-9), (3-11) ¢6 bén an la h, Yo Qq va C, dong thdi ham
B(/, y) tai mbi mat cit phuy thudc vi B va cao do mat nude, Q(t) phéi cho trude cdc diéu
kién ban ddu va diéu kién bién. D€ giai can phai thém hai phuong trinh x4c dinh C va
Q,, nhung khong duge thém bién mai.

Hién nay c6 moét s6 phuong phap giai hé théng phuong trinh trén, mitc d6 chinh xédc
phu thudc vao viéc xac dinh C, luu lugng bun cat Q, va phuong phdp giai. Bun cét
khong cung loai, trong qua trinh x6i s€ xay ra hién tuong tho héa cling 1am cho 191 giai
thi€u d¢ chinh xdc vi s€ lam cham lai hay ngimg van tdi bun cdt. Néu t6c do vuot 1én lai
lam tang lugng biin cat...

3.5. MOT SO CONG THUC XAC PINH XOI TU NHIEN (HA THAP CAOC PO
PAY SONG)

Xai tu nhién phu thuéc vao loai song, ché do chay cua song, ché do bun cit va ch€ do
thuy van cla song, do vay x6i nay rat phitc tap, chua ¢é su théng nhit chung khong chi
vé ¥ nghia vat I méa ca v€ mo hinh todn. Sau day 12 mot s6 cong thiic goi ¥:

+ Cong thuc Lacey (1930):

1/3
h, = 0,4?[%} (3-12)

trong d6: f=1,76d% cho dsy < 1,3mm, don vi clia b, Q va d l4n luot 1a m, m*/s va
mm. Coéng thitc nay cho d6 dy trir 16n khi luu lugng bl cat 1dn.
+ Cong thic Blench (1969) cho cdt ¢6 0,06 < d55 < 2,0mm:

q2;’3
hy =12 = (3-13a)
d50

va cho s0i san ¢6 [M] = A= 1,65 vadsy>2,0mm:
P

q2;’3
hy, = 1,23 = (3-13b)
dSD
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Don vi chia h,,, g va dsg 13 m, m*/s.m va mm.
+ Cong thuc Maza Alvarez va Echavarria Alfaro (1973) cho d5 < 6mim (cho s6i san):

QO,784
h,, =0,365 — (3-14)

0,784 30.157
B,

Trong cdc cong thic (3-12) + (3-14), h,, la chiéu sau tinh tir cao d¢ mat nudc dén
cao do trung binh day.

D361 v6i doan séng cong ¢6 thé st dung cong thitc (ASCE, 1994):

h_ . =E{3,37"—0,66 1n[%ﬂ (3-15)
hay céng thic S. T. Maynord (1996):
h_. =E[1,8—0,051[5]+0,0084[Eﬂ (3-16a)
B h
cho song ¢6 N = 15+ 10, 2 =20+ 125 va 25 <02,
B h h]c‘mg

trong d6:  h - chiéu sau trung binh mat cat trudc doan séng cong;
R va B - lan lugt 12 bdn kinh truc long song va chiéu rong long song.
D¢ an toan nén tang chiéu siu tinh lén 1,2 1an.
+ Cong thic Thorne (1988) 4p dung cho R/B < 2 va B/h < 20.
. =H[2,07—0,19ln[%—2ﬂ (3-16b)

Hai cong thic (3-16) va (3-17) nén dp dung cho trudng hop Qpz; < 20% Q-
+ Cong thiic Znamenskaia N. S d6i vot song cé ddy cdt & dang song cdt, bii lién by
hay con cat.
DGi véi doan songghing:
h max Hp%{] + 0-, OSkp) (3'1?3.)
P61 vai doan song cong: -
B = hooy (1K) (3-17b)

trong dé: h,, - chiéu sau trung binh mat cét tuong tng vdi i tinh p% c6 don vi 1a mét,

k, phu thugc vio tan suat vuot 1i p% cho trong bang 3.1.
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Bang 3.1. Bang hé so kp

d (mm) ky/dsy > 1000 hy/dsq= 300 + 1000 hy/dsg =100 + 300
0,00-0,25 0,35 0,45 0,5
0,25-050 0,30 0,40 0,45
0,50 - 1,00 0,25 0,35 0,40

1.0-50 0,20 0,30 0,35

> 5,0 0,15 0,25 0,3

Chiéu séu x6i 16n nhit & noi hgp dong (ngi ba s6ng) duoe du doan theo codng thixc
Ashmore & Parke (1983); Klaassen va Vermeer (1988).

h ) o

%“" = 2,24 + 0,031 cho song ¢6 soi san, cat: o =30 + 90 (3-18a)
hTT"“ = 1,01 + 0,03 cho dét dinh (3-18b)

1
h

‘I‘H‘“‘ =1,29 + 0,037a cho 0,6 < Q < 1 va cat déu hat 0,15 < ds, (mm) < 0,25

p

(3-18c)

trong d6 h i chiéu sau trung binh clia song trude khi hop dong.

3.6. XOI O DPOAN SONG THU HEP TRONG PHAM VI DAI DOC DONG CHAY
3.6.1. X6i nuée trong
Xét doan séng mat cat chif nhat thu hep dai nhu hinh 3.3.

Doan séng thu hep dai 1a doan séng ¢6 L/b, = 1 (dugc Raika, 2004 do kiém tra). Ap
dung phuong trinh nang Iwong cho hai mat cat 1-1 va 2-2 trong diéu kién can bang x6i:
2 2
h‘+v—'=hz-|-v—2—clq+hf (3-19)
2g 2g

Trong doan thu hep dai, dong chay ddi dan do dé hy (hay h) ¢6 thé bd qua (Graf,
2003). Phuong trinh lién tyc gitta hai mat cat 1a:

V,h,b, = V,h,b, (3-20a)

Trong diéu kién x6i nude trong V, = V_ d6i v6i hat bun cdt nhat dinh thi:
V. —u., | (a)
fy
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Mat nudic ¥

Hinh 3.3: So dé doan dong chdy mdt cdt chiv nhét thu hep dai khi x6i can bing

a) Mdr bdng; b) Mct cdt doc.

vGi fy 1a h¢ s6 ma sat day theo Colebrook - White:

k,
1 _0.86m| NP, 25!
f, 14,8A,  Re, Jf,

trong do:  k, = 2d4;

A,, - dién tich mat cit doi véi ddy;

4VcAb .

Re, - s6 Reynold doi véi ddy: Re, = =
VI

D¢ hi¢u chinh dnh hudng cla thanh bén thi nén tinh f,, theo cong thic:

v
£, :0,316Rcb[4 e xhyby _Re, Pb}

vx2h, 2h,
va:

L:-o,smn[ Mso¥e | 251 J

N 3,7vRe,  Rey.ff,
Khi x6i cén bing thi (3-20a) s& la:
Vlh]bl = Vchzbz

(b)

(3-21)

(3-22)

(3-20b)

Biét Vy, hy, b, b, va dg s€ tim duge V_ tai mat cit 2-2, h, va Re,, thong qua phuong

trinh (a) va (3-21), (3-22) va (3-20b). Sau dé tir (3-19) mit ra:
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A \
d =h,+—<%-h -—L (3-23)
' 2g 2g
Phuong trinh dugc kiém tra bing thi nghiém cta Dey va Raikar (ASCE 12/2005) &
mang dai 12m, rong 0,6m, sau 0,7m; 0,3m cét cho cdt déu hat ¢ og < 1,4 va cit khong
déu hat o, > 1,4 (1,27 va 1,342) dsi voi cdt ¢é dgy = 0,81mm va cat tho, séi san
- b
(ds, = 1,865 2,54; 4,1, 5,53; 7,15; 10,25; 14,25mm}); b:ﬁ= 0,7, 0,6; 0,5; 0,4 tuwong
1
(g v6i 0,9 < V,/V, < 0,98 hay u., fu.. < 1. Hé s6 twong quan R giita két qua tinh va thi
nghiem 14 R = 0,94.

Trudng hop khong hiéu chinh anh hudng cua thanh bén thi:

h
V, =V, =u. x5,571g—2-+6 (3-24)
2d 5
Keét hop (3-24) véi (3-20b) s€ tim duge ds theo (3-23), két qua gilta ds theo 1i thuyet
va thuc nghiém cho R = 0,96, Két qua thi nghiém chi ra nén sir dung két qua khong cé
hiéu chinh thanh bén.

Nghién citu thue nghi¢m ciing chi ra ¢6 t6i 10 thong s6 anh hudng téi chiu sau x6i &
mat cit co hep d,:

d,=1,(V,h, p, p, 8 v, dsg, by, by, Gg) (3-25)
Trong dé: p, va p - khéi lugng riéng cia hat nude;
v =10 °%m?s;
g =98] m/s’.
Cac ki hiéu khdc nhu hinh 3.3,
bat Eig :$;c~i=dﬂ;f1=h—l;l:.vzb—2 va A Ps —P
© b | b, b, P

d, =f,(d,Fd, h,b,0,) (3-26)
- Vl - ~r L) @ ~ L} a L . -
trong dé: F, = - théng s6 Froude cua hat phan anh anh hudng cta hat bun cét
Agdsg
dén xoi.

K&t qua thi nghiém cho chiéu siu x6i cin bang 1én nhat:
dsmax = f5(Fe. d, b) = 0,368 a 017p 128 (3-27)

lec

¢6 hé s6 tuong quan R = 0,95,
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ds=0 7 ds max
-V, d =

v
., _ lec —
trong do: F]cc = — = Vl V,=V, 7 T smax h]

M » Viee

D61 véi cit khong déu hat o, > 1,4 thi ds phai nhan véi K, véi K phu thudc o, lay

theo d6 thi & hinh 3.4 do dnh hudng cla thd héa 1am gidm x6i; Thi nghiém chi ra x6i

giam 25% so v6i cat déu hat, tuy nhién khi ¢, > 3 thi giam x6i khong con bi én}l hudng

ciia cdp phdi hat. Phuong trinh (3-27) 4p dung cho 0,26 <F,. < 0,66; 0,0095 < d <0,16
vai0,4<b <0,7va09<v/V. <1

V=V,

0,15 1
] ]
Je 1
0,12 1. v 08
B & ]
gosq] TP, 06
. < ]
0,08 4 0.4
] Y ]
- 6& -
0037 RO SV 0.2
0_I]['I[III[II]II|\FII|'I[I'I[]['I[ 0—IlI'I]'IiT!I|TE[ITIIIIII-I|II-|
1 15 2 25 3 35 4 1 15 2 25 3 35 4
Iy G4
dgo{mm)

< 08t & 254 ©553 41425
x 1868 +410 a7,15 +10.25

Hinh 3.4: Hé s6' K s la ham ciia g khi 0.9 <V /V, <098
Két qua so sanh véi cong thifc cha:
Laursen (1963): d ., +1=b"%7;

smax

Komura (1966): d, ., +1=L6F*?6°¢67%% vi Fr, =—= (khi V, = V,);
v gh,

Gill (1981):  d, . +1=1,5807%%

Lim (1993):  d___ +1=1854F)75 0733025
cho thdy phuong trinh clia Komura (1966) va cia Lim (1993) cho két quéa sat véi thi
nghiém hon.

Deé xdc dinh F, , can phdi thuc hién cc budc sau:

(1) Bo qua h; vad, =0 khi V, = V_thi:

Vily, v
hy +—Ye oy

27 (3-28)
22 2g
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Phuong trinh lién tuc gitta mat cat 1-1 va 2-2:
bihyvif _ =bohovsl, (3-29)

biéu kién téi han tai mit cat 2-2 1a:

Vs

h
=W.. x 5,751 2 |+6 3-30
YamYe ) g(msoj G50

(2) Biét hy, by, by vi dsg, Us, (biéu d6 Shield) thi V| _, dé ban cdt & pham vi co
2=

hep khdi dong va xéi s€ duge xdc dinh thong qua phuong trinh (3-28 -+ 3-30).

Thi nghiém chia Dey va Raikar cho thdy: x6i thu hep tang khi d¢ tho bun cat tang (so1
san); ting F, thi x6i gidm ddn d&i v4i thu hep nhd song nguge lai khi thu hep 16n; x6i
tang Khi v, tang d&i v6i chiéu sau h; nhd, song khong bi anh hudng bdi h, 1én. Trong x6i
thu hep chiéu sau s6i thuong duge viét & dang h, 12 chiéu sau tinh tir mat nude 161 ddy
sau x6i & mat cat, do vay (3-27) dugc viét lai. '

Cong thic Dey va Raikar (2005):

v 0,55 b 019 b 1,26
hxmax = l’ll +dsmax = l-ll +0’368hl e ('—"]_'} [_1} (3‘31‘1)
agh, dso b,
hay:
v 0.55 h 0,19 b 1,26
h,ax =0 | 1+0,368 lec [—-I—J [—'} (3-31b)
\;Aghl dsp b,

Cong thie Laursen (1963):

b 0,857
h, =h|-—2% (3-32
X Max 1 ( b] ] )

Cong thire Komura (1966) (cho dgy = 0,35mm va 0,55mm):

v 0.2 b 0.67
hmax:h,xlﬁ{ ‘"J [—1] 0';0‘5 khi(V, =V, (3-33)

Jeh, ) (b

Cong thuc Gill (1981):

1,857
hx max h] X 1’58 L (3'34)
b2

Cong thitc Lim (1993) (d5, = 0,47mm):
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v 0.75 b 0,75 d 0.25
hxma = hl x 1,584 I [—IJ [ﬁl (3-35)
" (x/gdsn } b, h,

Cong thic cua Gill khdc cong thite Laursen, he s& 1,58 c6 thé do sy khac nhau vé
duong kinh hat va ti s¢ b (Gill thi nghiém véi ddy cdt c6 dsp = 0,92mm vi 1,53mm).

X6 thu hep trong tu nhién xay ra khi dong chay chay vao viing thu hep cta cdc ndi
da song ddy la cat, qua ving dong chay dugc gia ¢é bo chéng x6i, viing kénh héa.

3.6.2. Phuong trinh do6i véi ddy cat di chuyén - x6i nuée duc

D¢ giai quy¢t van dé ta st dung gia thiét:

(1) Dong chay én dinh;

(2) Kénh c6 mat cét chit nhat nhu hinh 3.3;

(3) Quy luat tai cit c6 thé & dang phu thuge vio tng suat tiép ddy.

— I f(r,) = @) (3-36)

gpds,

Theo Garde (1968) va Garde va Dattatri (1963) thi C=16 va N = 4.0.
Chod =(0,011 + 0,93)mm.

(4) Quy luat luc can:

2/3 172

7] (3 o
g

déi v6i kenh chit nhat rong, thay R = h thi (3-37a) duoc viét la:
v=md ph23g!2 (3-37b)
trong d6: m = K\/é ; K =3,2 cho séng cat ddy va con cét ddy, K = 6,0 ddy phang, qud
do va song cat nguge (Garde va Raju (1966)).
Xét doan kénh nhu hinh 3.3 ta ¢6:
Phuong trinh lién tuc:
vibh =v,b,h, =v,b,h, (3-20a)
Phuong trinh téng biin cat cho toin mat cit:
4y b =44, | (3-38)

va phuong trinh téc do:
Vi = mldl—li6h|2£35:f2

(3-39)
lfﬁhiﬂslzfz

vy =Mmyd,
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Thay (3-39) vao (3-20a) ta ¢6:

142 -1/8 543
S b,m, | d, h,

172 1/(1+2N} —_— 1/2
S0 (b dy 2N By (3-41)
Sl b2 d2 hx

Can bang (3-40) va (3-41) rit ra:

7(1+2N 7 ~7)/7(1+2N

b (b, 12N/7(1+2N) ) b/ a @N-TYT0+2N)
L= — — — (3-42)
h] b2 m, X

Gia thiét d, = d, va m; = m,, nghia 12 ¢& hat va ch€ d¢ chay ¢ thuong luu va doan thu

hep nhu nhau thi:

h b IZN/T(H2N)
e P [P & (3-43)
hl b2

0,686
Lay N = 2 thi Komura (1966) cho by = El— .
h, b,

h b 0,76
N = 4 (Garde) thi: —*=| L .
h1 b2

K&t qua do mot s6 song trong thuc t€ (Griffith) cho s6 mii bang 0,637.

Céc nghién ciu chi ra mide do chinh xdc ciia 10i gidi, gia tri clia s6 mi phy thuoc vao
lya chon cong thirc x4c dinh luu lugng bun cét, cong thiic xdc dinh nham hay quy luat
luc can phi hgp vé6i quy luét dién bién long song noi nghién ctu. Tom lai su tang chiéu
sau dong chay tai ving bi thu hep dai ¢6 thé duge xdc dinh thong qua cdc phuong trinh
lién tuc d6i v6i nudc va bun cat. Phuong trinh lwu luong nude duge tinh thong qua
phuong trinh Sedy, phuong trinh biin cat théng qua tSc do dong chay hay tng suat tiep
dong chay.

Luu lugng nudc: Qpa = Q, +Q,, =const (3-44)
Liu lugng bin cit néu theo toc do thi:
Q, = b, =blavM)=const (3-45)

trong d6:  Q, va Q, - 14n luot Ia luu lugng nude ¢ 1ong va bai song;
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Q,, - t6ng luong biuin cét;

b - chiéu réng 1ong song;

v; - t6c d§ trung binh cta [dng séng;
a - hé so.

DGi v6i dong chay khéng c6 béi hay bd qua luu lugng dong chay bai khi luu luong
bai khd bé thi:

(43
he 1By v6i o =067 + 0,8 (3-46)
hl b2

Gid tni o = 0,67 tuong ting véi phuong phdp ché do chdy, Vanoni (1975) va Laursen
(1960) cho o = 0,64. Khi dong chay tran bai va luu lugng bai dang ké thi:

2
h b .
X [_IJ _ow (3-47)
hl b2 Qp% - Qb
Nhén x€t nay la nhiing goi y ban dau cho nguoi thiét k€ ¢ khdi quét trude khi di vio
tinh chi tiét.
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Chuong 4
XOI CHUNG DUGI CAU

4.1. GIO1 THIEU CHUNG

Cau la moét cong trinh vuot song trén dudng ot6, dudng sét; 1a mét phin quan trong
ctia duting, dic biét d6i vai dong nude 1on, hém nii sau, céc o bién; la cong trinh thuy
luc dat tién, song lai dé mat 6n dinh dudi tic dong cha dong 10, dac biét la 10 Ién va lii
lich str. Do vay, dé giam thi¢u t5i da rii ro, bai toan x6i & cdu phai dugc dat ra dau tien
trong moi khau ciia qud (rinh thiét k& Cau 1 mét cong trinh 16ng hop gém két cdu nhip
ciu, mo tru cau, duong diu cau & ving bai song, ke huéng dong, ke bao v¢ va cong trinh
gia c6 phong x6i cho cau, dudmng va bd song trong viing dnh hudng cia céu nhu hinh 4.1.
Pé dam bao cédc bo phan khdc nhau clia cong trinh cdu 1am viée binh thudng trong mua
1ii nhu thi€t k&, cic cong trinh nay phai duge tinh x6i va phong x6i day di. X6i tai mat
cat dudi cau va trong viing anh hudng clia cdu bao gom:

!

Hinh 4.1: So dé khdu do cdu

1. Phdn khdu do thodt nudc;

2. Ké hwong dong; 3. Pudng;

4. Ké bdo vé duong, 5. Ké b long song,
6. Mép long song,; 7. Mép lii thiét ké

(1) X6i do dién bién tu nhién ciia dong chay la x6i xay ra do sy thay d6i hinh dang va
cao do day dong chay, thay déi Jach sau, x6i tai khic cong cuia séng, noi dong chay bi
thu hep. Xéi tu nhién do tinh chat tu nhién clia dong song quyét dinh, khong lién quan
dén cé hay khong xay dung cdu, dd dugc gidi thi¢u & chuong 3.

(2) X&i chung hay x6i do that hep dong chay do lam cdu cé khau do thot nu6e nho
hon chiéu rong ngap lii tinh todn, 1a x6i xy ra doc theo dudmg day ciia mat cat ngang
dudi ciu va ca trong khu vire anh hudng ciia cdu, 13 két qua cua tang téc do dong chay
dudi cdu va ving dong chdy bi thu hep, két qua ctia phan phdi lai luu hugng nuée va luu
lugng bun ¢4t tai mar cat bi thu hep duéi cdu.
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(3) X6i cuc bg la x4i xay ra tap trung tai chén try, mé cdu, chin k& huéng dong, ke
ngang bao v¢, la ket qua clia su thay déi cuc bo dong chay tao ra cdc hé thong xody khéc
nhau gay x6i tai chan céc céng trinh nay.

Theo nguyén Ii cong tic dung, néu ba loai x6i dd néu xay ra déng thdi tai chan tru thi
chiéu sau sau xai tai tru tinh t&r muc nude thiét k€ la:

h, =h,  +Ah, +h, (4-1)
trong do: hyy, by, Ah, va he - chiéu sau x6i tai tru cau, x6i tu nhién, gia s8 x6i chung va
chiéu sau x6i cuc bo tinh tir cao do ddy x6i chung:

Ahx = hx - hxtn

Xoi (y nhién anh hudng t6i x6i chung va x6i chung dnh hudng téi x6i cuc bd nhu
hinh 4.2.

JTTTTTITTS AR

o)

TP TTTR T

Hinh 4.2
a) So do xii chung; b) Xoi chung két hop x6i cuc b tru.
1. Dueong ddy truce x6i; 2. Buong x6i chung; 3. X5t cuc bo.

4.2. XOI CHUNG

Chiéu sau va dién tich x6i chung tai mat cit dong chay dudi ciu c6 thé bi anh huéng
boi mot. mot s6 hay tdt ca cac y&u t6 sau:

- D6 déc, wyén séng tu nhién va s dich chuyén clia long song.

- Thanh phan va luu lugng bin cat.

- Thoi gian xay ra 4.

- Vat tr6i trong mita 1d va su tich dong cta chiing.

- Su thu hep dong chay hay thay déi lai tuyén chay do lam cau.

- Su bo tri va kich thuée cong trinh chinh tri séng.
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- Kich thude, hinh dang va noi dat tru cdu.

- Cdu tao va sap x€p céc loai dia ting ddy song, by song.

- Anh hudng clia bién phap phong x6i (phuong phdp bo da...).

- Thay do6i tu nhién hay nhan tao ch& do chay va ché do bun cét cha doan song.

- Sat 10 bd sdng gan cong trinh.

- Anh huding thuy triéu (song ving triéu).

Xo1 10 dudi cau lién tuc xay ra khi lugng bin cét bi tai di dudi cau 1Gn hon luong bun
cdt tir thugng heu chuyén dén cdu; x6i ngitmg khi hai luong nay can bang (can bang dong).

4.2.1. Phuong phap Laursen (1960)

Dé gidi quyét van dé cdc gia thiét
sau duoc dp dung: Quw \

(1) Dong chay dinh ké Qpo, thiet ke o .

coi nhur én dinh. — b1I (L
(2) Mat cit cdu & cusi doan dong Qy /’

chay thu hep dai va tir tr, dong thoi

luu lugng bin cdt & dong bdi bang
khéng nhu so d6 & hinh 4.3.
Luru lugng nude:

Hinh 4.3: So d6 xdc dinh xéi chung
theo Laursen

1
Quotk =Q+Q, = n—bzh}’ﬁ,/hzs2 (4-2)
2
Luu luong bun cat: Q1 =0,
va
Q, ~ CIQ; = CZQP% (4-3)

trong d6:  Qp Q, va Qg - luu luong chdy ¢ long song, bai séng va tong luu luong
thi€t k& c6 tan sudt vuot ki p%.
Q,, va Q, - Iuu lugng bdn cdt @ mat cit 1-1 va 2-2;
C; va C2 - ham luong bdn cat trung binh hay do duc trung binh &
long séng cha mat cat 1-1 va & mat cat 2-2.
Luu lugng Q, va Qg dugc xdc dinh theo cong thic Sedy - Manning.

Gia tri C (trung binh theo trong lugng) do Laursen dé nghi & (2-99a), trong d6 doi

vGi dong 1 1dy xap xi:
Tﬂ_l ~ Ydo _ v?
T, 1. 36d*°h)?
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nQ\/g

f(”—*] duoc thay bing K[”—*] véi u. =/ghS vi bang e
(3}

©
w 1a do tho thuy luc cba bin cat ddy song.

a thu¢c U,/w theo bang 4.1

Bang 4.1
(u./w) <172 =1 <2
a 1/4 1 9/4
Thay gid tri C vao (4-3), sau khi sép xé&p lai ta cé:
6 2+a 6( a
6.7 b il
5-2_: Qp% (bl]?[m;]](}lg-]?\%aj (4-4a)
h, Q b, n,
trong (4-4a) dat E 2+a =k, va E L] =k, thi (4-4a) dugc viét lai:
7 7\3+a
617 K ko
() (2] (2] (b
h, Q b, ]
k, va k; thudc u./m cho trong bang 4.2.
Bang 4.2
./ k ky Kiéu tai bun cat
<05 0,59 0,066 Hau hét 1a bun cat day
05-20 0,64 0.4 Mot phan 12 bin cét 1o limg
>2.0 0,69 0,37 Hau hét la biin cit lo limng |

Cho rang hé s6 nhdm n, = n; va s mil < 0,37; goi h, 14 h, chiéu siu sau x6i chung
dudi cdu, by 1a chiéu rong long song (b, = By, b, 1a chiéu dai thodt nudc dudi ciu

(by = L) thi:

6/7 m
hy - (QP% } [i\ (4-5)
h.’ QI Loc J

trong d6: m = 0,59; 0,64: 0,69 khi — = é—; bing 1 va > 2.
[4\]

Gia thiét (2) rit ra biéu thic (4-3) ngu ¥ néi dong chdy dudi ciu khong phan chia long
song va bai séng, ndi khéc di 1a dong chay dudi cau chi c¢6 long séng hay sau x6i chung
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long song md rong ra todn cau. Biéu thifc (4-5) chi ra mat cat long song vi dudi ciu sau
x&1 ¢6 dang chit nhat dong thdi h, va h; 1a chiéu sau trung binh cla mat cat dudi cdu sau
X061 va cua long song lic ty nhién (chua x6i chung). Khi thi€t k€ cau cé L, > B, thi (4-5)
s€ cho (4-6) vi cic dicu kién cla long song khong bi anh hudng cua ti s6 (B/L).

0.86
b _ (%ﬂ] (4-6)
h, Q

L. - chiéu dai thodt nudc dudi cau khong ké chiéu rong truc va hé sd that hep chung
toan cdu néu coi mit cat sau x6i ¢d dang chir nhét.

Néu mat cit khong phai dang chit nhat, 12 hinh thang chang han thi B, va L, phai
thay bang chiéu rong ddy dong chay.

Tuy nhién viéc xdc dinh chiéu rong mat nuéc hay ddy déu rat phitc tap, do dé B, hay
L. sé 1a gia tri trung binh cla chiéu réng mét nudc va chiéu rong ddy.

Ngodi ra, trong trudng hop chiéu dai thodt nude L, vuot qua chiéu rong long song
(L, > by), song sau khi x61 long song khong mé rong ra toan céu thi luu lugng Q. thiét
k& s& gom ca phén 1dng song va bii song dudi ciu, do dé phai tinh x6i cho 1ong riéng va
cho bai riéng, cong thitc x6i sé€ cé dang: |

617 K, K2
h, Q Bojcan Nyedy

Theo nghién ciu N°18 (5/2001) thi khi lam céu ciing ¢6 ba kha nang xay ra:

cmép mo < Bl'
(2) Cau 1am vira bing chiéu rong long séng L

frong do:

(1) CAu lam thu hep long song L

cmépmé B,

Ca hai trudng hop nay hru lugng dudi cdu déu 1a Q¢ thi€t k€ va bun cdt thong qua
sudt chiéu rong long song dudi ciu.

(3) Cau lam rong hon long song L, > B,

Truding hop nay ¢6 thé ldong séng dudi cdu sau x6i c6 md rong song khéng bang
chiéu dai cdu gitia hai mép md (L.pe, me)s day 1a trudng hop phie tap, tinh x6i nén
theo (4-4¢).

Truong hop x6i nude trong khi ma 1, < 1, thi sir dung phuong trinh lién tuc doi vai
dong nudc: '

cmép ma

Q =v,b}h; = v;byh,

Vi phuong trinh nang luong (Bernouli) khi gia thiét d6 doc & mat cat 1-1 va 2-2 nhu
nhau thi chiéu sau x6i d, trong so dd hinh 4.4 1a:
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V2 V2
d,=(h, —h,)+(1+K)| -+ -
§ (2 !) ( ){2g J

2g
2 2
d, h b
hay: —“‘=—2—1+1+KFr|2 LIRRET -1 4-7)
h, h 2 b, / L h,
. vy v
trong do ton that nang lugng h,= K 52—— 2—1 ; h€ s6 stra chita dong nang o, = «, = 1,0.
g 2g
Gi4 thiét trong dong 1§ —° = Vi R
PN \ :
do dé quan hé giita iing sudt tiép ddy trong i i

mat cit thu hep va thugng luu la: ___1_/

h
e o

2 1/3
v#{29
Tao _\ﬁ_ bl (4-8) h v7129
T, V, h, ! A
A, N\ 2
Str dung phuong trinh lién tuc dé khir t6c

do dong chay thi (4-8) cho: Hinh 4.4: Sodé x6i mucc trong

347 6/7
h) () (0 o,
h, Te b,

do d6 (4-7) duge viét khi khong ké dén sy khdc biét cla cot nude téc do va bod qua

1on that:
347 6/7
9 _[Fal (b} (4-10)
h, T, b,

Tqo - UNg sudt tiép chi riéng cho hat gay ra;

trong do:

T, - Ung sudt ti€p t6i han d6i v6i mot loai hat cu thé xdc dinh theo biéu dé Shiclds hay
Shields cai tién.

Nhu vay néu bé qua ton that va sy khdc biét cha cot nude tée do thi trong (4-9) ta
thdy h2 = hk’ hl = llfmg (h!), bl = bléng (B}) v b2 = LOC thi:

3/7 6f7
he [Fae| [ b (4-11a)
h! T Loc

va gia $6 x6i chung:
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4 347 b 6/7
Gs _j Tao. St M B | (4-11b)
h; T L

6/7
hay: $—0,6[-—9——~—~—J -1 (4-11c)

h, amhf‘%Lm

trong d6 dIa dudng kinh trung binh ctia diy séng.
Néu d, h;, L,.codonvilaftvaQla ft*/s thi:

6/7
d, Q
—£=0,13 =y } -1 (4-11d)

h, d "L,

(Richardson, Simons va Julien, 1990 - FHWA-HI-90-016)

Chiéu sau x6i h, = h; + d,. Khi xdc dinh ddng chay 1a nudc trong hay duc cé thé sir
dung cd hai cong thitc sau dé xdc dinh t6c do téi han gay x6i V.. Cong thiic clia Neil, C. R
(1968) dp dung cho dia chat 1a hat tho:

V., (m/s) =6,35h"%d? (4-11e)

hay: V. (ft/s) =11,52h"°d%? - (4-11f)
Cong thitc Laursen, E. M (1960) cho hat ¢c6 d = (0,011 + 4,08)mm trong thi nghiém:

V. (m/s) =6,19h"°dy (4-11g)

hay: V. (ft/s) =10,95n"%d}) (4-11h)

Trong cong thic (4-11e) va (4.11g) h va ds; cé don vi la mét. Téc d6 dong chay 1a
V < V_ thi dong chdy la nuéce trong va V > V_ thi dong chay la nudc duc. Phuong trinh
(4-11g) rit ra tir didu kien 0, = 0,039; S, = 2,65 hay A =22 =165 vhn = 0,041d45.
p
Cong thic xdc dinh x6i nude trong theo dé nghi clia Laursen duge hiéu 12 trong diéu
kién can bang ctia ving thu hep thi 1, =1

1, = YhS; = (*)

D361 véi dat khong dinh theo tiéu chudn Shields tim 1. = 6_(p, — p)gds,.

2,2
Khi 1, = 7 thi: pghnmv =0.(p, —plgds, rit ra:
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5 5 3 2.9 347
h =Y 1 n"Qpe, ()
" GC(SS B l)dSO (%) ec(ss - 1)d50LDC

trong do: S, =p, /p=2,65.

Thi nghiém va do dac trong song chi ra 6, = 0,01 + 0,25 tiy theo loai vat liéu ddy.
Doi v6i dong chdy c¢6 Fr < 0,8 thi 0, = 0,047 cho cdt c6 dyy = (0,065 + 2,0)mm;
8. = 0,03 cho hat d5; = (2 + 40)mm; 6, = 0,02 cho hat ds, > 40mm. Theo Laursen thi
n = 0.041di; . Tuy nhicn, FHWA NHI-01-004 (2001) dé nghi sit dung d_, thay cho d
v6i d,, = 1,25dg, thi n = 0,040dY° . Thay 8, = 0,039 vio (**) va sit dung d__ thi:

S0

— 2 ';
h, = ﬁ‘ﬁ} (4%)
| 404
r 2 37
hay: h = L;’[;U“j)z_ (5%)
40d. "L

trong d6: dsg hay d_, c6 don vi 1a mét; luu lugng Q ¢6 don vi la (m'/s); h va L. co don vi
la mét.

Céc phuong trinh tinh x61 néu trén cho gia tri x4i trung binh mit cit, khong cho phén
phoi xdi doc theo chu vi uét, ddng thdt xdc dinh x6i véi dia chat cung loai. Néu mat cat
song du rong, bii song 16n thi phai biét quy luat phan phdi téc do va dia chat ddy song
trude khi dp dung cic phuong trinh da néu.

4.2.2. Phuong phap O. V. Andreev (1953 - 1955)

O. V. Andreev xuat phat tir phuong trinh can bing bin cdt doc song:

oA _ 3Qy

4-12a
ot ol ( )

nghia la t6c d6 ciia gia s6 dién tich mat cat ngang dong chdy theo thdi gian bang gradicn
thay d6i luu lugng bun cdt tac 1ong theo chiéu dai. Thuc hanh thuong viét ¢ dang sai
phan hifu han:
ﬁ - Qsz - Qsl
At Al
Thay AA = B,Ah; B/Al = dién tich ddy soéng bi x4i trong doan Al rit ra t6¢ do ha thap
day song (xo1):

(4-12b)

_él}_z Qs2 _Qsl

4-13
At BAl 1)
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Theé tich bi x6i di trong thoi gian At 1a AhBAL.

Vay 1a x6i ngimg khi t6c d6 xdc dinh theo (4-12) va (4-13) bang khong. Do ché do
thuy dong ciia long séng khédc bii song nén cdn tinh nging x4i riéng cho long va cho
bai song.

34 q e ~ - - e z aA "
Biéu thic (4-12a) chi ra x61 ngimg khi toc d6 x6i bang khong: a—zo lam cho

Ry
ol

=0 hay Q, =const, nghia la:

Qy = Quca (4-14)
trong dé: Q,; va Q,, - tong luu lugng bun cdt (biin cdt ddy va lo limg) & long s6ng trong
trang thdi tu nhién va téng luu lugng bln cdt ké ca phan bi x6i & mat cat dudi cdu. Tac
gia sir dung cong thic ban thuc nghiém téng quét chung phit hgp v6i nhiéu tic gia:

B,v™ \%
=K 1-=< 4-15
Qq Y [ VJ (4-15)

trong do:

K - ham cia d¢ tho bin cat, phu thudc vao timg tic gia nghién ciu va chua ¢ sy

thong nhat chung;

m va k - s& mi it thay ddi gila cdc tc gia;

V - toc d trung binh & long séng;

V, - t8c A9 khong x6i 0 long song;

h - chiéu siu binh cla 1dng soéng;

B, - chiéu rong long song.

Goi chi s6 1 1a long song lic tue nhién va 2 14 1dng song dudi cau sau x6i chung két
thic déng thoi thay gid tri cia Q, theo (4-15) vao (4-14) ta duge (4-16) véi gia thi€t bun
cat (rudc va sau x6i gidng nhau, déu 1a bun cét tao long.

VlmBl i VC] _ VZmB2 1- ch
i Vi h} \Z

I/m

Vcl
B I/m h k/m l—v—
hay: V,=V, [—1] {—2] ‘ (4-16)
B2 hl l—h
Vs

Biét ring Bhv = Q do d6 ta ciing ¢6 biéu thitc chiéu sau trung binh ca long song sau
x6i chung (h, = h, 14 chiéu s4u sau x6i chung):
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1

V., Ym-k

m-1 m 1 c2

115.:: [.E%i.}£ﬁ;]z[:£22_l;;:1 \!2 (4_| ?)
hl B2 Qi 1- h
Vi

Gid tri trung binh cllas6 mi lA: m=4vak=0,4 < 0,5.
Do x6i sau ma V; tang lén cing véi V, do dé cho ring:
Vo Vo

Vv Y,

Ngoai ra sé mii

" =0,25 + 0,2 néu tinh di s& lam sai khdc (4-16) va (4-17) = 3%,
m+ )

do vay ¢d thé bo qua thanh phan thi ba trong ngodc don & (4-16) va (4-17) : cusi cung
ta ¢6 cong thic xdc dinh td¢ do trung binh mat cit & long song dudi cdu sau x6i chung
va chiéu sau trung binh cta 1ong song dusi cdu sau x6i chung:

174 1/
v, =V, [B’} hy | (4-18)
B, h; )
8/9 2/3
h, =h, (9&) &J (4-19)
Q B,

Trong d6 B, 1a chiu rong 1ong song dudi cdu sau x6i chung khong ké chidu rong tru
(chiéu rong thodt nude chia long séng dudi ciu sau x6i).

Biéu thic (4-19) chi ra khi tang chiéu rong long song dudi cau thi chiéu siu xéi
chung gidm di, song viéc tang luu lugng va m& rong 1dng cdn theo bat dang thic (4-20b)
d¢ giam chiéu sau hgp I mac dii x6i tr m& rong 1ong c6 thé 1a:

0,4B
B, _ htdibeed } 4-20
h Bim 'h! ¢ »
3/4
B/Q; +Bu4u(B; -B)) < (&J (4-20b)
B/ B,

trong daé:
By va By, - hé so tang cuong luu lugng 1dong séng va bii séng;
qp, - luu lugng don vi (qua mot mét chiéu rong bai) cha bai song lic tw nhién twong ttng
vai i thi€t k&,

(B, — By) - phén chiéu rong long song md rong vao bii song.
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Ngoai ra, sO li¢u thyc 1€ cha 12 cau c¢6: L. = (164 + 700)m v6i Q¢ 1a chu yéu
(1300 + 11300y m3/s vai B, = (48 + 700)m va duong kinh hat d = (0,5 + 45)mm chu yé&u
12 (0,5 + 2.5) dd xdc dinh duoc chiéu réng long md rong sau x6i:

0,43
B,-B,|1 +p[ _&} (4-20¢)
Qp%

(B. A. Kostelianets va L. L. Lishtvan, 1986).

Nhin chung hinh dang miit cit 1dng séng dudi ciu sau x6i van tuong ty nhu Idng séng
lic ty nhién, nén ¢6 thé xdc dinh duoc chiéu sau 1én nhat d€ dat tru nhd biéu thic:

hxmax - hfmax (4_43)
hx hi’
h,..
hay: By = B ¥ —Jl;"— (4-21D)
!

trong dé: h, xdc dinh theo (4-19).

Tuy nhién thuc t&€ cd thé sai léch, c6 khi léch téi 25% do vay cdc nghién ciu cia
Glagoleva T. N; G. A. Phedotov (1968, 69, 77) chi ra viéc tinh x6i nén theo ba nhém:

(1) Nhom thi nhat cé B < 1,4, xdc dinh x6i chung theo (4-19);

(2) Nhoém thi hai ¢6 B = 1,4 + 2,0 tinh x6i chung theo (4-19) song x6i két thiic tai
nhanh i ha ¢6 cao do thap hon dinh 14 AH.

AH=h_, (1- Ky (4-22)

trong do: K, —h/h
sau trung binh va 16n nhdl cia 1ii thiét k€ so véi
cao do bii nhu hinh 4.5. K;, = (0,3 + 0,9) thi
(L-K;?) =(0.33 + 0,04). 2 =

JE

max VOL b va b, 14 chiéu

AH

X6i do hang loat il gidng nhau tinh theo Bai
(4-19), song muc nudc 16 tuong tng véi v
(hynae — AH) dugce goi 1 x6i 16 gidi han gia thiét. b

(3) Nhém thit ba ¢ B > 2, nhat thiét phai MNK
tinh x61 chi ti€t theo dudng qua trinh 1ii va theo
cong thifc (4-13) va theo hang loat 1i thuc (€. Hinh 4.5: S0 do xdc dinh AH

Dé vin sit dung dinh Lii Phedotov gidi thiéu cong thic:

2/3
B
_ 89 _ (\pe1/2 { i
h, —h[[i(B, DK, +1}[B2] (4-23)
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Andrcev (1980) cho biét hau hét cdc cau

X b %
dang khai thdc cho x6t chung gan véi tinh theo ’ P
(4-19), mot vii trudng hop vuot ién song khong el ‘
qud 9% (1,2m) néu x4i khoéng bi gidi han theo '
diéu kién dia chat, }h"m“
X ) /
Doc theo chiéu rong didy song dia chat - .

FTTITITT T a7 i iriiidiiriiid
khong giong nhau, noi nao thuin loi cho x6i - .
Hinh 4.6: Thay dor hinh dang
mdt cdt ngang long séng khi xéi
bi han ché'theo diéu kién dia chdt

phdt trién, x6i x4y ra; nai ndo dia chat khé x6i
(gap tAng da gdc, ddt co hat rat tho nhu soi
cudi loai 16n, da tang...) s€ ngling x6i: Xéi han
ch€ theo diéu kién dia chat thudng chi xay ra & ving c6 chicu sau 16n nhat nhu hinh 4.6.
Bi han ché x6i theo dia chat & viing ¢é chiéu sau 16n nhat, dién tich mat cat dudi cdu s&
md rong hoac do x6i ddy song & tdt ca mat cit, hodac x6i bd long soéng (md rong 1ong)
hoic ca hai (vira x61 ddy vira md rong 1dng), nghia la Xx61 ¢ ndi ndo dia chit mém yéu
thuan lgi cho x6i phat trién. X6i 1am tang dién tich mat cét ngang long song s& ngimg
khi t6¢c do dong chay & long song giam xudng dén gia tri tdc do khong x6i doéi véi hat

dia chat ¢ ddy.
h 1/6
Vc = Uy [EX_J (4-24)

trong dé: u_4 - toc do khong xé1 tai ddy dong chay theo ds,.

Truong hop nay quan hé giia (hm,dx/ﬁ) sau x6i chung khong phu hgp véi ti 86 trén
trong diéu kién 1ty nhién ma bi giam di. R rang x4i bi han ché theo dicu kién dia chat
Iam cho x6i tir diéu kién c4n bing gi6i han luu lugng bim cat khong phét trién day du
thong qua tinh toan va x6i gidi han trén cha x6i 1 khong can thiét. Nhd rang hygi, g <
h, theo can bang gidi han luu lugng bun cat.

Bang 4.3. Téc do khong x6i day phi hop vai d, (mm)

[Loal dat Phan loai dsy (mm) .4 (M/S)
! 2 3 4
Hat nho 0,05-0,25 02
Cét Trung 0,25-1,00 0,2
Tho 1,60 - 2,500 02-0,25
Hat nho : 2,50-5,0 0,25 -0,35
Soi Trung 5-10 0,35 - 0,50
Tho 10-15 0,5-06
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Bang 4.3 (tiép theo)

! 2 3 4

Hat nho 15-25 0,6-08

Cudi Trung 25-40 08-10
Tho 40-75 1,0- 1,35
Nho 75 - 100 1,35 - 1,60
Cuéi lon Trung 100 - 150 1,60-195
Tho 150 -200 1,95 -2,25
Nho 200 - 300 225-275
P tang Trung 300 - 400 2,75-3.15

Tho > 400 > 3,15

Ngoai ra, dia chat khong déu hat s€ hinh thanh hién tuong tho hda bé mat ddy trong
qua trinh x6i 1am giam x61 hay nglmg x6i nhu hinh 4.7,

Hinh 4.7: So d6 chiéu sdu x6i ciia I6p dia chdt

w5 S T
i khong déu | - sif tho e
LA T 1ng déu hat 1ao ra s thé hoa

Dudng kinh clia 16p tho héa xdc dinh ti dicu kién toc do long song dudi cdu sau
x61 chung bang toc do Khong x6i doi véi 10p thd héa: Vi = Vg dupay 1 duong
kinh hat tho nhdt nit ra tir dudng cong cép phdi hat. Chicu day dai bi xéi di
d, = 200damax /(p%); p% 13 phdn trim theo trong lugng cla hat d,,. trong dudng
cong cdp phdi hat. P tim d,, cdn tim dudong kinh hat nhé nhat khong bi xou:

N \;’22

amin

d-un m - Uamin
‘ 2,56g 5,25g
theo trong lugng nhimng hat tho hon d,;, s€ xdc dinh dugc d,.

12 do khong x6i ddy =0,7V, sau x6i chung. Céd,;, va p%

Dé tinh x6i chung h, dudi cdu tuong tng véi chiéu dai cau da chon, quy trinh Nga hién
th¥ quy dinh tinh chi ti€t theo 4 nhém phu thude vao ti s0 thdi gian 1a tinh todn (t,) véi
thi gian X6i giGi han (t,,) quan he véi 1/ K™, trong d6 K, 13 he s6 day 1d trong (4-22);
B 1a hé s6 ting cudng luu lugng chung toan cau hay mic do that hep dong lii do cau.

t 1
(1) Nhém 1: V>V 2 s
txgh Kh

trong d6: V, - t6c do dong chdy & long song chua thu hep tuong ting vai 16 thi€t ke (m/s);
V, - t6c do khong x6i doi v6i dat § ddy song (m/s).
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Cong thiic xdc dinh chiéu sau xoi h,:

B .67
h, = h;BO'gg [_ i ) 425
Bolc
St Eblnl
Bolc =B (l-X)v6i h=——"—

ciu mép mé

trong do: B, - chiéu rong thodt nude cua long séng dudi cdu sau x6i chung khong ké
chicu rong tit ca cdc tru chodn dong chay; .

Chiéu sau x6i nay 1a do 1ii tinh todn khéng déi téc dung lau dai vio day song, 1a chiéu
s&u x01 gidi han dudi.

t
(2)Nhém 2: V,>V ;1< o< 1 ; va hy tinh thco cong thirc:
t K1'3B
xgh h
. B 0,67
h, =h [ 089 _1YKOSK + 1} - 4-25b
X ! (B ) h t B|c(l . 7\.) ( )

Nhém hai tuong ng véi 1i tinh todn thong qua khi ddy chua bi xéi goi 14 x6i g1l
han trén.

t
(3)Nhém 3: V,>V_; 0,15« <1;
t
igh

67
h, =h, [(Bo,s.o _1)1(3'5 + 1}{—%}6}0 {4-25¢)

X061 gay ra do hang loat i tinh todn ndi tiép nhau goi 1a x6i 16 gia thiét..

(4yNhém 4:  V,; > V; L <0,15; x6i h, do hang loat 1i xdc dinh trén may tinh
xgh

hay c6 thé tinh theo nhém 3 véi do du trit nhat dinh.
Ngodi ra néu V, < V; (xdi nudc trong) thi:
h. = hJ’BV!BJ’
* VB

cole

(4-26)

‘Thoi gian 1d tinh todn xdc dinh theo biéu d6 10 tai tram do thuy van khi chiéu cao 1d
VUOt qua cao do bai trung binh. Thoi gian x6i giét han t,on (ngay dém) xdc dinh theo:
tJ(gh -
1728004,

(4-27)
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trong dé: I, - chiéu dai viing thu hep dong chay dudi cau.
— BO __I‘cm

1+B,, /By

th

B, va L., - chiéu rong ngap lii tinh todn va chi¢u dai cau giita hai mép
md doc theo dudng mit nude tuong tng véi L thiét ke;
B, By, - chiéu réng bai nho va bai 1on;

K, - h¢ s6 tinh dén hinh dang phéu rét nude vao cau.

2

B

K; =04 20-0,5] +0,8 (2*)
Igm

X - chiéu dai tuong d6i cla ke huéng dong:

Ay = !_kli
'{Ih

(s, VA Iy, - chiéu dai ke & thuong luu chiéu len truc dong chay va
chi€u dai thu hep dong chay dudi cau).

q, - luu lugng bin cdt don vi:

Aq 4 V
= +AL |V R— 3%
q, (h?,zﬁ B} { ( V,] (3"

(A, va Qg dac trung cho luu luong bun car va bun cat lo limg).

K, - hé s6 anh hudng thoi gian 1a:

0.75

o
Kl=(1+_0’53) L\ khiK, <08 (4%)
B txgh
0,35
t
K, =| khi K, > 0.8 (5%)
txgh

4.2.3. X6i & bai song dudi cau

Bii song duge coi nhu dong nude trong khong tai bun cdt, do vy x4i ngiing khong
phai do diéu kién can bing biin cat doc song ma do diéu kién dia chat. Bai séng dudi cin
bi x6i khi toc d6 trung binh dong bai dudi cdu l6n hon t6c do khong x6i doi vdi hat & bai
Vi, > Vs X601 ngimg khi Vi, <V, (trong dé: Vi, , V, - t6c do trung binh cua dong

bai dudi cau va 16c do khong x6i & bii cdu tuong dng v6i dia chat o bii).
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A cha

, 4-27
bca Bbhb ( )

trong d6: Q. va Q, - luu lugng dong chdy & bii song dudi cdu va trong diéu kién
tr nhién; Q. = QB
hy, - chiéu sau trung binh ddong chdy qua bii cau lic tu nhién (chua am cau):
A
B,
(A, - dién tich phan bai song dudi cau lic ty nhién).
Xéi & bdi ngimg khi chiu sau d bii cdu hy, ting thanh h, [a chiéu sau xéi & bii song
dudi cau tuong (ng véi tdc do & bai ciu bang téc do khong x6i bai V,, =V, nghia la:

o= Bl (4-28a)
Bbvcb
Bi¢t Q, = B,V,hy, do d6 (4-26a) dugc viét lai:
Vo |_Bra
h, =h b | b (4-28b
* ’ [Bb Vcb ] Vcb )

trong dé: g, 12 luu lugng thuy trie & bai ciu lic tr nhién (m?/s) (4-26b) chi ra x61 ¢ phén

V,
bl song do thu hep dong chay s& khong xay ra khi By, V_b <1; V, 1a téc dé khong x6i
cb

dd1 véi hat (dsp) cba 16p dat ¢ mat bai song dudi cau. Khi Bb—h >1 thi x61 xay ra,
cb

song téc d¢ khong x61 V, phu thudc vao loai dia chdt va chiéu sau dong chay, tai chiéu

sau xd1 hyy, €0 t6c do khong x41 tuong tng:

1/6
h
Vcb = ucd[ ;b] (*)

Thay (*) vao (4-26b) rit ra:

e 6/7
by, =1 By Vohy ;—J (4-29)
trong do: d = dg; va u 4 theo bang 4.3,

Doi véi dat dinh xdc dinh x6i bdi theo (4-26b), trong dé V, ¢6 thé 1ay theo bang 4.4
mac dir dong 13 ludn ¢6 chiéu sau 16n hon 3m.
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Bang 4.4. Toc do xo6i doi véi dat dinh

T | Téc do x6i trung binh m/s
i . rong luong khi chiéu sau (m)
b Phan loai thé tich (ij_x)
0.4 1 2 >3
Khong chat 1,2 0,35 0,40 0,45 0,50
Sétva | Trung binh 1,2-1,65 0,70 0,85 0,95 1,10
a sét nang | Chat 1,65-2,05 1,00 1,20 1,40 1,50
Rat chat 2,05-2,15 1,40 1,70 1,90 2,10
Trung binh 1,2-1,65 0,6 0,7 0,80 0,85
paibot | Chat 1,65-2,05 0.8 1.0 1,20 1,30
| Rat chit 2,05-2,15 1,0 | 1,3 1,50 1,70

Do dia chit ddy song thudmg c6 nhiéu I6p khic nhau va tinh x6i phuc vu cho xdc dinh
cao do tru vi mo nén thudng xdc dinh x6i bii theo phuong phdp biéu d6 dua vao su can
bing gifta lutu luong thuy truc gay x6i q, véi luu lugng khong x6i cua timg 16p dia chat
qq: nghia 12 x6i dimg tai 16p dia chat nao ma & d6 ¢6 g, = qg.

hyp Voo, =BohyVy (4-30)
So dé tinh chi ra & hinh 4.8, trong d6 chi s6 r 14 dat ri, d 1a dat dinh.
MNTK MNTK MNTK
0 -
T

Bt dinh

Qg

Hinh 4.8: S0 do xdc dinh 56 hy, . bing biéu d6
v - ddr ror; d - dét dinh.
Trong hinh 4.8 truc hoanh tring v&i dudng mit nude 10 thiet ke la truc luu luong co
gia tri luu lugng gay x6i q,, dudng lién phét tri€n theo chi€u sau [a dudng luu luong
khong x6i & cdc l6p dia chat khdc nhau. Giao diém duong c6 gia tri g, song song véi
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truc chiéu sau 4 v6i dudng lién 1a diém ngitmg x6i va chiéu sau cia diém 1a chiéu sau

ngimg x6i h,, o bai cau.

Khi chi¢u sau x6i bai cdu xap xi bang chiéu sau trung binh ciia ldng song h , = (h;)thi

béi dugce néi vao 1ong séng hinh thinh 10ng song ma rong va bin cit chuyén dong trong

long song méi B, = B, + B,

4.24. Xac dinh chiéu sau x6i chung theo mirc do mé rong long séng dudi cau

a) Xoi chung khi chiéu déi cdu chi vuot
qua chiéu rong 1ong séng nr nhién B, duogc
chi ra & hinh 4.9.

Thay L, = B, = B(1 — &) thi (4-19) cho:

RN (% I
X max f max Q; Bf(l _ K)

(4-31a)
hay:

Qo
hxmaxzhlmax{ -

o

4 L.n=BL

MNTK

\\ T \\\1
%

Hinh 4.9: So do tinh cdu chi vuot Iong séng

(.89 1 .67
J ((1 —x)]

(4-31b)

trong dé: A - tong chiéu rong tru (Xby,) chia cho tong chiéu rong nhip cdu (I/ nhip)
phan chi€u réng A/ s& chan khong cho luu luong nudc va bin cdt chay qua, s& khong

duoc tinh vao chiéu dai thoat nudc.

b) Xoi chung khi chiéu rong long séng khéng md réng nhu hinh 4.10.

"x‘\\‘\‘\\\\\\\\\*‘\\'\\\\\ )

JARARAARTANRY ERAR) SARRATANNY

Hinh 4.10

Trudng hop nay xay ra khi bii song khéng bi ngap thudng xuyén c¢6 nhiéu cay to phit
trién, dia chat bai 1 loai khé x6i, x6i & long song dudi cau lém:

_ 8/9
h !

xmax ~ “{max
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c) Xoi chung khi chiéu réng long séng md rong ra toan cdu

Trudmg hgp nay xdy ra doi v6i bai song thudng xuyén bi ngap i, dia chat bai dé bi
X061 va ta ¢6: B, = L; dong chay dudi cau khong phan chia long song va bdi song
(chi ¢6 long song). Chiéu siu x6i s€ la: '

8/9 2/3
Q B
hx max h{max ( (5% ] {_‘r) (4'31d)
!

d) Xdc dinh x6i sdu nhdt cho phép theo tdng dd goc o ddy séng va loai hink tru
Néu chiéu sau dat méng tru md duge quyét dinh theo chiéu siu cua tang dd goc thi

chiéu sau x46i theo phép 16n nhét ¢6 thé theo d6 tru & hinh 4.11.
(1) Tru dat vao tang dd gdc (hinh 4.11a):

hy =h,-¢p—-A=—u-9d 7
fmax d ¢' 1+A/h(max

(4-32a)

trong d6:  h, - chiéu sau tang dd gdc tinh tir muc nude thiét k& (MNTK);
A - sal s0 xac dinh hy
¢ - chiéu sau moéng ngdm vao trong dat theo tinh todn va phai I6n hon
chiéu sau x6i cuc bo tai méng ¢ = h,..

MNTK

77/ MNTK MNTK

hikh

1 Lt,r do

]
|
Ajxmax
I hrrmax
e

Hinh 4.11: So d6 xdc dinh chiéu sdu x6i cho phép
Kbhi thiét k& néu chi dya vao hinh théi doan séng thi A = 0,15h,,.; song néu c6 do
thuy van thi A=0.
(2) Néu xay dung tru trong vong vay hé méng (hinh 4.11b) thi:
_hyy +AL -0

h, . = (4-32b)
fmax = 1L A/h

{max
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trong d6:  hy - chiéu hé méng tinh tir muc nuéc kiet (MNK);
A, - bién do thay déi muc nude tir MNTK dén MNK.

(3) Tru trén coc (hinh 4.11c) thi h,,, dugc xdc dinh theo chiéu dai coc tinh todn:

I +A_ —
h!’max == - ¢ (4—32C)
1+ A / h!max
4.25. Han ch¢ x6i long theo diéu Kién dia chat

Dai vai dia chat khong déu hat, trong qud trinh x6i s& xdy ra su tho hoa bé mat lam
dy

giam x6i. Dia chat day 1ong séng déng nhat khi E_S <4 + 5 tuong ting véi o, < 1,35;
5
d841 dso : N - . - Y N + 5 p
o, = p = d—— Khi hat cung loai, dudng kinh hat bi x6i thudmg nho hon dudng kinh
159 59

dso tr 2 = 2,2 lan. Song cdp phdi hat trong séng thudng cé 6, = 4, do vay goi dudng

d o '
kinh hat tho héa 1a d, thi 1ép thé héa hinh thanh khi dﬁ> 2 hay o, > 2 va 6n dinh véi
30
\ d _ : .
chiéu day §, cla né 1a: §, = 3d, hay E@ ~ 1,8 (Chin 1985). Chin, Melville va Raudkivi
50

(ASCE, 8/1994) bang nghién ctu ciia minh két hgp véi két qua cic nghién cdu trude

chi ra:

2
e famm (4-33)
Aglds, ymax ds,
6. ©
v © = 20,47 10,6’ (4-34)
6. 0,05

trong do: {dsq, )max/ds, got la T.

Biéu thic (4-34) turong duong nhu (2-24) vi -—h— =1,8 nén T= h"— .
(dsg, ) max 1,8d,

P61 v6i mot cap phoi bun cdt nhat dinh s& c6 mot pham vi tng suat tiép dé cho Iép
tho héa phdt tri€n. Gisi han duéi cha u.,/u.;, =0,4; khi tng suit tiép tang, cac hat phan
tich, tuyén chon hat to nhé tang rat nhanh va d_, /ds, ti€n t6i 1,8 gan 16i gisi han. Vay
¢6 the dua ra khdi ni¢m 16p tho héa t6i han hay 16p tho nhat ¢6 thé [a 16p do tng suat
ti¢p 161 han hay tng suat ti€p gidi han trén tao ra, ngoai pham vi nay [6p thé héa khong
tic dyng va (it ca cdc hat cta bé mat ddy lai chuyén dong. O_, giam khi pham vi cdc hat
¢ day tang 1en. Ti s6 d,,/ds, trong 10p tho héa gidm déng thai véi tang img sudt 1iép 16i
diéu kién tho héa t6i han (1,8),
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Gié tri dgg/dgy, = 1,5 1a diéu kién bién trén clia cdt déu hat. Ldp tho hoa t6i han thé
hién giéi han dudi clia cdt khong déu hat, nghia la cit déu hat thi khong ¢6 tho héa.

C4 thé hiéu qud trinh thé héa clha biin cit ddy song don gian la: cét hat to khong
chuyén dong, tich khoi hat nho chim xudng ddy, cdc hat nho hon & dudi thoét 1én va bi
cudn troi, cit nhu vay hat tho ngay cang nhiéu lén, xit lai gdn nhau tao ra I6p tho héa &
bé mat ddy ngin cin khong cho cao do ddy tiép tuc ha xudng (bi x6i) - day la 16p tho
héa tinh (Sutherland, 1987). Chiéu day cia I8p dat bi x6i di d€ tao tho héa theo Strand

va Pemberton (1982) la: d, = §, (L - 1]; trong dé 8, - chiéu day 16p tho héa; p, - phan
tram trong luong clia hat tho vuot qud hat nhd nhat khong chuyén dong. Chiéu day 16p
dat bi x6i di cling duge xdc dinh bang: d, = 200 dmax /p% (muc 4.2.2).

4.2.6. Xoi chung dudi cau doi vdi dong nude trong

Néu dong chdy ti thugng luu vé cau khong cuén theo bun cat hay ¢o lugng bin cat
nho khong dang ké thi dong chady téi cdu va dudi cdu la dong nude trong. Dong chay bi
thu hep dudi cdu s& bi x6i t6i khi tng suat tiép ddy dong chdy khong du kha nang day
hat khoi ddy song va cudn theo dong chay, lic nay ddy song khong con mat hat bin cdt,
khong bi x61 sau hay ngimg x6i, nghia la ing sudt ti€p diy dong chdy can bing véi ting
suat tiép nho nhat cba hat § ddy dong chay, 1 = 1.

. . *d
Bict t.c hay 0, = 1/pAgd = f(Re.) véi Re, = —— .
A%

Li thuyét va thuc nghiém chi ra c6 thé lay 8_ = 0,04 cho hat tho dé tinh x6i nudc
trong & dong chay dudi ciu 1a chay ém. Cho 15 = yRS; ¢an bang véi T khi 8, = 0,04 rit
ra RS; trong di€u kién téi han:

RS; =0,04Ad (a)

Luu lugng thiét k€ chay dudi cau:

Qp%zl‘ﬁ‘Ry RS; (b)
n
iy
n
Thay (a) vio (b) rdt ra: R = M (c)
AJ0,04Ad

Khi chiéu dai thoat nudc dudi cdu L. > 10h - chiéu sau x4i trung binh cha dong chay
thi (c) duoc viét lai khi thay R = hy, = A/L,, va A = L hy,, ta ¢6:

Li1+
N LR @
* | L,.0,04Ad

g1



_ 1/6
Sir dung cong thitc Manning Sedy: y =%; A=1,65= [B“—p], n =g—l-1- (Strickler)
p E]

thi (d) sé la:

6/7
hoo|  Bw (4-35)
* 542143 B
Goi lru lugng thi€t k€ tai dudng thuy truc bat ki 4 Qipo, thi chi€u sau x6i twong tng
\«éfl qip% l& hxi:
q 617
hy = (—’p%, B J (4-36a)
5,42dg;

Luu lugng g, thong qua luu lugng don vi trung binh {ﬁ = ?JD% ] :

l’l 5/3
Qoo =G| — ()
% [htb)

Thay (e) vao (4-36a) ta co:

g (4-36b)
‘ 5,424

_ si3 7
i {q(hl/h) ]

Gia s6 x6i chung d, = h, — hy, vdi hy, 12 chiéu sau trung binh clia mat cdt dudi cdu lic
chua x6i. Trudng hop dia chat 1a dat khong déu hat thi xdc dinh d, theo quan hé:
Py
duge néu & (4-22) va (4-253).
D¢ xdc dinh dong chdy Ia nudc trong c6 thé sl dung cic cong thic xdc dinh V, da

biét hay sit dung cong thic:

176
Ve :1,35[%} hay V, =5,42R"6¢!/3 (4-39)

N Agd

.y , Qpe, \ :
nén 16c dé dong chay ln V= “pp;i <V, thi dong chay 1a dong nudc trong, nguoc lai Ia

nude dyc. Trong cac cong thie d = ds trong dudng cong cip phoi hat.
Gia thiét doi véi dong chay 10 mat cit dudi cdu ¢6 thé coi nhu kénh mat cat chir nhat
r0ng, tng suat tiep ddy trung binh xic dinh theo phuong trinh Manning:
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2
In
Ty = p%i-vz (4-39)

(b

Trong qua trinh x6i d, tang dan vé kich thudc va s6 lugng dén ltic ngan can hoan toan
X61 (thé hoa toan mat day), lic nay s& ¢6 ham khong don vi cia (ng suat tiép twrong ing
vl d, duge xdc dinh theo (4-33) va (4-34), ta s& xdc dinh duoc gia s6 x6i vao 16p bun
cat khong déu hat cia dong nudc trong khi 14 = t,.

6/7
d =2 | _p (4-40)
ecalAdaL’OC

trong d6:  hy, - chiéu sau trung binh dong chay liic chwa thu hep;
n - duge xac dinh theo Strickler (1923); Hey (1979) hay doi véi dong chay
¢6 ddy la soi san n = 0,0474d, (ds, <6 don vi 1A mét);
Gia tri nho nhét cua 0, = 0,02 (Andrew, 1983).
D61 véi dat dong nhit biu thic xdc dinh chidu sau x6i h, tdng quét khi bd qua tén
that va sy khdc biét vé cot nude to¢c do sé cé dang:

Il+y

n oF,

h, = M (4-41a)
L../6.Ad

Biéu thiic (d) dd néu Ia trudng hop riéng khi 0, =0,04.

Chiéu sau x6i ciing c6 thé duge xdc dinh theo cong thc:

Qe
* VL,
b )
trong do: Ve =5,75u.c lg[S.SSd—"J; u.¢ =/0,Agds, (4-41b)
50

Ty theo dia chét va nghién ctiu x6i & viing 1am cdu s& quyét diinh gi4 tri 6¢ sau d6
tinh u., V, va h, bang cdch ding dan.

4.2.7. Xac dinh h¢ so tang cuong luu luong 1ong song dudi cau

Chiéu dai thodt nude duéi cau L, thudng 16n hon chiéu rong Iong song B, song lai
nho hon chiéu rong ngip l1a thiét k€ By (B; < L. < By). Chiéu dai thoit nudc gém:
Lo = By + By, va luu lugng tuong ting trong diéu kién tu nhién nhé hon luu luong
thiét ké:

QLOC tu nhién = (QI + cha)uj nhien < Qp%
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Khi lam cdu luu luong qua phan bii bi chin lai béi dudng dau cdu khong ngap chay
vao cdu lam tang t6c do, luu lugng va phan phdi lai téc do va luu luong 6 long va béi
song dudi cau, ngoai ra vi dong bii 12 nude trong nén lam tang thém kha nang tai cdt coa
long song, tao ra su can bing bin cit mdi & mat cat dudi cdu vi & ca doan séng bi anh
huong boi cdu. Goi B, va B, 1a hé s6 tang cudng luu lugng long séng va bii song dudi
cdu so vdéi lic chua 1am cau thi:

=9_1’£ P zﬁ
B, 0, v By 0,

B, va (3, it ra t viéc dp dung phuong trinh Bernoulli viét riéng cho dong chay long
song, bii song khi chua 1am ciu vA 1am cdu d6i véi hai mat cit ka mat cat ¢6 nudc ning
cao nhat trude cau va mit cit dudi cdu vai gia thiét:

+ Ddy chua bi x6i (nude dang cao nhat) s€ cho B .« va Bymax-

+ Do chénh nudc dang tai mat cat cé nudc dang cao nhit trude cdu voi nudc dang
dudi ciu L nhu nhan d6i vé6i dong chdy & long va @ bai.

+ Do d6c mat nude long va bai nhu nhau.

+ Toc do dudi cdu tang 1én so véi binh thudng gia tri p:
Vie =B/V; va Ve =BV,

+ Sy thay déi ciia modun luu lugng K = ACVR sau khi 1am cdu khong déng ké so

v&i trude khi lam cau, it ra:
2
Jo = (Q_C] I1=pZJ
Q

trong do: Qg va Q - luu lwgng qua cau va luu lugng tr nhién;
Jo vaJ - do ddc ning luong sau khi 1am cau va trude khi lam cau.

K&t qua phan tich 1i thuyét va thi nghiém (43 thi nghiém) déi v6i dong chay mot bl
¢6 k& hudng dong sai khdc véi trudng hop khong c6 ke 12 5% (Andreev, 1980) nén ¢
thé 4p dung cong thiic cho trudmg hop khong ¢6 k&. Theo O. V. Andreev thi B, va {3, phu
thudc lan nhau va duge xic dinh theo:

By = \/B? +I(Bf - l)F(n, a) (4-42)
B, =By, ‘l[g'b* - J (4-43)
T B

trong do: = Q ;

pot
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_ Qp% Bb
(Qr + Quedurnhien  1+7 (Bb - B!)

n=| - )
Vb w nhién

1,1V}
a= ;
gl

B

ks

2
F(n,a)=200—1 (4-44)

a+n
I; 1a chiéu dai phéu rét nude vao ciu.

l; = By — L, 401 v6i song mot bai;
I = E(B” —L,, ) doi vdi song hai bai déu nhau.

B,-L . o :
—0_—¢_ 46i véi song hai bai khong déu.

I=
By, nho_

1+
By ion

Trinh tu xac dinh B, va §,.
Qp%

1. Tinh hé s& ting cudng luu lugng chung f = .
(Ql + ch )u,r nhién

2. Cho B;; = P vatinh By, theo (4-42).

3. Tinh B, theo (4-43).

4. Tinh 8, sau khi thay B, vao (4-42).

5. So sénh B, vdi By, theo muic do chinh xéc di chon, néu chua thoa min s€ lap lai
qua trinh tinh dén khi dat yéu cau.

Trudng hop xéc dinh B, va B, c6 xét t8i x6i day c6 thé tham khao tai liéu "Céng trinh
vuot song” cha GS. TSKH. Nguyén Xuan Tryc. Nha xudt ban Xay dung, 1984. Déi véi
truong hop dong song dudi cau bi x61 manh thi hé s§ tang cudmg luu lugng thuc t& rat
gan nhau do d6 nén lay B, = B, = B dé tinh.

4.2.8. Tinh x6i doi v6i ciu bi anh hudng nude dénh tir song khac

Cau bi anh hudng cta nudc dénh tir séng 16n vao song nhdnh (hinh 4.12) 1a van dé rat
phitc tap, phai thong qua qud trinh quan tric nhiu nam vé luu lrong, muc nudc dang,
nit va su thay déi t6c do long song, toc do khong x4i va uu lugng bun cét trong Ung.
Nudc dénh lam thay déi ché do nudc va bun cdt clia séng nhanh song néu bién dang
long séng & ciu trong ving nudc dénh vin tusn theo quy ludt chuyén dong bin cét
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théng thudng cua bln cdt tao long (can bang luu lugng bun cédt doc séng) thi chuyén
dong bun cdt van 16n tai néu t6c do thuc € clia ddng chay trong 1dng tuong g véi muc

3 1 A1 -
nuoc cao nhat 16n hon t6c d¢ khong x6i. Trudng hop ndy chiéu sau Ién nhat sau x6i &
mat cat ngang dong chay dudi cau duge xdc dinh theo cong thiic

g/9 213
hdang hd.mg [Qh Bl
X mix max
Q L

e

(4-45)
hay gia s6 x6i ¢ long:

8/9 2/3
ddang _ pdang Qi B 1
5 max Q.r L

(4-46)

}
\ oF
Y, A
\ 5
\
5
5
\\
=
= ey
[=)
%] ;/ .
/ Ly Jf/
/ %
! 1
22
/,f
h n
f = -
/ -~
/ e
/
U.f _____ . .
VTV, Vi
a) b)

Hinh 4.12:
a) Nudc dénh tir song lon vao séng nhdnh;
b) Biéu do thay doi 16¢c do & long séng khi nuée dang (1) va t6c dé khong x6i (2)
Q; - Luw hepng miva kiét & song nhdnh; Q4 - Lwu lwong dénh triée cdu

Quan hé [Q J phu thudc vao viing nudc dénh trude cdu c¢b thé duoc xac dinh
'

(khong phan biét su sai khic B, véi B) thong qua modun luu lugng

(Q i ] 5K
Q) K
2K - tong modun luu lugng clia mat cat ngang & viing nuée dénh trude ciu
K - modun luu fugng tai mat cat dong chdy dudi cau

(4-47)
trong doé:
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Su khdc biét chia phuong phép 1a tri 86 xdi 10 cudi cung khong phu thude vao khai
lugng tuyét déi clia blin cdt, ma 13 do sy ting twong déi van chuyén bun cit & mat cit thu
hep dudi cau.

4.2.9. Mo rong nhan tao long song dudi ciu

Md réng nhan tao hay x4éi rong nhan tao long séng dudi cau 1a hinh thitc di¢u chinh
nhan tao, lam hai hoa lai phan phéi t6c dg, luu luong nude va bin cat & long song dudi
cau, [am gidm xé1 sau & 1ong song va hai hoda hon qud trinh dién bién long s6ng dudi cau
vit doan song bi anh hudng boi khau d6 cau. M& rong nhan tao chi cé ¥ nghia khi hé so

Ql%
(QI + ch )tu nhién

song dudi cdu thoa min bét dang thic (Glagoleva T. N, 1969 va Phedotov G. A. 1974,
1975 va 1979).

1ang cuong luu huong chung toan cau = = 1,7 va 1an sudt ngap bai

0,4B,f;&[%%giﬁ+o,5} >1 (4-48)

Mitc dé md rong nhan tao 6n dinh v khong gay tac hai bat 1gi dén x6i1 sau hay qud
trinh dién bién long song dudi cau phai dam bao quan hé hé s6 x6i m& rong 10ng cua
nguyén li can bang bin cat:

B!’c
p =

=(Bya — DK K e +1 (4-49)

trong d6: B, vi B, - chiéu rong Iong séng dudi cdu di tinh md rong va lic ti nhién;
B e - mifc do that hep dong 1d ¢6 tan sudt vuot 1 1a 1%:
K4 - hé s6 day lii tinh todn;

K ips. - he O tin suat ngap bai.

- Qo (4-50)
Qg + Qplloe = Bye)
Qg — Qi1

Q- Qe (4-51)

4 B, - B,
(3.8-0,85B )
<, =[7,7 _IJ[E] (4-52)
Bie 2

khi B¢ < 4.5 va tdn sudt ngap bii py; < 95%.
Ky, = 0,7 khi Bg, = 4,5 vaa tin suat ngdp bii pyz < 95%
K, =0,79K* khi tdn sust ngap bii pyy, > 95%
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la ti s6 gilta chiéu sau trung binh véi chiéu sau 16n nhat so vdi cao do

max

trung binh, the hién mic do day li.

p B (0,5+2.5;‘r|3| o )
K o = [_1%6} khi py; < 95% (4-53)

Mitc d6 mé& rong khong duoc vuot qué bat ding thirc sau:

trong do: Qg va Qyy, - luu lugng toan phan va luu lugng 10ng song ¢6 tan suét
viuot 19%:;
By va B; - chiéu rong ngap i va chiéu rong long song trong Ung véi muc
nudce li 1%;
Ppa; %o - 14n suat ngap bii ¢6 don vi 1 %.

Viéc md rong cd thé vé mot phia hay ca hai phia clia 1ong song, tuy thude vao dia
hinh va dia chdl cu thé noi dat cau. Néu mo rong hai phia thi chiéu rong md rong ti 1é
véi luu lugng chay dudi bii cau. Xéc dinh gin dang 1dn ddu thi chiéu rong ¢an md rong
¢6 thé theo quan hé:

B =BmB;

va cao do ddy trung binh V = Vi — h,pr” {4-55)

Vb 12 cao d6 trung binh bii séng dudi cau x6i mé rong:

B, - hé s6 tang cudng fuu lugng 1ong song di tinh ma rong 1ong.

Mait bang pham vi md rong: chiéu dai tir (4 + 6) chiéu rong va phai ém thuan d¢ L
Iuong nude va bin cat ra vao dugce thuian kgi. MS rong long séng khong nén dp dung doi
vdi song di dong, song c6 bii cét lién by, séng ¢6 nhiéu dio nai.

Sau day 1a mot s6 chid y khi dao rong 1ong song:

(1) Phan bdi s& dio d¢ m& rong long phai ¢6 tin suat ngap bii Py, > 50 - 70%.

(2) Toc do dong chay & phan dao rong khi muc nudc bat dau ngap bai phai 16n hon
toc do khong x4i.

(3) Dién tich dao rong khéng nén vugt qua 25% dién tich dudi cau sau xoi.

(4) Tong dién tich dao va x6i thuong khong nén vugt qua 50% déi vai song khong
thong thuyén va 35% doi véi song thong thuyén.

88



(5) Pao md rong 1ong phai két hop véi phuong dn sir dung dat dao, n¢u khong cén
nghi t&i giam dién tich dao, m& rong chiéu dai thodt nude hay cho phép xoi sau hon.

(6) Do vai song thing nén mé rong vé cd hai phia by song néu cd bai di mo rong.

{7) Séng cong nén mo rong phia b 16m.

(8) Do doc phin dao rong bing do déc 1ong séng dudi cau.

(9) Cao do day phan mé& rong xap xi song khong nho thua muc nude Kigt,

(10} Do déc phan dao vudt ém thuan véi ddy dong chay v nhién dp dung 1/5 + 1/10
déi voi thuong luu va 1/10 + 1/20 cho ha luu.,

Hinh 4.13: So dé mé réng long song dudt cdu
aj) M& rong hop Ii va ding; b) M6 rong sai; ¢} Mt cdr ngang tai vi i truc cdu.

39



Chirong 5
XOI CUC BO TRU CAU VA MO CAU

Du dodn x61 cyc b tru va m6 cdu rat cén thiét d6i vdi ki su giao thong néi riéng va ki
su xay dung dan dung néi chung, vi x6i nay bé sung vao x6i do dién bién tu nhién cia
dong chay va x6i chung do lam cau thit hep dong chay 1d nhim tim ra chiéu sau x61 16n
nhat dé xdc dinh va thiét k& tru vi mé cau. Khi nghién ctt vé x61 cuc bd cdn phan biét
x01 nudc trong va x4i nude duc vi ca hai loai x6i nay déu thay déi theo thdi gian, song
mifc do va dién bién khdc nhau va vi tru cé thé dat & long va bii song (bai song gia thiét
la nude rong): X61 v6i dat roi rac va x6i doi vdi dat dinh; x6i cho tru don va x6i cho tru
trén he théng coc ciing nhu cdc y&u 16 khdc nhau dnh hudng 16i x6i cuc bo. X6i cuc ho
tai chan tru, mo céu la sy ha thap cuc bo cao do ddy song quanh md tru tinh tir dudng
X6i chung va do try hay m6 lam thay doi cdu triic cuc be dong chay & xung quanh tru
hay mé so véi dong chay binh thudng tao ra tuong (ng véi 1 thiét k¢,

5.1. CAC YEU TO ANH HUGNG PEN XOI CUC BO O TRU CAU
Cac yéu t6 nay ¢6 thé phan thanh 4 nhém chinh:
. Cdc yéu 165 thé hién chai Idng
g - gia té¢ trong luc = 9,81 (m/s?)
p - khai luvgng riéng claa nudc;
v - h¢ 56 nhdt déng cta nudc.
2. Cdc yéu 16’ thé hién var liéu ddy séng
P, - khoi luong riéng cta hat biin cét.
Phin bo ¢d hat
Hinh dang hat va miic do dinh két cia dia chat ddy song.
3. Cdc yéu 16’ thé hién dong chdy
h, - chiéu sau dong chay truée tru sau x46i chung.
V. - tdc do trung binh cua dong chdy trude tru sau x6i chung.

k - hé s6 nhdm cua dong chay trude tru; huéng dong chay dén tru; biéu dé Kh¥a thoi
glan lii.
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4. Cdc yéu t6'thé hién cho tru cdu

Hinh dang tru

Kich thudce try.

Piéu kién bé mat tru va hinh thifc can x6i bao vé tru phong ngira x6i néu ¢é.

Céc yéu 16 anh hudng dén x6i cuc bo khd nhiéu, cé yé&u t6 1a doc lap, ¢6 yéu 16 la phu
thuoc, nhiu yéu 16 khong dé dang dinh lugng ching han nhu phan phdi ¢& hat, hinh
dang hat, miic dé dinh két va ké&t t cna vat liéu. Do d6, néu chi xét dia chat la dat roi
rac, xem toc do dong chay phu thudc vao mic do thit hep va chi xét dinh 1 thi x6i cuc
b6 chi ¢6 thé 13 ham cta 8 yéu 6:

h.=f(p, v, g.d, p, hy, v, b)
trong dé y&u 16 co ban la dudng kinh hay chiéu rong tru b, chiu sau dong chay sau xoi
chung h,, ¢@ hat ¢ ddy song 4.

Dé nghién cttu ngudi ta thudng tién hanh theo 3 hudng dé rit ra cong thiic xdc dinh
x01 cuc bg h.

1. Sir dung i thuyét nguyén thit nguyén d¢ phan tich ¥ nghia vat If clia x6i va phan
tich s liéu thi nghiém trong phdng va s li¢u do x6i cuc bd 0 cdc cdu dang khai théc.

2. Nghién citu co ché hinh thanh x6i cuc bd trong phong thi nghiém két hop véi so
liéu thi nghiém va s& liéu do x4i thuc té.

3. Nghién cttu céc bién phdp chi dong phong x6i nham gidm téi da xéi cuc bo hinh
thanh & chan tru cdu. Nhu viy, nghién citu x6i cuc bo ¢6 thé theo so d6 khéi quat:

Nghién ctru x6i cuc bo

L] Y

Ca ché xoi Nghién ol thuc nghiém Bién phap chl dong phong x6i
‘ ‘ /\
X6i nudc Xéi nude duc Han ¢hé va phang xéi Caché phan xoi
3 3 L
Kiém tra bang s& ligu x6i cuc bd Vatliéu va cong nghé phong x6i
@ cac cau dang khai thac va

ki€n nghi cong thirc

5.2. PHAN LOAI XOI CUC BO

X061 cuc bo & chan tru duge chia thanh x6i nude trong va x6i nuéc duc.
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1. X61 nude trong la X061 xay ra khi vat liéu ddy ngay phia trudc ving x6i chéan tru &
trang thdi nghi khong chuyén dong, dng xudt 1i€p hay toc do ctia dong chiy & ving x6i
nhé thua hay ding bang ung suat tiép phan gidi hay t6c do phan gi6i cia hat - d6 Ia
trang thai hat bat dau khdi dong song chua chuyén dong. Khi x6i do sau x6i cuc bo tang
gan nhu tuyén tinh véi téc do sau x6i chung.

2. X6i nude duc xay ra khi t6c do sau x6i chung 16n hen 8¢ d6 phan gidi cia hat &
ddy song, bun cdt & thugng luu luén duge dong chdy cip cho hé x6i, x6i can bing dat
duge khi lugng biin cdt tir thuong hwu ¢ap cho hé x6i bang lugng bin cét bi x6i chuyén
di tx h x6i. Xdi nay gan lién v6i qué trinh di chuyén bin cit ddy song, do sau x6i
khong tang theo do sau dong chdy, khong phy thude vao do 16n cia lugng bin cat ma
dao dong theo thoi gian phit hgp voi hinh dang ddy cét di chuyén. Ca hai loai x6i ¢é miic
d6 phu thugc thoi gian hay thay ddi theo thai gian khdc nhau.

T

Thdi gian,

Hinh 5.1: Xoi cuc b thay déi theo thoi gian
a) Xoi nuéc trong; b) X6 nudc duc; ¢) X6t cdn bdng.
Goi V, 1a toc do phan gidi clia hat dat ddy song trudc try; V - 13 t6c do dong chay
dudi caun sau X0l thi:

vl <05 khong c6 x6i cuc bo.

0.5« ?/Y" < 1,0 x61 nuée trong.

<

A% .
' >1,0 x61 nuée duc.

C

5.3. MOI TRUONG THUY LUC CUC BO TAI TRU CAU

Hinh &nh thuy luc tiéu biéu ctia dong chay tai try cdu 1A méi trudng thuy luc cé cdu
triic xody hodc hé théng xody phit trién bao quanh tru. Hé thng xody nay li co ché co
ban ctia x61 cuc bg. DSi véi tru khong bi ngap, tuy thudc vao lozi tru vi diéu kién dong
chay dén tru, dong chdy c6 céu tric xody c6 thé 1a mot hay tat ca, hoac khéng ¢6 xody
nao trong hai hé théng xody co ban.
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1. Hé théng xody c6 dang hinh méng ngua tai mat ddy clia dong chay bao tru (xem
hinh 5.2 va 5.3).

2. Hé théng xody truc ding & nla sau tru va sau tru theo phuong chay.

— ( h /b =104 \
Chidu dong chay AN =
e—— e
———

MG hinh tru Chidu rong tru b = 5cm

Hinh 5.3a: Duong dong bao tru trén mdt bang (T. D. Nghién. 1987)

Trong dong chay, tru tron hay tru ddu tron tuong tu nhu mot tam thu, thu hut céc soi
xody nho von c6 trong dong chay hai chiéu d€ hinh thanh he théng xody c6 dang mong
ngua bao tru trén mat bang. Chinh tru ciu la mot vat can tu tao ra xung quanh tru mot
viing ¢6 dp sudt thay déi khdc biét v6i dong chay binh thudng khi khong c6 tru. Néu ap
sudt trong ving nay di manh s& lam cho dong chay tich khoi tru ngay phia tru6c chan
tru theo 3 chiéu: doc than tru, vuong géc véi hudng chay va doc theo dong chay, cudn
lai phia truéc tru hinh thanh hé thong xody c6 hinh méng ngua trén mat bang. Dai véi
tru ddu tron cic soi xody hinh thanh xody dang méng ngua tac dung thang xuong ddy
dong chay, tang téc do quay & tam xody phi hop véi quy luat dong cua dac tinh xody,
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do dé kich thudc try déng vai trd quan trong dé xdc dinh cudng dé xody dang mong
ngua, du ring h¢ théng xody nay khong phai lic nao cing hinh thanh trong tat ca cac
diéu kién cia dong chay.

H¢ thong xody & nira sau tru va sau tru do chinh tru tao ra. Khic véi dang méng ngua,
loai xody nay hinh thanh la do 16p chat 16ng trén mat try khéng én dinh cudn lai va tach
khoi bé mat try d€ hinh thanh ving xody tryc ding sau try, khi s6 Raynon tru thap
(3 = 5 < Re, < 50) nhing xody nay dn dinh va tao ra hé théng xody dung sit ngay sau
try, d6i vai 6 Raynon thudng gap trong thuc t€, hé théng xody nay khong 6n dinh va xody
tich khoi try tao ra hai day xody so le nhau doc theo truc dong chiy qua tim tru & phia sau
uu. Cudng do cha loai xody nay thay déi nhiéu phu thuoc vao hinh dang tru va toc do
dong chdy. Xody 6n dinh thudng thdy & xody Karman (80 + 90 < Re,, < 150 = 300) t6i
trang thdi thyc € hay gap (Re, > 3,5.10%) (Roshko 1961). Phu thudc vo s6 Re,,, Xody
nay duge chia thanh 3 ché do phan biét Ia: a) déu dan, ¢6 chu ki; b) Khong déu dan; ¢} qua
do (Roshko 1992 va Williamson 1994). Khi s6 Re,, > 10° dong chay mat tru 1a dong chdy
r1. Khi h¢ thong xody dang méng ngua khong hinh thanh hay bi han ché thi he thong
xody tryc diing sau tru tac dung giong nhu may htit chan khéng, tach hat dat khoi chan try
va mang chiing chay xudi dong tao ra hé xéi cuc bd 16n sau tru.

e Hink 5.3b: Dong xody quann chén tru ddu tron
1. Dubng tdch dong rai mar ddy;
e 2. Duong tdch dong tai mdt tru.
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Xody nuéc sl
trén mat o
s E R Xody dimng sau tru

t -

Dong chay ..

L3

Buncatday <« .~ . 5

Hinh 5.3c: So do dong chay va hé xéi tai tru tron trong dday cot

5.4.MOT SO YEU TO ANH HUONG PEN XOI CUC BO
5.4.1. Anh huong cta cd hat dén x6i

Chabert & Engeldinger (1956) 1am thi nghiém cho tru tron d6i véi hat ¢6 d = (0,26; 0,52;
1,5 va 3,0)mm cho thay c& hat it anh hudng dén x6i. Laursen & Toch (1950, 1953) thdy anh
hudng cta cd hat chua c6 tinh hé théng trong diéu kién thi nghiém déi véid = (0,5 + 5)mm.
Hancu (1965) bang thi nghiém véi ds, = (0,5; 2 va 5)mm cho thdy chiéu sau x6i cuc bo (h.)
tang cung voi ¢d hat. Shen va cac cong su (1966) cho thay anh hudng cta c& hat c6 thé bo
qua khi hat c6 ds, < 0,5mm. Thi nghiém cta Nicollet (1971 a, b) v6i hat ¢c6 d = (0,94; 1,93
va 3)mm cho két luan tuong tu nhu Hancu, song chi tang t6i d = 2mm khi chiéu sau khong
thay doi. Bonasounds (1973) cho biét mot s6 két qua thi nghiém c6 chiéu sau xéi tang
cung vdi tang ¢d hat trong pham vi (0,6 - 3,3)mm. Ettma (1976) chi ra khi V/V_ ~ 1,0
thi h_ tang cung véi ¢& hat déu t6i d = 4,0mm. Raudkivi va Ettema (1977 a, b) lam thi
nghiém doi véi tru ¢ duong kinh 120mm trong mang rong 1,5m trong trudng hop xo6i
nudc trong ¢ ddy cat c6 ds, = (0,55; 0,85; 1,90; 4,10; 6,00)mm. Két qué thi nghiém chi
ra trong hinh 5.4 ¢6 truc tung la h/b va truc hoanh o/ds,. D6i véi hat tho, déu hat
(d > 0,7mm) thi hy/b = 2,1 + 2,3 va khong phu thudc ¢& hat, song khi d < 0,7mm thi
ddy khong con phing, séng cat nho hinh thanh khi ting suat tiép ddy Ty = T, dong chay
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khong thure sy 1a x61 nude trong (mot lugng nho bln cat cudn tréi) va hy/b =14 = 1.5.
Trén co s& két qua thi nghiém quan hé phuong trinh x6i ¢6 dang:

(), [lj (5-1)
b b

trong dé:  h. - chiéu sau x4i cho cét déu hat (og = L,0);

K = K(c,) phu thuéc vao day cat c6 song cit hay khong va duge chi ra &
hinh 5.5 d6i v6i tru ¢6 b = 102mm.

T T [ [ T I I I i

|

1,0

L Bun cat day
— s - M
| 055mm
® 0,85mm
05 % 1,90mm
o 4,10mm
-3 6,00mm

0.0 [ S B [ S N [ ! :
0 05 10 15 o 18

Hinh 5.4: X6i cuc b6 déi la ham ciia cd hat khi w = usc (h /b ~ oidsy khi un = i)

Khi u.fu.c < 0,8 xudt hién tho hod déi vai cat khong déu hat trén mat séng cit ngan
can x6i phdt trién va x6i lic nay tuong tu nhu doi v6i day khong c6 song cat.

Péi véi trudng hop x61 nude duc cap phdi hat va ¢& hat anh hudng dén hinh dang ddy
va chiéu cao séng cdt, do dé anh hudng dén xo6i; c¢dp phdi hat anh hudng dén qua trinh
tho hod, dac biét doi véi cdc hat 16n cé 1, = 1. Do tho twong doi clia hat so véi tru ting
&€ giam x&i, song ¢ sy khéc biét giitad <0,7mm va d > 0,7mm.

Chang, F. M., 1987 trong nghién cifu chi ra h /b * 2,3. Jain, S. C. va R. E. Fisher,

_ h :
1979 chi ra [f} = 2,5 cho Fr = 1,2; con d6i1 véi doc nude va vue thi % ~ 3,0 khi
max

Fr=1,5.
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1,00
dg, < 0,7mm tsy MM
K, 1> ufu. 20,8 O 0.55
[ ] 0,85
075 [
x 1,90
® 410
0,50
n dgg > 0,7mm
d, <0,7mm
D S r
x \Lu*fu.c <08
0,25 —
.\\D
0,00
1 2 3 4 5 6

Hink 5.5: Hé 56 K la ham cia d¢ léch tiéu chudn ctia hat bin cadt T,y (Kug ~ 0, cdp phét hat)
5.4.2. Anh hudng cia chiéu rong tru va c hat

Két qua thi nghiém ciia Ettma (1980) déi véi 6 ¢ tru khéc nhau b = (28,5; 45,0; 50.8;
101,6; 150,0; 140,0)mm trong day cit ¢d ds, = (0,24 + 7,80)mm cho trong hinh 5.6.

30 T T TTTT] T T T T T 7T 7T 171
h, b {mm)
Doask x s ]
o 45,0 X
I o 508
A 102,6 ANT™vA oz
207 ¢ 1500 '
[ ] 240,0 A ’___.——'—E?M
fo)
15 ot x| g v [ .
& 4<070mm
1,0 ™.
_// d> 0‘70 mm \
051 Thé hon The | Trung L Min i
| T ™
0‘0 | 1 | 1 14)]] 1 1 | [ 1 | 1 L1111 L 1 1 |
1 10 100 1000

———e-bidg,

Hinh 5.6: hJb ~ bidy,
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o

Hinh chi ra [_E;J do1 v6i xO1L nude trong, khong bi anh huong boi c& hat khi

1 > 25; xoO1 dat gid tri 16n nhdt khi b/ds; = 50. Chee (1982) ghi lai két qua h/b = 2.3
50

do1 voi — = 100. Chiew (1984) lam thi nghi¢m cho k&t qua gidi han gilta nude trong va

50

duc vao khoang L 50.
50

5.4.3. Anh huémg cua chiéu rong tru

500 . . :
bidg, B
VIV,
09095 | 15 | 20 | 30 |35 | 40
A| & | DY D
100 - .
5 |-
10 - ~
i A
5 Fay -
- < |
1 | L 1 1 L 1 |
0 05 1.0

— = K(bidy)
Hinh 5.7a: Hé s6 giam x6i K ~ di khi UndUs, =0,9
50
Vai trd riéng biét clia chiéu rong tru dén x4i ¢6 thé thdy thong qua cong thic cha:
(1) h, = 1,05b%”* (Larras, 1963);
(2) h. ~ b7 khi V = const (Shen, 1969a);
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{3} h, = 1,4b (try tron) (Breusers, 1965);

(4) h, = 0,558b%8¢ (tru chit nhat) (Barak 1975);

(5) h, = 36%F (Norman, 1975) nit ra tir s& li¢u do 11 cdu tai Mi (c6 2 cdu x6i téi 4m).

Thé tich dét bi x6i di trong hd x6i & nira trude try tron ti 1¢ bac ba vdi dudng kinh tru
(hay v6i chiéu rong tru déi vdi tru tron ddu). Tru cang rong thé tich x6i cang 1om va thoi
gian x61 cang dai doi véi mot diéu kién dong chay nhat dinh. Két qua thi nghiém d6i véi
tru ¢é b = (50, 100; 150 va 240)mm trong cat déu hat cho quan hé¢ x6i véi thai gian ¢

qua phuong trinh:
Eﬁ:Aln[[df‘—‘;v]t} B (5-2)
b b

Thi nghi¢m d&i véi1 5 trudng hop:
(1) h/b=4vid =0,24mm;
(2) h/b =2 vad = 0,24mm;
(3Yh/b =1 vad=0,24mm;
(4Yh/b=1,5vad=>5mm;
(3) h/b =033 va ¢ = 0,24mm cho quan hé:

trong dé: A, B - hang s6.

h, = h_o (1~ 100372 (5-3)

va dugc chi ra trong hinh 5.7b.

trong dé: h g - chiéu sau x6i phan chia x6i nude trong va nudc dyc (V = V)

Vi
T=—3 (5-4)
10"b
h
€ T
b4 ;
1IO 1”"_,..—-'"" i |
0.8 A =
OIG — _—-'-' — L p—
] — T /'3’—-’#- B ek A ot 2
0’4 - — o * 4 __.———";:_____:..--—"
al - /“/‘F
/,/’ - e ___.---*"5
0.2 e
/_//
- |
0.5 1 2 4 6 810 20 40 60 80100 200 - t:"’_i3
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Hinh 5.7b: Xoi cuc bo ruong doi phu thudc vao thong sé thoi gian
6 - duong cong chung thé hién quan hé (5-3)
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Nghién citu chi ra x6i nudc trong doi héi thoi gian thi nghiém tir ba dén bon ngay dé
dat di€u ki¢n can bang tuong ung véi w/u.c = 0,9 = 0,95. X6i nude duc phat trién rat
nhanh chi trong vong vai phit khi u. >> u.c (lugng bin cat va téc do di chuyén bin cat
I6n). Thi nghiém chi ra x6i & hai bén tru 16n hon & trude try va khi hinh thanh 1ép the
hod trong hé x6i thi 16p ndy & phia trude tru (T. D. Nghién 1985 - 1987).

5.4.4. Anh hudng ciia chiéu sau dong chay

Thi nghi¢m cta T. . Nghién (1986, 1987) va nhiéu tic gia khac trude va sau thoi
gian trén chi ra d6i v6i nude nong chitu sau x6i anh huéng trie tiép clha chiéu sau dong
chay, song nude sau lai it anh hudng dén x6i hay doc lap véi x6i, nghia 13 khi u./u.c hay
V/V_ c6 dinh thi ti s6 h/b > 2 + 3 s& it anh hudng dén x6i. Neil (1964) phan tich 6 licu
ctia Laursen va Toch khi Q = const chi ra h. 12 ham cta chiéu sau dong chay (pham vi
gifta X601 nudc trong va xdi nude duc)

0.7
h b}"
—<=15|— 5-5
b (h) (5-5)

Tru tror va try dau uron dat trong dong chdy sé& tao ra Xxody mit nudc nguoc chiéu
dong chdy ¢ mat trudc try, tao ra xody truc ngang cla hé thong xody dang méng ngua &
trude chan try. Khi chiéu sau dong chay gidm di, xody mat nudc sé giir vai trd chinh,
lam suy y€u xody méng ngua do 1am tréch hudng dong chay doc than tru xudng diy
(T. D. Nghién 1986, 1987). Anh huong cua chi€u san thudong théng qua quan hé h/b
nghia [a h./b ~ h/b, song yéu t6 nay t6 ra khong thong nhat gilta cdc téc gia. Laursen v
Toch (1956), Neil (1965) dé nghi:

0.3
h h)"
< =1,5)— 5-6a)
s <
cho tru chir nhét.
Veiga da Cunha (1970) dé nghi:
0,3
b =1,35 E} (5-6b)
b b
cho try tron
Hincu (1971) dé nghi:
0.2 0,13
&:3,3 EJ (EJ {(5-6¢)
b b b

- Breusers, Nicollet va Shen (1977) dé nghi cong thiic; tuong ty céng thiic Baker (1980):

[

o f(V/V., h/b, hinh dang va géc nghiéng cha dong chiy téi tru)
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trong do:

—_—lr

hf =1, [\%}];2,0 tanh[%]il f, (hinh dang), f; [OL, %} (5-7)

( v J 0 khi l < 0,5 (khéng xoi);
C
( 1] cho 0,5 € — < 1,0 (x61 nudc trong)

v
=1ch 72 1,0 (x6i nudc duc)

fy (hinh dang tru) = 1,0 cho tru tron
= 0,75 cho tru dang dudng dong
= 1,3 cho tru chif nhat

{ .
f, [a, EJ véi a la goc nghiéng clia dong chay téi try;

{ - chiéu dai tru theo phuong chay;
b - chiéu rong tru;
V - t6¢ do dong chdy dudi chu sau x6i chung.

8

7

L bids, 15
5 | 5 x x .

15+ >

L 200 90
500 o

/
I YAVLY/|
-

? 24X x
\
¥

1 /’/
—] e > 75
0| B WV SIS e o, oy
0 01 0.2 03 04 0.5 08 0.7 08 09 1.0

—_K,

Hinh 5.7¢: Chiéu sdu x6i thay déi theo chiéu sdu niong doi, hib véi cd hat tuong dot blds
fam thong 56 theo két qud thi nghiém cua Ettema (1980); Chiew (1984) va Chee {1982}
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Chiéu sau x6i gidm cung ¢d hat khi ciing u./u.c va hy/b cho trong hinh 5.7¢ 1a két qua
cua Ettema (1980), Chiew (1984) va Chee (1982).
5.4.5. Anh hirémg ciia thong s6 Phorut (Froude) cita tru Fry, = V/ /gb

Shen, Schneider va Karaki (1969) dé nghi biéu thiic cho xéi nudc trong tuong tu nhu
Maza va Sanchez. Déi voi hat dsg < 0,52mm va Fry < 0,2 thi:
h, h,
- = 1,0FrZ, va o 3,4Fr" (5-8)

Jain (1980) dé nghi biéu thic tinh h,,,, cho x6i nudc trong:

CIMax

h hY
—< =184 —| F™* (5-9)
b b

L

la su két hop cua Fr, va hib; trong d6 Fr, = Ve

VR

5.4.6. Anh huéng ciia goc nghiéng cta dong chay t6i tru o va /b

Chiéu sau h, trir tru tron, déu chiu anh hudng rat 16n cia hudng dong chay dén try,
h. 12 hdm cuta hinh chi€u chi€u rong try 1én phuong vudng géc véi dong chiy. Géc
nghiéng cua dong chay so véi truc doc qua tim tru cang 16n thi h. . cang dich lui vé
phia cudi tru ¢ ha luu. Hinh chi ra hé s6 K, 1am cho h

Ibva o,

dich vé cudi tru phu thuoc vao

CTIX

b)

Hinh 5.8: Gid ri K, (@, I/b) a la gée tinh bang do (Laursen va Toch, 1956)
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ge 15° 30 45" 60 75° 90"
Gac clia hudng dong chéy o”

Hinh 5.8: Gid tri Ko (@, UUB) & la géc tinh bang d¢
{Laursen va Toch, 1956) (ti€p theo)

5.4.7. Anh huéng cia hinh dang tru

Hinh dang tru cé dang dudng dong s& lam giam dp luc mat cua dong chay tic dong
vAo tru, gidm xody va cudng do gay x6i vao ddy cét, tuy nhién dang dudng dong chi cé y
nghia trong pham vi hep clia cdc théng sa thuy luc. Bang hé s anh hudng cua hinh dang
tru khi tru thang hiang véi dong chay K, dugc Dietz (1972) gidi thigu:

Bang 5.1

Hinh dang tru b/t ~bf/—2 K,

i 2 3 4

Tru trom 1,0
Chit nhat 1:1 1,22
1:3 | 1,08
1:5 0,99

Tron dau 1:3 0,90 |

Dau tron, dudi dang hinh ném 1:5 0,86
Chit nhat vé tron canh 1:4 1,01
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Bdng 5.1 (tiép theo)

! 2 3 4
Pau hinh ném 1:3 1:2 0.76
Iz 1:4 0,65
b
2
{
Elip 1:2 0,83
1:3 0,80
1:5 0,61
1:2 0,80
Hat dau O 1:3 0,70
Dang cdnh mdy bay 1:35 0,80

5.4.8. Anh hudng cua khoang cach cic coc trong nhém coe, gée nghiéng dong
chay va miii coc dén xo6i

Thi nghiém cla Salim va Jones (6/1996) d6i vi coc hinh vuéng nhu hinh 5.9 trong
day cat ¢6 d = 0,28mm, chi¢u sau dong chay 1a 0,27m vdéi thoi gian chil yéu la 4 gio
song ¢6 mot vai thi nghiém t&i 24 gidy dé xét yéu 6 thoi gian, trong méang rong 1,8m; dai
21,3m tai phong thi nghi¢m thuy luc Mclean, Virginia. K&t qua thi nghiém cho trong
htnh 3.10.

/7, 7/,

Hinh 5.9: So dé nhom coc
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1,2
3x3x3
1 ’
; i Ix3IxIxIxnd
K, K5=U.57{1 ) e“ SfD)) + e0,5(1 SD) m
08k 4x3xdx3Ixd
' Buimg bac *
06
. o *
04k Buang trung hoa .’C
KS = 0I4?(1_e(1'SJ'D}} + 80.5(1-5."0)
02F
O L 1 1 1 H L ! | 1

i 2 3 4 5§ 6 7 8 9 10 1 12

Sih=——"
Hinh 5.10: Hé s& dnh hudng ciia khodng tréng o nhém coc
D6 thi it ra hé s diéu chinh do céc khodng tréng gifta cic coc la:

Ks — A[l _e(l-"Sa’D):l_‘_ CO,S(I—S{'D} (5-10)

trong d6: A = 0,47 cho dudng héi quy trung tam két qua thi nghiém; A = 0,57 cho
dudmg bao két qua clia thi nghiém;
S - khoang cdch tim hai coc;
D - dudng kinh hay chiéu rong coc;
c=2771828

hay K =1+0,85 —— 1 (5-11)

2
1+ [EJ
D
trong d6: m - sG hang coc vuéng géc véi dong chay;
S va D da giai thich ¢ cong thiic (5-10).

Chiéu sau xéi h, giam khi khoang cdch hay khoang tréng gilta céc coc tang 1¢n va
nguoc lai 1a do tidc dong twong hd giita cde coc giam di hay tang lén théng qua hai qua
trinh: moét A su twong tic gilta cdc xody hinh thanh bdi cdc coc gidm di khi khoang
cdch tang lén va tang 1én khi khodng cdch ndy gidm; hai 14 su thay doi t6c do tuy theo
muc do din ra hay thu lai giffa cdc coc. Thi nghiém chi ra cdc coc khong anh huong

lan nhau khi S >9.
D

B¢ coc ¢6 anh hudng nhat dinh dén x6i. Thi nghiém chi ra khi mil coc hay b¢ coc
khong ngap trong nudc thi hé s6 K, cha nhém coc la:
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0,41
K, =(y—'j (5-12)

Tuy theo mifc do ngdp bé coc y, ma h¢ s6 anh hudng K_ —-[y—h'] cho trong hinh

5.11a, b. Cic thi nghiém nay gidp hiéu rd hon dnh hudng cla nhém coc khi sir dung cac
cong thidc clia quy trinh quy pham.

1

0.8

0.4

0.2
0 1 1 ] L
0 0.2 04 06 0.8 1
yifh
Hinh 5.11a: Hé 56 dnh hudng nuic do ngdp ciia coc
1
th=0,07  ¥h=0,21 th=043
08l C 7k +
K b

¥

0 L 1 DI 1
0

0 0.2 04 B 08 1

yih
Hinh 5.11b: Hé sd anh hudng mite d6 ngdp mil hay bé coc
5.4.9. Anh huéng ciia cac thanh phén cha tru coc dén x6i cue bo

Tru trén coc duge chia lam ba phdn gém than tru, bé coc va coc. Gia thiét méi phan
anh hudng dén x6i cuc bd & mic do khiac nhau, theo phuong phéap cong tac dung x4i cuc
bo déi vi tru bé coc s€ 12 tdng clia ba chiéu sau x6i thanh phan, do d6 ta cé:
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h.=h, +hy +h (5-13)

trong dé: h,, h, h., h.. 14n lugt 1a tdng x6i cuc bd, x6i cuc bo do than try, x6i cuc bo
do bé coc va x61 cuc bd do coc giy ra nhu so dé & hinh 5.12a (Jone, J. S va D. M.
Sheppard 2000).

Than tru Bé coc Nhém coc

]

= oy .i +

I %
h
1- e ] y‘ hQL [_tT_IV_ h3

y 5’4 Chigu dong chay

1
/ wengosy | LTI\
ke / \ AR T 3\i

hc = h'cl+ hth + hcc

/I_t“

Hinh 5.12a: So do xdc dinh thanh phdn cia tru bé coc

Ki hi¢u trong hinh 5.12a la:

f - khoang cdch gifra mép trude bé coc va mép trudc than truy (m);

¥y - chiéu cao clia ddy bé coc so vdi ddy trude tinh x01 (m);

y, =y + T - chi¢u cao ctia day than tru (hay dinh hé coc) so véi ddy trude XOlL (m);

Y, = yo + 1/2h, - chiéu cao cla dinh be coc so vdi day x6i do than try gay ra (m);

Vi = yg + 1/2h + 1/2hg, - chiéu cao clra nhém coc so v6i ddy x61 do than tru va bé
coc gy ra (m);

S - khoang cdch giiia cdc hang coc doc phuong chay (m);

T - chiéu day cua bg coc (m);

h, - chiéu sau dong chay trude tinh x61 cuc bé (m);

h, = h, + 1/2h,, - chiéu sau dong chay dé€ tinh xdi be coc (m);

hy =h, + 1/2h, + 1/2h, - chiéu sau dong chdy dé tinh x6i nhém coc (m);

V, - t6c do dong chay dé bat dau tinh x6i cyc bo (m/s);

V, = V,(h/h,) - tdc 4o dong chay dé tinh x6i bé coc {m/s);

V; = V,(h/hy) - t6c do dong chay de tinh x6i nhoém coc (m/s).

a) Xde dinh xoi cuc bo do than tru gdy ra, h,

Cong thitc ban ddu dé xic dinh h, va h¢ s6 x6i xuat phdt tir cong thirc Richardson, E,
V., D. B. Simons va P. F. Lagasse, 2001.

0,65

h, b ,

%:2,0}(11(21(31(4(11—1 Frl43 (5-14)
| i
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do dé:

b 0.65 v 0.43
=Ky, 2K,K2K3K4[h£J [—'J (5-15a)

| 1) (e

trong d6: K, - hé s6 tinh x6i do chi¢u sau than tru phia trén ddy va anh huéng ciia do
nho ra cua b¢ coc so v6i mat trude than tru (f) & hinh 5.12b) J. S. Jones va Sheppard,
D. M. 2000).

1 T T T T T T T T T T T T T T T T T T
05 Ky, = (4075-066911b)-( 4271 - 0778ilbyyb, . i
' + {1615 - 04550y (y,/b) -(.269 - 126D}y, /b) ‘
038 ——
\\--' b= 0
07 N
' ~
‘ ‘\\ }} . #lb, =05
W06 NN —
05 | \\ ...\§ ﬁbt=1;O
\{\ﬁ\ =15 ® ib,=0
0.4 AANSY W fib,= 0,167
0,3 . . }\‘::: A fh,=05
0 \~\\:\;\% y - ih=15
: \\\‘ 1
RS |
™3 .
e ;
0,1 }; = '
0 |
-1 0,5 0 0.5 1 15 2

¥aiby
Hinh 5.12b: 11 56 x61 déi voi than tru
b} Xic dinh chiéu sdu xéi do bé coc gay ra, h,,,
1. Trudng hop 1:

Ddy bé coc cao hon ddy trude x6i hay ddy x6i do than try gay ra. Trudng hop ndy
thay chicu rong bé coc by, bang chiéu rong tru tuong duong b,. cho trong hinh 5.12c.
Trinh tu tinh hCbl :

- Trude hét xde dinh chiéu rong tuong duong cia bé tru by tir hinh 5.12¢:

by,
b,. =b .
ba h[bbJ .
by,

trong do ti s§ {T] trong 5.12¢ phu thugc vio y,th, va T/h, (nhé ring h,,, = 3,5b,).
b
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04

ilil!.I.I'EITTII[]l]I]SllIIlIIII
' by.fby, = EXB{-2,705 + 0,51Ln(Tih,)-2,783(y,hy) +1,751/EXP{y./h,)}
0|35 \\ _<| _.*__. —rd e
Thy,=08
N
03 51— 5
= \\'\ \\ hama= 3,50y
& 06 | NI
0,25 —1e \..\ 1 -
™ \FK N
04 ~ N
BN ™ ™
n2 "N\\I{ I[ P, \\ \\\
0.3 | \\\ PN
045 H02 o T s N
’ e T ] ]
HH““-.-..,_ M“"‘"--. \\""\4 '\\
Sl ”“-'--..]\ UL TN
’ s s .y
L TR
h"""'"--. ' S H“-M:‘:"\
0,05 " B M S _ ,
ahﬁfhhzzzﬁgz :
0 | | Pl ‘ #‘
o 0.1 02 0.3 04 05 0.6 07 08 0.8 1
¥alha

Hinh 5.12¢: Chiéu rong twong duong cia bé coc

- Ap dung (5-14) tinh hgy,:

.65 0,43
hg, by V .
L=2K,K,K;K K., 2 (5-15b}
2 h, Veh,

trong d6 hé s6 diéu chinh cho truy kich thude 1én K, duge dua vao néu:

(1) Téng 5 chiéu sau h, < 0,8b,.;

\Y
(2)So Fr= —— <1;

Jeh,

(3) by, >50d,

Néu dong chay khong thing hang v6i tru thi ti s6 I/b clia bé try vin gilf nguyeén,

khong thay doi trong tinh xdi cho bé tru.
2. Truong hop 2: Pay bé tru tring v&i hay dudi cao dé day.

Hinh 5.12¢ khong bao gém truong hop nay (y, ¢ gid tri &m), do vay phai cai bién
cach tinh dua vao két qua thi nghiém:

- Xic dinh t6¢ do trung binh trong pham vi chiéu diy bé tru V:
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ln(10,93% + l]
.\i: 5 ' (5-15¢)

v,
B 1n[10,93 22 +].]

8

trong dé:

V; - t6¢ do trung binh trong pham vi tir dinh beé méng t6i ddy vi b¢ coc 1ép xdc vai
ddy hay ngap vao ddy duge coi 12 méng (m/s);

V, ~ t6¢ do trung binh theo chiéu sau trudc tinh xéi cho bé tuong ng véi h, (m/s); va
hy =h; + h_ /2 (m); V, =V (h /h,) (m/s);

hy =y, + 2“‘ - khoang cach ti dinh b¢ 161 ddy (do x6i tu nhién, do xéi chung hay do

x6i chi riéng théan tru gay ra);

k - nham cua hat dat ddy song (thuong k, = dg, doi véi cdt; = 3,5dg, d6i véi soi san
hay dia chat 13 hat tho).

Tat ca cdc ki hiéu d€ tinh x6i cho bé trong trudng hop nay dugc chi ra & hinh 5.12d.

1 v

0.9 1
0.8 4
0,7
0,6 S

0.5 1 Y2
Tée d6 trung binh, v,

Ty s6 chidu sau

04

R

0,2 ) _
Téc do trung binh &
0.1 pham vi bé truc, v,

0 Y

I T T

g 02 04 06 08
Ty s6 toc do

Hinh 5.12d: So dé xdc dinh t6c g va chiéu séu déi voi chan bé nho cao hon ddy

Tinh h, theo cong thitc (5-14):

h b 0.65 v 0,43
P2 29K KKK K, | (5-15d)
h : h,

f
f Vehy
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trong dé hé s6 diéu chinh K, duge dua vao néu:
(1) hy < 0,8by,;

\Y
(2) Fr=—2- <1
\;ghz

(3) b, >50d.,

Str dung ;—2 dé tinh K, (theo két qua thi nghiém ctia Johnson va Torrico, 1994):

b
h 0,34 )
K, = 2,58&] Fr® cho V<V, (5-15¢)
h 0,13
K, = (E] Fr%% cho V2V, (5-150)

K., - h¢ s6 diéu chinh x6i do tru ¢6 kich thude 16n trong dong chay ém.

Trong cong thitc (5-15¢, f) céc ki hiéu h, b va Fr can dugc thay twong ung phu hop
v&i trudng hop 1 va 2 khi tinh x6i do bé gy ra. Trudng hop 2 x61 do bé bao gom ca x6i
do than tru, do dé téng x6i la:

h, =h, +hg (5-13g)

¢} Xdc dinh xdi thanh phan do nhém coc h,,

1 T oT 3 T 3 T l||'0.65 —

l Kiee™ {3.08{y2/3)-5,23{y4/hs} +5,26(y3/h;) -2,10(y,/h;)d} ]
0,9 T + i - 1 I . |
Rama® 3.0+ / |

08 //
07 | //
06 //

Z 05 v

0.4 ]
0.3 '/
0.2 //
0,1~ 4

0 0.1 0.2 0.3 04 05 08 0.7 g8 09 1
ya/hs

Hinh 5.12e: HH¢ 5o diéu chinh chiéu cao nhém coc (Sheppard, 2001)

Sir dung két qua nghién cifu cda Salim va Jones (1995, 1996, 1999, 1989) va cia
Smith, W. L. (1999):
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L b 0,65 0,43
5= Ky | 2K KK, [?‘i] [ 3 ] (5-15h)

; s ) ey

trong do:

Ky - hé s6 diéu chinh chiéu cao cia nhém coc 1a ham cba yy/hy (nhé ring hy,, =
3,5b.c) cho trong hinh 5.1ze (Skeppard, 2001);

l 1 L i - e - e .
Yy =¥y +7h, + ~h - chién cao ciia nhém coc so v6i day x6i do than tru va bé coc
3T Yo T Ma S : ) ¢ CC

gay ra;
vV, =V, [E—:—] m/s.
Hang doc.n Hang doc.1
OO P v
Py ARV AL N
L/ L/ U U
T M M
N ] NV AN, \bJ
. LY
() () C:} q} Hang ngang.1

[ Chiéu dong chay

0000
.*.0.’. Try diic tuong duang

Hinh 5.12f: Chiéu rong hinh chiéu cdc coc khi coc thdng hang véi dong chdy

b =b K K, (5-151)
trong do:

b, - tong hinh chi€u chiéu réng céc tru duoe bé lai sat nhau coi nhu tru dic nhu hinh
5.12g va 5.12h.

K,p - hé s6 phan dnh khoang cdch cic coc cho & hinh 5.12h.
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Hang dac. 1

Hang doc. n
C) C) C) C) Hang ngang. m
(N T N AR
L/ L/ NN
Sk
D N T T
\/\ N N L/
s
» i
£ Tl Pl ™ Hang ngang. 1
WO WY
. oniang Vu0N8
o

v Aep® . .
e Chiéu 02 hang ngang va 01 hang doc

I&n mat phang vusng géc véi phiong chay

Hinh 5.12g: Chiéu rong hinh chiéu cdc coc khi tru khédng
thing heéng véi dong chdy

o,; ] Klp = 1-4;3[1I-1f(btgb)][1l-(sfb}{"5]
08 -
07 -
06 -

o 05 bb=3 \M\_
0|4 . b‘c}bzs %\Rh
03 - T

l-‘--‘--‘_‘—l—-
b =10
0,2 i blc‘r ‘H\""--...._____________
0.1 A
0
1 2 3 4 5 6 7 8

sib
Hinh 5.12h: H¢ s6 khodng cdch cdc coc (Sheppard, 2001)

K, - hé s6 s hang ngang coc, m & hinh 5.12i. K 12 hiang s& ddi vdi tat ca S/b khi s6
hiang m > 6 hang.

K., = 1 cho nhém coc nghiéng hay chéo nhau.

Sau kht tinh duge xd1 thanh phan cla cic thanh phin cha tri trén coc gy ra ta s&
dugc téng x6i cuc bo tai tru trén coc theo (5-13). Néu nhiéu coc cich xa nhau va
nghiéng véi phuong chéy thi ¢6 thé tinh theo tru tuong duong nhu hinh 5.12k.



3 | ] | I [ | 7
28 ! Km= U,9+0,10m-0,0?14{m-1){2,4-1,1(Sfb)+0,1(8)‘b}2] —
28 ! o
24— ' |

22

Km

1.8 Sh=5

16

: - Sh=3

14 /“?_’—-‘" Sh =|2,5

o ] Sh=2
"] +- Shl=10

2 3 4 5 & 7 § 9 10

86 hang theo chiéu déng chay, m

Hinh 5.12i: Hé 56 diéu chinh sé hang ngang coc

|_ 10m | | 10m |

o 1 |
= O O O
Nhigu coc cach xa nhau
/
-
2m ( ) L =3

MGt tru tuang duang
Hinh 5.12k

P

5.4.10. Anh huéng cia do thé ciia hat tao ra I6p chéng x6i trong hé xéi - K,

Khi hat ¢6 d55 > 2,0mm va dys > 200mm thi tho hod 1am gidm x6i. Nghién ctu gén
day cua Molinas va Mueller chi ra khi t6c do dong chdy dén tru V| < Vo, (t6c do t6i
han tuong ng vdi dyo) thi dg, s& gidi han chiéu sau xéi cuc bo. Mueller va Jones (1999)
sau khi nghién ctu 384 s6 lieu do hién trudmg cta 56 cdu da dua ra hé s6 diéu chinh K,.

+ Néu dgp < 2Zmm hay dys < 20mm thi: K, = 1

+ Néu dsy > 2mm va dys > 20mm thi K, Ia:

K, =0,4(Vy)*"? (5-16)
vV, - V.
trong d6: Vr SO L )
VCdS{J _WViCdj(;
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Vicax - 10c d6 dong chay téi tru 1am x6i tru ¢d hat d, (m);

d 0,033
Vi z0,645(~§»] Vi, (5-17)

V.gx - toc dé tdi han (m/s) hay t6c do khaoi dong cua hat cé dudng kinh d, (m)

V4 =6,19h°d} (5-18)

trong do: h, - chiéu sau dong chay trudc try da ké x6i chung;
V| - téc do dong chay dén tru trude tinh x6i cuc bo (m/s);
« = ¢@ hat ¢4 x phan trim lot sang theo trong lugng (m);

Gid tri nho nhat ciia K, 1a 0,4.

Po1 véi tru dac, anh hudng clia dé nghiéng cua mat trude try dén x6i dd duge nghién
cttu nhiéu tir 1953 (Tanoslastsev)..., 1986 (Klimov) phan tich cta Juravlev (tap chi Céng
trinh thuy cong 3/1991) trén co s¢ nghién cfu clia Altunin va CCS (1953); Begam va
Tsypin (1984); Juravlev (1984) v hudng dan tinh x6i cua Soiuzdornii (1988) dd cho hé
s6 anh hudng ciua do nghiéng mat trude tru dén x6i cuc bd tru dé tham khéo.

1

K =———
T+ m?He

(5-19)

trong d&: m = cotgl; 0 - gbc nghiéng cua mat trude tru so vdi phuong ngang. Gid tri K|
theo m cho trong bang 5.2.

Bang 5.2
m Kn m K
0,5 0,96 2,0 0,76
1,0 0,89 2.5 0,72
L5 0,82 30 0,63

5.4.11. Xoi do dong 1a lam ngap két cdu nhip cau

So d6 dong 10 tdc dong vao két cdu nhip ciu nhu hinh 5.13.

So d6 chi ra dong chay dudi cau coi nhu dong chay qua 16, 13 dong chay c6 dp. tao ra
co hep theo phuong ding, lam ting dong xuéng ddy dong thoi tang cudng dd xody dang
mong ngua, két qua 1 tang x4i cuc bo & tru. Song khi dong li lam ngap cau; sé 1am
ngip dudng diu cau, giy dang nudc trudc ciau lam cho luu lugng gidm, luu té¢ giam va
dong chiy duge coi nhu dong chay qua 16 va dong chay qua dap tran, mot bai todn két
hop phic tap d6i voi ddy x6i con chua duge nghién ciu nhiéu. Nghién cifu trong phong
thi nghiém ciia dai hoc bang Colorado va trung tdm nghién citu vé dudng cia FHWA
cho thay x6i & tru ¢6 thé tang tir 200 dén 300% do dong chiy ¢ dp (hinh 5.13) (Abed,
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1991}, Abed, Richardson va CCS (1991), Jones va CCS (1993). Song thi nghi¢m cua
Arneson va CCS (1999) vi phong thi nghiém clia FHWA lai cho két qua:

(1) X6i do dong chay c6 dp 1a su két hop clia x6i co hep theo phuong difng va x6i
cuc bg;

(2) Thanh phan x6i cuc b twong tu nhw dong chdy khong 4p trong cing mot didu
kién dong chay dén tru.

(3) X461 do co hep ditng va x6i cuc bo 1a hai thanh phén phu can bé sung vao x&i tai

tru cau.
v r)
? a

g S
N

B
NNEN
N

§

—_—

—

\

N ' P -
N h

S c //
~ -
M“‘-—_____ -—"-‘F/

Hinh 5.13: Su do xéi do dong It lam ngdp nhip cdu

Phan tich két qua thi nghiém va dung quan hé héi quy tuyén tinh da bién Arcson
cho phuong trinh x6i co hep phuong dimg:

\%
Pﬂ:—s,osdrl,z? L +4,44 LY +0,19] =+ (5-20)
l’l, Hb hl V.

¢
trong dé:  h_4- x4i co hep ding so véi déy trung binh (m);
h, - chiéu sau dong chay ngay trudc tru (m);
H,, - chiéu sau tir diy ddm céu dén ddy trung binh trudc x6i (m):;
V, va V, - t6c dd trung binh dudi ciu trudc x6i va téc do téi han x6i tuong
ing vdi dsg (m/s).

Str dung h_4 dé tinh x6i cuc bd bé sung vio x6i & tru.
5.4.12. X6i cuc bé do vat troi trong song vuréng vao tru

Céc vt troi trong song vudng vao try Am ting chiéu rong tru nhu hinh 5.14; 1am
tréch phuong dong dimg xudng ddy dong chay, 1am tang lugng biin cat 131 khoi ho xoi,
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lam tang x6i cuc b & tru. Song néu dong chay khd sau thi x6i ndy ¢é thé bo qua
(Lagasse, Schall va Richardson, 2001). Thuc ra van dé nay con it duge nghién ciu, do
viy cong thiic dudi diy c6 tinh tham khéo dé tinh xéi cuc bd cho tru theo HEC-18 véi
trinh fu sau:

I.Lay K, vaK, = 10.

2. Xac dinh L' = L hay = 12b,

Chiéu rong hinh chiéu cia try:

By /chigw = 2W + bcos0

hay By ehicy = W + bcosO + L'sin®
3. Du doan x6i theo HEC-18

tru*

h b 0.65
h_0=2,0x1,0x1,0x K, xK, [_mﬁbﬁu_J Fr (5-21)

| 1

trong dé: W - chi€u rong vat tréi vudng vao tru cau (m).

\9\ .
j\._ Vat trbi

Hinh 5.14: So d6 vdt troi trén song vudng vao tru
Thi du 5.1: Cho tru don tron diu ¢6 chiéu rong b = 1,22m; 1 = 18m; chi€u sau sau x6i
chung h; = 3,12m; t6c do dong chay dén try sao x6i chung V, = 3,36 m/s; dia chat day
song 6 dsg = 0,32mm va dys = 7,3mm; ddy phang va dong chay thang hing véi tru. Yéu
cdu du todn x6i cuc bo & tru b, ?
Loi giai:
Ap dung phuong trinh (5-14):

0,65
h

X X

\'A 3,36

trong dé: Fr, = = =
bofeh, V9,81x3,12

b
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K, =1,0; K, = 1,0; K; = 1,1 (ddy phéng); K, = 1,0.
Thay s6 vao ta c6 h.:
h,=[2,0x1,0x 1,0 x 1,1 x 1,0 x (1,22/3,12)"% x (0,61)°*] x 3,12
=0,97 x 3,12 =3,03m

Thi du 5.2: S6 liéu vé try, dong chay va ddy nhu thi du 5.1, song dong chay nghiéng
voi try mot géc = 20°. Yeu cdu dy dodn x6i cuc bo h.

Loi gidi:
Tir (5-24) x4c dinh:
K, =(cos0+L/bsin0)*% = (cos20° + 125in20°)*% = 2,86
trong do: I/b > 12 14y bang 12 13 gi4 tri 16n nhat, do d6:
h, =3,03x2,86=8,7m.

Thi du 5.3: Di¢u kién vé tru va dong chay nhu thi du 5,1, song ddy 12 hat tho hon:
dso = 17,8mm: dy5 = 96,3mm va ddy van la ddy phing.

Lo gidi: Do hat thé nén x6i giam va K, duge xdc dinh theo diéu kién & muc 5.4.10 la:

K, =0,4(Vg)*"®

V] - V'ICdSU
Vi=————>0
VCdS(J - ViCdSn
4. \00s
trong d6: V4 =0, 645[-biJ Ve,
V.o, =0,19h%d}?

Thay s6 vio ta co:

V... =6,193,12)"% x(0,0178)"* =1,95 m/s

cdsgy
Veg,e = 6,19(3,12)7% x(0,0963)""* = 3,43 mys
Vieds, =0,645(0,0178 /1,22)°% 1,95 =1,01 m/s

\Y%

icdgs

=0,645(0,0963/1,22)"% 3,43 =1,93 m/s

3,36 - 1,01
VR - =
1,95-1,93
K, =0,4(117,5)""" = 0,82
h, =0,82x3,03 = 2,48m

117,5
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Thi du 5.4: Tru trén bé coc

Tru & thi du 5.1 dat trén bé coc ¢6 chiéu cao 1,6m; rong 2,44m; dai 19,81m; bé tru
nho ra so véi mat trude tru f = 0,76m va pho 1én cao hon ddy do x6i trong thoi gian dai
(x4i tu nhién) 12 1,5m. Yéu cdu du dodn x6i cuc bd cho tru trén bé coc da néu.

Loi giai:
Dong chay trude x6i cuc bo ¢6:
h,=3,12m.V, =336 m/s, 0" =0, b =
1
3,36 E ‘ f=0.76
Fr= o5 = 0.61, < L2 ;
(9!81 X 3! 12) - (I"I:’_ = bbl = 2 44m = BLI’GF‘Ig day sdu
= <'D, ) ‘L.l:j: - ll; h.‘
dsp = 0.32mm; dg, = 7,3mm va ddy = 27 FOTHTET
phing nhu hinh thi du 5.4. ‘ ‘ ‘ T ¥,=-0.01m
* Thanh phan x6i do than tru
f=0,76, Hinh thi du 5.4

v, =yo+ T=-0,10+1,60 = 1,50m
Ky = f(y /by, /by, = 0,06 (hinh 5.12b)
trong d6: yl/bm__| =1,50/122=123;
f/by, = 0,76/1,22 = 0,62

Thay 6 vao (5-15a) ta duoc:

h. 0.65 0.43
. =0,06 2,0x1,0xl,0x1,1xl,ox[l.ZZJ X(_ELJ
h, 3,12 9.81x3,12

dodé:  h, =0,06x(0,97)x3,12=0,18m

* Thanh phan x6i do bé try
Gia thir day & quanh try bi thdp xuéng bing mét nira chiéu sau x6i do than tru:

hy=h, + 23104 948 501y
2 12

h 3
vV, =V, [h—'} = 3,36(3’—5] =3,26 m/s
2

*

h.
Y =¥y +7“=—0,10+0,09=—0,01

Ddy beé tru & trong dét do d6 dp dung truemg hop 2 dé tinh:
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h,
hy =y, + 2"‘ =1,50+0,09=1,59m

Toc do dong chay trong pham vi chan bé tru la:

[10 93—1—5-9 IJ
f 0,

V
v, a0
2 In| 10, 73— +1
0,0073

Gia thiét K, = dg, = 7,3mm thi V, = 0,92V, = 0,92 x 3,26 = 2,99 m/s
Ap dung (5-15d) thi:

| 2,40 299 'V
%2 220x 1,1 x 1,0x LI x 1,0 x 1.0 x [—] (——] =2,83m

; 1,59 V9,81x1,59

h
Biét b—2 =131 (>08)dods K, = 1,0.
b

Cuéi cling: hg,, =2,83h; =2,83x1,59=4,50m
Tong 56 x6i cuc bo dudodnla: h, =h,, + h., =0,18+4,50=4,68m
Thi du 5.5:

Tru cau qua song Potomac cho trong hinh thi du 5.5, ¢6 cao d6 1i Qg va Qs 12
+ 2,23 va + 2,96m v6i toc do li tuong ung 14 3,41 m/s va 4,27 m/s.

|—WS +73Q100

= +9,7 Q500
v -t 2] =52 WS = +7,5Q100
_L | } | j b= 32 .
> S g o T S N
r -
ﬂﬁj: 1 Chidudongerdy ¢ HIFBEIESTT
¥ g | Fzs,s'
R S i N BBl ]
Cao dr}/g: | | d = 66" (o /7/?- | 4=66"
Gt so | | Cao db day = -44.5
X0 chung | |
i . |
L IR imE Igigemt
MAT BEN MAT CHINH

Hinh thi du 5.5: M6 hinh tru trén bé coc
cita cdu Woodrow Wilson qua séng Potomac (MT)
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Thong s& dong chay va tru da cho la: hy = 15,79m, V, = 3,41 m/s, b, = 9,754m,
chidu rong bé tru b, = 16,23m, yy = 7,77m, y, = yo + T = 12,65m, S = 4,19m 12 khoang
cich giita hai tam coc, T = 4,88m, f = 2,627m, «° = 0.

Yéu cau du doan x6i cuc bo h.

Loi gidi:

a) Xoi thanh phan do than try h,

[ _2627_ o,

b, 9,754

tru

Y 12,65 B
btm 9. 754

1,30

K, = 0,062 (hinh 5.12b)

h 9,754 \%53 341 VP
25=0,062 2,0x1,lxl,0xl,lx1,0x[;J [4_—} —0,0627

1 15,79 J9.81x15,79
h, =0,0627x15,79=0,99m

b) X6i thanh phén do bé tru

h,
Y2 =Y +—5=7.77+0,495=8,2Tm

h,
hy =h; + =% =15,79+0,495=16.28m

V, =V, x4 -3 41 x l—wJ=3,31 m/s
h 16,28

2

b

Theo hinh 5.12¢ thi h, =3,5b, =56,81>16,28, do d6: h, = 16,28m va ﬁ-=0,51,

b
1 _4A88 —0,3, -
h, 16,28 by

=0,07, b, =007 x 16,23 = 1,10m.

h 110 % 3.31 o
hCh =20x1,1x1,0x1,1x10x1,0x [ : j [—3——] =0,236

] 16,28 J9,81x16,28

Bict ring :)'—2 = 14,8 (> 0,8) nen K, = 1.0, do dé:
h"

h,, = 0,236 x 16,28 = 3,84m

121



¢) X61 thanh phdn do nhém coc:

(hy +hy)

Y3 =Yg+t =TT+

Mzmgm

h
h3:h,+(;‘;~h°—b)=15,79+

h 7
V=V, [h—'J =3,41x [%2%} =2,95 m/s
3

©,99+3,84) ; 384 _18.20m

Bpjchica = 4 x 1,676 = 6,71m

Djehics _ 6,71
b 1,676

»

K, = 0,58 (hinh 5.12h)
K, = 1,16 (hinh 5.12i d&i véi 3 hang coc)
by, =K % Ky % by, = 0,58 x 1,16 x 6,71 =4,5Im

Ti hinh 5.12¢, hy,,, = 3,5by, = 15,79 < 18,2; do d6 h, = 15,79m

ys 1019 o o
h, 15,7

o

K,. =0,79 (hinh 5.12¢)

h 4,51 Y% 205 )
1E=0.79 2,0x1,0><l,0xl,1><l,0x[’ J [ : ] = 0,41

3 15,79 V9.81x15,79

h., = 0,41 x 15,79 = 6,47m
Tong xdi cuc bo & try bé coc la:

he=hy +hy, +h,, =0,99+384+6,47=113m
Thidu 5.6:

Dy dodn x6i cuc bo doi véi tru bé coc ¢6 6 hang coc 6 x 0,406m theo chidu doc, cé
khoang cach cdc hang 1 2,29m, dong chdy nghiéng véi truc doc 26°, song khong cé cay
tréi, vat can va phong x6i.
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Toc do trude x6i cuc bo: V| = 3,4 m/s; chiéu siu h; = 6,1m; S/b = 2,29/0,406 = 5,6:
(S/b > 5.0); gia thiét ddy phang do d6 K5 =1,1.
Lo gidi: Trong thi du ndy sit dung ba phuong phdp khac nhau dé danh gid so sanh.

a) Chiéu sau x6i cuc bo theo Raudkivi (1986) bang 1,2 Ian chiéu sau x6i cuc bod doi
v try don:

h 0,406 Y% 34 )
%—C-=2,0xl,0x1,0xl,lxl,0x( ’ J [»_-—-—] = 0,266

1 6,1 V9,81x6,1

do dé: h,=0,266 x 6,1 x 1,2 =1,95m
b) Coc duoc bé lai thanh mot khéi nhu tru dac
Chiéu roéng ctia bé coc la b, = 6 x 1,406 = 2,44m

Chiéu rong hinh chiéu cua bd coc la:

b,. = Lsin26° + bcos26° =2,445in26° + 0,406 cos 26" = 1,44m

h 1,449 34 )
ﬁ:Z,Oxl,Oxl,Oxl,lxl,Ox[ ’ ] [—u—-——’——-——] = 0,604

6.1 J9,81x6,1

do do:
h, =0,604 x 6,1 =3,68m

¢) Tinh x61 cho nhém coc st dung K, theo (5-14):

0,65
K, =|cos26” + 2,44 Jsin26° =2,27
0,406

h 0,406\ (34 Y
6—‘1-=2,0><1,0><2,2?><l,lX1,0><[' J { = J = 0,603

6,1 J9.81x6,1

do do:
h, =0,603 x 6,1 =3,68m
Do §/b = 5,6 (> 5) nén phuong phédp (a) dugc su lua chon, ngoai ra nghién ctiu mo
hinh cho h, = 1,95m, do d¢:
h.=6.1 x 0,266 x 1,2 = 1,95m
Thi du 5.7: Dong lii ngap hét lan can cau va ngap duong, lam tang khong dang k&
chiéu sau dong chay véi cac s6 liéu nhu sau: chiéu sau dong chay trude x61: hy =9,75m,
t6c do V, = 2,93 m/s, luu luong q; = 28,56 m’/sm. Biét chiéu rong tru b = 0,914m, tron
ddu, thang hang v&i dong chay. Ddy cét c6 ds = 0,4mm, dgy = 0,9mm. Khodng cdch tr
day dam cdu dén ddy song 1a Hy, = 7,93m. Yéu ciu du dodn x4i cuc bd & tru cau.
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Lot gidi:
a) Xac dinh x61 do thu hep ditng - cong thire (5-20):

heg =-5,08+1,27 L 14,44 H, +0,91 Yo
hl Hb hl Vc

V, =6,19h/°d'5 = 6,19(9,75)"/°(0,0004)'* = 0,669 m/s

R (. SN
H, 7,93
h, 3
Vay: o =—5,08+1,27(9‘—7§]+4,44(1’~9—3 +0,19[’—6
9,75 7,93 9,75 0,669
heg=9,75 x 1,12 = 10,9m
b) X6i cuc bo & tru:
hy =H, +H,, =793+ 10,92 = 18,85m
v, =V, A, =3,60(i?3)=1,51 m/s
h, 18,85
h b 0,65
—<£=2,0xK xK, xKyxK,| —| (Fr)*¥
KI:K2=K4:1,0; K3=1,19 FI]: 1552 0520,]1
' (9,81x18,85)%
0,65
h, '
e _2.0x11x| 2214 x(0,1H%*" =0,12
18,85 18,85
Vay: h,= 18,85 x 0,12 = 2,26m

¢) Tong chiéu sau xéi & tru-
h, =10,92 +2,26 =13,2m
Thi du 5.8: Vat tr6i vudng vao try cdu ¢6 chiéu rong 1a W = 0,61m & phia truée va
bao gom dau try nhu hinh 5.14. Dong lii ¢6 h; = 2,42m, V| = 3,60 m/s va Fr, = 0,74. Tru

rong b = 0,46m, L = 12,62m nghiéng véi phuong chay géc 15°. Yéu cdu tinh x6i cuc bo
do vat troi giy ra ?

Loi gidi:
—L~ = —12’02 =27.4>12
b 0,46
hay: L'=12(0,46)=5,52m
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Brjchicy = 1,22 + 0,46c0s15° = 1,66m
hay: byenicu = 0,61 + 0,46c0s15° + 5,52sin15° = 2,48m

Sit dung bygpe, = 2,48m dé tinh x6i h:

2 48 0.65
:2,0x1,0x1,0x],1x1,0x[~m) (0,47)"% = 1,98

k4

hC
2,42

Vay: h,=2,42 x 1,98 =4,79m.

5.5. XOI NUGC PUC

X6i nude duc xdy ra khi téc do dong chiay V 16n hon toc d6 tdi han V_ la t6¢ do lam
cho hat bit ddu chuyén dong. Xéi nudc duc lic ddu tang rit nhanh, sau d6 dao dong
xung quanh gid tri trung binh tuong tGng véi hinh dang ddy di qua ho x6i; chi¢u sau
x6i 6m tuong Ung voi ddy séng cét, con chiéu sau xo6i nho tuong ing vé6i dinh séng cat;

T 2,4 1|'
20 = =197
} 16 |-
El= .
<=
s 121
g’ .
2 20 H
2
s A
=126
h_
| p=0g7
e Khong cé
08| / Seng cat songcat |
- [dw | 024 [ 038 | os0 | 140 |
0.4 |— o & | L ] A —
| | | | | | | [ | ]
10 20 3.0 4.0 50
— Tysftdcdd Vi
C

Hinh 5.15a: Két qud thi nghiém h /b ~ VIV _cho tru tron (Chee, 1952)
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chiéu siu x6i can bing phu thuéc vio ¢& hat va hinh dang ddy. Bun cat chuyén dong
thudng gbm hai phan 1a bun cat ddy va bin cat lo limg, lugng bun cit luén vio hé x6i tir
thuong luu va ra khéi hd x6i vé phia ha luu. X6i can bing khi lugng bim cét ra vao nhu
nhau. Két qua thi nghiem cla Chee (1982) cho chiéu séu xéi can bang 16n nhat déi véi
cat déu hat ¢6 dsq = (0,24; 0,38; 0,80, 1,40)mm tar tru tron ¢é duong kinh 13 50,8; 79,5
va 101.6mm khi chi€u su dong chdy 1a 100mm. Séng cdt hinh thanh déi véi hat ¢6
dsy = (0,24 va 0,38)mm; séng cat khong hinh thanh khi hat c6 dy;, = (0,8 va 1,4)mm.
Xoi nude trong dat gid tri 16n nhat khi V/V, = 1,0 sau d6 giam (i gia tri nho nhat tal
VIV, = 1.5 + 2 tuong tng véi ddy doc, sau dé téc do ting ti€p, ddy phang lai va chiéu
sau X061 ¢6 xu the dat dinh méi, ldc nay nang luong chi phi cho sic can hinh dang tin (&
khong, tic 1a nang lugng dong chay duoc tang 1én va lai gay x6i tiép do lugng bin cét bi
x0i di tang lén. Thi nghiém cho thay d6 chénh gilta x6i 16n nhat va nhé nhat gin bing
chiéu cao clha séng cdt déy trong cdc diéu kién dong chay di cho, nghia la chiéu sau xoi
16n nhat la téng cha chiéu sau x6t can bing véi mot nita chidu cao séng cat hay con cdt,
Tuong ty v6i hinh két qud thi nghiém clia Chee va két qua thi nghiém cua Chiew (1984)
doi véi cat déu hat song dong chay cé chiéu sau 1a 170mm va dudmg kinh tru nho di la
32 va 45mm, tic 12 chiéu sau tuong d6i tang lén. Trong thuc t€, hinh dang ddy song rat
phiic tap, cdc séng cal va cdn cit van dong theo quy luat phiic tap, 13 két qua cla sy tac
dong twong hé gitf dong nudc va bin cdt, dac biét 1a van dé r6i ca 16p sdt ddy. Ngoai ra
con phai k€ dén su dich dong, thay d6i lach sau... lam cho qu4 trinh x4, vi tri xé1 va do
sau x6i lon nhat khong hoan toan giong nhu trong phong thi nghiem.

24 +

20
=S 16 |
8
g ™
2 Ll Hinh thanh séng cat |  Kheng hinh thanh
2 ’ . ) $ong cat ]

B [ dsg 0,24 038 0.80 140
o .
08 | fa l - __ 4
| l | | 1 | |
10 20 30 40 50 5.0

Tdc 69 tuong dsi 5—

T

Hinh 5.15b: Két qud thi nghiém h /b ~ VIV . cho tru tron (Chiew, 1984)
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5.6. MOT SO CONG THUC XOI CUC BO TRU CAU

5.6.1. Mot so cong thie

Cong thirc T. . Nghién. Co ch€ ¢o ban cua x6i cuc bd tal chan tru tron va tru tron
dau I3 hé théng xody ¢é dang hinh méng ngua vdi hai tay xody bao than tru trén mat
bing. Nang lugng cla xody ndy dugc rat ra tit su chénh léch cong suat (nang luong) cla
dong chay trong 16p bién va ngoai 16p bién bao tru do chinh tru tao ra - dé i chénh léch
dong nang trong va ngoai L&p bién bao tru.

AE = %vzpbhv(kz -D=E_= %(kv)pﬂrf o *)

Goi o 1. = Vg, va ', = 2nr vy, [a luu s6 cha xody cudng bic thi tir (*) it ra:

2 —
r,= 3,5451]%\/1)11\:

trong do: AE - su thay déi dong ning trong vi ngoai 1p bién;
I, va o - ban kinh ctia xody va t6c do géc cha xody cubng bic dang méng ngua;
b va h - chi€u rong try va chiéu sau dong chay trudc tru trudc x4i cuc b,
V - t6c d¢ trung binh clia dong chdy trudce tru trudc xoi;
k - hé s6 tang tdc do trong 1Gp bién bao tru.

Gap Idp ddt dé x6i cdc xody hinh thanh xody dang méng ngua tic dung thang xudng
day cat tao ra ho x6i phia duéi xody, xody dao sdu va md rong hé x61 dong thdi chim
vao hd x6i 1am rdng va sau dién tich mat tru bi x6i; qud trinh nay lam t6c do xody va téc
dé x6i giam. Gia thiét trong qud trinh x6i liu s6 clia xody cuimg bitc khong déi vi ban
kinh xody tang dong thdi véi t6c do xody gidm dén gia tri x6i 6n dinh va xody chim hin
vao trong hd xdi tirc 1a ¢ luu s6 cua xody nglng xéi:

X
<

2 VHH
I', =27Re,, =45 0

trong d6: wR* =S, - dién tich mat cét ngang ciia xody trong hd x6i;

Vv h 2V
= 2 vaR=-"Cdodb o, = —=,;
£ R 2 h

6} g

C
Vg - t6c d6 ngiing x4i trong ho x6i.
Can bang luu s6 gay x6i T', v6i luu s6 ngimg x6i I, ritra chiéu sau x6i twong déi
vdi chiéu rong tru:
h, b V
~£=1L13K, /- —
b

h v,
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(k? 1)

trong do: K, = phu thuoc thi nghiém trén ddy khong x6i. Két qua thi nghiém

chi ra trong day cét c6 dg = 0,155 + 0,58mm s& c6 géc nghiéng clta mai d6c hé x6i so
v6i dudng nam ngang thay ddi: 30° + 35° do d6 dién tich mit cit ngang thuc t€ trong hé
X41 la:

g :hgcotg(pzsx 2

t —cotgp =1,1+092
2 18

Trung binh ¢ = 32° + 33°sé cho S, = S, .
Tac do nglmg x61 V¢ trong ho x6i 1a ham clia trang thdi chuyén dong cla hat biin cat.
trong hé x6i twong iing véi x61 nude trong va x6i nude duc.

0,06
h
Vig = gho [d—] (5-22)

50
trong d6: Jgho - t6c do khudy duc bun cét trong hé x6i;
@ - do tho thuy luc coa bun cét.

bat K = L,13K, va slr dung 58 56 li¢u thi nghiém trong phdng va trong song; 143 s§
liéu do x6i 9 cdc cau dang khai thic cho cong thitc chung xac dinh chiéu sau x6i cuc bo:

h, = Kbh {VL] KK, (5-23)

ng

trong d6: K =1,24; n=0,77 khi VV_ < 1 (x4l nudce trong)
ng

K=1,11;n= 1,0 khi ;\{— 2 1 (x61 nuée duc)
ng
V - t6c d6 trung binh dong chay truéc tru trude x6i cuc bo (m/s);
h - chiéu siu ddng chéy trudc try trude x6i cuc bo (m).
Cong thic dp dung cho try ¢6 chiéu sau tir 3m + 18m, chiéu rong tru t6i 6m, t6c do
dong chay trude x6i téi 2,5 m/s va dia chat hat dén 1,53mm va 16n hon. K, 14y theo
bang 5.3; K, c6 thé ldy theo bang 5.1.

Cong thirc N. X. Truc va N. H. Khai.

Cong thifc duge it ra tir s6 liéu thuc & & cdc cau dang khai thic thong qua phép tinh
binh phuong t6i thiéu.
" (v Y
< =CK,|-| | — (5-24)
b b \Y
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trong d6: Ky =0,1K; - hé s anh huéng cia hinh dang tru 1dy theo tac gia laroslavisev (Ks)
C=0,52,m=0,12;n=1,16 cho V = V, (x61 nudc duc)
C=097,m=0,17,n= 1,04 cho V <V, (x61 nudc trong)
Vy = V. =3,6 4hds, - 1 toc do khong x6i d6i v6i hat & ddy song.

Cong thiic Richardson va céc cong sy - HEC-18
h B0
" =2.0xK xK; xK; %K, xKi(E] Fro® (5-25)

trong do:

Vv
Ffr=—

N

K,. K;. K3, K, 1an lugt 1a hé s6 anh hudng cla hinh dang try, géc nghiéng dong chay
dén tru, diéu kién ddy song va su tho hod hay phuong phap phong xéi try;

b, h vad V nhu da giai thich.

K, =1 - tru tron, tru tron dau hay nhém tru tron.

K, =0,9 - tru d4u nhon;

K, = 1,1 - tru vuéng hay chi¥ nht.

Heé 50 anh hudng cua huéng dong chay K, phu thuge o va i/b cho trong bang 5.3 hay
cong thuc:

0,65
K, = [cosa“ + gsin O'.OJ (5-26)

trong dé: 1, b - chiéu dai va chiéu rong tru.

Bang 5.3
! ! I
- Q —_ = 4 — = 8 — = 12
Goc o b b b
0 1,0 1,0 1.0
15 1,5 2,0 2,5
30 2,0 2,75 3,5
45 2.3 3,30 4.3
90 2.5 3,90 5,0

Heé s6 diéu kién ddy K, phu thude vao chiéu cao song cdt cho trong bang 5.4.
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Bang 5.4

Piéu kién ddy Chiéu cao séng cat h, (m) K,
X6i nude trong 1.1
Ddy phang, sdng cat nguoc ‘ 1,1
I Song cait 0,61 =h, <30 1,1

Cén cit vira 3<h, <913 L1-12
Con cét cao 9,15 < h 1,3

y 043
K, = [1 —V'-J khi V>V, (5-27)

NéuV <V, thi K, = 0.

V; lay theo (5-32); K, 14y theo (5-36): y 1ay theo (5-28).

V. lay theo (5-30). Trong biéu thic (5-25) thi K, va K, 14y theo (5-36) va (5-27) Ia
theo dé nghi cua T. Paul Teng (N. FHWA, 6/2003) T. Paul Teng, P. E. NoFHWA RD-
03-083, 6-2003) dua vao két qua nghién ciu tdng hop vé vai trd cap phoi hat anh hudng
dén x6i doi véi hat ¢6 ds = (0,1, 0,55, 0,78 va 1,8)mm, hat min nhdt ¢6 d = 0,074mm va
s, = 1,38; 2,43 va 3,4 dd xdc dinh quan hé thuc nghiem v& x6i cuc bo h, ~ b™° va sir
dung thong s6 cuong d dong chay hay téc do vuot .

_V-y
V.-V

v O<sy<l (5-28)

trong dé: V, - t6c d6 bat ddu x6i timg hat;
V. - t6c d6 ma ca khéi bun cdt ddy chuyén dong duoc mit ra tir diéu kién
vi tiéu chuin Shields.

1, =0,047y.d, = YRS (*)
o Vin? d
b6 doc thuy luc §=—= n ; n=—2 (*%)
R4f’3 26,]

Thay vao (**) vao (*) rit ra:

V. =7,27d)h'/® (5-29)
Tuy nhién, k&t qua thi nghiém xé4c dinh hé s& 6,625 thay cho 7,27, vay:

V, =6,625d}°h S (5-30)

trong dé: y. =1,65y véiy = 9810 N/m? la trong luong riéng clia nudc;
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d = dys + 2dg, + 2dgs +dyg (5-31)
6
dgs, dog, dgs VA dgg 12 dudmg kinh hat ma hat min hon chiém 83, 90; 95 va 99% theo

trong luong.

Toe do bat ddu x6i V; duge xdc dinh theo ds5 (Einstein va Chien; Acker va White),
két qua thi nghiém cho:

V, =2,65d4h"/® (5-32)
Ké1 qua thi nghiém rit ra cho hat déu: y = 0,6 thi chiéu san x6i:
h, =0,97b%%h%7y 72 y4i R? = 0,9 (5-33)

Trong pham vi ds; = 0,75 + 1,8 va 17mm thi:

h, = 0,99b%%6h %7y (O<y<l) (5-34)

y =0,1 +0,3 s& cho h_,,,, do d6 dé nghi cong thirc:
hcmax 0,55 O0<y=1l 5-35
W=KUK|K2K3K4W O=ys=sl (5-35)

trong do: K, =0,99;
K, K,, K, di néu trong biéu thiic (5-25);

d,
K, =1,25+3 [—y" In(y + 0,5) (5-36)
dso
VGO<K,<1lval0<y<].
Két qua thi nghiém chi ra:

d'd

(1)

tang thi h, gidm va K, gidm;
50

(2) Cudng do dong chay thap y — 0 thi K, — 1,0 vi vai trd cia hat thoé khong con
anh huong dén x4i.

(3) Cudng do ddng chiy cao y > 1 thi K;— 1,0 vica day cdt chuyén dong nén khong
co vai trd hat tho.

(4) Ton tai mot cudng do nao dé lam cho h .

5.6.2. Mot s6 danh gia cac cong thire hién thdi tiy s6 liéu thure t€ va 6 liéu thi nghiém

Sir dung 5135 s6 liu do x8i thue t€ & cdu dang sir dung cita nudc Mi va mot sO nudc
khéc véi dac trung cho trong bang 5.5.
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Bang 5.5

Dai lugng | ds, (mm) (hinh ;lng auy | O™ h (m) V (m/s) h,
Trung binh 17,6 0,99 2,92 3,18 1,52 1,99
o 31,8 0,07 2,28 3,46 0,77 1,70
C, 1,8 0,07 0,78 1,09 0,51 0,85
max 150 1,20 19,50 19,50 4,70 10,61
min 0,008 0,90 0,20 0,11 0,15 0,10

o - d¢ lech tiéu chudn; C, - hé s6 bién sai.

Peggy A. Johson (J. Hydr. Engg. Vol 121.8.1995) d3 so sdnh, d4anh gia cdc cong thirc
(Cong thie (1) = (7) & phu luc 1; Melville va Sutherland (1988); Hincu 1971; Breuser et
al (1977); Shen et al (1967); Lauren va Toch (1956); Jain va Fisher (1979)). Phan tich
chi ra trong pham vi thay déi chia h/b: (< 05; 0,5+ 1,0, 1.0+ 1,5; 1,5 = 2,0:20+30va
>3.0) Fr - Y. («0,1;0,1 +0,25; 0,25 + 0,5; 0,5+ 0,8: 0,8 + 1,0 va > 1) ti & t6c do

Jeb

A (<0,7:07+0909+1,1;1+1,1; 1,1 + 1,2, 1,2+ 2,0: 2 + 3 vi > 3) chi ra: méi
\;C

cong thic chi dy dodn x6i h, trong mét pham vi nhit dinh khd hep cta quan hé

h . e
(E; Fr; —V+J ; khong c6 cong thiic ndo théa méan trong dai rong. C6 227 gid tri/515 gid tri
v

X061 cuc bo roi vao pham vi 0,25 < Fr < 0,5 cho thdy Fr it quan hé véi h_; cong thic
(5-14) phu hop véi Fr kha bé.
Goi B = h/h 4 1 ti 56 giita chiéu sau x6i cyc bo do tich theo cdc cong thic va do thuc
1€ thi gid tri trung binh B thudng vuot lén kha hon, nghia 13 x6i thuc 1€ nhé hon tinh.
Gid tri B, twong ung véi h/b cho trong bang 5.6.

Bang 5.6
h
= <0,5 05+10 | 10+15 | 1,5+20 | 20+30 >3
Biax 3,7 2,99 3,29 242 2.86 2,15

Cong thic Hincu cho gid tri nhé nhdt trong tdt ca cdc tudng hop, bing 0,85
(khi 1,5 <h/b <2,5) va bing 2,11 (khi h/b < 0,5).

Dai véi su thay déi ciia Fr thi cho trong bang 5.7.

max
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Bang 5.7

Fr < 0,1 0,1+025]025+05| 0,5+0,8 [ 08+1,0 >1

Proax 2,84 2,87 3,18 3,19 3.9 2,73

Cong thifc Breusers et at (1977) cho B nhé nhét va thay déi tir 1,2 (Fr > 1) dén 2,26
(Fr < 0,1).

D6l vdi thay déi caa téc do v/v, gia tri

trong bang 5.8.

max

Bang 5.8

vive | <07107+09 10910 | 10+11 | 1,1+1,2] 1,220 2+3 23
% Boae | 4.1 3,79 3,35 298 32 3,40 3,48 2,87

Gid tri B nhd nhat roi vio cong thiic Breusers (1977) tir 0,09 (v/ve < 0,7) dén 2,16
(viv.=12+2,0).
Sy thay d8i gid tri cia B khong thong nhdt v6i su thay déi clha ba thong so

v max
C

h
[E; Frva iJ. Thi du cong thic Laursen cho = 4,85 (- =07 - 09); = 2,87
Y

<

(0.8 <Fr<1)=291 (% <0,5)hay=2,73dén 2,87 (1,0 < % < 1,5).

Ngoai ra trén co s 105 $6 liéu d6 x6i thuc t€ va 150 s6 liéu trong phong thi nghiém
Belikov va Tsypin (1988) dia phan tich 6 cong thitc & phu luc 1 ((8) + (13); Juravlev;
Tsypin; Altunin; va cong thitc lién quan dén s6 Froude) déng thai tinh sai s6 tuong déi.

hy —h [
a=2a 0y 5o [Leal
h4 n

két qua chi ra 14t ca cdc cong thire déu cho A, = (— 50 + — 70)%:; A, = (55 = 120)%
va d ={21 + 33)%.

Tém lai céc phan tich chi ra khéng mot cong thite ndo thoa min s6 liéu thuc t€ trong
dai rong boi vi su dién bién dong chay tu nhién qui phiic tap, dién bién nay phu thudc
chl yéu vao su dién bién tuu lugng Q = Q(1); vao dia chét vi khd nang cap bun cit cha
luu vuc; ngodi ra con phai ké dén hoat dong cuia con ngudsi. Su du dodn bieén dang chung
khi dong chay bi thu hep boi ciu chua phan dnh diy da su dién bién cha bun cat trong
khu vuc anh hudng ctia khau do cdu. Su du dodn x6i cuc bd phu thudce vao t16¢c do dong
chdy, chiéu rong tru, hinh dang tru, chiéu sau dong chiy, hudng dong chéy, tinh chét va
kich c& vat liéu day song dac biét doi véi khu vyc anh hudng cua tru va chan tru hinh
nhu chua phat hién chinh xdc qud trinh x61 va gia tri x61 16n nhat. Ngoai viéc ba loai x6i
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tic dong déng thdi ma trong tinh hién thoi lai tdch rieng con phai ké dén céc gi thiet
dua vao tinh chua phan 4nh ding diéu kién cu thé cla bai todn xéi 13 dién bién khong
glan. Hon nifa, 56 liéu do x4i thue € cling chua thé xdc dinh chinh xdc va phan danh ding
hoan toan thuc t€ dién bi¢n x6i tai chan tru ciu, do vay bai todn niy cin duoc tép tuc
nghién ctu chi ti€t va day di hon sao cho phan dnh dugc diing ban chit cla x6i (tru cu)
trong tu nhi¢n nham gidm thiéu rli ro c6 thé x4y ra song lai hiéu qué cao vé kinh (&,

5.7. XOI CUC BO TAIMO CAU
3.7.1. Nhan xét chung

Ciing nhu tru cdu, mé cdu la mot vat can can trd, thu hep dong chay, thay déi cau tric
cuc bo dong chay xung quanh mé, 1am bién dang cuc bé dia hinh diy song tai ddu ma,
hinh thanh ho x6i cuc bg, gay mat 6n dinh mé néu mé khéng dugc dit dii sau dé phong
ngira X6i cuc bo. Dong chdy dén md, tang t6c va tach khoi mat truée md, tao ra dong
xody xu6i dong gan nhur vudng géc vi mé, tao ra hé x6i & ddu mé. Co ché x6i dé hinh
thanh ho6 x6i la hé théng xody két hop vi dong chay doc mat tru xudng day, 1a ket qua
cla su thay d6i dp sudt, cha su tich dong & mat trude tru ma chi yéu & vang sdt ddy
dong chay. Dong ding doc theo mat tru téc dung xuéng ddy, x4i cdc hat bin cat bat lén
dé dong xody cudn theo v ddy xuéi dong. Vay nguyén nhan chi yéu gay x6i [a s thay déi

W’“ 1- MG thang dimg
;%:‘ 2- M6 tron dau
@3- M@ tudng canh

4- M8 c6 14 nén md

Hinh 5.16: So do dong chdy va duong
cung do xdu x6i, 4 loai md'théng dung
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ap sudt, mach dong dp suit, toc do, tinh chdt r6i ctia dong chay (hinh thanh, phan tin
va suy yé€u), dong ding doc theo mat tru xudng ddy va hé théng xody & mat trudc
chan mo6. Ho xéi cé dang hinh cén nguge ¢ ddu md twong tr nhir doi voi tru va ke
ngang. X01 cuc b tai mo 1a mot trong ba loai xd6i tai cong trinh cdu, ¢é vai 1rd quan
trong khi xac dinh cao d¢ diat méng m&, dac biét d&i voi ving dia chat mém yéu, dé
bi x61 va cé tang dd géc nam sau so véi diy dong chay. X6i md cdu cdn 1a mot bii
toan phuc tap v6i ki su cdu mac du van dé d3 duge nghién ciru kha lau cé thé tir
nhitng ndm 1873 (Durand - Claye - ngudi Phdp), cdc cong thitc chli yéu rit ra tir s
licu trong phong thi nghiém va duge kiém tra lai théng qua mot s& it s6 lieu do xé6i
hién trudmg. Xéi cuc bo chin yéu la x6i nude trong vi mé thudng dat & bii song, song
cing ¢6 x6i nude duc khi Iong séng md rong ra toan cdu hay tdc do dong chay da
16n ludn cudn theo biin cdt ddy trong qud trinh chuyén dong. Nhin chung x6i cuc bo
m& phu thuge viio miic do that hep dong chay, ban chét clia dong chay dén ms, dic
bi¢t 1a khu vuc chiu dnh hudng cia md, thong s6 Froude cta dong chéy, hinh dang
md va chiéu dai m& kéo dai, chiéu sau dong chay, ¢ hat va thanh phan hat tinh chat
dét cau tao ddy dong chay ciing nhu su tuong tic ciia qud trinh x6i véi 6n dinh mdi
doc hé xéi.

5.7.2. Mot s0 cong thirc

a}T.P. Nghién

Nghién cttu chi ra x6i cue bo c6 thé bt dnh hudng clia mot sé thong sé nhue:

(1) Chat 1éng: p, v, g trong dé p la khéi lugng riéng cha nudc, kg/m®; v 12 hé s6 nhét
dong, tai t° = 20°C thi v = 1,01.10° m%s; g 14 gia t6c trong luc bang 9,81 m/s’.

(2) bia chat ddy séng: p,, dsy va cdp phdi hat, hinh dang hat, mitc dé dinh két cha dat;
trong d6 khoi luong riéng p, = 2650 kg/m3; dsp 1a dudng kinh hat ma hat c6 duong kinh
nho hon chiém 50% trong luong.

(3) M& cdu: Hinh dang mg, chiéu dai mé kéo dai t6i by song L, goc nghiéng clia
dudng diu cau so véi hudng chay cla song, diéu kién mat mé va hinh thitc chong x6i.

(4) Dong chay: hy, V|, n, hinh dang mat cat ngang; trong d6 hy, 1a chiéu sau dong
chay o thuong luu m6 sau x0i chung; V| - t6c do trung binh dong chdy & thuong luu mé
sau x6i chung; n, 1a do nhdm bii sau x6i chung. D6t v6i ddy phang, chiéu sau x46i 16n
nhat d6i véi x6i nudce trong va x6i can bing d6i véi x6i nude duc thi chiéu sau x6i cuc
bo h. phu thude vao 12 théng s6:

hC - fl(p‘ pg, VI’ V, g, hm, dso, Gg., Lm, Shd’ Shm, Sha) (5—3?)

trong do6: shy, sh;, va sh, - h¢ s6 hinh dang cta hat, cila mé va cia mat cat ngang &
thuong luu ma.



Toéc do khai dong cia hat thong qua s6 Reynolds ctia hat:
Re., = Ld"”
V
trong d6 u., - t6c d6 dong luc tuong ing v6i trang thdi khoi dong cia hat.
Té6c d¢ khoi dong clia hat tai m6 khi mat cét thugng luu én dinh va hat dong nhat ¢6
thé & dang rut ra tir 1 thuyét thit nguyén va twong tu 13

L
Re.c=1,(Ar, Ga,, h—m—, hinh dang mdg) (5-38)
th
3 3
. A d i -
trong do: Ar, = (ph p] g d-‘; = 2E550 13 tieu chudn Acximét;
P y v

3

L L .
Ga, =™ fatieu chudn Galile;
v

Ly chiéu dii twong déi cha mé.
th
Bi€u thic (5-38) cho phép riit ra biéu thitc hay biéu dé d6i véi mot s6 loai m& nhat
dinh tvong tng v6i L /hy,, Ga; va Arg. D6 véi mot loai mé nhat dinh, b qua vai tro ctia
nhét trong khu vyc tr dong mo hinh, két hop Ary véi Re? thi (5-38) duoc viét la:

L
Re._ = Arc?‘sf3 [Galf, —m] (5-39)
hlh

Tix (5-39) cho phép tim dugc u.c d6i véi su khdi dong cha hat tai chan mé. Téc do
khot dong cua hat c6 thé duge xdc dinh gdn diing bing cong thitc theo quy luat logarit:

h .
Ve, zS,?Su*clg[S,SS—m—] (5-40)
dso

Xoi cue bo doi véi x6t nude trong (V, < V) va dién bién x6i nude duc (V> V.
trong dé V, 1a téc d6 dong chdy & ving thuong luu khong bi anh hudng cia mé.
Hat 6n dinh trong hé x6i khi t6c do dong chiy dat téi tdc do khong x6i cia hat trong
h& x61 (x61 nudc trong); trong diéu kién luu lugng khong déi ta cé:
V..h,
Vb +%=thm (5-41)
trong dé:
V. - 10c d0 ngimg xa6i trong hé x6i;
h, - chiéu sau x6i cuc bo 16n nhét trong hé x6i tinh tit cao do ddy sau x6i chung;

k - hé sd ti 1& phu thude vao tiéu chudn xdc dinh x6i.
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Tir (5-41) cho phép viét:

he _yf Yo (5-42)
hy \V

<m

- V - . rs - - . el
Khi —= <1 ta ¢6 x6i nude trong va chi¢u sau xo1 tuong doi:

cim

cm th

h \Y L
¢ —p|| —2-1], Ar,,Ga, , =™ hinh dang mo 5-43
b, wﬂv ] 0> LA, ang } ( )

X61 nudc trong dat gid tri 16n nhat phd hop vdi dong chay bat ddu tai cit thi co
Vo =V, = V. Xéi nuéc duc khi Vo, > V_ va V. biéu thitc (5-43) phdi ke dén cdc
thong s6 dic trung cho kich thude va hinh dang séng cdt. Khi thi€u sé liéu thi nghiém
thicéthé lay V_,, = V.

X6i nude duc khi dat duge trang théi can bang dong cha bun cat trong hd x61 thi biéu
thitc x6i cuc bo tuong doi la:

h v L )
—C=(pl(i, Ary, Ga, ,—, hinh dang mé} (5-44a)
hlh cm hlh
h \Y L ,

€ =@, —=, Ary, Ga; ,—2, hinh dang mo (5-44b)
L., Vo hy,

Phan tich s& liéu thi nghiém cua 12 tac gia tir (1963 - 1994). T. D. Nghién da kién
nghi cong thic rit ra tir s6 liéu thi nghiém cho timg loai md riéng biét khi sir dung bicu
- thie (5-43) 1a:

0.63
L o .
h =1,38 =& cho m& thang ditng vuéng dau (5-45)
th hlh
h L 0,52
£o= 1,18[—“'} cho mé thing ding trdn dau (5-46)
hlh th
0,59
h, L s .. L
£ =103 cho m& tudng canh —< (0,75 + 20,4) (5-474)
th hlh hlh
h, L L , . L,
=0,078] =2 |+ 4,26 cho mé6 tudng cadnh ¢6 —== (19,6 + 69) (5-47b)
th th hlh
h, L. . . .
—£ =0,25| & |+ 0,64 chomo ¢6 1/4 nén md (5-48)
th th
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Xo1 nude dyc dién bién phic tap, phu thuéc vio hinh dang day. Nhin chung xéi

A . ¥ n - o w = Ll oo - + v
glam trong pham vi — = 1,6 + 2,0 va tang x4p xi bang hemay €Ua X061 nude trong khi —
\ v
C

=3 +4,5. K&t qua thi nghiém chi ra trong dé thi & hinh 5.17.

[

, hoL,, Xoi nude duc fviv,) > 1)
Budng bao trén

1,5 7 ‘

* L4
05 - ¢

* Py L J
0 1 1 L L 1 L VNC
0 1 2 3 4 5 B 7

Hinh 5.17: Thay déi h /L, theo viv, d6i vot mé neong cdng

o m

b) Cong thic Laursen (1960, 1963) cho x6i nude trong (sau khi st dung xap xi théng
qua ham nhi thic):

h, =1,93,/h, L _ (5-49a)
h L Y\

hay: < = 1,93(—”‘] (5-49b)
hlh th

va Laursen (1980) cho x6i nuée duc déi véi mé thing dimg:
h L 0,48

€ _ 1,5[_@] (5-49¢)

hth th

MG tuding cdnh 45° cdn nhan v6i 0.9; mé c6 1/4 nén cin nhan véi 0,8 vio két qua tinh.
¢) Cong thitc Froehlich (1989) tir 164 thi nghiém cia 11 nguén khdc nhau cho x6i

nuGc trong:

h L 0.63 h 0.43
C 116 -1.87
== 0.78K K, (—m] Fry (—i] o, +1 (5-50)

th th dSO

trong do:
K, - h¢ s6 hinh dang md va dudng ddu cdu (K, = 1 cho mé thing ding; K, = 0,82 cho
mé wong canh va K = 0,55 cho mé ¢6 1/4 nén mé);
6
90°
nghiéng ve ha luu; 8° > 90° khi nghieng vé thuong luu.

0.13
Ky - h¢ s6 nghiéng cha duong ddu cdu, K, :[ ] ; 072 90° khi duong ddu cau
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A ﬂﬂ = Wiﬁgl\ I

Mat chinh Mat chinh Mat chinh
1 A | A | A
(T2 | | | AT
.ll“k'\.v i i Il -qll“.pn-
i A i A i N
Mat bang Mat béng Mat bang .
Mat cat A - A' Mat CAtA - A Mat cit A - A'
a) M6 cAu chit u b) M8 thang dimg ¢) M8 tueng céanh

Hinh 5.18: Ifinh dang md cdu

/.

Hinh 5.19: M6 cau nghiéng

% vai phiong chdy goc 9
8

Jehy
béi véi x61 nuée duc Froehlich phan tich 170 s6 liéu do x6i trong phong thi nghiém
dé nghi phuong trinh:

0,43
he =2,27K.K, L Fro®! 41 (5-51)
th - hlh

trong do:

L - hinh chiéu chia mé kéo dai 1én mit phiang vuéng géc véi huéng dong chay;

L' - chiéu dai dong chay hi¢u qua gay x6i do L gay ra duge xédc dinh theo hinh 5.20.

Anh hudng clha thanh phdn hat dén x6i di dugc néu trong bdo cdo tdng hop cla
T. Paul Teng, P. E (FHWA. 6.2003). Xét x6i m& di su dung chiéu dai dac trung anh
hudng cua toan bo khu vuc chan dong & thugng luu mo.

L.=+L,h (5-52)

trong d&: L - chiéu dai mé kéo dai;

h - chiéu sau trung binh clia dong chay & thugng lwu mé tuong dng vé6i L. _.
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Buémg dau cau

Cac bo dong chdy ¢ cung médun Ly lugng ]

TN

Hinh 5.20: So dé dinh nghia chidu dai mé kéo dai dé'tinh xéi tai mé cdu

Huang chay
-

’ N [ m. E i
20 - - in .’! u
=7 - [ ] L .
| B - = n " n
15 | = 7'__1'; g MW" . -
- m
L - | ] ﬁ u | ]
N - ™ ﬁ. C "
_ fn
1,0 i " =
05
0,0 m .
0.0 01 02 03 04 05 06 07
Hinh 5.21: S0 d6 thay déi chiéu sdu x61 tuwong doi rai mé cdu
phy thude vao thong s6' g, ciia téc dé
Cudng d6 dong chay:
g = (5-53)
1T V4 -

trong d6: V; - t6c d trung binh ciia dong chay dén me;
V., - t6c d6 téi han 1am ddy chuyén dong;

V- t6c d¢ khdi dong cha hat & ddu ma.
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Toc do V, xdc dinh theo Neill:

176

h

v, = 1,58(Agd50)”2{ x ] (5-54)
dSU

V.=04V: A=165  g=981mjs"

béi v6i dong chay khong déu hat phai thay dg, bang dy, (Abdou). K&t qua sau 7 nam
nghién citu (1991 - 1996) v6i 384 trudng hop da dé nghi biéu thic du dodn x6i véi cat
déu hat cho x6i nuée trong:

h
TE =Ky, (5:55)

C

L
trong dé: K, =3,75—0,41[h—m]. (53-56)
D61 véi cit khong déu hat & x6i nude trong cin bé sung hé s6 diéu chinh K. Tap hop
cac két qua thi nghiém déi v6i d = 0,78mm va 1,8mm hinh thanh dudng cong tron cho
trong hinh:

10

= bt
[=}] [=-]
| |

=
E-9
|
=]
"
[
E

Hé s6 giam x6i do c3p phdi hat ko
a
n
Mo
(%)

0.2~

0.0

00 02 04 06 08 10
Thing s6 téc 46 &,

Hinh 5.22: Gidm x6i do cdp phéi hat K g
Anh hudng cha cAp phéi hat dén x6i thong qua K5 tuong tng véi d, 5. Nhiing hat tho nhat
chiém 15% trong lugng cd vai trd gidm x4i rat 16n. Keét qua thi nghiém cho phuong trinh:

LC
K, - hé s6 hinh dang m6 (K = 1,0 cho mé thing ding; K|, = 0,82 cho mé tudmg cénh;
K, = 0,55 cho mé c6 1/4 nén ma).

i41



0,13

g 30

K; =] — ;
v [90]

K, theo (5-56);
d)j theo (5-33).

K5 theo dé nghi clia Abdeldayem lién quan dén hé s6 trong luong hat W,

J=100
Kis=f(Wg): W, =3 pd)’ (5-58)
j=85

K5 xéc dinh theo biéu d6 & hinh 5.23:

20

18

16

H& sd gidm xdi do
do kha cla hat
Kis
o

o
=

=
[=2]

=
[=]

2.0 4,0 6,0 8.0 10.0
2
Thong 8 bun cat W, (mm }

=1
o]

Hinh 5.23: Gidm x6i do hat thé, K5
Phan tich chi ra két qué tinh theo (5-55) va (5-57) kha phi hop v6i két qua thi nghiém

{(hinh 5.21a, b), dong thoi hai phuong trinh duoc dp dung cho 0,3 < :‘ < 3.0, tic la
chiéu dai mé khong dai.

Trong bi¢u thirc (5-51) chiéu dai m& kéo dai hiéu qua L' dugc it ra tir thi nghiém
bang 2/3 modun luu lugng chia phin dong bai bi duong dap khong ngap chan lai. Gia tri
ctia né duge xdc dinh thong qua biéu dé6 modun luu lugng K véi khoang cich doc theo
dudmg mé kéo dai (hinh 5.20).

142



22

C

16

Tinh

14
12
1,0
08
06
04
02

0,0

22 7
s v
2,0 B | / e
/' . f’
18 ||9€ 7
! /”O - f’ J
6] |®" s 0,/ 9 & ~
I /' ’ o
©H e s”° o .~
% -
141 ey / o -*
g =4 -~
"2 [oX O N Sl
‘/' " . .c/ D
10 K4 - .,ﬂ
[i’o- g s Pags *
08 s @ 08_-
(g i E!./
Forga o ®
OIB o @",ﬂ @
-
’g e
04 Fly /Q o
) 5?,
0,0
0,0 0,2 04 0,6 08 1,0 12 1,4 16 1,8 2,0 2.2
a) h,
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e
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b) —_——

h
Thuc do TL
c

Hinh 5.24: So sdnh x6i tai mo theo céng thiic va thuc do trong mdng thi nghi¢m

a) Hon hop cdt déu hat; b) Hon hop cdt khéng déu hat.
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Chuong 6
XOI G CONG TRINH THOAT NUGC NHO

bai v6i dong nude nho thudng xuyén c6 nuée chay cée cong trinh vuot dong c6 thé 1a
cdu hay cong khong c6 ddy dé bao vé moi trudng sinh hoc, ¢6 nghia la céc cong trinh
nay c6 the bi x6i song khong 1n. Mikc d¢ cho phép x6i nhiéu it phu thude vao didu kién
cu thé noi xay dung va gi4 thinh cong trinh cling nhu cdc yéu cdu vé€ bao vé mai trudmg
sinh thdi, d&i s6ng cla cdc sinh vat viing ngdp nuéc. Nhitng dong chiy nho thudmg ta
dong chay khong cuén theo bun cat (nudce trong), dong chay qua cdu phu & bdi song va
la mot phin cha cau chinh, dong chay qua viing dat dinh gay ra thi€u hut ban cat 1a cdc
dong chay duge thiét k& cho phép x6i 10 & mitc do nthat dinh.

6.1. XOI BOI VOI DONG NUGC TRONG HAY CAU NHO CO Qu/Q. <2

Nghién citu chi ra x6i dudi cdu phu thuoe vao thoi gian 1 thiét k& théng qua dai hay
ngan, thdi gian ngap bai nhiéu hay it, mic d6 thu hep dong lii 1on hay nhd va chiéu siau
Ién nhat hay hinh dang mat cat duéi cdu lic ty nhién. D6i véi dia chat dudi cdu 12 hat roi
(ddt khong dinh) va déng nhét thi gia s6 chiéu sau x6i 16n nhat ¢6 tinh dén thoi gian
thong qua la:

0,77
q..
Ahx mux 0,93 —2%— - hmax T (6-1)
(B*di’fx/é ]
trong do: ¢, - fuu luong thuy trye twong img véi h,, trudec x6i:
1.3
hmux 2
qmﬂx = q[ J (m /S) (6‘2)
hth

Q

q= Ii - luu lrgng don vi qua khdu do cdu (m*/s.m);

Cm
hy, - chiéu sau trung binh miit cit dusi cdu trudc x61 (m);
Qy - luu lugng vuot lii thiét k& (m/s);
d,,, - dudng kinh trung binh cla hat dat & ddy long dan;

B+ - hé s6 phu thudc vao xac sudt vuot 1i p%; B* cho trong bing 6.1
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Bang 6.1

p%
[3+

0,33 1,0 20 4,0 10 20

1,07 1.0 0,97 0,92 0,80 0,81

7 - hé 6 tinh dén thai gian 10 ngap bai va muc do that hep dong 16 do L, < By
(chiéu rong ngap lii thiét ké) thong qua t s6 Qu/Q» Q 12 Ivu luong dong chay qua ciu
tuong g véi L, vd muc nudc li thi€t ké (luu lugng 1 img véi chiéu dai cdu gitra hai

mép mé). T duge cho trong bang 6.2.

Bang 6.2
Qu/Q.. |0.0835] 0,125 | 025 | 0,5 1 3 10 15 | 30 | 260
(2h) (3h) | (6h) | (12h) | (24h) | (72h) |{(240h) | (360h) | (720h) | (= 440h)

1,2 086 | 087 | 0,79 { 090 ; 091 | 093 | 0,95 | 096 | 098 1,0

1.5 072 | 0,74 | 0,76 | 0,78 | 081 | 0,85 | 0,90 | 093 | 0,97 1,0

1.8 0,59 | 061 | 064 | 0,68 | 0,72 | 0,79 | 0,87 | 090 [ 0,96 1,0

2.1 049 | 051 | 056 | 060 | 0,66 | 0,74 | 0,84 | 0,88 | 095 1,0

2,5 045 | 047 | 0,52 | 056 | 062 | 071 | 082 | 0,87 | 0,94 1,0
3,0 038 | 0,41 | 046 | 049 | 0,55 | 065 | 0,79 | 034 | 092 4,99
‘ 50 023 | 027 | 032 | 035 | 042 | 0,52 { 0,71 | 0,77 | 0,88 0,97

6.2. DONG CHAY DUOGI CAU BI THIEU HUT BUN CAT (PAT DINH) HAY
Qu/Qy > 2,0

Trudng hop nay gia s6 chiéu sau x6i 16n nhét duge xdc dinh theo cong thuc:

Ah

X max

Ah hmax
htb

(6-3)

trong d6: Ah - gia $6 x6i chung dudi cdu ¢ tinh dén thoi gian théng qua li. Dol véi dia
chat cling loai, ddng nhat va khong dinh:

d 243
Ah=hy 1+1,88x103[—} [

baoi voi dat dinh:

Ah=h, [1+11

th

cl

V 3
v
V3 v 1/5

leh——O-J -1
ghtb Vci

(Vci

T

~V,)—
Xo

6/25
-1

trong d6: L, - khodng cdch tir cdu dén vi trf nude dang trude cau:

{6-4)

(6-3)
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L

L,=av, | —= 6-6
g = av &S, _ (6-6)
243
A= 1,15(93] - 0,8{ Qu ] M (6-7)
ot Qc: \/gLngSw

trong d6: v - t6c do trung binh mat cdt twong tng véi lii thigt k& trong didu kién ty
nhién (chua bi thu hep do 1am céu).
S,, - 46 d&c mit nudc 11 ty nhién.

Chiéu rong ngap il trudc cdu Lo

L =B “’BQ"Y 6-8
ng—;+1+n— °| Q. (6-8)

b b
trong d6: By, B, - chiéu rong ong song va bii song;
Q. Q, - luu luong long song va bdi song;
ny, N, - hé s6 nhdm & long va bdi séng
_ 2
Ny,
T - thoi gian ngap bii tinh theo ngay dem.
hyy, v,y trong (6-4) va (6-5) 1a chiéu sau trung binh va téc do dong chay
trung binh dudi cdu trudc x6i;
V - 18c d6 khéng x4i ciia hat dat.
Gia s6 x0i xdc dinh theo (6-4) va (6-5) khong duoc vugt qua gia 30 x6i gidt han.
(1) Boi véi ddt khong dinh:

0.8
0’9 qmax
(2) D6i véi dat dinh:
677
£q .., _
Ah,., = max “h (6-10)
xgh J0.054+100C, J t

trong do6: ¢ = 1,0 khi dong chdy 14 nuée trong;
€= 1,16 khi dong chdy c6 cudn theo blin cdt (nudc duc);
G, - luc dinh tinh todn c6 don vi 1% MPa.
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6.3. CAU PAT O BAI SONG

Gia 6 x6i chung dudi cdu xdc dinh theo cong thic (6-11) cho dat roi:

12417

213 3
d ' T
Ah=h,{|1+1,28.10°] — —max oy V) — -1 6-11
® {hlb} { VO ] ( e O)XO ( )
D6i véi dat dinh:
V3 v 1/2
Ah=h, (1+4,3 — = T] -1 (6-12)
ghtb Vmux

trong dé: V. - toc d0 16n nhat clia dong chay dudi cau tai dinh 1;
V, - toc d6 khong x4t doi véi hat ddt ddy song;
Vo = 042807 (6-13)
¢ =0,75; AZ - bac nudc & thugng va ha luu caun.

V2

AZ =n—& (6-14)
2g

1=6,25lga +0,25 (6-15)
112

o= 2gh4%Lng (6-16)

bt
Khi gid tri o = 1,75 thildy n = 1,77.
trong d6: hy, - chiéu sau trung binh & long song;
n; - nhdm long séng;
L, - chiéu rong ngap li.
V_,» - t6c d6 trung binh ctia dong chdy dudi cdu c6 tinh dén x4i tai thai di€m
nude dang cao nhat, duge xac dinh gan ding theo (6-17):

Vs = Qu (6-17)
. b
o |1-] ™ _11
= [ ( hmax ]J}

®., - dién tich mat cit dong chay dudi cdu trude x6i.

N0t N - Chi€u sAu sau xGi 16n nhat va trude x61 16n nhat & dong chay dudi cau.
j - hé s6 ti l& x6i 1dy bang 0,25 khi thdi gian ngap bai T < (10 ngay va bang 0,50
khi T > 10 ngay).
Gid tri gia 6 x61 16n nhat tinh theo (6-3).
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6.4. XOI CUC BO TAI MO CAU CO 1/4 NON MO CHOAN DONG CHAY

Chiéu sau x6i cuc bo tai mé tinh tir cao do sau x6i chung:

\%
hcz[z—‘h——O,SJhmkm (6-18)
V0

trong dé: V;, - t6c do dong chay tai thudng luu mé trudce khi tinh:

Vin = Cyhypdy YSeSac (6-19)

1 L
C= mhlgﬁ (trong dé hé s& nhdm n = 0,03);

8y= Qu = Qe hé s6 that hep 1d do dudng dau cdu.
Qu
Sy Sy - 46 déc mit nudc 1U tu nhién vi trude cdu:
Sec = Az (6-20)
Ly

L xac dinh theo (6-6),
Az theo (6-14)
Vy - t6c dd khong x61 phi hgp voi nude dang cao nhit AZ, tuong
ting v&i chiéu sau hy, trude 1/4 nén mo.
K., - hé s6 giam x6i do mdi d6c 1/4 nén mé, cho & bang 6.3.

Bang 6.3

m 1,5 2,0 2,5

|
|k, 0.8 0.77 0,72 NS

Téng s& x6i tai chan 1/4 nén mé (gia s6 x6i chung vi x6i I
cuc bd) ¢6 thé theo cong thiic:

m _0!3}1“1 (6-21)

ZAh = {2. 4

0
trong d6: V., V,, - toc d¢ trung binh clia dong chdy dudi cdu trude x6i va cita dong chay
twong Ung véi khdu d6 cdu hic ty nhién. Néu mé cdu khong duoc phit ca bing 1/4 nén
mo thi phan chieu rong m& chin dong (hinh 6.1) s& tao ra x6i va duge xdc dinh theo
cong thuc:

(1) Khi b/h_., =1 thi:

max —

1/6 243

V

Ah = 1,?[% 2 1 h Lk (6-22)
h VO '
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(2) Khi b/h_,, < 1 thi:

1/6 2/3
V.,
Ah=| L7 b = —1{bk_ (6-23)
h v,

max

trong dd: b - chiéu rong trung binh dudi muc nudc thiét k€ cia phdn mé ngoat 1/4
non mo.

6.5. BIEN DANG DONG CHAY SAU CONG

Coéng thodt nuée duoc su dung rdt nhiéu dang khic nhau trong céc hoan cinh khic
nhau. Khi khong cé h¢ thong phong x6i bao vé nén dat sau cdng thi cong s& bi x46i ngam
tir phia ha luu lam hong céng va anh hudng dén sy on dinh cla cdc cong trinh trén cdng,
dd duge nhiéu tdc gia nghién ciu: thi dy nhu Bohan (1970) cho céng tron ¢6 dudng kinh
68, 101 va 305mm; vét liéu ddy d = 0,25mm; chiéu sau ha luu hy, cho hai trudng hgp 1

h . 4 . -
ﬁ< 0.5 va Sh> 0.,5; dong chay day céng cé V= —[?3 khong ¢é hé thong phong xéi
T

sau cong, kich thudc hé x4i tang gan nhur 1a ham chia théi gian theo quan he *! (cho t6i
5 gio). Kich thude hd x61 duge xay dung & toa d6 log va & dang khong don vi déi véi:

h, V B, vV LV

—_— e ; — ;V' —

D u. D u

Ruff va cdc cong su (1982) thuc hién mot tap cdc thi nghiém trén mdng rong
(1.2 + 6)m v&i vat liéu khdc nhau tr cat déu hat d = 1,86mm dén cap phéi soi san
(d =7,3mm), céng c6 D = (0,1 + 0,44)m cho két qua it sai khdc déi véi chiéu sau xéi 16n
nhat khi h;, < 0,45D.

Abt va cac cong sy (1984) phan tich két qua thi nghiém cha Ruff déi voi
D = (0,102 + (0.254)m va h, = 0,45D; d = (0,22 + 7,30)mm cho hat déu va cap phoi
cho thay:

Q = =Zr
gD’ 4

Trong pham vi 0,27 < Fr < 2,7 va t = 5,3 gid thi cdc dai luong khéng don vi cua ho
X061 1a ham cna Fr:
LI 1,52F %63, B _ 7,44 Fr"66. Lo 15,6 Fr¥® (6-24)
D D D
Tinh chét cha dat khong déu hat dnh hudng dén x6i thong qua o, véi phuong trinh
rut ra tir s liéu thi nghiém cé hé s6 tuong quan R = 0,83 1a:

h d 0114
X =3I8F0 0| o 0 - (6-25)
D D t
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[dg.
trong do: o, = dﬁ
16

Theo Abt va cong sy (1985) thi anh hudng cha do déc coa cong (161 10%) lam tang
chieu xau x6i 16n nhat dén 15% va chiéu rong, chiéu dai x6i 1a 25%. Dé skt dung trong
thi¢t k€ nén dung cong thirc:

Chiéu sau x6i tuong doi:

h v "
X = 0,65( ] (6-26)
D Ui
Chiéu rong x6i twong déi:
B 2,3
£ =7,5(Fr)" 6-27
D (Fr) ( )
Chi¢u dai x6i tuong dsi:
Lx 2,3
—= =15(Fr)“ 6-28)
D ) (
Sir dung dudng kinh dd d¢ phong x4i theo cong thirc Bohan:
d, h .
—=0,25Fr cho - <05 (6-29)
D D
. d, h, '
Vi ~+==0,25Fr - 0,15 cho o > 0,5 (6-30)

trong d6: d, - duong kinh d4 gia co.
Us - it ra tir bi€u d6 Shields déi v6i vat lieu day dong chay sau cong.

Fletcher va Grace (1974) khuyén nén bao vé phong x6i sau céng suét chiu dai cho
trong hinh 6.2,

Déi vdi cong qua dudng néu chiéu dai gia ¢d khong du s& xay ra x6i sau phin gia c6
ma hé x6i va cdu triic dong chay dugce chi ra & hinh 6.3.

Tuéing nghiéng chdng xGi
S

—28 .i
£.---""'" !
s 25D,
é’_ “ '_é g 05D,
L] 0150 105D
o] / s A
HH""""‘--....____ SDO 2

Mt béing gia ¢d cBing

Hinh 6.2: Gia ¢d sau céng theo chiéu dai dong chdy
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Hinh 6.3: S0 dé xot sau cong
(sau gia c6 cing)

Dé tim chiéu sau x6i trung binh & mat cét 2-2, 4p dung phuong trinh bign thién dong
luong cho thé tich kiém tra gidta mat cat 1-1 va 2-2, ta c6:

2
l3’11112 + Cprb,h B "szh% B
2 2 2

pQyB,V, —pQ PV, = ! T, (6-31)

trong d6: Q, = V,b,yh,;
Q =Vibhy;
h,. h, - chiéu sau dong chdy ¢ cudi phan gia ¢6 va trong ho xoi;
C, - h¢ s6 gidm dp lyc dudi dong chay so vdi dp lyc thuy tinh tir phin gia c6
vao hd x6i.

T; - lyc ma sdt cha thé tich kiém tra theo phuong chay:

2 2
yn bZIKVQ

szTifxbz = RUS

trong d6: n - hé s6 nham;
R =h,;
V=0 opU,

Theo thi nghiém chiéu sau dong chay ting 1én do xudt hién 2 xody tryc dung, tao ra
hai ho x6i c6 chidu sau 16n hon chiéu sau gida hai hé x6i, khong phu thudc vao do tho
vat liéu day, hinh dang mat cit 1ong dén vA hinh dang céng. Khi chi€u dai gia c6 tang thi
su khdc bi¢t chiéu sau x6i gidm di. Do c6 xody bén nén luu luong Q, > Q, va bang nQ,.
Hé s6 tang luu luong p xédc dinh theo cong thic thuc nghiém:



=g

p=3

B
e — (6-32)
h, {b,
trong do: (EJ =2
b max

Tir biéu thie (6-31) rit ra chidu sau x6i trung binh h, tai mat cat 2-2 khi da sir dung
két qud thi nghiém. o, = 1,5 va «y = 1,0 trong tinh V,, vay V, = 1 5u,, u., la tée do
khong x6i ddy déi véi hat cha long dan trong chuyén dong déu.

by =by +2/ tgx

lrong do:
by - chi€u rong & mat cit cusi cong (noi giao cit mdi déc taluy v&i ddy ha luu);
.’éc - chiéu dai gia c6;
Jehy
Vo

By=10vap,=1,5; €, = 0.8. Sau khi thay gid tri thi nghi¢m ta duoc:

oo = (vai hy va Vg 1a chiéu sau va toc do tai mat cit cudi cong).

2 5nl u}
b, =112, |22 2 o, -2 en2 oDy A0 hug (6-33)
gb, b;h, b, hy>

Trong {6-33) d¢ dii ¢6 don vi Ia mét: n = 0,025.

] = /2hx+h, _ 9 I2hx+h} (6-34)
g bh, g

thi nghiém cho h, . > h, trung binh 13 30%.

Viéc xdc dinh h, trong (6-33) theo phuong phdp ding dan.

6.6. DANH GIA XOI SAU CONG (Phuong phap cita Hi Ciu dudmg Mi - FHWA)

[30] cia FHWA chi ra phuong phdp ddnh gi x6i tai cita ra sau c6ng can c vao luu
luong chay trong cong, hinh dang cong, loai dat sau céng, thoi gian 1, do déc dat cong,
cao do diy cdng so vdi ddy dong chdy & ha liy, chiéu sau dong chay & ha luu cong.
Ngoai ra con phai ké dén muic d¢ ha thap tu nhién cia day dong chay ha lwu, tuy nhién
cde phuong trinh duéi day khong chita luong x6i tu nhién. Céc phuong trinh rat ra tir s6
li¢u thi nghi¢m trong phong véi nhimg diéu kien thuy luc nhat dinh ciia cdc thi nghiém
ciia Bohan (1970); Abt va cdc cong st (1987); Abt (1996); Doehring (1994); Donnell va
Abt (1983); Ruff va cac cong sur (1982).

152



6.6.1. Doi voi dat kKhong dinh - dat roi

Pai vé6i dat rdi rac biéu thitc chung xdc dinh kich thudc x6i:

p 0
h. b, L,V
e, T locc, | Qq(t) (6-35)
Reo Reo 'Ry 'Reo | 7 ol L JeRE ) 316

trong d6:  h, - chi€u sau hd x6i (m);

b, - chiéu rong hé x6i (m);
L, - chiéu dai h6 x6i (m);
v, - thé tich hé x6i (m”);
R, - ban kinh thuy luc tai cudi cong (gia thi€t chay day cong);
Q - luu luong chay trong cdng (m*/s);
g - gia t6¢ trong luc bang 9,81 m/s%;
t - thai gian 1 (phat);
6, = (dgq/d,6)"” - A6 léch tieu chudn clia hat vat liéu long dan;
o, B va 0 - hé 8 va s6 mil theo bang 6.4,
C,, - hé sd tinh dén chiéu cao ddy céng so vdi ddy long dan ha luu (bang 6.5)
C, - hé s6 tinh dén do déc dat cong - bang 6.6.
Néu 6, < 1,5 thi vt liéu long dan coi nhu déng nhdt; con &, > 1,5 thi vat ligu duge
coi 1a cap phoi. Gia tri tiéu bicu clia s6i san 5, = 2,10 vi cha cdt o, = 1,87.

Bang 6.4. Bang hé s6 va s6 ma tinh x6i cho dat roi rac

Kich thudc x6i o B3 0
Chiéu sau b, 2,27 0,39 0,06
Chiéu rong b, 6,94 0.53 0,08
Chiéu dai L, 17,10 0.47 0,10
Thé tich ¥, 127,08 1,24 0,18

Néu khéng ¢6 thoi gian i ¢6 thé 18y t = 30 phiit vi thi nghiém chi ra x6i dat xap xi
2/3 - 3/4 chiéu sau x6i lon nhat trong vong 30 phit. Cong thitc 4p dung cho trucng hop
c6 va khong ¢é tuong dau ¢ ha luu cdng.

Hinh dang ho x6i phu thudc vio chiéu cao nudc roi sau cng. Néu chiéu cao nay cang
cao (Doehring, 1994) thi hé x6i cang sau va cang rong dong thoi thoi gian dat x6i 16n
nhat cang ngin lai. Hé s6 C,, phu thudc vio chiéu cao nudc roi tuong doi so vai kich

L Chiéu cao nudc roi
thude cong: H, =

Dudng kinh cong
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Bang 6.5. Hé s6 C,,

H, Chiéu sau Chiéu rong Chiéu dai Thé tich
0 1,00 1,60 1,00 1,00

1 1,22 1,51 0,73 1,28

2 1,26 1,54 0,73 1,47

4 1,34 1,66 0,73 1,35

Bang 6.6. Heé 56 C,

. Do déc Chiéu siu Chiéu rong Chiéu dai Thé tich
| 0o 1,00 1,00 1,00 1,00
2 1,03 1,28 1,17 1,30
5 1,08 1,28 1.17 1,30
>7 1,12 1,28 1.17 1,30

Trinh tu xdc dinh kich thuéc ho x6i:

(1) Xac dinh thoi gian dinh 1 va gid tri dinh 1d.

(2) Tinh R, (chay diy cong).

{(3) X4c dinh Hy.

(4) Xdc dinh o, B, vat, G, va C, (theo bing 6.5 va 6.6).

(5) Xdc dinh o, = (dg,/d,;)"” theo dudng cong phan tich hat tai noi dat céng.
(6) Xdc dinh kich thudc hé x6i theo cong thite (6-35).

(7) Xdc dinh vi tri ¢6 x6i h,, tainoi L, = 0,4L.,.

Thi du 6.1: Xac dinh kich thude hS x6i biét ¢ong trdn ¢6 D = 457mm, s = 2%, chiéu
cao nudc roi 0,914m so véi ddy long din: Q =0,764 m'fs, o, = 1.87.

(1) Q = 0,764 m*/s va gia thiét t = 30 phut.

@ R, =2-9%7_ 4114y
4 4
0,914

3) Hy=-2 %

O Ha=1 157

(4) Xdc dinh a, B, 6, C, va C, theo bang di cho ta duge két qua & bang 6.7.
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Bang 6.7

Kich thudc xdi o 3 6 C, G,
Chiéu sau 2,27 0,39 0,06 1,03 1,26
Chiéu rong 6,94 0,53 0,08 1,28 1,54
Chicu dai 17,10 0,47 0,10 1,17 0,73

| Thé tich 127,08 1,24 0,18 1,30 1,47
(5) o=1,87

(6) Xac dinh kich thudc hd xéi theo phuong trinh (6-33);

P 0
o Q 30
h.=CC R.
¢ 5 h(l,g?lfB}[\/gRE(‘)s} [316} o

0,39
2
=l,03x1,26><[2’ ?J[ 0,764 ] (0,095)°% x 0,1142 = 1,14m

1,23 )\ /9,81 x (0,1143)*°
Tuong tu co:
0,53
b, =1,28x1,54 x[?zj)[ — 0,7064143)2 ~—, } (0,095)°% % 0,1142 =8,82m
il V9,81 x(0,1 -
0,47
L, =117 XO’HX[T’;’?]{ 0‘26‘14 ; ‘j x (0,005 x0,1142 = 7,06m
/ .23 )L /9,81x0,1143%
1.24 -
V. =1,30x1,47 X(l?ggﬂ(ﬁo?i%z S] %0,095%% x 0,142 = 27.8m’
) ,81 x0,1
(7) Viuicéh, . L, =0,4L, =04 x 7,06 = 2,82m cich mép cong ha luu.

6.6.2. Poi voi dat dinh

D61 véi dit dinh, kich thude cha hé x61 quan hé véi (ing suél cit téi han cla dat thong
qua biéu thirc d6i véi trudng hop 4 cét, trong d6 cat chiém 58%: sét 27%, dat bot 15% va
chit hitu co chiém 1%. Loai 4 cat nay c6 d = 0,15mm, chi s6 déo PI 1a 15. N&u cong la

B a
h, b, L, V, pV? t
Te X Zx XN CC(a _ 6-36
[DDDDZ‘} "’h()[n](mJ (€20

Cong ¢6 hinh dang khong phai Ia cong tron thi:

cong tron thi:
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2B 6
[E‘f—,-b'—",h,i}csch(ac)[pv ] [ ‘ J (6-37)
. V. T

trong d6: D - dudng kinh clia céng (m);

2

A - dién tich mat cat ngang dong chay (m?);

A
Y. - chi€u sau tuong duong, Yo = [—J (m);

V - 16c d6 tai clra ra clia cOng (m/s);
T, - Ung sudt ti€p phan gidi hay téi han (N/m?):
p - khoi luong rieng clia nuée, p = 1000 kg/m®;

T

(sz ] - 86 Umg sudt tiép khong dom vi, o, = «/0,63 déi véi h., b, L, va
0t = 0/(0,63)" dGi véi thé tich x6i V, .
a, B, 8 va o, 14y theo bang 6.8.
Néu khong ¢6 thdi gian lii thi 1dy t = 30 phiit.
T. = 0,001(Sy + o, Ytan(30 + 1,73PI) (theo Dunn, 1959 va Abt vi ccs (1996)
Sy - cudng do cat bio hoa (N/m?);
o, - hang s6 chuyén don vi; Trong hé SI thi o, = 8630 (N/mz');
PI - chi s6 déo.
Hai cong thitc trén dp dung cho PI =5 + 16,

Bang 6.8. Hé s6 doi voi dat dinh khi tinh xéi & ha ru cong

Kich thude xoi o B 0 o,
Chiéu sau (.86 0,18 0,1 1,37
Chiéu rong 3,55 0,17 0,07 5,63

. Chiéu dai 2,82 0,33 0,09 4,48
Thé tich 0,62 0,93 0,23 2,48

Trinh tu tinh x6i:
(1) Xdc dinh dinh 1 va théi gian kéo dai dinh li (phuit).
(2) Xéc dinh t6c d¢ trung binh tai cira ra clia céng V (m/s).
(3) Lay méu dat tai noi du dinh dat céng.
(4) Xac dinh cudng dé ting suat tiép téi han T,

pV?

(5) Xde dinh s6 iing suat ti€p khong don vi S, = —— vi chiéu cao nude roi khéng

tC

don vi Hy:
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Chiéu cao tlr ddy cdng 151 ddy long dan ha luu
¢ Dudng kinh cong
(6) Xdc dinh cdc hé s& theo bang 6.8.
(7) Xdce dinh kich thudc hé x6i theo phuong trinh (6-36) hay (6-37).
(8) Xdc dinh vi tri ¢6 chi€u sau x6t I6n nhat la L, = 0,4L,.

Thi du 6.2: Xac dinh kich thudc hé x6i néu biét D = 610mm, S = %, chi¢u cao nudc
roi = Om, luu luong Q = 1,133 m%s, chi s6 déo PI = 12 va Sy = 23.970 N/m” d6i véi
1ong dan ha hou.

Lo gidi:

(1) Q=1,133 m"s, gi4 thi€t t = 30 phut.
3

2) V =%=L=3,88 my/s.

2
4 14 0617
4

(3) Mau dat noi du dinh dat ¢ong cho PI = 12, Sy, = 23,970 N/m?.
(4) 7, =0,001(23970 +8630)tan [30 + 1,?3(12)] =39,9 N/m".

pVZ 1000(3,88)°
T, 39,9

s

(i) Snm =

=377,3

(6) Xac dinh hé s6 theo bang 6.8 va theo ddu bai th G, = 1 va C, = 1, ¢6 két qua trong
bang 6.9,

Bang 6.9
| Kich thuéc hé x6i a B 0
h, 0.36 0,18 0.1
b, 3,55 0.17 007
L, 2,82 033 0,00
v, 0,62 0.93 0.23

30

Tyh. =1.0x1,0 377.3)F | ——
(7)h, x 1,0 x {a)( )(316

4]
J D=1x1x0,86x377,3*'%0,09°! x0,61=1.2m

Tuong tu cho: b, =1x1x3,55x377,3*'7 x0,09°” x 0,61 =5,02m
= 1x1x2,82x377.3%% x0,09°” x0.61=9,81m
v, =1x1x0,62x377,3"7 x 0,09 x 0,617 =20,15m’

(8) Noi ¢6 h, . 12 L, =04L, = 0,4 x 9,81 = 3,92m tir mép ha luwu cong doc theo
dong chdy.
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PHU LUC

1.1. Cong thic ma Peggy A. Johnson sir dung dé ddnh gid x6i cuc bo (J. Hydr, Engg,
Vol, 121. No. 8. 1995, ASCE).

(1} Cong thirc cha trudng dai hoc bang Colorado (CSU) gi6i thiéu trong théng tur
Hydraulic Engineering Circular s6 18 (HEC-18) (1993), 1a cong thire (5-14) & muc 5.4.9.

b (3,65
hc=2,othlK2K3[B—J Fr0# (1)

X
Cong thic rit ra tir s6 liéu thi nghiém trong phong cho ca nudc trong va nude duc,
: \ . h - . h,
(161 han cta cong thitc: Bi =2,4 choFr<0,8 va h—" =3,0choFr>038.
X X
(2) Melville va Sutherland (1988) dua vao két qua thi nghi¢m trong phong:
hC = KiKLIKhKCthb (2)
trong dé: K - hé s6 cudng do dong chay;
K4 - hé s6 ¢ hat;,
K, - h¢ s& chiéu sau dong chay;
Ky - hé 36 huéng dong chay dén tru:
K, - h¢ s6 hinh dang try.

(3) Hincu (1971)
2 1/3
h, =2, 42b[2[i} 1J£‘—b} (3)
Ve g
2

Cho 0.05<22<0.6.
gb

0.2
v.=12Jagda | 2| . A~lg5=|PTP
C gSOd
50 p

bai véi nude trong (2_\: - IJ =1, phuong trinh khong dp dung cho Y < 0,5.
v

v

C <



(4) Laursen va Toch (1956) dé nghi dudng cong tinh x6i, sau nay dugc Neil viét lai
thinh biéu thitc (1964)

h, =1,35b%h%? (4)

(5) Shen va céac cong su (CCS) (1967) sir dung két qua thi nghiém va mot so it so licu
x41 thuc t&€ dé nghi cho x6i nude trong:

h, =0,00022 R¢*" (5a)
trong do:; Re =£%L2-2, song nam 1971 Shen khuyén nén st dung cong thirc Larras
(1963):

h, =1,05b"7 (5b)

(6) Breusers va CCS (1977) phat trién céng thirc tuong tu nhu Hincu (1971):

h, = bﬂ(le[manh [%"ﬂ (6)

trong d6:  f=0 khi —<0;

Ve

r:z(ll—mho 05<—<1
v

Y
c C

v

f=1cho >1

Ve

K, va K, nhu da néu ¢ (HEC-18).

(7) Jain va Fischer (1979) dua vao két qua thi nghiém dé nghi:

0.5
h, = 2b(Fr - Fr,)** (%ﬁ] cho (Fr—Fr)> 0,2 (7a)

< Ve N N
rong dé: Fr, = ——= va (Fr—Fr) <0 thi:

veh,
h 0.5
h, =1,85b(Fr, )** (—g—] (7b)

Khi 0 < (Fr— Fr_) < 0,2 thi 1dy gid tri 16n hon tinh theo hai truong hop trén.
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1.2. Cong thitc V. V. Belikov va V. Sh. Tsypin sir dung dé so sanh (1988). .
(1) M. M Juravlev (1984)

h 0.5 , n d 0,03n
h, = O,GSb(—"] ¥ — (8)
b 3 ghx(‘l‘) hX

v

Jegh o

n=0,65+0,3

(2) V. Sh. Tsypin (1985)

1.4 0.35 0,16
h, = O,Qb[h—"J [1) 4 9)
b ® h,

(3) V. S. Altunin (1972)

0.4 0,02
S L B (10)
v.b h

C X

h 0,25
V., = 1,14[?‘} Jed

(4) Cong thitc cung dang véi Juravlev song ¢ dang don gian - Volchenkov & Belikov

(1984);
0.4 0.5 0,02
h, =o,9b{5¥-] Y 4 (11)
b 3 ghx(g hx

vi theo s0 Fr la;

h 0.4 v .15
(5) h, = 0,9b[—"J Fr%4 (—) (12)
b W
va:
0853
(6) h.=0,2¢| 1+0.4tg0>| — ~1 (13)
¢ © T h Yehyo |

trong dé: néu h >> b thi:

0.85
h, ~b| ——
Jgh o

160



(7) Belikov va Tsypin (1988) dé nghi cong thifc nit ra tix phan tich, so sanh s6 liéu thi
nghi¢m va thyc t& (150 thi nghiém va 105 thuc t€).

B0 y 0.3
h, =0,77b| =% (14)
) [ b J [ﬁghxw]

Trong cdc cong thic tir (8) + (14) khi tinh phai thém hé s6 hinh dang try, hudng dong
chay hay hinh dang ddy tuong vng v6i diéu kién thuc té.

Trong cédc cong thirc dd néu:

o - do tho thuy luc clia bun cit;

b - chiéu rong try;

h, - chiéu siu sau x6i chung ngay trueéce tru;

v - t6c do trung binh dong chdy sau x6i chung;

d - dudng kinh hat, thuong 13y 1a ds;

@ - gb¢ ndl ma sdt cua hat & trong nudc.
h, vh V con duge hiéu 1a chiéu sau va dong chdy trude tru trude khi tinh x6i cuc bo.
1.3. Bang hé s& hinh dang tru K, (o = 0°) dé tinh x6i & cong thidc (8 + 14) clia phu

luc 1.

He s6 He sa
hinh dang hinh dang
Thit U"l.l,’khl Thit tl‘l_l,‘khl
. hirdng o hudng
o Hinh dang tru dong chay | | .; Hinh dang try dong chay
kiéu A kiéu )
thang thang
tru . .. try . .
: hang véi . hang v&i
try try
(a” =0 (a” =09
1 2 3 1 2 3
1 0,85 2
LI
!
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Bdng tiép theo

1 2 3 1 2 3
=SE=FT=g ==
TV = e
= - |7 ===
= g g I
3 1,00 6 hb R 1,00
! L—_J
- :
O,
4 125 7 , 0,70
(oo ooad)
5 125 | 8 TR 0,65

Khi dong chay nghiéng géc o’ thi chiéu rong tru tang lén vh duge xdc dinh theo

quan hé:
b, =/sina+bcosu

b, - chiéu rong tru tinh toan.
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Phu luc 2

XO1 G MO CAU PHU THUOC VI TRI MO CAU TRONG SONG

M& cdu

dat @ mép 16ng sng

[T

! |
[ ]

[

Déng bai
chay vao cu

-
-
_=
o
5
—
3
=
[
MAT BANG

\utntan

Dong bai
chay vao ciu

J

LTy,

DA \\:‘éfi‘ﬁ? %/ Wi

Long séng

MAT CAT NGANG
déng chay dusi cau

M8 cau
dat & long song
i 1 |
D
OIS 51 A
g
b 3 2
W e -0 3
8F MAT BANG 5
\\\ \\ /
. Long séng
MAT CAT NGANG

dong chdy dudi cau

Hinh [. Tricgng hop chidn rong
thoat nuwdc duwdi cau L, nhd
hon chiéw rgng long séng B,
(L,.< B

Hinh 2: Truong hop mo cau ddt
i pigp long song, chiéu rong
thodt nudc dudi cdu bdng chiéu
réng long song (L, = By)
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Phu luc 2 (tiép theo)

M3 cau
dat & 1dng song

j\
3/

| | | I
[N -
| L1
RAREY =
5
0 oh =3
a— 0 il
53 3 5%
=R 2 =g
8-«%* 5 ng
MAT BANG
NNRANNY < 1

N

Lang sdng

MAT CAT NGANG
dong chay dudi ciu

Hinh 3. Truong hop mé cdu ddt 7 bdi song,
chiéu dai thodr nuoc dudi cdu lom hon chiéu réng long séng (L,.> By

N v /

Mat cBt ngang dong chay & ha luu cdu

Chidu dong chay

Hinh 4. Truong hop dong chdy nhai
MAT BANG

— v I

N

MAT CAT NGANG
ddng chay & thugng lwu cau
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Phu luc 2 (tiép theo)

N__V
0=
A7

Chiéu dong chay
EEE————-

MAT BANG
hY hvi

MAT CAT NGANG

Hinh 5. M&'va try cdu thdt hep dong chdy dudi cdu

Md cdu

NI EE! [T

| ‘E TTTITTTT 4 AAAA
s 4

Ddng

s6ng chinh

Hinh 6. Truong hop cdu phu ddt ¢ bdi song
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Phu luc 2 (tiép theo)

M@ cau dat &
mép long song

lllilill clia nhanh phu W
[TTTTTTTTS

Na S

‘\‘—--
Vafad

— — T »
=
= =
— .
= 8 G = 2 __g
= o @ 5 a g | 2
= 2 c 2 o 2|5
=] ,og © [ g;u)
18 =1 g.,
S
= 3
=
(]

VLSS L LA S LSS TS

s 200

long Long song
song chinh clia nhanh phu

Hinh 7. Truong hop cau ddt o nhanh phu

Viing gan mé

Vung
Xamo

Hinh 8. Duong ddu cdu, mo, tru va ving dong chdy lién quan dén mo cdu
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Phu luc 2 (tiép theo)

Viing s6i cao

Viing tach dong

Hinh 9. So dé dong chdy bao trong ving dnh huong
ctia mé hinh dang chit U ¢6 1/4 nén mé

Hinh 10. Truong hop mé bi nguy hiém do x6i & long song
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Phu luc 2 (tiép theo)

Ving xéi & mép long séng
gan mé cau

Hinh 12. M& bi nguy hiém do mép long song bi xéi lan vao mé
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Phu luc 2 (tiép theo)

Hinh 13. M6 bi nguy hiém do xéi & bdi séng

Hinh 14. M6 bi nguy hiém do dwong dau cau bi x6i lo
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XOI LG G CONG TRINH CAU

Chiu trach nhiém xudt bdn.

BUTHOU HANH
Bién tap: NGUYEN THI BINH
Ché ban: TRAN KIM ANH

Stta banin:  NGUYEN THI BINH
Trinh bay bia:  vU BINH MINH

In 1000 cuén khé 19 x 27cm, tai Xudng in Nhi xut ban Xay dung. Gidy chap nhan dang ki k& hoach
xudt ban s 156-2008/CXB/37-11/XD ngay 21/2/2008. In xong va nop luu chiéu thing 10/2008.
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