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HINH HQC CUA NUOC NHAY TU DO TREN LONG DAN LANG TRU
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Tém tit: Nudc nhay la hién twong dong chay thay doi ngét tir dé sau nhé hon @ sau phan giéi
sang dg sau dong chay 16m hon dg sau phdn gidi, hién tuwong nay dwoc g dung trong nhiéu linh
viee nhue tiéu ndng sau cong trinh (ddp tran, cong), tang cuong si xdo trén oxy tw nhién vao niwde
thai, xao tron vat liéu trong xu Iy nuoc... Tuy nhién, cdc dac trung hinh hoc cua nuoc nhay trén
kénh lang tru chiu dnh hwong ciia nhiéu yéu té khdc nhau, dan dén cac ddc trung nay rat khé xdac
dinh chinh xdc bang Iy thuyét ma phdi xdc dinh théng qua thiee nghiém.

Trong nghién civu nay, dd phan tich hién twong nuwéc nhay, cdc yéu t6 tic dong va cac cong thirc
tinh dac trung hinh hoc nudc nhay, dac biét la th(jng ké va dé xudt 4 phan loai co ban cua nudc
nhay véi mé nham nhén tao & day long dan. Tir d6 tong qudt héa dwge hién twong nuwde nhdy va
cdc yéu t6 dnh hwong dén ddc trung hinh hoc ciia nwée nhdy sau céng trinh c¢é long dan lang tru
Vv6i 2 mdt cdt co ban la hinh chit nhdt va hinh thang can, ddy long dan c6 dang day bang, day doc
va ddy ¢é mé nhdam nhan tao.

Tir khoa: NuGe nhdy, mé nham, kénh ling tru, dé sdu lién hiép, chiéu dai nudc nhay.

1. HIEN TUQNG NUGC NHAY thi nghiém d4 chirng minh sy ton tai clia nudc

Khi d6 sau dong chay thay d6i nhanh chong tir nhay [1][5][24][31][31].

muc nudc thdp sang muc nudc cao, no s& dan ¥ W 2 chyem

dén sy thay d6i dot ngot cua duong mit nudc. | N |ae 2 -

Hién tugong xdy ra cuc b tai vi tri thay doi £ % A" Lo -32/_;_. ______

duong mat nudc goi la hién tuong “nudc nhay” | | '7‘}?: _______ N

[31] _ JI //'I[ Y, y =y
By, ! - e

Nghién ctru hién tuong nude nhay cho thay: 7777 3

Khi dong chay tir trang thai chay xiét (y<yc)
chuyén sang trang thai chay ém (y>y.), thi tai vi
tri cuc by ciia nudc nhay s€ c6 mot luong 16n
khong khi bi cubn vao khu xody nude do sy pha
v bé mat nude, tai do dong chay bi mét lién
tuc, mot phan 16n ning lugng dong chay bi ton
thit do chuyén dong hdn loan da chiéu ciia phan
tir nudc trén bé mit. Cac quan sat, khao sat va

Hinh 1: Qud trinh thay doi trang thdi chay
khi xuat hién nuoc nhay

Khi phan tich hién tugng nudc nhay, dua trén
dinh ludt bao toan vé dong luong cua dong
chay, v€ dugc cac biéu dd vé dong luong va
nang lugng don vi mat cit, tr d6 xac dinh
dugc cac gia tri do sau trudc nudc nhay, sau
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nude nhdy (hinh 4) va dic trung ti€u nang
dong chay, sy ti€u ndng cia moi loai nude

| cira cong

e

<

1 Nuwd'c nhay

Hinh 2: Nude nhay sau cong[31]

Can bang dong
lugng dong chay

<

Qua trinh nudc nhay

nhay cé gia tri khac nhau (dugc thé hién theo
tung loai nudc nhady co ban tai Bang 1).

Nwdc nhay

Hinh 3: Nudc nhay o chan dap tran[31]

Nang luong
don vi mat cit

<

Hinh 4: Moi quan hé déng lwong, ndng lwong véi qud trinh niede nhay

Bang 1: Tong hop khi ning tiéu hao ning
lwgng cua cac loai nwéc nhay [31]

TT Loai nwdc nhay n?ng:ﬁsgllg)e)
1 Nudc nhdy song <5%

2 | Nudc nhay yéu 5% + 15 %

3 Nudce nhdy dao dong | 15% + 45%

4 | Nudc nhay 6ndinh | 45% = 70%

5 Nudc nhdy manh 70% + 85%

Chiéu dai nu6c nhay 13 khoang cach tir gia tri do séu
trude nude nhay dén do sau sau nude nhay doc theo
chiéu 1ong dan, day 1a mot thong sb quan trong
trong thiét ké cong trinh tiéu ning, thong thudng vi
tri bat dau hodc chan nudc nhay c6 thé xac dinh
duoc d& dang va co sy thong nhit giita cic nghién
ciru, nhung diém két thiic cia nude nhay thi chua
¢o su xac dinh théng nhét cu thé ndo. Cac nha khoa
hoc nghién ciru vé van nay c6 thé ké dén nhu Riegel
Beebe (1917), Ludin (1927), Woycicki (1931),
Knapp (1932), Safranez (1933-39), Aravin (1935),
Kinney (1935), Iranchenko, Chertoussou, Page
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(1935), Bakhmeteff and Matzke (1936), Douma
(1934), Posey (1941), Moore (1943), Wu (1949),
va Bradley - Peterka (1955-57)... da xay dung va
dua ra rat nhiéu cong thirc tinh chidu dai nudc
nhdy khac nhau, mdi cong thirc ¢6 dic thi va ing
dung riéng.

Dura trén diic trung ctia nude nhay, cho thiy chiéu
dai nue nhay phu thudc vao nhidu yéu t, nhu
qué trinh nude nhay, huéng chuyén dong véan tdc,
x0dy cudn, khi trong xody cudn, ma sat dong chay
... nén céc cong trinh tinh chiéu dai nudc nhay
hién c6 1a cac cong thirc kinh nghiém.

2. CAC PAC TRUNG HINH HQC CO BAN
CUA NUOC NHAY

Xét trén cdu tao nudc nhay, cho thay khi phan
tich tinh todn nudc nhay can xac dinh lam rd 2
yéu té hinh hoc ctia nudce nhay nhu sau:

2.1 D9 sau lién hiép ciia nuwdc nhay

Day la do sadu dong chay trude va sau nudc
nhdy, hai yéu t6 nay thuong dugc xac dinh dua
trén phuong trinh bdo toan dong luwong cua
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dong chdy, da dugc cac nha khoa hoc nghién
ctru va xay dung céc cong thire tinh toén, yeu to
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Két hop cong thirc giai tich ctia Belanger va
phan tich thuc nghi¢m, Sarma va Newnham

nay da dugc xac dinh co ban nhu sau: (1975)[31] da dé xuit cong thirc nhu sau:

+ Péi vm kénh mdt cdt chit nhat, ddy bang: Y2 _ l( /1 N 10,4Fr12 B 1) 2
Nguoi dau tién xay dung cong thirc tinh do sau y; 2

lién hi¢p cua nudc nhdy la Belanger
(1882)[1][5][31][31], xuét phat tir dinh luat bao
toan dong lugng tim tim dugc quan hé gidi tich
cho d6 sau lién hiép véi kénh mit cat ngang

+ Déi véi kénh chir nhét c6 do doc va dé nham
long dan lon

Theo Pagliara and Palermo (2015)[19] nghién

hinh chit nhat d4y bang: ctru nude nhay trén kénh nham c6 d doc 16m,
xac dinh mbi quan hé gitra d6 siu lién hiép nudc
ﬁ:% J1+8Fr] —1) (1) nhay:
Y1
5 2,38@
Y=0,5-1+ [1+8Fr |[1+0,14|1-¢ ¢ 3)

Theo Palermo, M., Pagliara, S. (2017) [21] thi nudc nhay trén kénh déc c6 d6 nham:
0,202

Y = \/E.exp(— dso
Ye

11,01

E-Y2=%1 y_Y2
y2 Y1

kénh dan

Véikénh day bang E = 1, Z; 1a chénh cao & chan

mit cit trude va sau nudc nhay (m); dso: Do sau

md nham tinh theo ty 1€ 50%, yc: PO sau phan

gidi.

Nghién ctru cia Mahmoud Ali R. Eltoukhy

(2016) [15] vé kénh chit nhat c6 do doc, ty 16 do

sau lién hi¢p duogc xac dinh:

va goc a la do doc day

y—2=—0,02(F31 s)2+o,898(FﬁJ§)+2,03 (5)
Y1

V6i S 1a 6 doc day thuan
+ Poi véi kénh mdt cat ngang hinh thang can,
day bang:

Ap dung dinh lut can bang dong lwong cho
dong chay trudc va sau nudc nhay, Sadiq S.M
(2012) [28] da xay dung phuong trinh tinh do

]'exp(_ tan o jE (tana) " (Frl B 1)0,963 +% @

sau lién hi€p nude nhay va giai tim do sau lién
hiép cia nudc nhdy bang cac so dd hodc bang
biéu. Cong thic téng quat cua Sadiq S.M
(2012) c6 dang nhu sau:

aY’ +bY*+cY+dY+eY+f=0 (6)

Trong do a, b, ¢, d, e, f1a cac thong $6 phu thudc
vao Frp, y2, y1 va h¢ s6 mai déc m.

Theo phuong phap kinh nghiém c6 A.N.
Rakhmanov (1930) [2] dé xuét, cong thirc phu
thudc vao do sau phan gioi.

2
y; =1,22¢ 0,2y, (7)
h)
1,2y>
yy=—=2e— (®)
YI + O’ZYC

2.2 Chiéu dai nwéc nhay

Céc cong thirc tinh chiéu dai nude nhay cho céc
loai kénh lang tru luén dugc xac dinh dya trén
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nghién ctru thuc nghiém, véi cac yéu to anh
huong dugce xét dén nhu sau:

+ Pdi v6i kénh day bang, chidu dai nude nhay
dugc xay dung cong thuc tinh dua trén dJ sau
lién hiép trudc nudc nhay (yi), do sau lién
hi¢p sau nudc nhay (y2), chénh Iéch d sau
dong chay trude va sau nudc nhdy (y2 — yi1),
ty 1¢ d§ sau trudc va sau nudc nhay va gia tri
Froude trudc nudc nhay (Fry), déi véi kénh cod
mat cit ngang hinh chit nhat dugc thé hién qua
cac cong thuc cua Chertoussov (1935) [31],
Hager (1992) [13], Ludin (1927) [31],
Safranez (1933-39) [31], Page (1935) [31],
Mahmoud Ali R. Eltoukhy (2016) [15], Posey
C. J. va Hsing P.S. (1938) [22], N. Afzal
(2002) [18], Bakhmeteff, Matzke (1936) [31],
Smetana(1935) [31], Wu (1949) [31],
Bambang Sulistiono, Lalu Makrup (2017)
[6], @61 v&i kénh mit cat ngang hinh thang
c6 cac cong thuc cua Ohtsu (1976) [26],
Woycicki (1931) [31], Silvester (1964) [27],
L.V Nghi va N.M Ngoc (2019) [3]...

Hinh 5: Nudc nhdy trén mé hinh c6 bo tri
mé nham long dan ciia R. Riazi, S. Jafari

(2014) [25]

@ Bb tri md nham hinh dang bét ky, trai déu
trén day long dan, 16p vat liéu lat day co do
nham 16n: Nghién ctru cia Michele Palermo,
Stefano Pagliara (2017) [16], Francesco
Giuseppe Carollo; Vito Ferro; va Vincenzo
Pampalone (2012) [11],

+ Theo Pagliara S., Ilaria Lotti, Michele
Palermo (2008) [23]chiéu dai nudc nhay:

+ Ddi v6i kénh dbe va d6 nham 16n: Véi cac
phuong 4n bé tri, hinh thirc md nham khac nhau
d3 anh hudng dén d6 dai nudc nhay khac nhau,
cac cong thuc trong trudong hop nay phu thudc
rat nhiéu vao cach bd tri, cdu tao md nham va
dac trung day long dan. Hién nay, tai Vién Khoa
hoc thuy loi Viét Nam khi thi nghi¢m cac cong
trinh tiéu nang dong chay ciling da dua cac loai
hinh mé nham vao céng trinh thuc té.

3. ANH HUONG CUA MO NHAM LONG
DAN DEN NUOC NHAY

Trong nghién ctru anh hudong do nham long dan
dén chiéu dai nude nhay, cac nha khoa hoc di
bd tri rat nhiéu cac phuong an ciu tric d6 nham
1ong dan ciia kénh, xét tong thé cho kénh c6 mit
cit ngang lang véi 1ong din bd tri md nham cod
thé chia lam 4 loai co ban:

® B tri mb nham roi rac, thanh cac hang xen
k& 1an nhau, md nham céu trac dang tudng chin
xen k& trén bé mit day déc nguoc nhu Roozbeh
Riazi, Sajad Jafari (2014) [25].

Hinh 6: M6 hinh mé nhdm thi nghiém cia
R. Riazi, S. Jafari (2014) [25]

L _
—io 090 5009

 150.0086.¢ 0466 vnu
Y Frl )

)

Vo1 ynu: HE sO thye nghiém

+ Theo Francesco Giuseppe Carollo, Vito
Ferroand Vincenzo Pampalone (2007) [11], c6
chidu dai nuée nhay:
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L [6,525.exp(—0,60$ﬂ(1:r1 ~1) (10)

Y Yi

Hinh 7: Mé hinh mé nhém thi nghiém ciia
Michele Palermo, Stefano Pagliara (2017) [16]

® B$ tri nham kiéu song vi hinh dang dinh
song khac nhau, mat day cong trinh bo tri dang
luon séng nhu S. A. Ead, M.ASCE,1 va N.
Rajaratnam, F.ASCE (2002) [7]; A. Abbaspour,
A. Hosseinzadeh Dalir, D. Farsadizadeh, A.A.
Sadraddini (2009) [6]; H. Samadi-Boroujeni,
M. Ghazali, B. Gorbani, and R. Fattahi Nafchi

fiey
’WV\/\/\MM/_&—"
—s
H Carrugabed

Hinh 9: M6 hinh mé nhdm thi nghiém cia
H. Samadi-Boroujeni, M. Ghazali,
B. Gorbani, and R. Fattahi Nafchi [14]

Theo D. Velioglul, N. D. Tokyay (2012) [8]
chiéu dai nudc nhay xac dinh theo cong thirc:

L
— =B, (F, -1) (11)

T
Yy
Véi Bo: Hé s6 thuc nghiém xac dinh theo vat
liéu 1am md nham

@ BO tri bo nham ¢ dau va cudi khu nudc nhay
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voi ds: Chidu cao md nham trung binh déy long
dan.

Hinh 8: M6 hinh mé nhdm thi nghiém cia
Francesco Giuseppe Carollo (2007) [11]

(2014) [14]; séng kiéu hinh thang nhu Farhad
Izadijoo, M.Shafai-Bejestan (2007) [12]; song
kiéu tam giac nhu Ibrahim H. Elsebaiel and
Shazy Shabayek (2010)[10], song hinh chir
nhat D. Velioglul, N. D. Tokyay (2012) [8],
Neluwala, Karunanayake, Sandaruwan va
Pathirana (2013) [17]...

Hinh 10: M6 hinh mé nhdam thi nghiém
cua Farhad Izadijoo, M.Shafai-Bejestan
(2007) [12]

dién hinh nhu Peterka (1984) [19], Izadjoo, F.,
and Shafai Bejestan, M (2009) [30], hodc céac
cong trinh dugc thiét ké thi nghiém tai Phong thi
nghiém trong diém qudc gia vé dong luc song
bién - Vién Khoa hoc thuy loi Viét Nam, nhu
cong trinh Thity dién HOi Xuan - Thanh Héa cta
Lé Van Nghi (2005) [4], cong trinh tran x4 1ii ciia
hd chtra nuée Chiéng Dong, Son La ctia Pang Thi
Hong Hué (2018) [2].
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c6 cong thure tinh chiéu dai nude nhay, nhu sau:

AN

/
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Hinh 11: M6 hinh mé nham thi nghiém ciia
M. Shafai Bejestan and K. Neisi (2009) [30]
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CONG NGHE

Theo M. Shafai Bejestan va K. Neisi (2009) [30]

5 — 6 281 e—0,0753.Fr1

(12)
Y,

Dentoted sill,

Chute blocks,

Hinh 12: M6 hinh mé nham thi nghiém

cua Peterka (1984) [19]

2432
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Hinh 13: M6 hinh thi nghiém cua Lé Van Nghi va nkk (2005)
cho Thuy dién Hoi Xudn, Thanh Héa [4]
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Hinh 14: M6 hinh thi nghiém cia Pang Thi Hong Hué (2018) cho Cong trinh tran xa li
ho chita nueée Chiéng Dong, Son La [2]

Vi phan loai theo 4 kiéu bd tri co ban cho md
nham cua 10ng dan xay ra nudc nhay trén dugc
bién thé céc kiéu khac nhau v&i d6 dbc thuan va
nghich, kiéu md nham ciing bé tri theo cac dang
hinh hoc khac nhau nhu tam giac nhon, hinh
thang, chit nhat hoac md tron, mbé nham hinh

dang bit ky... Sau khi so sanh danh gia voi
dang day tron déu cho thiy su thay d6i vé cac
yéu t5 hinh hoc ctia nuge nhdy, dic biét 1a chiéu
dai nudc nhay c6 su giam di rd rét, diéu nay cé
loi cho giam gia thanh cho cong trinh ti€u nang
sau dap tran.
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4. KET LUAN VA KIEN NGHI

Nghién ctru nude nhay ¢ Viét Nam va thé giéi
cho thdy su phong phu, quan tdm cta cac nha
khoa hoc dén hién tugng nudc nhay va ung
dung cua no, dic biét cac nghién clru vé kénh
chit nhat tuong ddi day du, cong thic da dang
va ¢6 tmg dung cu thé trong thyc té. Tuy nhién
d6i voi nude nhay trén 1ong dan hinh thang can
hién tai con rat it nghién ctru, cac cong thirc tinh
toan khi danh gia so sanh 1an nhau van con
nhiéu sai sb, dic biét dua cac cong thuc ly
thuyét ap dung vao thuc té cong trinh van chua
duoc chuan hoa v c6 nhirng hudng dan cuy thé.
Trong khi d6 cac cong trinh tiéu nang khi sir
dung mat ngang hinh thang s€ lam giam di do
sau lién hiép, chidu dai nudc nhay, dong thoi
mit cit ngang hinh thang cho cong trinh 16n va
sau thi 6n dinh hon so mit cit ngang hinh chir
nhat.

Véi cac cong trinh nude nhay ma day c6 mb
nham 16n thi chiéu dai nuéc ludn ludn giam
so voi truong hop day nhdn, khong c6 md
nham. Hién tai da thong ké va phan lam 4 loai
md nham day khac nhau va cic dic trung anh
hudng téi tung loai cling nhu céc nghién cuu
tiéu biéu vé cac loai md nham nay. Dbi véi

Chu giai cac thong sb
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chiéu dai nuéc nhdy trén long dan c6 md
nham nhén tao hau nhu rat khé xac dinh quy

luat thay doi, v6i mdi truong hop thi nghiém
thi chiéu dai nudc nhay co nhirng quy luat
khac nhau dya trén déac trung ciia mé hinh thi
nghiém.

Trong mot s6 thiét ké cong trinh tidu ning tai
Viét Nam, da dua trén su bd tri md nham 16n &
dau cong trinh dé 6n dinh nudc nhay va cudi
cong trinh dé giam chiéu dai nudc nhay, nhung
chura xéc dinh 16 céc quy luat thay d6i chidu dai
nude nhay nhim phuc vu cho nghién ciru va
tinh toan trong cac cong trinh thuc té.

Can phai c6 nhirng nghién ciru di su, phan tich
day du hon vé nudc nhay trén kénh ling tru sau
cong trinh (dap tran va cdng), bao gdm phan
tich va xac dinh chinh x&c hon cong thuc tinh
d6 sau lién hiép nudc nhay, chidu dai nudc
nhay ¢ khu xoay, tir d6 lam co sé tinh toan cho
cic cong trinh nurdc nhay trén 10ng dan c6 mit
cit ngang hinh ling try. Pong thoi cé céc
chuyén dé, nghién ciru vé cdu tao va anh huong
md nham dén chiéu dai nudce nhay, nham dap
g céc yéu cau san xut trong thuc té vé ca ly
thuyét 1an thyc nghiém mé hinh./.

y | D0 sau dong chay (m)

m | Hé sO mai doc

ye | DO sau phan gidi (m)

Fri | S6 Froude tmg v6i do sdu dong chay y

y2 | D0 sdu dong chay sau nudc nhay (m)

Frp | SO Froude tng v6i d§ sau thay luc cua

dong chay

y1 | Do sdu dong chay trudc nude nhdy (m)

D | B sau thuy lyc (m) D = A/T

Lj | Chiéu dai nuéc nhay (m)

T | Chiéu rong mit nudc (m)

S | Po dbc day kénh

Sc | Do dbc phan gidi cta kénh
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