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Tém tit: Bun cat dong mot vai trd quan trong trong duy tri va 6n dinh hinh thai song. Trong
d6, bun cat day dong gop dang ké vao qua trinh boi—x6i cua séng. Cac cong thirc tinh luu
luong bun cat thuong dugc sir dung nhu mot cong cu hiru dung trong nghién ctru vé hinh
thai song. Tuy nhién, cac cong thic tinh luu lugng bun cat thuong xay dung cho cac muc
dich ap dung riéng, ap dung gidi han trong mét sb truong hop cu thé. Dé trién khai, cac cong
thtre tinh luu lugng bun cat cta Park (2012), Cheng (2002), Meyer—Peter va Mueller (1950),
Einstein—Brown (1950), Yalin (1963) va Van Rijn (2007) da dugc ap dung trong nghién ctru
nay. Két qua cho thay, cong thic Park tinh luu luong bun cat hop 1y d6i véi dit lidu da do
dac. Sai $6 Rmean, RMSE va MAPE lan luot 13 0,75; 0,035 va 10,5% trong khi cac cong thuc
khac cac sai sd nay tuong ung dao dong trong khoang tur 0,31-0,71; 0,046-0,197 va 16,8—
48,6%. Cong thirc Park (2012) dugc xdy dung trén co s& phéan cip kich thudce hat, tir d6 co
thé khang dinh cach tiép can phan chia kich thudc hat trong tinh toan luu lugng bun cat day
dong vai tro quan trong chi phdi két qua.

Tir khoa: Ung suét cit; Bun cat day; Bo dbc; Kich thude hat; Luu lugng.

1. Mé dau

Buin cat ddy dong mot vai trd quan trong d6i voi viée duy tri qua trinh can bang va 6n
dinh day cua mot con song [1-3]. Do d6, viéc tinh toan, du bdo van chuyén bun cat 1a rat
quan trong trong nhiéu dy 4n k¥ thuat lién quan dén song ngoi [2, 4— 6]. Trong cac nghién
ctru ¢6 lién quan bién d6i hinh thai song, cac nha chuyén mén thudng tién hanh do dac cac
dic trung bun cat ngoai hién truong, tuy nhién, cac chuyén khao sat do dac thu thap cac mau
bun cat ngoai hién truong thuong rat khé khin va tén kém [5, 7-8]. Mot trong nhiing giai
phap hiéu qua co thé gip xac dinh luu lugng bun cat 1a ap dung cac cong thirc thyc nghiém
va ban thyc nghiém dé xac dinh luu lugng bun cat ciia mot con song [3, 5, 9]. Theo nghién
ctru [9], bun cat ton tai trong moi trudng gan sat ddy song theo co ché lan, truot, hodc nhay
coc thi duge xem 1a bun cat day. Miac du bun cat day trong cac con séong mién nui, song co
dia hinh day doc trong mot s6 trudng hop chi chiém ti 1¢ tir 5-25% so voi bun cat lo limg [2,
9-10], tuy nhién chinh bun cat day 1a nhan té quan trong gitp duy tri thé cn bang hay mat
can bang dia hinh day séng [6. 11]. Chinh vi vay, ké tir nhitng ndm 1970, nhiéu nghién ctru
vé chuyén van bun cat dy da duoc tién hanh & cac khu vire khac nhau trén thé gisi [11-13].

Cu thé, [12] da tién hanh nghién ctru xac dinh luu lwong bun cat day cho khu vuc song
c6 vat liéu day th6. Nghién ctru dé ap dung 12 cong thirc tinh luu luong bun cat day dé xac
dinh luu lugng bun cat dwa trén tiép can chuyén van bun cat can bang cho 4 bo dir lidu do

dac tur cac con song ty nhién va 3 b dir liéu do dugc tur kénh thuc nghiém trong phong thi
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nghiém. Cac két qua nghién ctru chi ra rang, trong s6 cac cong thirc da ap dung, khong mot
cong thirc ndo cho két qua tinh toan dap tmg nhu mong doi. Nghién ciru di rit ra nhan dinh
rang, that bai trong nghién ctru nguyén nhan chinh dén tir viéc cac cong thirc tinh luu lugng
bun cat di 4p dung dugc xdy dung dua trén tiép can chuyén van ma chua xem xét ban chit
vat Iy cuia cac hién twong xay ra trong qué trinh chuyén dong cta hat. [13] dd 4p dung thur
nghiém mot s cong thire tinh luu lwong bun cat day cho mot doan song c6 do doc day 16n
Rio Cordo. Nghién ctru da chi ra rang, cong thirc Bagnold [12] cho db tin cdy cao thong qua
hé s6 twong quan giita két qua tinh toan va thuc do. Nam 2002, [8] di xdy dung mot cong
thirc bun cat dy dua trén tiép can tng sudt cit t6i han dé xac dinh luu luong bun cat cho cac
con song c6 vat liéu ddy thd. Qua qua trinh nghién clu, tac gia da bao cdo rang, cong thire
cho két qua tinh toan phu hop t6t trong moi trudng co bun cat chuyén dong yéu dén chuyén
dong manh. [11] da tién hanh do dac luu lugng bun cat tai Las Vegas Wash, mt dong chay
kénh Las Vegas ctia bang Nevada, My. Dit li€u do dac nay dugc sir dung dé nghién ctru sy
van chuyén vat liéu day bﬁng mot cong thirc ban thuc nghiém xac dinh tdc do van chuyén.
Céc két qua tinh toan chi ra rang, chuyén dong ciia bun cat khong chi phu thudc vao kich
thude hat ma con phy thuge vao d6 sau dong chay. Cong trinh nghién ciru nay da gop phan
cai thién hiéu biét ctia con ngudi trong nghién ciru cac qua trinh van chuyén bun cét tai cac
luu vuc song c6 vat liéu day song hoa tron nhiéu loai kich thudc khac nhau. Nam 2012, [9]
da st dung 14 chudi dit liéu do dac tir cac con song tu nhién dé ude lugng luu lugng bun cat
day trong song Node & mién bac Iran. Két qua chi ra rang, cac cong thitc Van Rijn, Meyer—
Peter, Miiller va Ackers, va White c6 thé ap dung du bao luu lugng bun cat cho khu vuc song
Node. M6t nghién ctru duoc tién hanh boi [ 1] da danh gia kha nang du bao luu lugng bun cat
day cho mot sd con song thudc An Po. Cong thirc Brown va Recking da dugc ap dung tinh
toan bun cat day dwa trén dir liéu do dac ngoai hién trudng. Két qua cho thiy, cong thirc
Recking tinh luu lugng tét hon cong thirc Brown.

Két qua phan tich nghién ctru cho thdy, hau hét cac cong thirc duoc xdy dung dua trén
duong kinh hat trung binh (dso) hodc st dung 3 loai kich thude hat dss, dso va dss [14-16].
Theo [2, 9, 17-18], cach tiép can chi sir dung kich thudc hat trung binh hay két hop 3 loai
kich thudc hat cho két qua tinh toan chwa cao trong mot sb trudng hop luu vuce song nghién
ctru ¢6 kich thudc hat tir cat min dén da cudi. Do d6, muc tiéu cua nghién ctru 13 a) xac dinh
cong thirc bun cat day thich hgp udc tinh luu lugng bun cat cho luu vuc song Yangyang
Namdaechon, Han Quéc va b) sir dung cong thire bun cat duoc lya chon dé x4y dyng module
mod phong dién bién boi—x6i ddy séng cho nghién ciu tiép theo.

2. Phwong phap nghién ciru

2.1. Khu vuc dp dung nghién ciru

Khu vuc nghién ctru thude luu vuc song Yangyang Namdaechon (Hinh 1), phia dong
bac Han Quéc, c6 dién tich khoang 128,68 km? trai dai tir 37.6-38.5 vi d6 Bic va 128.3—
129.0 kinh d6 Pong. Khu vuc nghién ctru bit ngudn tir bién gisi phia bac Han Qudc, chay
xudng phia Nam véi chiéu dai song chinh x4p xi 100 km. Dia hinh khu vyc nghién ctru co
d6 doc day song dao dong trong khoang tir 1,5 dén 4,3%. Khu vuc nghién ctru ¢6 khi hau 6n
hoa v6i mua hang nam trung binh khoang 1400 mm, trong d6 mua mwa chiém dén 60% luong
mua nam. Mua trong bao co thé dat dén 392 mm ghi nhan nam 2003, dan dén sat 16 dat va
bun cat trong cac song bao gdm cat, s6i va da cudi voi dudng kinh hat dso dao dong trong
khoang tir 2,35 dén 34.6 mm va thuong dat ham lugng cuc dai khi c¢6 bio xay ra trong khu
vuc. Khi ay, tbc d6 dong chay c6 thé dat 3,4 m/s va luu luong dong chay khi ay 1én dén 190
m3/s [2].
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Hinh 1. Ban d6 khu vuc nghién ciru.

2.2. Phuwong phdp tién hanh

Trong sb cac cong thirc tinh luu lwong bun cat day hién c6, cac nha nghién ctru thudng
tim kiém cong thirc dap ing mot cach hiéu qua nhét dbi vi cac van dé nghién ctru cia ho.
Diéu nay khong dé dang vi cac cong thirc bun cat khac nhau khi ap dung cho mét khu vyc s&
cho két qua khac nhau dang ké [13, 18-19]. Vi vy, nghién ctru nay di ap dung thir nghiém
céc cong thuce tinh bun cat day dua trén kha nang ung dung cia ching cho cac sdng c6 vat
liéu day da dang.

2.2.1. Cong thuc cua Park (2012)

Nam 2012, Park va cong sy da xdy dung cong thic ban thuc nghiém xac dinh luu luong
bun cat day dya trén phan cép kich thudce hat tur bo s6 liéu khao sat hién truong cac luu vic
song mién nii ¢ Han Qubc [2]. Y tuong chinh xay dung cong thie ap dung cho cac séng
mién nui noi ma vat lidu day khong dong nhét. Cong thie duge xay dung nhu sau:

Qtbs = Zizl Asbi (1)
g = vy g(os — 1)d3,q5 -
qs = 0.001571:0'418(‘[;‘ - T*.)0.307 3
0.545
= 0.0308 (1 m) W
o
b= y(os—1)d; (%)

Trong d6 qus trong cong thuc (1) 1a tong lu'u luorng bun cat day (kg/s); gsb trong cong thirc
trong cong thirc (2) 1a Tuu luong bun cat ing mdi cap kich thuéc hat d; va g 1a luu lugng bun
cat ddy khong thir nguyén tng vo1 cap hat i; g 1a gia tc trong tru(mg (m/s?); dm 14 kich
thude hat bun cat trung binh chiém 50% thanh phan hat min (mm); i *1a (g suét cat Shields
khong thir nguyén ciia chuyén dong téi han; 1 14 Gmg suét cit day khong thir nguyén; op 13 ty s6
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khong thtr nguyén gitra 84% kich thude hat bun cat thd va 16% kich thude hat bun cat min va
os 1a ty so khong thr nguyén gitia trong luong riéng cua bun cat day va cua nudc.

d ¥4
v, = YHS ; 0, = (;j‘;) joy =t (6)

Trong d6 H 1a d6 sdu nudc (m); dm 12 kich thudc hat bun cat day (mm); S la do ddc mat
nude; ys va y 1a trong luong riéng cua hat bun cat day va cta nude (kg/m?).

2.2.2. Cong thuc ctua Cheng (2002)

[8] da gioi thiGu cong thirc tinh luu lugng bun cat ddy va cong thire ndy sir dung chi img
sudt cit twong tw nhu dbi voi cong thirc [18]. Cong thirc dugce danh gia phu hop tot véi cong
thirc tinh bun cat day [18] cho diéu kién chuyén van bun cat 1a yéu va tng suat cit nho. Luu
lugng bun cat day dugc xac dinh nhu sau:

3 0.05
ap = 132 exp (- 257) ©)

Trong d6 qy, 14 luu lugng bun cat day (kg/s), T 1a tham sb g sut cat khong thir nguyén
Shields.

2.2.3. Cong thirc cua Meyer—Peter and Mueller (1948)

Mot trong nhiing cong thirc dugc st dung rong rai trong cac tinh toan luu lugng bun cat
day dugc thé hién trong két qua nghién ciru [15]. Thém vao d6, cong thiic ciing duge xem 1a
cong cu hi€u qua ap dung tinh luu lugng bun cat day cho cac nghién ctru co ban ciing nhu
cac ung dung k¥ thuat. Cong thiic duoc xay dung nhu sau:

3 3
q =8 [qw (’I?) o _ 0.047] ’ (8)
T = T ©)
oo (10)

pRgd Rdm

Trong do qy, 1a Iuu lugng bun cat day (kg/s), q* Iuu lugng bun cat khong thir nguyén; g la
gia toc trong trudng (m/s2); qw 14 Iuu lugng nude trén mot don vi chidu rong kénh (m/s/m); q’w
12 luu lwong nudce trén mot don vi chiéu rong kénh sau khi hi¢u chinh céc hi€u ung thanh bén
(m?/s/m); Ky 1a hé s6 nham Manning—Strickler cho day kénh; K; la h¢ s6 nham Manning—
Strickler lién quan dén ma sat ctia day kénh; t* 1a ing suét cit khong thir nguyén Shields; o 1a
{mg suat cat bién dudi diéu kién dong chay chuan va dim 13 dudng kinh hat trung binh (mm).

2.2.4. Cong thuc cua Einstein (1950)
Cong thirc bun cat day [20] dugc dat tén theo tac gia. Cong thirc dugc xay dung nhu sau:

0.391

K exp(———57) "
40KT*3 T > 0.182

2 36 36
K= [Pe3eo 2 (12)

Trong d6 q*1a luu lugng bun cat ddy (kg/s); T* 1a ing suat cat khong thir nguyén Shields;
K 1a h¢ s0 thuong duoc xac dinh dya trén bang tra va d*1a duong kinh hat bun cat trung binh
(mm).
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2.2.5. Cong thuc cua Yalin (1963)

Cong thirc bun cat day [15] duoc xay dung duya trén tiép can tng suit cit. Cong thirc
duoc miéu ta nhu sau:

q. = 4(%-1) preaD, (13)

Trong d6 qc la luu lugng hat bun cat (kg/s); ps va pr 1a mat d6 bun cat va nude (kg/m?);
72 ing suét cat Ds la duong kinh hat bun cat trung binh (mm); g 1a gia tc trong truong (m/s?)
va A 1a hé sé duoc xac dinh boi cong thirc (14). Trong khi tham s6 B trong cong thuc (14)
duoc xac dinh dya trén cong thirc (15).

A = 0.635y [1 - %log(l + BJ (14)
B = 2.45@ (15)

Ps
(5
2.2.6. Cong thirc ctia Rottner (1950)

Rottner dd xay dung cong thic tinh luu lugng bun cat day dya trén cac phan tich hoi quy
[9]. Cong thure dugc viet nhu sau:

[0.667 (d;‘]) +0.04

4o = 15[y ~ DEDJs x {% - 0778 ()" } (16)
[6r-DeD )2

Trong d6 qq 1a luu luong bun cat day (kg/s); ys va y la trong lugng ri€ng cua hat bun cat
day va cta nudc (kg/m®); g 1a gia tc trong trudng (m/s?); D 1a d6 sau nude (m); V van toc
dong chay (m/s?); dso dudng kinh hat bun cat trung binh (mm).

Céc cong thirc sau di duoc chon dé dénh gia kha ning tinh luu lugng bun cat trong luu
vuc song Yangyang Namdaechon [2, 8-9, 13, 20]. Quy trinh thyc hién nghién ctru duoc trinh
bay ¢ hinh 2.

2.3. Thu thdp dir liéu

Dit liéu do dac thuc dia tai 12 mit cit ngang cua 3 doan song Wonijeong, Yongtan va
Jinam nhu minh hoa ¢ Hinh 1. Trong do, cac doan song Wonijeong, Yongtan va Jinam cach
luu vuc song Yangyang Namdaechon 14n luot 12 5 km, 10 km va 15 km veé phia ha luu. Cac
dit liéu do dac mot s6 dic trung hinh théi ciia cdc doan song tai 12 mat cit ngang va cac mau
bun cat day dugc thé hién ¢ Bang 1.

Bang 1. Cac dac trung hinh thai song dugc khao sat tai ba doan song thudc khu vuc nghién ciru.

Vi tri Mat cit Eféaggncgazgntg Muc day Do rong Do déc Puong kinh hat

: ; (km) (m) kénh (m) kénh (m/m) trung binh (mm)
Mit cat 1 0,0 52 49,3 0,0008 52,4
Wonijeong Mt cat 2 13,0 57.5 354 0,0130 51,7
Mit cat 3 14,0 65,0 44,7 0,0038 46,2
Mit cat 4 17,0 86,0 70,8 0,0065 56,4
Mit cat 5 19,0 104,6 83,4 0,0092 36,7
Mit cit 6 22,0 128,6 66,0 0,0052 63,7
Yongtan Mt cat 7 23,0 139,6 62,0 0,0133 73,5
Mt cat 8 24,0 148,8 69,5 0,0113 82,1
Mt cit 9 25,0 158,7 51,8 0,0154 16,8
Jinam Mat c§:1t 10 26,0 171,5 52,5 0,0170 15,2
Mat cat 11 27,0 180,5 57,4 0,0091 59,3

Mit cat 12 27,2 183,4 63,8 0,0141 18,1
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Bén canh cac dac trung hinh thai va dudong kinh hat bun cat day dwoc thu thép,‘d(f) siu
nudc va luu lugng dong chay ciling duoc thu thap (Hinh 3) va duong cong phén bo phan tram

kich thudc hat tai 3 doan song nghién ctru ciing dugc phan tich va biéu thi nhu hinh 4.

Dir liéu dau vao
tir cac doan song !
Lwulwng = Dosiu | B P dbe ey Troog Cic 8
| Ponhét Mit 86
1- Park (2012)
2- Meyer-Peter va Mueller (1950)
3- Einstein-Brown (1950)
4- Yalin (1963)
5- Cheng (2002)
6- van Rijin (2007)
€
Két qua tinh
il cac cong thirc
N
Danh gia
mirc d6 phit hop
Chon hyra
cong thirc phu hgp
Hinh 2. Biéu d6 minh hoa quy trinh tién hanh nghién ciru.
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Hinh 3. Quan h¢ myc nudc — luu lugng nude tai a) mat citsd 3 b) mat chtsd 7 va ¢) mat catsd 11

thudc luu vue song nghién ciru.
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Hinh 4. Pudng cong phan bd kich thudc hat bun cat day tai 3 mit cét (s 3, 7 va s6 11) thude khu
vuc nghién ctru.
2.4. Phan tich sai s6

Bon tham s théng ké gdom ty 1€ sai khac trung binh (Rumean), sai s6 toan phuong trung
binh (RMSE) va phan tram sai so tuyét doi trung binh (MAPE) dugc su dung dé xac dinh
mirc d6 phu hgp cua cac cong thirc tinh bun cat va dugc thé hién trong bang 2.

Bang 2. Céc chi dan théng ké phd bién dé danh gia két qua tinh lwu lugng bun cat.

Chi din sai s6 Cong thirc tinh

Ty 18 sai khac yn Si

i=1o_l.

trung binh Rimean

Sai sb
toan phuong
trung binh

Phan tram sai sO

n ABS(5-0;)
| = :
tuyét doi trung binh MAPE = Si

N

Trong d6 Sila dir liéu bun cat day tinh toan; O; va O; lan luot 12 dir liéu bun cat day do
dac va dir liéu bun cat day trung binh.
3. Két qua va thio luin

Dua trén cac dir liéu thuy dong luc hoc, cac dic trung hinh thai va phan bd kich thudce vat
liéu bun cat day da thu thép duogc tai 3 khu vuc song thudc doan song nghién ctiru. Cac két qua
tinh toan luu lugng bun cat day tir 6 cong thuc dugce lua chon dugce thé hién ¢ bang 3.

Bang 3. Cac két qua tinh toan luvu lwrong bun cat day (qs) kg/s/m tir cac cong thirc da 4p dung.

Vi tri Park Cheng Meyer—Peter va Einstein— Yalin Van Rijn

: (2012) (2002) Mueller (1950)  Brown (1950) (1963) (2007)
Mit cat 1 0,369 0,145 0,802 0,060 0,067 0,292
Mit cit 2 0,359 0,678 0,125 1,015 1,046 0,535
Miit cit 3 0,177 0,367 0,013 0,006 0,203 0,195
Mit cit 4 0,530 0,077 0,038 1,027 1,490 0,975
Mit cit 5 0,639 0,091 0,178 0,436 1,125 1,239
Mit cit 6 0,391 0,052 0,094 0,012 0,692 0,416
Mit cit 7 0,615 0,129 0,363 1,008 0,178 0,150
Mt cit 8 0,739 0,064 0,034 0,368 0,674 0,483

Mt cit 9 0,745 0,102 0,910 0,217 0,580 0,732
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Vi tri Park Cheng Meyer—Peter va Einstein— Yalin Van Rijn
i (2012) (2002) Mueller (1950)  Brown (1950) (1963) (2007)
Mat cat 10 0,131 0,012 0,129 0,003 0,047 0,037
Mt cét 11 2,548 0,501 0,017 2,183 0,037 0,015
Mit cit 12 0,797 0,891 0,080 2,310 0,038 0,026
gsb (tb) 0,670 0,259 0,232 0,720 0,515 0,425
gsb (max) 2,548 0,891 0,910 2,310 1,490 1,239
gsb (min) 0,131 0,012 0,013 0,003 0,037 0,015

Bang 4 trinh bay két qua phéan tich mirc d6 phtt hop dua trén cac chi dan sai $6 Riean, RMSE
va MAPE cho cac cong thure tinh luu lugng bun cat day da ap dung cho luu vuc song Yangyang
Namdea. T bang 4 ta thay, cong thirc tinh luu lugng bun cat ddy [2] ghi nhan sai s6 thong ké
(Rmean = 0,75, RMSE = 0,035 va MAPE = 10,5%) trong khi cac cong thirc tinh Iuu lugng bun
cat khac ¢6 Rmean, RMSE va MAPE dao dong tir 0,31-0,63; 0,072-0,197 va 17,9 48,6%. Déi
v6i phén tich mirc d6 phu hop duya trén chi dan sai s0 Rinean, két qua tinh toan dugc danh gia phu
hop t6t véi dir lidu do dac khi gié tri cia chi 56 Rmean tién dén 1 [19]. Theo do, gia tri ctia chi s6
Runean ctia cOng thirc Park (2012) dat Rmean = 0,75 va cao hon so v6i cac gid tri (Rmean = 0,31
0,63) ctia cac cong thirc khac. Diéu d6 c6 nghia rang, cong thirc [2] phi hop hon so véi cac cong
thurc da ap dung khac (Hinh 5).

Bang 4. Két qua thu dugc tir cac sai sb théng ké cho cac cong thirc da 4p dung.

C6ng thire Rmean RMSE MAPE
Park (2012) 0,75 0,035 10,5
Cheng (2002) 0,31 0,197 28,6
Meyer—Peter va Mueller (1950) 0,50 0,143 18,9
Einstein—Brown (1950) 0,63 0,164 48,6
Yalin (1963) 0,71 0,046 16,8
Van Rijn (2007) 0,63 0,072 21,9

D6i v6i chi s6 RMSE, két qua tinh toan ciia mot yéu té duwoc dénh gia c6 mirc chinh xéac
cao khi RMSE tién gan dén gia tri 0 [19]. Bang 4 cho thiy, chi s RMSE ctia cong thirc [2]
cho gia tri nho nhét (RMSE = 0,035) so véi cac cong thirc khac (RMSE = 0,049-0,197). Tu
gia tri cua chi s& RMSE, c6 thé nhan dinh cong thirc tinh bun cat day [2] co sai s6 bé hon 50
v6i sai s6 ctia cac cong thire tinh khac. Mot cach tuong tu, két qua phan tich phan trim sai sd
tuyét ddi trung binh (MAPE) ciing cho thdy, so v6i cac cong thirc khac, cong thire tinh luu
luong bun cat day cua Park (2012) c6 sai s& x4p xi 10,5% trong khi cac cong thirc khac co
sai s0 dao dong trong khoang tur 14 8-48,6%.
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Hinh 5. So sanh két qua tinh toan va do dac luu lwong bun cat day tir cic cong thirc dd ap dung.



Tap chi Khi tuwong Thiy van 2021, 726, 25-35; doi:10.36335/VNJHM.2021(726).25-35 33

Mitc d6 phi hop tét ctia cong thirc Park (2012) c6 thé do diéu kién hinh thai luu vuc
song nghién ciru tuong tu voi cac con song dugc thu thap dir lieu dé xay dung cong thirc.
Cong thirc Iuu luong cua Park (2012) duoc xay dung trén co s gia dinh rang, bun cat day
ctia nhitng con song c6 dia hinh day dbc v6i phan bd kich thudce hat rat da dang tir 1.25 mm
dén 30.0 mm. Thém vao d6, trong 6 cong thirc tinh luu lwong bun cat day da 4p dung, hiu
hét cac cong thirc chi tinh toan luu lugng bun cat dua trén duong kinh hat trung binh (dso)
hay str dung 3 loai kich thuéc hat do6 1a dss, dso va dss. Trong khi do, chi cong thirc Park
(2012) ap dung phan cép kich thudc hat tir dio dén djoo trong tinh toan luu lugng. Pay c6 thé
1a mot trong nhitng khac biét trong cach tiép can tinh toan lwu lugng bun cat trong cong thirc
ctia Park (2012) va diéu d6 c6 thé gop phan tao ra két qua tinh c6 mirc @6 phu hop cao so véi
dir liéu thuc do tir cac con séng ¢ phan cap kich thude hat da dang thudc khu vyc nghién
curu.

4. Két luan

Nghién ctru da ap dung 6 cong thire tinh Iuu lugng bun cat day cho 3 bd dir licu da thu
thap tir cac doan song khac nhau thudc luu vire song Yangyang Namdeacheon, phia dong béc
Han Qudc. Cac phan tich sai s6 ciing duoc ap dung dé danh gia mirc d6 phut hop cua cac cong
thire thong qua so sanh Iuu lugng bun cét tinh toan tir cac cong thure va dir liéu luu lugng bun
cat thuc do.

Céc két qua thu dugc cung cép co so khoa hoc cho viéc lya chon ¢ong thirc bun cat phu
hop xay dung module mé phong thay déi hinh thai song voi do doc day 16n va vat lidu day
da dang kich thudc. Mirc d6 phi hop ciia cong thire tinh théng qua cac phén tich sai s6 cho
thdy cong thirc ciia Park (2012) c6 muc d6 phu hop tét hon cac cong thire con lai.

Tuy nhién, mirc do phu hop cao ciia mdt cong thirc bun cat day duoc ap dung cho mot
truong song cu thé khong dong nghia véi cong thie ay co thé ap dung tét cho cac luu vuc
song khac. Qua nghién ciru, c6 thé nhan dinh d6 chinh xac clia cong thirc tinh bun cat day
ngoai phu thudc vao cac yéu td thuy dong luc, dac trung hinh thai song thi phan bd kich thudc
hat bun cat day ciing dong gop dang ké vao két qua tinh ctia mot cong thirc. Nhin chung, rat
can c6 cac danh gia so bo trudc khi ap dung cong thirc tinh Iuu lwong bun cat cho mot khu
vuc nghién curu cy thé.

Pong gop ciia tac gia: Tac gia da tién hanh thuc hién tat ca cac budc trong nghién ciru nay.

Loi cdm on: Nghién ctiu nay duoc thuc hién dudi su hd trg dit lidu tir Phong nghién cuu
dong luc song ngodi va Vién nghién ctru giam thiéu thién tai Han Qudc. Tac gia xin chan
thanh cam on Giao su Park Sangdeog da dong gop ¥ kién, nhan xét va hd trg co so dit liu
dé nghién ctru duoc hoan hanh.

Loi cam doan: Téc gia cam doan bai bao nay la cong trinh nghién ctru cta tac gia, chua
dugc cong bo, khong duge sao chép tir nhitng nghién ctru truede day; khdong co sy tranh chap
loi ich trong nhom tac gia.
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Evaluation of the applicability of the semi—experimental bedload
formulae for river basins with steep slope

Dang Truong An'”

! University of Science —Vietnam National University-HCM City, 227 Nguyen Van Cu,
District 5, HCMC; dtan@hcmus.edu.vn

Abstract: Sediments play an important role in maintaining and stabilizing river
morphology. In which, bedload sediment contributes significantly to the aggradation and
degradation processes. Bedload formulae are often used as a useful tool in studying the river
morphological changes. However, bedload formulae are often developed for specific
purposes and only apply the specific limitation cases. The study aims to a) select the
appropriate bedload formulae for calculating sediment transport discharge in the Yangyang
Namdaechon River basin, which located in the northeastern of South Korea and b)
simulating the river morphological changes based on the selected bedload formulae in the
next research. To conduct this work, six bedload formulae include Park (2012), Cheng
(2002), Meyer—Peter and Mueller (1950), Einstein—-Brown (1950), Yalin (1963) and Van
Rijn (2007) have been applied. Results show that Park (2012) formula is good agreement to
the measured data comparing other applied formulae. Specifically, the ratio of the calculated
and measured bed load discharges (Rmean), Root Mean Square Error (RMSE) and Mean
Absolute Percent Error (MAPE) of Park (2012) is 0.75, 0.035 and 10.5% while other applied
formulae are varying from 0.31-0.71; 0.046-0.197 and 16.8-48.6%, respectively. In
general, Park (2012) formula is built based on the particle size fractions, which can confirm
that the particle size fraction approach plays an important role for calculating bedload
sediment discharge.

Keywords: Shear stress; Bedload sediment; Slope; Particle size; Discharge.



