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Tom tat M6 phong nham trong mé hinh vat 1y cta thi nghiém mo6 hinh thuy luc la cong
viéc rat quan trong anh hudng dén sai s6 cua thi nghiém md hinh. Hién nay, cach lam md
phong nham trong mo hinh vat Iy ¢ Viét Nam la thi dan d6 nham dé dat duoc muc nude nhu
thuc té do d6 mat nhiéu thoi gian va cong strc. Nghién ctru nay s& danh gia dién bién muyc
nude trong kénh khi mo phong nhdm la: trat vira xi mang cat (TNO); da c6 duong kinh tir
5+10 mm (TN1). Két qua nghién ctru cho thay: khi mit nude cia thi nghiém TNO ¢6 d6 doc
14 0,08+0,2%, chénh myc nudc cia thi nghiém TN1 va thi nghiém TNO ty 1€ thuan vdi mat
d6 hat mo phong cua thi nghiém TN1. Chénh léch myuc nudc co thé 1én dén Ah = 0,039 m
(tng véi ty 16 md hinh 1/100 thi Ah = 3,9 m). Nhu véy, khi thiét ké mé phong nham trong
mo hinh vat 1y ¢6 thé st dung theo két qua ctia nghién ctru nay dé hiéu chinh myc nuée phu
hop véi thyc té. Nhitng trudng hop c¢6 do déc mit nude nam ngoai khoang 0,08+0,2% ciing
¢6 thé ap dung theo nghién ctru nay nhung hiéu qua cta viéc dang muc nudc do méd phong
nham c6 thé giam di.

Tir khéa: M6 phong nham; M6 hinh vat ly; Thiét ké nham.

1. M& dau

Trén thé giéi van dé vé nham noi chung van néu 1én mot cach 1y thuyét co ban vé cach
tinh toan nham trong song, kénh thé nao, hoic cho cac bé mit khac nhau véi cac loai vat liéu.
Trong khi xay dung va ché tao mo hinh vat 1y ciia thi nghiém mé hinh thuy luc(TNMHTL) ta
can biét (hodc wdc tinh trudce) duoc nham mé hinh trude khi ché tao, dé tinh toan cac diéu
kién twong tu mo hinh. Nhung chi sau khi xay dung xong mo hinh chiing ta méi xéc dinh
dugc nham thyc ctia md hinh. Do d6 khi biét mé hinh khong dam bao duoc diéu kién twong tu
md hinh thi dd mudn. Hién nay, cdng tac mo hinh héa thiy luc & cac nude chau au, My, An
d6... trude khi ché tao tong thé mo hinh ngudi ta phai thiét ké mé hinh thiry Iyc trén méang
kinh c6 d6 dbc thay dbi dé xac dinh hay udc tinh truéc nham hay hé s6 Chezy cia mé hinh s&
nghién ctru, sau d6 méi c6 s6 liéu nham dé thiét ké mo hinh thuy lyc. Van dé phirc tap, quan
trong nhat trong moé hinh héa thity luc 1a chon nhdm cia mé hinh dam bao cac diéu kién
tuong tuy mo hinh.

Déi v6i long dan ho nhung 1ong song khong bién ddi (m6 hinh vat Iy long cimg) da co
nhleu nghién ctru chi ra cach xac dinh hé s6 nham, tai li¢u “Thuy lyc dong chay hé” [1] Hay
sO tay tinh toan thuy luc Kixélep [2]. Tuy nhién, trong cac tai liéu nay chi trich dan hé sb
nhém theo dac trung long dan chr khong mo ta cu thé vé cach bd tri, mat do, kich thudc vat
liéu. Mot nghién ctru duge tmg dung nhiéu & Viét Nam 1a caa Vién Nghién ctru Puong thity
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Thién Tan [3]. Ho da nghién ctru ting giam d6 nham theo theo dwdng kich hat véi bd tri dang
hoa mai, gi¢i han cua cong thire la duong kinh hat nam trong khoang d < 26,4 mm.

Trong nudc cac Nghién ctru thiét ké mo phong nham trong md hinh hoa thiy luc chua
duoc thuc hién do nhiéu yéu té khach quan: nhu diéu kién sdn md hinh va thiét bi do dac...
Céac don vi ¢ thé thuc hién viéc mé hinh hda thuy luc khi thiét ké nham trong mo hinh chi c6
thé tuong tu nham gitta nguyén hinh va mé hinh trén co s& do tim (cap phdi da va hinh thirc
b tri mé phong nham) dé dam bao muc nude méd hinh phu hop véi thuc té. Viée do tim do
nham ban dau dua vao cac cong thirc kinh nghiém cta Vién Nghién ctru Duong thuy Thién
Tan [3] hay bang tra trong s6 tay thiy luc Kixélep [2]. Tuy nhién, hiéu qua cia viéc md
phong nham dura rat nhiéu vao kinh nghiém cua chuyén gia va mét nhiéu cong strc va thoi
gian thu di thu lai.

Qua cong viéc thuc té cho thdy nhimg nghién ctru trén thé gidi vé mé phong nham khi &p
dung md hinh hoéa thuy luc tai Viét Nam c6 nhiéu khé khin va han ché, nhitng nghién ctru
trong nudc vé ndi dung ndy con chua nhidu. Khi tién hanh mé hinh héa mé hinh thuy lyc, ¢6
bon thong s6 khong thir nguyén can phai dam bao. b6 la bdn thong s6 Froude, s Reynolds,
d6 déc dong chay va do nham (hoic sb Chezy) [2]. Ta can biét nham cua khu vuc nghién ctru
mot doan kénh hodc song ngoai thuce té va nham ctia mo6 hinh. Nguyén hinh da ton tai trong
thuc té 12 mot doan kénh, mot doan song cu thé nén nham cua nguyén hinh coi nhu da biét.
Con mé hinh chua xay dung ching ta chua biét nham ctia mé hinh. Ching ta ciing chi udc
lwong nham m6 hinh theo kinh nghiém hodc cac cong thirc dy bao vé nham. Tir d6 chung ta
thiét k& mo hinh theo nham du bao. Khi x@y dung m6 hinh xong, m¢ nude dé xac dinh duoc
muc nude trong md hinh va tinh toan quy d6i vé nguyén hinh. Néu muyc nude trong mo hinh
sai khéc it v&i nguyén hinh s& do tim va chinh nhdm dugc. Nhung néu myc nudc trong md
hinh sai khac nhiéu véi nguyén hinh sé kho co thé chinh nham duogc, tham tri phai thiét ké,
xay dung lai mé hinh dé dam bao diéu kién tuong ty mo hinh. Trong mot s6 trudng hop, néu
gip mo hinh c¢6 pham vi nghién ciru 16n 12 rat ton kém. Do do, nghién cru m6 phong nham
trong mé hinh héa thay lyc va ddnh gia dién bién mirc nudc 1a can thiét. Piém méi ciia nghién
cta nghién ctru 1a danh gia duoc cac d¢ chénh muc nude theo khoang cach gitta cac hat mo
phong nham (vai hat ¢6 duong kinh tir 5+10 mm).

Nghién ciru thong ké cac thong sb thiét ké ciia mo hinh vat 1y da dugc ché tao va xay
dung cuia mot sb cong trinh da duogc thyc hién tai Vién Nang luong nhu cic cong trinh: Son
La, Hoa Binh mo rong, Lai Chau, laly, Hudi Quang, Ban Chat... (Bang 1).

Bang 1. Thong sb cac cong trinh [4].

R . Tyl mdé do docdoan  Chiéu rong Chieu dai Qminmé Qmax md

T Cong trinh hinh song (%) mohinh(m) mohinh(m) hinh(Is)  hinh (I/s)
1 Tuyén Quang [5] 100 -0,38 3,96 3,91 42,9 188,5
2 Thuong Kon Tum 64 0,49 2,44 1,61 25,0 95,9

[6]
3 Trung Son [7] 100 1,92 1,39 4,96 50,0 130,3
4 Hudi Quang [9] 80 0,64 1,56 1,94 34,9 2255
5 Ban Chit [9] 64 0,00 2,55 6,86 1195 307,0
6 Ban V& [10] 80 1,12 1,42 5,60 47,9 142,7
7 LaiChau[11] 100 0,89 3,67 5,63 95,8 274,0
8 Son La [12] 100 0,73 6,06 6,83 127,0 477,0
9  HoaBinhmo 100 0,42 4,10 16,60 30,2 410,3
rong [13]

10 Cénh Tang [14] 50 2,50 1,80 4,00 43,0 94,6
11 lalymorong [15] 100 1,78 1,28 5,06 13,4 170,0
Min 50,0 04 1,3 4,0 13,4 94,6
Max 100,0 2,5 6,1 16,6 127,0 477,0

B 85,3 0,3 2,7 5,7 57,2 228,7
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Trén co so thong sb, kich thude cac mod hinh da duoc ché tao va thi nghiém tai Vién
Ning luong, diéu kién san béi thiét bi... Nghién ctru di lua chon doan kénh c6 kich thuéce
trung binh va luu luong x4 phit hop véi cac cong trinh di thi nghiém. Thong sé doan kénh
nghién ctru nhu sau: Mit cat kénh: hinh thang; Do doc day kénh: 0,05%; Chiéu rong day
kénh: 1,0 m; Hé s6 mai kénh: m = 1; Chiéu siu kénh: 0,5 m; Chiéu rong mé hinh tng véi do
sau 0,5 m: 2,0 m; Luu lugng thi nghiém: 90 (I/s).

Muc dich nghién ctru: dénh gia su thay d6i myc nudc trong kénh khi mé phéng nham véi
hat c6 duong kinh 5+10 mm so véi thi nghi€ém mo phong nham 1a trat vira xi mang cat. Tir d6
c6 thé Gmg dung dy nhanh cong tac hiéu chinh nham trong cong tac md hinh hoa thiy luc.

2. Phwong phap nghién ctru

2.1. Poi twong nghién ciru

Trong nghién clru nay s€ mo phong mot doan kénh hinh cé chiéu dai 15 m d3 bao gdom
ctra cubi, mat cat ngang hinh thang vé&i chiéu rong day b = 1 m; d6 doc cua mai kénh m = 1;
Do dbc cua day kénh i = 0,05%. Mt bang doan kénh nghién ctru nhu hinh 1.
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Hinh 1. Mat bang doan kénh nghién ciu.
Mit cit ngang doan kénh nghién ctru nhu hinh 2.
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Hinh 2. Mit cit ngang doan kénh nghién ctru.

2.2. Vi tri cac mdt cdt va thuy tryc do dac muc nudc trong mo hinh vat ly

Vi tri cc mit cit va thuy truc do dac muc nudce trong moé hinh vat 1y tir mat cat 1 dén mat
cat 9, moi mat cat s€ do muc nude tai 3 thuy truc trén hinh 3.
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Hinh 3. Vi tri c4c thiy truc va mit cit do myc nude trong mé hinh vat 1y,

2.3. C&c truong hop mé phong nham

Trong nghién ctru ndy s& nghién ciru 6 trudng hop md phong nham gom:

— Phuong 4n gbc (TNO) s& md phong nham 1a trat vira xi mang cat (1 trudng hop).

— Phuong an thi nghiém mo6 phdng nham kénh 1a da c6 duong kinh hat 1a d = 5+10 mm
v6i 5 truong hop khodng cach gitra cac hat la 2,5d; 5d; 7,5d; 10d; 15d (TN1).

Tong hop cac trudng hop md phong nham va thong sb cac thi nghiém xem bang 2.

Bang 2. Cac truong hop mo6 phong nham.

Thw Tén thi Luu lwgng thi  Muc nu:()'c khéng Ghi chi
tw nghiém nghiém (I/s) ché (m)
1 TNO 90 0,510 M6 phong nham la trat vira xi mang cat
2 TN1-2,5d 90 0,510 Mo phong nham 1a da c6 duong kinh hat d =
5-10mm, khoang cach gilta cac hat la
2,5*@duong kinh (d = 10 mm)
3 TN1-5d 90 0,510 M& phong nham la da c6 dwong kinh hat
d=5-10mm, khoang cach gilra cac hat la
5*duong kinh (d = 10 mm)
4 TN1-7,5d 90 0,510 Mo phong nham 1a da c6 duong kinh hat
d=5-10mm, khoang cach gilra cac hat la
7,5*duong kinh (d = 10 mm)
5 TN1-10d 90 0,510 Mo phdong nham la da c6 duong kinh hat
d=5-10mm, khoang cach gifta cac hat la
10*duong kinh (d = 10 mm)
6 TN1-15d 90 0,510 Mo phéng nham la da c6 duong kinh hat d =
5-10 mm, khoang cach gilta cac hat la
15*duong kinh (d = 10 mm)
2.4. Thiét bj do dac

Luu luong dau vao dugc khéng ché bang mang luong chit nhat ¢ do chinh xac 1+2%
lru lrong xa. Khdng ché muyc nudc ha luu la kim do myc nude voi sai s6 do £1/10 mm. bo
dac muc nudc tai cac mat cat thuy tryc la may thuy binh Leica NA c6 d¢ chinh xac: Sai 5O
chuan trén 1km do di do vé: + 2,0 mm. Cac thiét bi do dac xem hinh 4a, 4b.
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Hinh 4. (a) Kim do muc nudc ha luu; (b) May thiy binh Leica NA.

2.5. Thu théip va xir Iy s6 liéu

Dir liéu muc nudc cua cac thi nghiém dugce thuc hién theo cac quy dinh cua tiéu chuin
Viét Nam vé thi nghiém mé hinh thuy luc [16]. Cu thé trong nghién ctru nay s& mé ta ché do
thuy luc trong kénh va do dac muc nudec tai cac thuy tryc va tinh myc nude trung binh cua
mit cit theo cong thire 1.

Trong d6 Hip 13 muc nudc trung binh mit cit (m); Hila myc nude tai thuy truc thir i cia
mat cdt (m); 1 1a so thuy tryc cua mat cat; n 1a tong so6 thuy truc cua 1 mét cat, n = 3.

3. Két qua va thao luin

3.1. Ché do thuy luc va dwong muc nuoc doc kénh cua thi nghiém TNO

Phuong an m6 hinh vat Iy dugc mé phong nham trong kénh 1a trat vira xi mang cat xem
hinh 5a. Thi nghiém x4 luu luong dau vao kénh 1a 90 I/s va khéng ché myc nudc & cudi kénh
tai mat cit 913 0,51 m. Sau khi dong chay 6n dinh (hinh 5b) thi tién hanh do dac muc nudc tai
cac thuy truc va mat cat do. Két qua muc nudc trung binh mat cit cua thi nghiém TNO xem
bang 3 va hinh 6.

Hinh 5. (a) Hinh anh m6 phong nham cua thi nghiém TNO; (b) Ché d6 thuy lyc cua thi nghiém TNO.
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Bang 3. Cao d myc nudc trung binh mat cit thi nghiém TNO.

Khoang cach Muc

Z Pay kénh (m) J day kénh (%) J méit nwée (%)

cong ddn (m) nwéc (m)
1 0,000 0,400 0,525
2 1,500 0,3993 0,05 0,524 0,07
3 3,000 0,3985 0,05 0,523 0,08
4 4,000 0,3980 0,05 0,522 0,12
5 5,000 0,3975 0,05 0,520 0,15
6 6,000 0,3970 0,05 0,519 0,15
7 7,000 0,3965 0,05 0,517 0,20
8 8,500 0,3958 0,05 0,514 0,20
9 10,000 0,3950 0,05 0,510 0,23
Tric doc dwong mit nwéc; thi nghigm TNO
0,58
0,53
B .
:§' 0,48
(3
——Z Déy kénh (m)
0.43 —=—TNO
0,38
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 10,0
Khodng ciach (m)

Hinh 6. Budng myuc nudce doc kénh thi nghiém TNO.

3.2. Ché d¢ thuy lyc va dwong myc nuoc doc kénh cua thi nghiém TN1.

M®4 hinh vat Iy mo6 phong nham trong kénh ho 1a da c6 duong kinh hat tr 5+10 mm véi
cac khoang cach hat la: 2,5d; 5d; 7,5d; 10d; 15d. So dd mo phdéng nham va cac hinh &nh mo
phong thyc té trong mé hinh vat 1y xem cac hinh 7 dén hinh 11.

Thi nghiém xa luu lwong dau vao kénh 1a 90 I/s va khdng ché muc nudc & cudi kénh tai
mit cat 912 0,51 m. Sau khi myc nudc 6n dinh (Hinh 12a, 12b) thi tién hanh do dac muc nude
tai cac thuy tryc va mat cat do. Két qua muc nudc trung binh mat cit cha thi nghiém TN1 xem
bang 4 va hinh 13. Chénh léch cao d6 muc nudc trung binh mat cit thi nghiém TN1 va TNO
xem bang 5.
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Hinh 7. (a) So d6 m6 phong nham cua thi nghiém TN1-2,5d; (b) Hinh dnh md phong nham cua thi
nghiém TN1-2,5d.
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Hinh 8. (a) So @ mo phong nham cua thi nghiém TN1-5d; (b) Hinh anh mé phong nhdm cta thi

nghiém TN1-5d.
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Hinh 9. (a) So &6 m6 phong nham cia thi nghiém TN1-7,5d; (b) Hinh anh mé phong nham cua thi

Hinh 10. (a) So &6 m6 phong nham cua thi nghiém TN1-10d; (b) Hinh anh mé phong nham cua thi

nghiém TN1-10d.
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Hinh 11. (a) So &6 m6 phong nham cua thi nghiém TN1-15d; (b) Hinh 4nh mo phong nham ctia thi
nghiém TN1-15d.

Hinh 12. (a) Ché do thuy lyc cua thi nghiém TN1-2,5d; (b) Ché do thuy Iuc cta thi nghiém
TN1-15d.

Bang 4. Cao do myc nudc trung binh mit cat thi nghiém TN1(m).

Khoéng cach Z Day Cao d) muc nwée trung binh mit cit ciia cic thi nghiém

cong don (m)  kénh (m) TN1-2,5d TN1-5d  TN1-7,5d TN1-10d TN1-15d
1 0,00 0,400 0,564 0,556 0,550 0,545 0,539
2 1,50 0,399 0,559 0,552 0,547 0,542 0,536
3 3,00 0,399 0,555 0,548 0,543 0,538 0,534
4 4,00 0,398 0,552 0,545 0,540 0,535 0,531
5 5,00 0,398 0,548 0,542 0,537 0,533 0,529
6 6,00 0,397 0,544 0,537 0,533 0,529 0,526
7 7,00 0,397 0,539 0,532 0,529 0,526 0,522
8 8,50 0,396 0,528 0,522 0,520 0,518 0,517
9 10,00 0,395 0,510 0,510 0,510 0,510 0,510

Bang 5. Chénh Iéch cao d§ myc nudc trung binh mat cit thi nghiém TN1 va TNO (m).

MC Lcd Cao d¢ day TN1-2.5d TN1-5d TN1-7.5d TN1-10d TN1-15d
1 0,00 0,400 0,039 0,031 0,025 0,020 0,014
2 1,50 0,399 0,035 0,028 0,023 0,018 0,012
3 3,00 0,399 0,032 0,025 0,021 0,015 0,011
4 4,00 0,398 0,030 0,023 0,019 0,014 0,010
5 5,00 0,398 0,028 0,022 0,017 0,013 0,009
6 6,00 0,397 0,026 0,019 0,015 0,011 0,007
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MC Lcd Cao do day TN1-2.5d TN1-5d TN1-7.5d TN1-10d TN1-15d
7 7,00 0,397 0,023 0,016 0,012 0,009 0,006
8 8,50 0,396 0,014 0,008 0,006 0,005 0,004
9 10,00 0,395 0,000 0,000 0,000 0,000 0,000

Tric doc dwong mit nwéce; thi nghiém TN1

Cao dg (m)
o
oS
(e e]

—— Z bay kénh (m) ——TNO
----- TN1-2.5d == TN1-5d
— -+ TN1-7.5d —=— TN1-10d
0,43 —+— TN1-15d
0,38
0,0 2,0 4,0 6,0 8,0 10,0
Khoang cach (m)

Hinh 13. Puong muc nude doc kénh thi nghiém TN1.

4. Két luin

+ Chénh 1éch muc nudc gitra thi nghiém TN1 va thi nghiém TNO ty 1€ thuan v&i méat do
thanh phan hat, mat d6 hat cang day thi d6 chénh nay cang 16n (hinh 13).

+ Két qua thi nghiém cho thay véi da c6 duong kinh tir 5+10 mm, d6 déc mat nude ctia
thi nghiém trat vira xi mang khoang 0,08+0,2% thi khi thay d6i mat d6 hat d6 chénh muc
nuée(Ah) ctia phuong an goe (TNO) va phuong 4n mo phong nham bang d4 c6 duong kinh
5+10 mm (TN1) c6 thé 1én dén Ah = 0,039 m (Bang 5), véi ty 1é mo hinh 1/100 thi Ah = 3,9
m.

+ Khi thiét ké mo phong nham trong mé hinh vat 1y c6 thé ap dung nhimng két qua cta
nghién ciru nay dé hiéu chinh myc nuéc trong mé hinh phu hop vai nguyén hinh.

+ Han ché ctia nghién ctru: Nghién ctru méi chi nghién ctru mé phong nham theo 1 cip
phéi hat c6 duong kinh hat d = 5+10 mm, thuc té s& c6 rat nhidu cép phéi hat khac can duogc
nghién ctru thém. Trong nghién ciru méi chi dé cap dén do déc mat nude cua phuong an ban
dau 13 0,08+0,2%. Nhitng truong hop c¢6 d6 ddc mit nude nam ngoai khoang 0,08+0,2%
cling ¢ thé ap dung theo nghién ctru ndy nhung hiéu qua cua viéc dang muc nude do méd
phong nham c6 thé giam di.

Pong gop cua tac gia: Xay dung y tudng nghién ctru: L.N.T.; Lya chon phuong phap nghién
ctru: L.NT.; Xr 1y s6 liéu: L.N.T.; Viét ban thao bai béo: L.N.T.; Chinh stra bai bao: L.N.T.
Loi cam on: Nghién ctru nay duoc thuc hi¢n dudi sy tai trg cua dé tai nghién ctru khoa hoc
va phat trién cong nghé cip B6 Cong Thuong: Nghién ciru thiét ké nham trong mé hinh thi
nghiém thay lyc, ma s6 DPTKHCN.041/20.

L1 cam doan: Téc gid cam doan bai bao nay 1a cong trinh nghién ctru cua tac gia, chua dugc
cong bd ¢ dau, khong duoc sao chép tir nhitng nghién ctru trude day.
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Experimental study, assess the change of water level in the
channel when simulating roughness with particles with diameter
5+10 mm

Le Nguyen Trung'”

Lnstitute of energy, Ministry of Industry, Vietnam; No. 6 Ton That Tung, Hanoi, Vietnam;
lenguyentrung80@gmail.com

Abstract: Rough simulation in the physical model of the hydraulic model experiment is
very important to affect the error of the model experiment. Currently, the way to simulate
roughness in physical models in Vietnam is to gradually test the roughness to achieve the
actual water level, so it takes a lot of time and effort. This study will evaluate the water level
changes in the canal when simulating roughness: sand cement mortar (TNO); stones with a
diameter of 5+10 mm (TN1). Research results show that: when the water surface of the TNO
experiment has a slope of 0.08+0.2%, the water level difference of the TN1 and TNO
experiments is directly proportional to the simulated particle density of the experiment.
TN1. The water level difference can be up to Ah = 0.039 m (corresponding to the model
scale of 1/100, then Ah = 3.9 m). So, when designing roughness simulation in the physical
model, it can be used according to the results of this study to correct the water level in
accordance with reality. The cases with water surface slope outside about 0.08+0.2% can
also be applied according to this study, but the effect of water level rise due to rough
simulation can be reduced.

Keywords: Simulate roughness; Physical model; Matte design.



