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MO HINH VAT LY TRONG NGHIEN CUU GIAI PHAP TANG
KHA NANG THAO BANG TRAN KIEU PHIM PIANO

Doan Thi Minh Yén, L& Vin Nghi, Ding Thi Hong Hué, Nguyén Tién Hai
Phong Thi nghiém trong diém Quoc gia vé Bong luc hoc song bién

Tém tit: Trong nhitng nam gd‘n ddy, cac giai phap cong trinh moi luén khong ngung dwoc
nghién ciu, 1ng dung thuc tién, trong dé c6 tran xa lii dang phim piano (PKW). Cdc tinh todn Ly
thuyét cho tran PKW con nhiéu han ché nhw xdc dinh kha ning thdo, bé tri tong thé PKW trong
cong trinh dau méi nhw tran piano bé tri két hop véi tran ¢ cura van hodc tran piano dat trén
dinh ngudng thuc dung. Qua két qud nghién ciru trén mét s6 mé hmh vat Iy tran xa li dang
piano dwoc thuc hien tai Phong Thi nghiém trong diém Quoc gia vé déng luc hoc séng bién, da
dwa ra dwoc gidi phdp bo tri tong thé, giai phdp hinh dang, cau tao hinh hoc PKW hop Iy giip
cong trinh dam bao nhiém vu thoat li, giup giam chénh léch/ phdn bé deéu ti luu trén mdt cdt
ngang, gidm/ toi wu bé réng nguéng tran/ chiéu cao ddp ddng, giam chiéu cao twong bén doc
nuwoc, giup giam chi phi xay dung, dam bao cong trinh lam viéc an toan, hiéu qua khi di vao vin
hanh. Bai bao nay. trinh bay hi¢u qua mo hinh vat Iy trong nghién ciu giai phap tang kha nang
thao bang tran kiéu phim piano - ing dung dién hinh trong thwc tién, dp dung cho tran xd lii
dang két hop tran co cwra va tran tw do — tran xa lii Pa Si, tinh Lam Bong va tran xd il PKW dat
trén dinh tran thiee dung - tran Cao Ngoi tinh Tuyén Quang.

Tw kKhoa: Mo hinh vit Iy, tran piano, thuy luc, ddp tran.

Summary: In recent years, the new construction solutions have been constantly researched,
applied and built, including piano key weir. The piano solution specifically arranged in the work
including the free spillway and the gated spillway or the free spillway placed on top of Ogee
spillway. Because of a fairly new problem, theoretical calculation is still limited. Therrfore,
research on physical models brings great technical and economic efficiency for the projects.
Through research results on a number of physical models of piano key weir that conducted at the
Key Laboratory of River and Coastal Engieenring, helped the project ensure flood discharge
tasks, reducing flow rate differences on the cross-section, reducing/ optimum the width of the
spillway threshold/height of the weir, reducing the height of the wall on the water slope, helping
to reduce construction costs, ensuring the project works safely and effectively in operation. This
article is presented the effectiveness of the physical model in PKW researching solutions to
increase discharge capacity - typical applications in practice, applied to flood discharge
spillway combined with gate spillway and free spillway in Da Si, Lam Dong province and PKW
placed on top of the Ogee spillway - Cao Ngoi, Tuyen Quang province.

Keywords: Experiment model, Piano key weir, hydraulic, spillway

1. PAT VAN PE tuyén thang duoc phat trién dang tuyén cong,

Tran piano — PKW (Piano Key Weir), tidn o tl}én:]l trz‘m’ mo yit,‘trén cénh c%]uat, tran CI‘11~I
than 13 tran Labyrinth. Xuét phat tr § tuong Y, tran hoa cuc, va tran Labyrinth — dang tran

tang chiéu dai thoat nudc, tran truyén théng co6 tuy‘en hinh zIc zac ’(.H11’1h 1)', Tiép ,tuc cal
tién tran Labyrinth, v&i cac phim nudc vao,

Nedy nhin bai: 21/9/2023 phim nudc ra dang chir nhat, .tuéy’ng bén thiang
Ngiy thong qua phan bién: 16/10/2023 dimg, ban day phim c6 mai doc, nhu hinh
Ngay duyét dang: 03/11/2023 phim dan piano nén goi la tran Piano (Hinh 2).
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Voi cac cai tién cung hinh dang duong tran zic
Zic nay giup kha nang thoat qua tran PKW
ting toi 4 1an so voi tran truyén thong.

Tran PKW dugc nghién ctu tor nhitng nam
1990, di dau bsi nhém nghién ciu
HydroCoop, Dién luc Phap....Tran dugc xay
dung lan dau tién ¢ Phap (trén dinh dap
Goulours) vao nam 2006, dap Saint Marc
(2008), dap Etroit (2009), dap Gloriettes
(2010), dap da d6 Dartmouth trén song Mitta
Mitta, Australia (2013)... [9]. Pén nay, trén
thé gidi dd co trén 30 cong trinh mg dung,
trén 20 tap chi va hon 100 bai bao cong bd cac
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nghién ctru vé loai tran nay.

O Viét Nam, mot s6 cong trinh xay moi tmg
dung kiéu PKW nhu: thuy dién Dk Mi 4B,
bak Mi 2, bak Mi 3, tinh Quang Nam; Vinh
Son 3, dép dang Van Phong, Binh Dinh (2010)
- tran piano 16n nhat trén thé gidi cho dén thoi
diém hién nay; tran xa I Xuan Minh, tinh
Thanh Hoa (2015). Tir 2018 dén nay, mot s6
cong trinh hd chta lya chon tran xa li dang
PKW nhu: Tran xa lii Pa Si, tinh Lam Déng
(2018), Tran xa li Kazam, tinh Lam Ddng
(2021), Tran x4 lii Cao Ngbi, tinh Tuyén
Quang (2023), ...
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b) Cat ngang phim nude vao (A-A)

Hinh 2: Cdu tao tran piano [5]

Hién nay, tinh hinh bién ddi khi hau, mua li
cuc doan ngay cang kho luong, nhiém vu dam
bdo an toan, hi€u qua cho cac cong trinh thio
I0 ngay cang duoc quan tam sat sao. Quy
chuin k§y thuat Quéc gia QCVN 04-05:
2022/BNNPTNT quy dinh nhirng cong trinh tir
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cap I tr¢ 1én hodc cong trinh cép thap hon khi
trong thuc té chwa c6 hinh miu xiy dung
twong tu can nghién ctru thuc nghiém dé d6i
ching, hi¢u chinh, chinh xac héa céc thong )
k¥ thuat, tang thém do tin cdy cho tinh toan
thiét ké cong trinh. Tiéu chuan Qudc gia
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TCVN 8214-2009 ciing quy dinh cac cong
trinh Thuy lgi -Thuy dién tir cip I, II hodc tir
cap III tré xubng ma chua c6 ludn ctr x4c dang
hodc s liéu thi nghiém cta cong trinh twong
ty thi ciing khuyén nghi can thiét phai tién
hanh thi nghi€ém mo hinh thay luc.

Véi dang cong trinh dac thu nhu tran c6 ctra
dang truyén thong két hop véi tran tw do dang
piano, tran ty do kiéu phim piano dit trén dinh
tran thyc dung,... cac tinh toan 1y thuyét hién
nay con han ché, chua c6 cong trinh tuong tu.
Do vy, viéc kiém ching trén mo hinh vat 1y
da dem lai hi€éu qua to 16n, khong chi gitp cac
nha nghién ciru, nha thiét ké phat hién, dé ra
giai phap hiéu qua, khic phuc cac hién tuong
thity Iy bat loi ma tham chi cac phat hién kip
thoi trén mo6 hinh mé phdng con lién quan tdi
C4c an toan cia cong trinh ho chira, dap dang
trong thuc té nhu: tran chi thao dugc 50% luu
luong thiét ké, muc nude hd chira vuot dinh
dap, muc nude vuot tudng bén doc nude, dong
chay phéng xa trong bé tiéu ning, dong chay
xiét trén kénh ha luu...Nhing su sai khac 16n
theo hudng rat bat loi so véi tinh toan thiét ké
dan t&i thyc té 1ii vé s& gy tran dinh dap, mat
an toan cho dap, tran xa lii, gdy nguy hiém toi
ha du.

Do dé, Phong thi nghiém trong diém khong
ngimg chi dong di sau nghién ciru vé hoc thuat
cling nhu nghién ctru trén moé hinh thyc nghi¢m
mg dung cho cac cong trinh thuc té nhét 13 véi
cac cong nghé, giai phap cong trinh moi nhu tran
xa Iii kiéu phim piano. Trong nhiéu nim qua,
cong tac nghién ctru mo hinh vat ly trong xac
dinh giai phap tang kha nang thao béng tran
piano da dat nhiéu két qua ndi bat, nhiéu cong
trinh da Gng dung két qua nghién ctru nay trién
khai trong thiét ké, xdy dung va da van hanh,
dem lai hiéu qua to 16n, gop phan dam bao cong
trinh lam vi¢c an toan, hi€u qua, tiét kiém kinh
phi dau tu xay dung, nhu:

+ Nghién ctru hoc thuét vé tran piano.

+ Nghién ctru m6 hinh vét 1y cong trinh ng
dung tran PKW dién hinh tir 2018 - nay:

- Tran xa 1@ hd chta nudc Pa si tinh Lam
bong (2018), cong trinh da van hanh,;
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- Tran x4 1d hd Kazam, tinh Lam Dong (2021)
- giai doan ban v¢ thi cong;

- Tran x4 10 thuy dién Nam M6 2, CHDCND
Lao — giai doan thiét ké co s& (2021);

- Tran xa 1o Cao Ngoi, tinh Tuyén Quang
(2023) — giai doan ban vé thi cong;

- Tran PKW thuy dién Xuan Minh, tinh Thanh
Hoa (2015) - cong trinh da van hanh.

Hiéu qua tr nghién ciru mo hinh vat ly giup
xac dinh dugc thong so cau tao tran piano hop
ly, khong chi dam bao kha nang thao li tng
v6i cac tan sudt cia cong trinh ma con giup
giam thiéu cac hién tuong bét loi vé dong xién,
giao thoa, dong tap trung trén dbc nudc, giup
dua ra giai phap ti€u nang hop ly, gidm chi phi
xay dl_}'ng, dem lai hiéu qua to 16n vé k¥ thuat,
kinh t€ cho cong trinh.

2. MO HINH NGHIEN CUU THi NGHIEM

2.1. Gi6i thi¢u vé cong trinh

a. Tran xa lii Da Si

H6 chira nuéc Pa Si duoc xay dung tai huyén
Cét Tién, tinh Lam Dong 1a cong trinh cip 2
theo quy chuan Viét Nam QCVN 04-05:2012,

dgqc phé duyét duy an dau tu theo Quyét dinh
s0 4431/Qb-BNN-XD ngay 30/10/2017 cua
Bo Nong nghiép va PTNT [8], cac thong so
chinh nhu sau (Hinh 3):

+ Hb chira:

- Dung tich toan b W= 21,77.10%m3

- Dung tich Whi=20,50 10°m?®

+ Pap dang: Hinh thirc Dap dit;

- Cao trinh dinh dap +164,55m.

+ Cac muc nuéc thiét ké:

- L thiét ké Zriy = +163,67m

- Lii kiém tra ZxTo20 = +164,06m

- MNDBT: ZmnpsT= +162,50m.

+ Luu lwgng xa:

- Lii thiét ké Qrk1% =

Lii kiém tra QkT0,29%6 =

96,8md/s:
126,8m3/s

+ Tran xa lu
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- Hinh thirc: Tran c6 cira két hop tran tu do.

- Tran c6 cua van: Zng= +159,5m, B= 5m.
- Tran ty do PATK:

Ngudng thuc dung kiéu Ofixerop;

Cao trinh ngudng Zng=162,5m;
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Chiéu cao ngudng P=3,5m.
02 khoang, kich thudc: n*B=2*5m.

- Nbi tiép déc nude (dai L=40m, do
i=13,5%);

Tiéu nang: Bé tiéu nang: 2 cap.
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Hinh 3: Mt bang, cdt doc tran xa lii Pa Si [2]

b. Tran xd i Cao Ngoi

Cong trinh dau mdi ho chira nude Cao Ngdi
nam trén trén suoi Cao Ngéi, xa Pong Loi,
huyén Son Duong, tinh Tuyén Quang, 1a cong
trinh cap II theo quy chuan Viét Nam QCVN
04-05:2022, theo quyét dinh s6 4989/QD-BNN-
XD ngay 22/12/2022 vé viéc phé duyét du an
dau tu xay dung Dy 4n H6 Cao Ngdi tinh Tuyén
Quang [9]. Cac thong so co ban cia du an nhu
sau (Hinh 4):

+ Ho chira:

- Dung tich toan boé Wi,= 2,18.10°m?

- Dung tich Wh; = 2,05. 105m?®,

+ Cac mue nuéce thiét ké:

- Lii thiét ké Zriis = +131,83m;

- Liikiém tra ZkT0, 2 = +132,25m;

- Li vuot kiém tra ZvkT0,1%=132,43m;

- MNDBT: Zmnpst= +130,5m.
+ Pap dang:

Hinh thirc: DBap bé téng trong luc;
Cao trinh dinh: +133,10m;

Chiéu cao dap Ién nhat: 30,1m;
Chiéu dai dap: 128,0m.

+ Luu lwgng xa:

- Lii thiét ké Qs = 229,0m%/s;

- Lii kiém tra Qkro,20 = 307,0m%/s;

- Lii vuot kiém tra Qo1 = 341,0m%/s.

+ Pap Tran - Tran x4 li:

- Hinh thirc: tran giira long song, tran tu do,
kieu PKW dit trén dinh tran thuc dung;

- Tran thyc dung cao P=24m;

- Ngudng PKW cao 1,93m;

- Cao trinh ngudng: Zng= +1305,0m,
- Chiéu rong tran- PATK: B= 20m;
- Chiéu rong tran — PAHT: B=24m

+ Hinh thirc tiéu ning
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- PATK: Tiéu ning bang bé tiéu ning;
- Chiéu dai bé: L=20m;

Cit doc tran xa lii Cao Ngdi N
Hinh 4: Mat bang, cat doc, chi tiet tran xa lit Cao Ngoi [3]

2.2. Phuong phap nghién ctru

Céc cong trinh nay dugc thyc hién nghién ctru
trén mo hinh vét 1y. Cac sai s6, md phong
tuong tu nham trong qué trinh x4y dung, ché
tao mo hinh, do dac thong s6 thi nghiém nam
trong céc gié tri cho phép, tuan tha Tiéu chuan
Viét Nam TCVN 8214 (2009) thi nghiém mo
hinh thuy luc cong trinh thuy lgi, thuy dién
[21, [3].

Mo hinh thiét ké theo tiéu chuan Froude. Dong
chay trong mé hinh 1a dong chay rdi ¢ khu
binh phuong stic can, tuong tu ché do chay &
ngoai thuc té trén céc cong trinh tran xa ld. S6
Reynold trong md hinh Re dam bao 16n hon s6
Reynold gidi han Regh.

Nghién cutru tran xa 18 Pa Si trén mo6 hinh téng
thé, chinh thai, long cting; ti 1€ mo hinh 1/16;
Mé hinh tran xa Iii Cao Ngdi trén md hinh
téng thé, chinh thai, long cung; ti 1€ mod
hinh 1/20;
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- Chiéu siu bé: d=2,0m.

- PAHT: Tiéu ndng miii phun.
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Mt bang tran PKW Cao Ngdi

Trudc khi tién hanh thi nghiém, cac mé hinh da
duoc kiém dinh, danh gia sai s6 dam béo cac
tiéu chuan, quy chuan quy dinh hién hanh, da
diéu kién tin cdy trong hoc thut cling nhu dbi
chung, hi€u chinh, chinh xac hoa cac thong sO
k¥ thuat cho d0 an thiét ké, dwa vao trién khai thi
cong thyec té.

3.KET QUA NGHIEN CUU VA THAO LUAN
3.1. Giai phap PKW cho tran x4 li Da Si

Tran x4 i Pa Si 1a dang tran két hop, gém 01
khoang tran c6 cira bd tri & giita, rong 5,0m va 2
khoang tran ty do bé tri hai bén, tong chiéu rong
tran ty do B=10m. Ndi tiép sau tran 1a déc nudce
¢6 chiéu rong B thu hep dan tr B=17,0m vé
B=10,0m. Chiéu dai doan thu hep la L=20m,
chiéu dai doan dbc c6 B khong dbi 1a L=20m.

Thi nghi¢m trén md hinh vat 1y phuong an
thiét ké (theo dd an thiét ké) cho thiy dong
chay qua tran ton tai rat nhiéu dic trung thuy
luc bét loi (Hinh 5) [2]:
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+ Nguong tran khong dam bao kha nang thoat
18 kiém tra. Muc nuée hd thuc té cao hon muc
nudc tinh toan 0,1m.

+ Tinh hinh thuy luc dong chay doc theo
cong trinh:

- Tbn tai hién tuong dong xién, giao thoa
chuyén tiép lién tuc trén sudt chidu dai déc
nudc (L=40m). Dong tap trung cuc bg, chénh
léch ti luu rat 1on giita cac bo dong trén cling
mit cit ngang;

- Muyc nuée 1én nhit vuot chiéu cao tuong
bén doc nude tir 2,9+4,5m & khu vuc cudi bé
tiéu nang thu 1 va doan chuyén ti€p thir 2;

- Dong chdy tach hoan toan khoi doan
chuyén tiép thir 2, ap suét trung binh dat gia tri
am (-3,1mH20) vuot muc gia tri cho phép, gay
xam thuc bé mit cong trinh.

- NOi tiep cudi doc nudc xudng ha luu la
nudc nhay phéng xa trong ca 2 bé ti€u nang;

- Dong chay trén kénh ha luu xiét, luu toc 16n
Vimax=3,7+7,36m/s.

Tir két qud thi nghi¢m cho thiy, cong trinh
tran xd li Da Si con ton tai cac van deé
trong yéu:

1. Kha ndng thao chua dam bao theo nhiém vy
thiét ké ctua cong trinh;

2. Hién tugng dong xién, dong giao thoa doc
dbc nudc xay ra rit manh néu khong xur ly
dugc thi dan dén phai nang cao tuong bén,
tang khoi lwong xay dyung cong trinh;

3. Dong chuyén tiép xudng bé tiéu nang khong
bam sat thanh;

4. Cong trinh chua ddm bdo nudc nhdy ngap
on dinh trong bé tiéu nang;

5. Trén kénh ha luu con dong xiét, song 16n s&
anh huong x6i 16 by, mét an toan cong trinh.

Pé giai quyét nhiing van dé trén, giai phap
cbng trinh méi duoc lya chon nghién ctu ap
dung thay cho phuong an ngudng tran thuc
dung truyén théng cua dd &n thiét ké 1a giai

phap tran kiéu phim piano (PKW).

Nhom nghién ctru tién hanh tinh toan, thi
nghiém do tim xé4c dinh kich thudc céu tao
ngudng tran phu hop, 1a tran loai B, c6n-xén
thuong luu. Chidu cao tran P=35m. Chiéu
rong thong thuy 1 khoang W=3m (gidm 2m so
v6i hinh thic tran thyc dung trong PATK).
Mbi khoang bd tri mot don phim, gdm 1 phim
nudc vao, chiéu rong Wi=1,6m; 01 phim nuéc
ra, chiéu rong Wo=1,4m; chiéu dai phim
a=11,0m; chiéu dai ngudng theo dudng zic zic
L=14m; ty 1& giita chiéu dai zic zic va chiéu
rong tran, N=L/W=4,6.

V61 gidi phap st dung ngudng tran ty do
kiéu phim piano - PKW thay cho kiéu
ngudng thuc dung truyén thdng (PATK), da
dem lai hiéu qua 16n vé ky thuat va kinh té
cho tran Pa Si, cu thé:

+ Pam bao kha ning thio qua tran Ung véi
cac tan suat lii;

+ Tang khd nang thdo qua 02 khoang tran tu
do. Giup phan bd lai ti luu dong chay qua tran
tw do va tran c6 cua, gidm chénh léch luu
lwgng don vi qua 02 ngudng tran tr 16n nhat
n=17,6 lan Xuéng con n=5,9 lan (Hinh 6.a);
giam chénh 1éch luu luong don vi gitta cac bo
dong trén déc nudc tir chénh léch 16n nhét
ne=5,9 1an xudng con ng=3,5 lan (Hinh 6.b),
phan b6 lai dong chay déu hon trén mait cat
ngang doc theo cong trinh so v&i phuong an
thiét ké (PA1).

+ Giam chiéu rong ngudng tran tu do t6i 40%,
tor B= 10m xuong con B= 6m;

+ Gitp giam goc thu hep cua doan dau dbc
nude, tir goc thu 10° xudng goc thu 4,3°, gilp
giam gbc xién cua dong chdy qua ngudng tran
tu do, giam muc do dong xién, dong giao thoa,
tap trung cuc bd trén dbc nude, giam chiéu cao
tuong bén déc nude, (Hinh 5);

+ Giam khdi luong xiy dung ngudng tran,
khéi lugng xdy dung ban ddy doan dbc nude
thu hep, khéi lwong tuong bén dbc nude.
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Hinh 5: Cdc hién twong thuy lyc bat loi doc cong trinh tran Da Si

Sau khi cong trinh dam bao luu lugng thao qua
tran nhu nhiém vy dé ra, va dong chay trén déc
phan b6 déu hon trén mat cat ngang, mo hinh
thi nghiém tién hanh nghién ctru, dé xuat cac
giai phap thay dbi vé cong trinh néi tiép, tiéu
nang so voi do an thiét ké, gom:

+ Thay d6i do ddc cta déc nuée tir 13,5% lén

15%, tong chi€u dai toan by doc nudc la 65m.
Bo tri nham gia cuong trén doc nude.

+ B6 tri 01 doan chuyén tiép va 01 bé tiéu
ning thay cho dd an thiét ké 1 02 doan chuyén
tiép, 02 bé tiéu nang. BS tri giai phap tiéu ning
phu - mb tiéu nang trong bé.

200 1
—=—n-PAL —A—n-PA3
160 — n n
12.0 \\
A
80— <
4.0 S~
0.0 Z (m)
162.7 163.0 163.3 163.6 163.9 164. 2
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100 _nd'<_| —m—nd-PA1 ——nd-PA3
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6.0 .
4.0
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162.7 163.0 163.3 163.6 163.9 164. JL( )
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a) So sanh chénh léch ti luu qua 02 tran

b) So sanh chénh léch ti luu trén ddc nude

Hinh 6: Chénh léch don vi luu lwong doc theo khoang tran co cia
va tran tw do cua PATK (PAI1) va PA ap dung tran piano (PA3)
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Hiéu qua cac kién nghi, 4p dung tir nghién ctru
thi nghiém mo hinh dem lai: Kha nang thao
qua tran la dam bao. Dong chdy qua tran phan
bd déu trén mat cit ngang doc ddc nude, doan
chuyén tiép, va bé tiéu nang. Pudng myc nudc
16n nhét trén ddc nude, trén doan chuyén tiép
va tai bé tiéu nidng khong vuot dinh tudng bén.
Dong chay bam mit cua doan chuyén tiép voi
gia tri 4p sudt chan khong trung binh (-
0,88mH0, PATK la -3,1mH20) dam bao dudi
ngudng cho phép, khong giy nguy co xam

Luu lugng qua ngudng tran piano tang nhidu so
véi dang ngudng thuc dung

thyc bé mit cong trinh do ap chan khong (ap
suat am). Trong bé tiéu ning, dong no6i tiép
bang nudc nhay ngap hoan chinh, 6n dinh
trong pham vi bé. Trén ha luu dong ém hon.

Nhu vay, 5 van dé ton tai cua do an thiét ké
ban dau di dugc giai quyét. Cac dong gop nay
dugc Chu dau tu, co quan quan |y va cac bén
lién quan danh gia cao, dong thuan, ap dung
trong thiét ké chi tiét giai doan BVTC cua
cong trinh.

Dong chay phan b6 déu trén mét cat ngang
— PA kién nghi ap dung tran piano

Hinh 7: So sdnh, kién nghi gidi phdp hop 1y trén mé hinh vdt 1y cho tran Da Si

3.2. Giai phap PKW cho tran xa lii Cao Ngbi

Tran xa lii Cao Ngbi la dang dap tran dat giira
long song, g6m tran thuc dung cao 24,0m,
ngudng piano (PKW) cao 1,93m dat trén dinh
tran thuc dung.

Ngudng PKW duogc thiét ké c6 cau tao hinh
hoc: Dang tran PK1 — két cau léch vé thuong
lwu [7]; Tong chiéu rong tran B=20,0m; Chiéu
rong 60 don nudc Wi=1,55m; Chiéu rong 0
thoat nuéc Wo=1,35m; Chiéu dai phim tran
a=5,33m; Chiéu cao tran PKW tinh tr dinh
tran téi chan phim nudc vao P=1,93m. Cot

nudc tran véi 1a thiét ké Hrk=1,33m; véi li
kiém tra Hkr=1,75m; véi 10 vuot kiém tra
Hvkt=1,93m.

Thi nghiém trén md hinh vat 1y cho thdy cong
trinh c6 van dé ton tai 16n d6 1a: tran PKW theo
phuong 4n thiét ké (PATK) khong dam bao
kha ning thoat la. Voi lu Ve ho theo tan suat
thiét ke tan sudt kiém tra va tan suét vuot kiém
tra, myuc nude hd dang cao, vuot cao trinh dinh
dap tai 1,0m [3].

bé dam bao ti€u chuan thiét ké an toan cho
cong trinh, can nang cao trinh dinh dap hoac
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mo rong tran dé ting kha ning thao. Tuy
nhién, do ddc thu khu vyuc hd chira ¢6 dién tich
rung phong hd, khong cho phép ting muc
nudée ho, khong thé ting cao trinh dinh dap nén
chi dau tu va cac bén lién quan lya chon
huéng giai phap ting chiu rong tran nham
tang kha nang thao.

Pé xac dinh chiéu rong tran PKW hop 1y,
nhom nghién ctu tién hanh tong hop, phan
tich két qua thi nghiém phuong an thiét ké tran
Cao Ngbi [3] theo dai lwong hé sé thao qua
tran Cq va ti 1& cot nude voi chiéu cao ngudng
piano H/P, cho thay:

- Dudng quan hé thyc nghiém Cq - H/P cua
tran Cao Ng01 c¢6 phan bé, hinh dang phu hop
v6i cac két qua nghién ciru da cd vé tran piano
cua cdac tac gia khac (Hinh 8).

- Heé sb thao Cq phan bd thanh 2 khu vuc 13 rét
theo ti 1& cot nudc va chiéu cao tran piano H/P.
Véi H/P<1,0, Cq4 dat tir 0,66 ~ 1,3; cOt nuodc
tran cang nho, H/P cang nho thi hé s6 thao qua
tran cang 16n, tran piano lam viéc cang hi¢u
qua. Véi H/P>1,0, h¢ s6 thao giam nhanh, dat
Cdq= 0,55+ 0,59 va day la vung tran lam viéc
kém hiéu qua (Hinh 9). Piéu nay tuong dong
v6i cac nghién ctru dd co vé tran piano, tran
PKW lam viéc hiéu qua khi H/P < (0,8 + 1,0)
va hiéu qua nhét vé kha nang thao khi c6 H/P
=0,2+0,4[5].

Nhu vay, véi c4u tao hinh hoc cia PKW trong
phuong 4n thiét ké cua tran Cao Ngdi, khi co
1t thiét ké cho dén 1i vuot kiém tra, luu luong
can thio qua tran Q=229,0 + 341,0 m%s, cot
nudc qua tran 1é6n H=2,6 + 3,6m, ti 1¢ H/P la
rat 16n, dat H/P = 1,35 + 1,86 (PATK: ving
Hi + Hkt), tran 1am viéc thudc vung hé s6 thao
nho - ving (1). Ngoai ra ti 18 c¢ot nudc va chidu
rong phim nuéc ra H/Wo ciing rat 16n, dat
H/W, = 1,7 = 2,3 1a trang thai dong chay qua
tran phu trum lén cac phim, tran piano lam
viéc nhu tran dinh rong nén hi¢u qua thoét qua
cac phim gidm rd rét, kha nang thdo qua tran
giam nho (Hinh 9).

Do d6, dé tang hiéu qua thao cua tran Cao

Ngbi, can ting chidu cao ngudng tran piano P,
ting kich thudc chiéu rong phim thoat nudc
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W, sao cho ti 1€ H/P < 0,4 va H/'W, < 0,5+0,6
(theo ti 18 kich thudc hinh hoc cia mit cit tran
PKW tiéu chuén) [5], [4], ddm bdo tran lam viéc
trong vang co Cq hiéu qud - vung (2). Nhom
nghién curu tinh toan, lya chon dugc kich thude
tran PKW Cao Ngbi: P=5,86m; W, = 3,5m; Wi =
4,25m; chiéu dai phim a = 10,5m [3].

Ngodi ra, trén co s& mit cit tran piano tiéu
chuan, nhém nghién ctru ding dau 1a GS.TS
Lé Vin Nghi, cai tién PKW sang hinh thirc
mat cat piano hwéng tam — day la sang kién,
cai tién so v6i tran PKW tuyén thang; bo tri
phim bién 1a phim nudc ra gitp gidm co hep
bén so v6i bd tri trong PATK (phim bién 13
phim nuéc vao) va tién hanh thi nghiém thir
dan nhiam xac dinh hé s6 thao qua tran PKW
hudng tam, ti wu kich thude cho tran. Ciu tao
cic phim tran piano hudng tdm gdm phia
thuong luu mé rong, phia ha luu thu hep dén,
giip tang pham vi don nudc, ting kha nang
thdo so voi kiéu tran PKW c6 mat cat ngang
khong doi.

Chiéu rong B ciia tran PKW cai tién dugc xac
dinh ttr cong thirc:

Q = C4B[2gH?/? (1)
Trong d6: Q (m%s) 1a luu lwong can thédo qua
tran, H (m) Ia cot nudc trén tran ang voi cac
tan suat 1ii. Cq la hé sb théo qua tran lay theo
két qua thi nghiém md hinh vat Iy cac phuong
an do tim.

Tir cac két qua tinh toan, thi nghiém do tim, thi
nghiém phuong 4n hoan thién trén moé hinh, da
x4c dinh dugc chiéu rong hop 1y cia tran 13
B=24m (Hinh 10) ddm bao luu lugng thdo qua
tran Ung v&i cic tan sudt 1§, Q = 229 +
341m%/s. Luu luong thdo qua tran ting dén
100% so voi thiét ké ban dau véi chidu rong
tran chi ting 20% va chiéu dai duong tran zic
zic L chi tang 11% (v6i tran ngudng thuc
dung truyén théng, khi giit nguyén cao trinh
ngudng va cao trinh myc nudc thuong luu, dé
Q tang 100% thi can B tang 100%), cho thiy
giai phap tran PKW cai tién khong chi dam
bao hi¢u qua thiy luc ma con dem lai hi¢u qua
kinh té cho cong trinh.
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Hinh 10: Cdi tién tran piano Cao Ngéi tir nghién ciru mé hinh vt 1y
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Cac két qua nghién ctru trén mo hinh vat 1y, dé
xuat, kién nghi 4p dung cho tran Cao Ngbi
khong chi gitip cong trinh ddm bdo nhiém vu
thoat 1, khéc phuc céc hién tugng thuy luc bat
loi qua tran ma con gitp t6i wu chiéu rong
tran, giam pham vi mé rong mat bang dau modi
cong trinh, giam chi phi xay dung cho du an.
Ngoai ra b tri tong thé cong trinh phu hop,
cing véi thay dbi giai phap tiéu ning mii
phun, hé x6i hop 1y, tan dung dia chat nén da
gbc tot & ha luu da gitp giam khéi luong xay
dung bé tiéu ning, tiét kiém hon 800m® bé
tong, BTCT twong duong hon 3,0 ty dong cho
cbng trinh.

Céc kién nghi, thay doi 16n tir bé rong thong
thuy tran, kich thudc chi tiét cac phim PKW,
hinh thtrc ndi tiép, tiéu ning cia tran Cao Ngdi
dugc Chu dau tu, co quan quan Iy va cac bén
lién quan danh gia cao, dong thuan, ap dung
trong thiét ké chi tiét giai doan BVTC cia
cong trinh.

4. LOT KET

Nghién ctru trén tran PKW trén mo hinh vat 1y
cho céc cong trinh trén khong chi dua ra duoc
giai phap tang kha ning thdo cho tran, dap tng
yéu cau thao lii ciia cong trinh ma con lam
giam/ t6i wu chiéu rong coéng trinh, hiu qua
trong phan bd lai ty luu, giup dong chay phan
b déu hon trén mit cit ngang, hd trg giam
khdi lwong tuong bén, khdi lugng xdy dung
cong trinh ndi tiép va tiéu nang, giam chi phi
xay dung ciing nhu gép phan dam bao an toan
vé ky thuat, hiéu qua vé kinh té khi cong trinh
di vao hoat dong. Gidi phap tran PKW dac biét
hidu qua cao ddi véi cong trinh tran xa 1ii két
hop tran c6 cua va tran tu do.

Nghién ctru tir mo hinh vat Iy giup giai quyét
mot cach tong thé cac bai toan k¥ thuat phic
tap nhu giai phap bd tri tong thé cong trinh,
giai phap ngudng tran, cong trinh ndi tiép,
cong trinh tiéu niang phu hop cho timg diéu
kién dic thu, gop phan nang cao kién thuc 1y
luan, thyc tién trong nghién ctru thuy luc cho
cong trinh thuy. Cac cong trinh quan trong,

[__KHOA HOC
dac thu dugc mo phdong, nghién ctru trén mo
hinh thuc nghiém khong chi gitp phat hién kip
thoi cac dic trung thay luc bat loi, nhit 13 van
dé khong dam bao kha ning thao qua tran, ma
con la co s¢ khoa hoc tin cay, truc quan, giap
Chu diu tu, cac cip quan 1y, tu van thiét ké khi
ap dung cac giai phdp cong trinh maoi.

La mot trong cac don vi hang dau trong nghién
ctru thay luc trén mo hinh vat 1y, cac két qua
nghién cuu (trong do c6 nghién ctru thi nghiém
mo hinh tran PKW) tai Trung tdm nghién ctu
Thiy lyc — Phong Thi nghiém trong diém
Quéc gia vé dong luc hoc song bién - Vién
khoa hoc Thuy lgi Viét Nam di dem lai nhiéu
kién thic quy bau trong nghién ctru hoc thuat
cling nhu dem lai hiéu qua to 16n vé k¥ thuat,
kinh t& cho nhiéu cong trinh thyc té, gop phan
dam bao cac cong trinh 1am vi¢c an toan, hi¢u
qua. Cac két qua nghién ctru ctia don vi duge
cac B9, Nganh, chu dau tu va cac bén lién
quan danh gia cao, dugc cong nhén va cho
trién khai 4p dung trong thuc tién, dong gop
vao thanh tyu khoa hoc, phat trién cong ngh¢
trong linh vuc Thuy lgi, phong chdng thién tai.
Cé4c ky higu, tir viét tat

B: dai lugng do chiéu rong, theo phuong
ngang vudng goc véi chiéu dong chay (m);

Cq: hé sb thao qua tran PKW, tinh theo chiéu
rong tran B.

H: dai luong do chiéu cao/ do sau/ cot nudc
tran, theo phuong dung (m);

L: dai lugng do chiéu dai, theo phuong doc
theo chiéu dong chay (m);

PA: Phuong én;

PATK: Phuong an thiét ké; PAHT: Phuong 4n
hoan thién.

Q: Luu lugng thao qua tran (m?s);

Wi, Wo: Chiéu rong phim nuéc vao, phim
nudc ra (m);

Zk, kT, vkT: Cao trinh myc nudc tng voi cac tan
suat I thiet ke, kiém tra, vuot kiém tra (m);
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