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Tom tit: Bdp tran phim piano la mgt dang ddp tran co tac dung tang luu lwong thdo dua
trén nguyén tdc tang chiéu dai dwong tran. Cho dén nay, cdc nghién ciu vé logi ddp tran nay
chui yéu di sau vé thity e chir chira chii trong dén phan tinh toan két cdu. Noi dung bai bao nay
dé cdp dén viéc nghién Citu, tinh todn trang thdi img sudt - bién dang ciia ddp tran phim Piano,
tir do ap dung trong tinh toan ddp tran du dn thuy dién Dak Mi 2.

1. Giéi thiéu tom tit vé dap tran phim
piano [1]:

Dap tran labyrinth 1a mot dang dap tran tang
lwu lwong thio 18n rat nhidu so voi kiéu déap
tran thuc dung Creager do ap dung so dd ring
cua (mo vit) co chidu dai dudng tran dai hon
nhiéu bé rong cta dap tran. Tuy nhién, do dic
diém vé hinh dang tuong tran dit trén bé mong
phing, khong thé ap dung dap tran labyrinth
trén dinh cia mit cit dap bé tong trong luc
thong thuong. Vi thé kiéu thiét ké nay chi ap
dung dé nang cao kha ning thao 1ii cho mot s6
it dap tran c6 nhimng diéu kién thich hop nhét
dinh va trong thyc té chi chiém mot phan ngan
cua nhitng dap lon.

Pap tran phim piano 1a mot bién thé cua
dap tran labyrinth, nd c6 thé bd tri dugc trén
dap trong luc thong thuong do nhom nghién
cku cua o6ng F. Lempériere (Hydrocoop-
France) tim ra vao nam 1999. Hai dic diém
chinh cua dap tran phim piano:

- Céac tuong c6 dang chir nhat trén mat
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bang, twong ty nhu cac phim dan piano (Piano
Keys Weirs - P.K. Weirs).

- Céac tuong theo phuong thing goéc Vi
dong chay déu duoc bd tri theo miat dbc
(nghiéng) voi muc dich tao diéu kién thuan loi
vé phuong dién thity luc, nhit 1a trong truong
hop luu lugng x4 16n, dong thoi lai giam dugc
chiéu rong day cua két cu, va do vay, co thé
bd tri tran phim dan trén cac dap tran hay dap
trong luc thong thuong.

Cac dac trung hinh hoc cua tran phim dan
duge thé hién ¢ hinh 2, 3, trong d6: H - chiéu
cao t6i da cuia tran phim dan; B - chiéu dai dinh
tran; a - chiéu rong 6 don nudc; b - chidu rong 6
thoat nudc; ¢ - chiéu dai nho ra cia cong xon
thuong luu; d - chidu dai nhé ra caa cong xon ha
luu; W - chiéu rong mot don vi trdn; L - chiéu
dai tran nude ciia mot don vi tran.

Nhém cta 6ng F. Lempériere d&@ nghién
cau 2 dang tran phim dan:

- Loai A (PKA): méng tran (thuong dbi
xung) ¢ ca 2 phia thugng va ha luu.

- Loai B (PKB): mang tran chi &
phia thuong Iuvu nhung dai hon.

Kha nang thao cta dap tran piano
duoc biéu thi qua hé s6 luu lugng Cw
dugc rat ra tir phwong trinh tong quat
c6 cong thurc:

_Q
o W@hS/Z

trong d6 Q - luu lugng qua tran
(m®/s); h - chiéu cao 16p nudc tran
(m); W - chiéu rong cua tran (m).
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Hinh 2. Cac dac trung hinh hoc
cua mot don vi tran phim dan
Cong thac trén cho thiay hé sé luu luong
dugc xéac dinh theo cac cdp gia tri s6 do Qva
h. Céc thdng s6 con lai trong phuong trinh 1a
hang sb cho mdi kiéu thiét ké. Vi vay, can
phan tich k§ anh huong ciia cac thong sé hinh
hoc tran dé lua chon mit cat thiét ké hop 1y.
Mang tran duoc lam bang bé téng cét thép,
méi duoc tao nghiéng vai do doc (2:1) + (3:2).
Tuyén ngudng tran dang ring cua chit nhat.
Ty s6 N=L/W nam trong khoang 4+6. Khi
ding PKA, 6 don nuéc cd bé rong 16n hon 6
thoat nuéc khoang 20%. D6 thi hinh 6 cho
thiy ty luu Q (luu luong trén 1m bé rong
khoang tran) khi dung PKA ting gip 3 1an so
Vi dap tran kiéu Creager.
Do dic diém cAu tao, kha nang thao cua tran
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Hinh 3. Mat bang mét phan
doan tran phim dan

phim dan chu yéu phu thudc vao ty sé giira
chiéu dai, do sau, chiéu rong va hinh dang cia
cac phim va dic biét 1a sy phu thudc vao ty sd N
bang tong chiéu dai tudng tran chia chiéu rong
tran chinh dién. Bén canh d6 con c6 anh huong
cua tac dong va dap cua dong nudc khi chay
qua tran; hinh dang cua ngudng ciing cting lam
cho phan b luu toc va luu lugng don vi trén
ngudng tran khong dong déu.

Trong truong hop xay méi, tran phim dan
c6 thé giam duoc ba 1an chiéu dai tran hoic
giam duogc hai 1an chiéu cao cot nudc tran so
V6i tran mat cat Creager. Loai tran nay c6 thé
ap dung ¢ cac tran mat chay ty do dd xady
dung dé ting do an toan hoic ting dung tich
chaa véi chi phi xay dung thap.
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Hinh 4. Mat bang, cat ngang tran
PKA (L=W+8H; N=L/W=6)
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Hinh 5. Mat bang, cat ngang tran
PKB (L=W+6H; N=L/W=6)
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Hinh 6. D6 thi so sanh khd ndng xd ciia
ddp tran Kiéu Creager va Kieu PKA Voi
H=4m. [3]

Tran phim dan c6 thé duoc ding lam tran
khan cap két hop vai tran da c6 hoac véi tran
c6 cira xdy méi thong qua sir dung phan dung
tich trén muc nudc dang binh thuong
(MNDBT) d xa mot phan nhitng con 1 dic
biét 1on. Vi dy, v6i chiéu cao trén MNDBT I3
Am c6 thé xa thém duoc 40 dén 50 m3/s/m.

2. Phan tich két cau dap tran phim
piano thudc dw an thuy dién Pak Mi 2 [1,2].

Du an thuy dién Pak Mi 2 1a bac thang thir
2 trén song Dak Mi, bén bo phai thudc dia ban
xa Phudc Loc va bo trai thude xa Phude Cong
huyén Phudéc Son tinh Quang Nam. Cong
trinh duoc bé tri trén doan tuyén séng Pak Mi
dai khoang 12km.

Cép thiét ké chung cua cong trinh 1a cap II.
Tuyén dap dau mbi cong trinh thuy dién Pak Mi
2 bao gdom dap dang két hop dap tran. Pap dang
duoc thiét ké 1a dap bé tong trong luc, chiéu cao
I6n nhat 1 38m. Trén dinh dap dang 1a dap tran,
gitra 1ong song la hai khoang tran cé cua van va
bén phai 1a tran phim dan piano.

Hai bén tran c6 cira van la tran tu do c6
ngudng dang phim dan piano, chiéu rong tran
mdi bén 1a 36m. Mt cit co ban cua tran piano
duogc thiét ké 1a tran loai PKB c6 hai bac tidu
ning & 6 ra ndi tiép véi cac bac tiéu ning & mai
ha luu dap.

Tran piano c6 cac kich thudc co ban nhu
sau: ty 1& giira chiéu dai twong tran va chiéu
dai dién tran la N/W =5, 6 vao rong 5m, 0 ra
rong 4m, chiéu dai 6 tran 1a 18m, trong d6 co
9m chia vé phia hd chira (phan 6 ra chia vé
phia thuong luu ké tir mat thuong luu dap).

Kha nang xa cua tran piano dugc xac dinh
qua md hinh thuy luc. Luu lugng xa 16n nhat
qua tran piano tmg véi muc nude li kiém tra
(635,19m) la khoang 3430m°/s.

Phia bén phai tran Ophixérdp 1a tran piano
dat trén dinh dap bé tong trong luc, mat ha luu
cua dap BTTL c6 dang bac thang, bac cao 3m,
rong 3m, phan nén ha luu dugc gia cb bang bé
tong cot thép day 0,5m. Phia bén trai tran
Ophixérdp 1a tran Piano dat trén nén da gbc tai
cao trinh 619,0m.

Mot trong nhitng van d& dang chi y khi phan
tich két cu cua dap tran phim piano du an Pak
Mi 2 1a xac dinh khoang cach dua ra vé phia
thuong Iuu theo phurong nam ngang cia cong xon
thuong luu ciing nhu chiéu cao ctia nd. Cac kich
thudc ctia cong xon thuong luu phai dam bao diéu
kién bén va on dinh tong thé cua cong trinh, dong
thoi khong anh hudng dén ché do 1am viec vé
thay luc cling nhu cong tac thi cong dap tran.

Pap tran dugc tinh toan véi to hop tai trong
co ban:

- MNTL=MNLTK= 633,46m;

MNHL=611,12m

- Khong c6 dong dat.

- Céc thiét bi chdng thidm 1am viéc tot (Ap
lyc tham sau mang chéng tham = 0,4Hy, sau
thiét bi tiéu nudc = 0,15Hy).

- Cao trinh bun cat 602,00m, chi tiéu co ly
cua bun cat nhu sau: y=1,3T/m2; C=20T/m?;
tgp=0,75.

So dd luc tac dung duogc thé hién theo hinh
7, trong do:

G: Trong luwong ban thdn,

Puio: Ap lie nwoe ha luu thcfng ding

Pri: Ap liee nueée thwong luu nam ngang,

Pog: Ap luec nueée ddy nguoc

Prio: Ap lyc nuoc thuong luu xién,

P.: Ap luc song,

Poc: Ap luee bUn cét

Pui1: Ap liee nude ha lieu nam ngang,

Pu: Ap liec nuée thiy dong mdt tran

Két cau dap tran dugc tinh toan véi mo
hinh khéng gian biang phwong phap phan tir
hitu han c6 xét dén sy 1am viéc dong thoi cua
dap va nén. Phan mém dugc st dung tinh toan
la chuong trinh ANSYS phién ban 10.0. M6
hinh tinh toan nhu hinh 8, sir dung phan tir luc
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dién bac cao 20 diém nut.

Trang thai Gng suit — bién dang cua dap
tran dugc tinh todn véi 3 phuong an co chiéu
cao console thuong khic nhau: H=6m,
H=6,75m va H=7,5m.

Do khuén kho bai bao c¢d han, & ddy chi

- MNLTK = 633.46

S /1

23.00

TI DRI TZ L TT A M

tMNHL =611.1

dua ra két qua tinh toan trong truong hop
chiéu cao console thuong H = 6,75m (hinh
9,10,11,12).

trong d6 Q - luu luong qua tran (m®s); h -
chiéu cao 16p nude tran (m); W - chiéu rong
cua tran (m).
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Hinh 7. So do tdi trong tic dung
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Hinh 9: Chuyén vi uy (m)

Hinh 8. M0 hinh tinh toan
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Hinh 10: Chuyén vi u, (m)

-233.071 ~172.822 51,573 w5675 151.5;
“233.480 “112.188 s.081 130.3
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37,5

-335.378 ~257.807 -75.238 55331 277
-347.052 -188.523 12,048 188,515 367,184

Hinh 11: Ung sudt o, (T/m?)

Két qua tinh toan cho ta thdy, trong ca ba
truong hop tinh toan, dap tran déu théa man
didu kién bén va diéu kién 6n dinh chéng
truot, 1at. Ung véi bé rong khoang tran khéng
thay d6i khi thay d6i chidu cao console
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Hinh 12: Ung sudt o, (T/m?)
thuong luu H thi tng suat bién dang ctia dap
tran piano thay d6i dic biét tai vi tri phia dudi
ciia ngam console thuong luu (diém A), cac
gia tri chuyén vi va Gmg suit tai vi tri A nhu
sau:



Chiéu cao console Chuyén vi (m) Ung suat (T/m°)

thuong luu H (m) Uy Uy Oy oy
6,0 0,00142 0,73.10" 58,40 163,55
6,75 0,00133 -0,32.10" 23,36 94,35
7,5 0,00125 -0,114.10* 11,25 74,23

Khi chiéu cao H thay d6i dan t6i hinh dang
Clia mit cit 6 ra thay ddi. Néu chon gia tri H
cang nho thi s& tiét kiém dugc bé téng khi lam
tran nhung Gng sudt tai phan console thugng s&
tang 1én dan dén phai ting dién tich cdt thép &
phan nay. Hon nira, khi gia tri H nho thi s& kho
khin hon khi thi cdng phan console thugng.

Pé dam bao cho két cAu du kha nang chiu luc
khi 6 vat tréi ndi va cham vao va dé dang hon
trong viéc thi cong, khi chon hinh dang mat cat
cta 6 d6n nudc tran piano trong giai doan thiét
ké ky thuat nén chon chiéu cao console thuong
bang vai chiéu cao cua twong tran H. Trong giai
doan thiét ké ban v& thi cong can xem xét co
nén hay khdng boc thép & phan dau cua console
thuong dé tranh truong hop bé tong bi v& khi co
vat troi ndi 16n va cham véi trdn trong thoi gian
lam viéc lau dai.

3. Két ludn va kién nghi

DPap tran phim piano la mot dang dap tran co
tac dung tang luu lugng thao dua trén nguyén

Tai lieu tham Kkhao:

tic ting chiéu dai duong tran. Nhimg dap tran
loai nay mai ap dung ¢ Viét Nam nén chua co
tiéu chuan tinh toan cho chung. Cho dén nay,
céc nghién ctru vé loai dap tran nay cha yéu di
SAu V& mat thiy lyc chit chua cha trong dén
phan tinh toan két cdu. O day, ndi dung bai béo
mai chi d& cap dén trang thai Gng suét - bién
dang cua dap tran phim piano trong mot truong
hop tai trong, chua xét dén tai trong dong dat,
thi cong... va chua xét dén trang thai ing sut -
bién dang cua dép tran piano trong trudng hop
cac khoang tran thay d6i. Ngoai ra trong khuén
kho bai bao ciing méi chi phan tich duge chiéu
day cuia console thuong luu ma chwa 6 két luan
gi Vé console ha luu. Dé tim duoc két cau hop Iy
cho dap tran phim piano can phai két hop giita
nghién ctu thiy luc va két cau trén co so thi
nghiém mé hinh, tinh toan trong nhiéu truong
hop tai trong khac nhau. Nhimg nghién ciru chi
tiét theo hudng nay trong twong lai s& giup cho
viéc pho bién dap tran phim piano ¢ Viét Nam.
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Abstract:
STRUCTURAL ANALYSIS OF THE PIANO KEYS WEIR APPLYING TO
HYDROPOWER PROJECT DAK MI 2

Piano keys weir is an effective form of increasing water flow based on the principle of rising
the overflow length. So far, studies of this type of weir mainly focuse on hydraulics, not on the
structural analysis. The contents of this paper refers to the study and stressedly-deformed
analysis of the Piano keys weir applying to such weir of the hydropower project Dak Mi 2.
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