BAI BAO KHOA HQC

NGHIEN CU'U KHA NANG KHi THUC TREN PAP TRAN CAO,
AP DUNG CHO PAP TRAN THUY PIEN XEKAMAN 1

Nguyén Chién', Trin Xuin Hoa’

Tém tat: Vi cac ddp tran cao, luu lwong théo 1om, khi thuc c6 thé gdy hw hong mat tran, dan dén sw co
cong trinh. Trong badi nay gidi thiéu cdc két qua nghién ciru tong qudt vé kha ning khi héa va khi thiec trén
mgt cua dap tran cao. Cac két qua nghién ciru dung dé tham khdo so bé chon logi vét liéu, sau do tinh
todn cu thé dé kiém tra khd ning khi thue va bién phdp phong khi thie cho mdt tran. Ap dung tinh todn
cho ddp tran thiyy dién Xekaman 1 cho thdy ddp nay c6 kha nang bi khi thuwc khi xa li thiét ké nén da lua
chon hinh thitc tiép khi trén mat tran dé phong khi thiee, tién hanh tinh toén xdc dinh vi tri va kich thudc

ciia b phdn tiép khi.

Tiwr khoa: bo phan tiép khi, dap tran, khi thyuc, thily dién Xekamanl.

1. PAT VAN PE

Trong thoi gian gn day & Viét Nam da xay
dung nhiéu dap tran cao trong thanh phan cia
cong trinh dau méi thuy loi, thay dién. Thuc té
cho thdy khi dong chay c6 luu téc 16n va trén
mit tran tOn tai cac miu gd ghé vuot qua mirc
cho phép thi méat tran s€ bi xam thuc, troc 10,
dan dén hu hong cong trinh. Tuy nhién trong
thiét ké hién nay viéc kiém tra khi thuc mit tran
va tim bién phap phu hop dé phong khi thuc
chua duogc chil y ding muc; nhiéu cong trinh
dugc thiét ké phong khi thuc theo kiéu twong tu,
trong khi diéu kién 1am viéc cua cac dap la rat
khac nhau.

Vi vdy viéc nghién ctu tong quat vé kha
nang khi thyc mat tran phu thudc vao céc yéu to
khac nhau nhu chiéu cao mat tran, cot nudc
tran, muac do gé ghé bé mat va do bén vat liéu
mat tran 1a rit can thiét nham dinh hudng cho
viéc lwa chon vat liéu va giai phap hop ly dé
phong khi thuc cho dap tran.

2. NGHIEN CUU TONG QUAT KHA
NANG KHI THUC TREN PAP TRAN

2.1. Pham vi nghién ciru

Xét cac truong hop dap tran phi chan khong
(Ophixerop) c6 cac thong sé thay doi twong tng
nhu cac dap tran cao da xay dung ¢ Viét Nam:

! Truong Pai hoc Thuy loi.
? Cong ty TNHH Dién Xekaman 1.

chiéu cao mat tran: H,,=40, 60, 80, 100m; cot
nude tran thiét ké: Hy=8, 10, 12, 14m; cudng do
bé tong mat tran: Ry,=20, 25, 30, 35, 40MPa; do
g6 ghé bé mat: 2, 3, 4, 5, 6, 7Tmm.

2.2 Phuong phap tinh toan

HT=12N, HMT=80M

'

Hinh 1. So @6 mdt cdt ddp tran

2.2.1. Vé dwong mdt nwoc trén mdt tran
(TCVN 8420-2010).

a. Xéc dinh Xac dinh luu toéc va dé sdu dong
chay tai mat cat 3 dén mat cat A

Do mit tran c6 do ddc 1én va thay ddi nén
dudng mit nude duoc v& bang phuwong phap sai
phén theo phuong trinh sau

AE . .
Nl (1
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trong do:

Al: khoang cach giita 2 mat cat i va i+1

AE = Eiy; — E; chénh 1&ch ty nang gilta 2 m/c
ivaitl.

2 2
E;i=hjcos0 + Vi ;Eir1=his1cos0 + Ve
2g 2g

ip = siny: do dbc cia mit tran; y: goc gitra

tiép tuyén mat tran véi phuong ngang.
iFyiti
tleh

sat trong gidi han cua doan tinh toan i.
Gia thiét cac gia tri hi<h; ta tim duoc
khoang cach Al giira 2 mat cat i+1 va i. Tiép tuc
tinh cho cac doan cho dén khi ZL =L,, xéac

dinh duoc ha, Va.
b. Xac dinh luu toc va do sau dong chay tai
mdt cat B (diém thap nhat trén mdt tran)

: gia tri trung binh cia do déc ma

2 2 5
yA+hAcos‘P+£=hB+p7u+£+ Z\Ilb -

28 v 28 CuR,
trong do:

ya 1a d6 chénh cao cua day tai mat cat A-A
so voi mit cit B-B.

Lag: chiéu dai cung doan mili phong tir mat
cit A dén B.

Py

7 : thanh phan xét dén ap luc ly tim do dong
chay cong giy ra. Tri s6 py/y xac dinh theo
TCVN 8420:2010, truong hop Ryp/ha > 8 thi:
P._2h, Vi, truong hop Rppha <8 thi
v R, 2g

U ]a van toc tuong doi xac
\%

v 2
dinh theo dd thi hinh 6 cua TCVN 8420:2010
phu thugc vao Ryp/hs va goc ¢ tdm mii

2 2 L.
pJ—VA (I_LZ)VOI
v

phéngﬂ .

Gia thiét cac gia tri hg dé tim dugc khoang
cach Al = Ly giita 2 mit cit A va B, khi d6 xéac
dinh duoc hg, V.

¢. Xac dinh leu téc va do sdu dong chay tai
mat cdt T-T (tai miii phun)

2 2 2
h3+&+£:yT+thosa+£+ ZV“’ L, (2),
v 28 2g )
trong do:

yr: chénh cao gita 2 diém B va T trén mat
tran.
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o: goc nghiéng cia miii phun.

Lgr: chiéu dai cung tron giira 2 diém B va T.

Gia thiét cac gia tri hy dé tim duoc khoang
cach Al = Ly gilta 2 mét cit B va T, khi dé xac
dmh duqc hT, VT.

2.2.2. Kiém tra khi héa (TCVN 9158-2012)

Diéu kién xuét hién khi héa: K < K, (3),

trong do:

K,g — hé s6 khi héa phan giéi, phu thudc vao
dac trung hinh hoc cua vat chay bao.

K — hé s khi hoa 12 mot dai lugng khong thi
nguyén dung dé biéu thi mic d6 manh yéu cia
khi hoa trong dong chay.
K= Hp, Z_H re

V DT
2¢

(G

trong do:

Vpr - luu tde (tri s trung binh thoi gian) ddc
trung cua dong chay tai bd phan dang xét.

Hpr - ¢Ot nudc ap luyc toan phan dic trung
cua dong chay bao quanh cong trinh hay mot
bd phén dang xét (m).

2.2.3. Kiém tra khi thuwe (TCVN 9158-2012)

Tai cac diém phat sinh khi hoa thi can kiém
tra khi thyc. Khi thyc khong xay ra khi: V, <
Vg (5), trong do:

Vg luu tdc ngudng xam thyc cta vat liéu bé
mit 1ong dan, phu thudc vao do bén vat lidu.

Vy: luu tdc cuc bd tai vi tri cach mat cét co
ban ciia mat tran mot khoang bang y.

2.3. Tinh toan cho cac truwdng hop

Tinh toan theo trinh ty va cac cong thirc da
néu & muc 2.2. Két qua tinh toan dugc thé hién
trén cac biéu do quan hé:

2.3.1. Quan hé K = f(Z,Hu, ha) (hinh 2 dén
hinh 5)

30
A
X, A
2,8 AN
NN
J—y
AY
E—
24
v X ——htk—14m
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Hinh 2. Biéu do quan hé K=f(Z,, hy) ting véi

H,=40m

Hinh 5. Biéu do quan hé K=f(Z,, hu)

wng voi Hy,=100m
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Hinh 8. Biéu do quan hé Vpr=f(Z, hu)
tng voi H,,=80m
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Hinh 9. Biéu do quan hé Vpr=f(Zy, hy)
ung voi H,,=100m

2.4. Phén tich két qua tinh toan

2.4.1. Phdn tich khd ndng khi hoa

Tir biéu d6 hinh 2 d&én 5 cho théy:

- Vi céac chiéu cao mit tran khac nhau, trj sd
K déu giam theo su gia ting ctia chiéu cao miu
g0 ghé (Zy,). Chiéu cao mit tran cang nho (vi du
Hpe = 40m) thi tri s6 K giam nhanh theo Z,,
(dudng quan hé K~Z,, rat doc). Khi chiéu cao
mat tran tang 1én thi dudng quan hé K~Z,, c6 xu
thé thoai dan. Tuy nhién khi d6 khi hoa xay ra
{mg v&i moi tri s6 Zy, trong pham vi tinh toan.

- Ung v&i mdi chiéu cao mat tran Hy,, hé $b
khi hoéa trén mét tran gia ting theo cdt nudc tran
hg. Tuy nhién, mirc d¢ gia tdng nay khong 16n,
thé hién 1a cac duong quan hé K~Z, tng véi
cac hy khac nhau déu phan bd kha sat nhau, do
d6 anh hudng cua tri $6 hy dén muc d6 khi hoa
manh nhét trén mat tran 1a khong déng ké.

2.4.2. Phdn tich kha ndng khi thuc

- Vi céac chiéu cao mait tran khac nhau, cot
nuée tran khac nhau thi tri s6 luu toc dic trung
trén mat tran ty 1€ thudn voi do g6 ghé cuc bd
Zm, tirc 1 mirc d6 gd ghé cang 16n thi kha ning
xam thyc cang cao.

- V6i mot dap tran cu thé thi tri s Vpr tang
theo ¢ot nudc tran. Tuy nhién téc do gia ting
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Vpr theo hy 1a khong 16n: cac duong quan hé
Vp1~Zm, hi 12 khé st nhau & hinh 6 dén hinh 9.

- Kha ning khi thyc phu thude chu yéu vao
cac thong sd: chiéu cao mat tran, do g6 ghé cuc
bd. Khi do, co thé sir dung cac bicu db tir hinh 6
dén hinh 9 dé xac dinh kha ning khi thuc va lya
chon vt lidu phi hop voi cac thong sb thiét ké
cu thé cua dap tran.

- V& anh hudng cta chiéu cao mit tran:

+ V&1 Hpe = 40m, vat liéu tran c¢6 R, >
30MPa, kha ning khi thuc khong xay ra ung voi
cac truong hop hy va Z;,, < 7mm.

+ V&1 Hpe = 60m, vat liéu tran c¢6 R, >
35MPa, kha ning khi thuc khong xay ra ing voi
cac truong hop hy va Z,, < 7mm.

+ Vo1 Hpe = 80m vat liéu tran c6 Ry, >
35MPa, kha ning khi thuc khong xay ra ung voi
cac truong hop hy va Z;,, < 7mm.

- Khi vat liéu mat tran c6 R, > 40 Mpa, kha
niang xam thyc khong xay ra voi tit ca céc
truong hop xem xét, néi chung 1a mat tran an
toan vé khi thuc.

Tir cac két qua tinh trén hinh 2 dén hinh 5 (vé
tri s6 ctia hé s6 khi hoa K), hinh 6 dén hinh 9
(vé tri s6 ctia Vpr) nhan thay anh huéng ctia hy
dén hé s khi hoa va kha nang khi thuc 1a khong
nhiéu (cac duong ung véi hy khac nhau déu
phan bd kha sat nhau) nén sir dung duong co
dic trung khi hoa bat 1gi nhét (hy = 8m) lam dai
dién khi biéu dién mbi quan hé giita K = f(Zp,
Hmt), Vor = f(Zm, Hme) nhu hinh 10 va hinh 11
dudi day:
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kiéu Ofixerov phi chan khéng, chiéu cao mit
tran Hy, = 46,6m, cot nude thiét ké Hy=13,91m,
luu lugng x4 qua tran: 5.1 14m’/s. Mt bang tran:
mdi khoang tran rong 10m, giita cac khoang c6
try pin don day 2,50m, giira khoang s6 2 va 3 ¢6
tru pin kép T3 day 4,0m; dudi try pin két thuc &
cao trinh 205,6m, 2 tudng bién c6 chiéu day 3m.
(Cong ty TNHH Tu van Xay dung Séng Da —
Ucrin, 2013).

Dy ®

Hinh 10. Biéu d6 quan hé K = f(Z,,, Hy)
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Hinh 11. Biéu d6 quan hé Vor=f(Z, Hy)

3. TINH TOAN AP DUNG CHO DAP
TRAN THUY PIEN XEKAMAN 1

3.1. Giéi thiéu cong trinh

Cong trinh thay dién Xekaman 1 xay dung
trén song Xekaman nudéc CHDCND Lao, co
nhiém vu phat dién véi cong sudt 1ip may 290
MW, dién luong trung binh nam 1,096 ty KWh.
Pap dang trong luc RCC ¢6 chiéu cao 16n nhat
120m. Pap tran long séng gdm 5 khoang xa mat

| v |

Hinh 12. Mdt cat dap tran thuy dién Xekaman 1

3.2. Kiém tra khi hoa trén mit tran

Két qua tinh dé vé duong mat nudc trén mat
tran theo phuong phap néu ¢ muc 2.1.1 dugc
ghi trén bang 1. Kiém tra khi héa theo muc 2.1.2
v6i mau gd ghé dang bac 16i theo chiéu dong
chay c6 goc nghiéng o = 90° 1a bét loi nhat vé
tao khi héa, twong g vé6i hé s6 khi hoa K=2,33
néu ¢ bang 2.

Bang 1. Két qua vé dwong mit nuée trén mit tran thiy dién Xekaman 1

| o | o | @ |y | | W | E % | |
3 10 102,28 | 9,29 0,000 15,47
4 10 10228 | 6,88 | 12,65 | 0,01 | 0,391 17,59 2,12 554 | 554
5 10 102,28 | 5,44 | 16,61 | 0,01 | 0,602 22,39 4,80 8,17 | 13,71
6 10 102,28 | 4,83 | 19,93 | 0,02 | 0,719 26,24 3,85 5,53 | 19,24
7 61,5 83,15 3,42 | 20,16 | 0,01 | 0,755 32,34 6,10 8,25 | 27,49
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8 61,5 83,15 3,12 | 25,43 0,03 0,777 38,19 5,85 7,83 35,32
9 61,5 83,15 290 | 27,62 0,04 0,777 43,66 5,47 7,42 42,74
10 61,5 83,15 2,74 | 29,49 0,05 0,777 48,78 5,13 7,05 49,79
A 61,5 83,15 2,58 31,30 0,06 0,777 54,67 5,88 8,21 58,00
B 61,5 83,15 2,72 | 31,41 0,06 0,000 17,92 | 75,92
C 61,5 83,15 2,53 31,72 0,06 0,500 57,42 10,47 | 86,39
T 61,5 83,15 2,47 | 33,29 0,07 0,500 58,18 0,76 1,77 88,16
Bang 2. Tong hop két qua tinh toin kiém tra khi héa véi cac tri s0 Z,, khac nhau
L h v Kha ning xuét hién khi hoa
@ | o | om | o | om | | o | o | o
0,00 9,29 11,01 Ko Ko Ko Ko Ko Ko Ko Ko
5,54 6,88 14,86 Ko Ko Ko Ko Ko Ko Ko Ko
13,71 5,44 18,82 Ko Ko Ko Ko Ko Ko Ko Ko
19,24 4,83 21,19 Ko Ko Ko Ko Ko Ko Ko Ko
27,49 3,42 24,30 Ko Ko Ko Ko Ko Ko Co Co
35,32 3,12 26,66 Ko Ko Ko Co Co Co Co Co
42,74 2,90 28,65 Ko Ko Co Co Co Co Co Co
49,79 2,74 30,39 Co Co Co Co Co Co Co Co
58,00 2,58 32,26 Co Co Co Co Co Co Co Co
75,92 2,72 30,60 Co Co Co Co Co Co Co Co
86,39 2,53 32,92 Co Co Co Co Co Co Co Co
88,16 2,47 33,67 Co Co Co Co Co Co Co Co

Tir bang 2 cho thiy v6i do gd ghé khong ché
trong thiét ké Z,, = 10mm, kha nang xuat hién
khi hoa xdy ra trén phan 16n dién tich mat tran.

3.3. Kiém tra khi thyc trén mat tran
Kha nang xuat hién khi thuc dugc kiém tra

theo diéu kién (5). Tri s6 Vpr liy theo bang tinh
toan kiém tra khi hoa. Tong hop két qua tinh toan
khi thuc trén mat tran thuy dién Xekaman 1 dugc
thé hién trong bang 3.

Maic du maét tran thay dién Xekaman 1 da bd
tri vat liéu bé tong mac cao M30, nhung do luu
tdc 16n nén khi thuc & ph?m cudi mat tran 1a
khong tranh khoi, do d6 can ap dung cac bién
phap phong khi thyuc cho tran tir mit cat K nim
gilta mat cat 10 va mat cit 11(A). Noi suy tur
Béng 3, mit cit K ¢c6 Vpr= Vo= 14,17m/s cach

ngudng tran 55,98 m.

3.4. So sanh véi két qua nghién ciru tong
hgp

- V& kha ning khi héa: tri s6 K khi tinh toan dé
lap bang 2 (cho tran Xekaman 1) ung véi Zy, =
7mm, mit cit A 1a K = 1,28; tra theo d6 thi hinh
10 v&i Hyy = 46,6m cho K = 1,32, sai s6 2,8%.

- Vé kha nang khi thuc: Tri s6 Vpr theo két
qua tinh & bang 3, cho mat cit A 13 Vpr =
13,21m/s, tra theo do thi hinh 11 tmg véi Hyy
46m va Z,, = 7mm c6 Vpr = 12,79, sai ) 3,1%.

Nhu vy d6 thi hinh 9 va hinh 10 thé hién két
qua nghién ciru tong quat 1a kha phu hop vdi tinh
todn riéng cho cho mat tran Xekaman 1, do do co
thé sur dung dé kiém tra khi hoa va khi thuc trén
mat tran noi chung.

Biang 3. Tong hop két qua tinh toan khi thyc trén dap tran thiy dién Xekman 1

Zm=3 Zm=4 Zm=5 Zm=6 Zm=7 Zm=8 Zm=9 Zm=10
Mit (mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm)
cit | VDT | Khi | Vpy | Khi | Vpr | Khi | Vpr | Khi | Vpr | Khi | Vpr | Khi | Ver | Khi | Vpr | Khi
(m/s) | thuc | (m/s) | thuc | (m/s) | thuc | (m/s) | thuc | (m/s) | thuc | (m/s) | thyc | (m/s) | thuc | (m/s) | thuc
3 1338 | Ko | 364 | Ko |39 | Ko | 418 | Ko | 433 | Ko | 446 | Ko | 459 | Ko | 471 | Ko
4 494 | Ko | 496 | Ko | 535 | Ko | 5,70 Ko 5,90 Ko 6,08 Ko 6,26 Ko 6,43 Ko
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5 6,31 | Ko | 6,35 | Ko | 6,84 | Ko | 7,30 | Ko 7,54 Ko 7,78 Ko 8,01 Ko 8,22 Ko
6 7,15 | Ko | 7,19 | Ko | 7,75 | Ko | 8,27 | Ko 8,55 Ko 8,82 Ko 9,07 Ko 9,31 Ko
7 8,24 | Ko | 816 | Ko | 8,79 | Ko | 9,39 | Ko 9,70 Ko 10,01 | Ko 10,29 | Ko | 10,57 | Ko
8 9,08 | Ko | 9,04 | Ko | 9,74 | Ko | 10,39 | Ko 10,74 | Ko 11,08 | Ko | 11,40 | Ko | 11,70 | Ko
9 1979 | Ko | 977 | Ko | 10,53 | Ko |[1124| Ko | 11,62 | Ko | 11,98 | Ko | 12,32 | Ko | 12,66 | Ko
10 | 10,41 | Ko | 1042 | Ko | 11,22 | Ko | 11,98 | Ko | 1238 | Ko | 12,77 | Ko | 13,14 | Ko | 13,49 | Ko
A | 11,08| Ko | 11,11 | Ko | 11,97 | Ko | 12,78 | Ko 13,21 | Ko 13,63 | Ko | 14,01 | Ko | 14,39 | Co6
B | 1044 | Ko | 1049 | Ko | 11,31 | Ko | 12,07 | Ko 12,48 | Ko 12,87 | Ko 13,24 | Ko | 13,59 | Ko
C | 11,31 ]| Ko | 11,35 Ko | 12,24 | Ko | 13,06 | Ko 13,50 | Ko 1393 | Ko | 1432 | Co 14,71 Co
T | 11,63 | Ko | 11,63 | Ko |[12,54| Ko | 13,38 | Ko 13,83 | Ko 14,27 | Co 14,68 | Co 15,07 | Co
3.5. Giai phap phong khi thuc 12 |S6 ng dan khi ¢ day n, bng | 34

C6 nhiéu loai giai phap phong khi thyuc trén
mat tran. Tuy nhién, voi diéu kién cua dap tran
Xekaman 1 thi hop 1y nhét 1a 1am mii hat két
hop vai 6ng tiép khi vao khoang khong sau miii
hit. Khong khi tir khoang khong nay s& duoc
tron vao dong chay dudi dang cac bot li ti bao
phu bé mit dap tran tao thanh 16p bao vé chéng
khi thuc. Theo cach b tri nay thi viéc tiép khi
vao dong nudc dugc thuc hi€n mot cach tu
dong, khong can dén thiét bi may bom.

B6 phéan tiép khi (BPTK) dugc b tri tai mat
cat 8 cach dinh ngudng tran 35,3m, cach diém
cudi cing cua tran 52,8 m theo phwong ddc day,
bao dam khong anh hudng dén ché do tiéu ning
sau tran.

Két qua tinh toan kich thudc ciia bo phén tiép
khi nhu trén bang 4.

Bang 4: Két qua tinh toan bd phan tiép khi

STT Théng sb Ky hiéu | Pon vi | Trj s6
1 Xéctré ;}:?)t (theo phuong L m 353
2 | Chiéu cao miii hét Zm m 0,60
3 | Chiéu dai miii hat Lo, m | 2,00
4 | Goc nghiéng miii 0 d6 |-43,52
5 | Chiéu dai budng khi Ly m | 0,84
6 | Luu lugng khi don vi Ja m’/s.m | 0,742
7 | Luu lugng khi téng cong| Q, m’/s | 45,61
8 | S6 6ng dan khi n 2
9 | Kich thudc 1 6ng B.xt, m 1x 0,8

10 | D9 chan khong hex m 0,208
1 (,ng;,lg kinh 8ng dan khi d, m 0.2
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Hinh 13. Bé tri bo phdn tié}) khi trén mat tran

4. KET LUAN

Déi voi cac dap tran cao, trong qua trinh khai
théc, do nhiéu nguyén nhan khac nhau c6 thé lam
xuét hién cac g6 ghé cuc bo trén bé mit ma khi
tran xa 10 s€ gay ra khi thyuc, pha hong mat tran.
Kha ning khi thuc phu thudc vao nhiéu yéu tb
khéc nhau. Trong thiét ké c6 thé sir dung cac biéu
d6 tong hop hinh 10 va hinh 11 dé chon loai vat
liéu, sau do tinh toan cu thé dé kiém tra kha ning
khi thyc. Truong hop khong chon dugc vt ligu du
bén vé khi thuc thi can 4p dung cac bién phap
phong khi thyc cho mat tran.

Ap dung tinh toan cho dap tran thiy dién
Xekaman 1, véi phuong an bé tong mat tran co
cuong d6 R,=30MPa thi can bd tri mot bd phan
tiép khi trén mit tran nhu so d6 hinh 13 va s liéu
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néu ¢ bang 4 1a da bao v€ dugc mat tran khoi bi ghé cuc bd ¢6 chiéu cao dén 10mm.
pha hoai do khi thuc khi trén d6 xuat hién cac go
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Abstract:
REASEARCH ON THE PROBABILITY OF CAVITATIONARY EROSION ON HIGH
SPILLWAY, APPLIED IN XEKAMAN 1 HYDROPOWER

On high spillway with large amount of discharge, cavitation can ruin the surface, which will lead to
further structural damage. This paper gives an overview on the possibility of cavitation and
cavitationary erosion on high spillway's surface. The results are used as references to select
material, then adapted for detailed calculation to check the likelihood of cavitationary erosion and
choose the proper preventive method. Calculation on Xekaman I hydropower showed that its
spillway could be cavitated while flood was discharged, thus the method of supplying air on surface
was chosen to prevent cavitationary erosion. Calculation was conducted to find the ideal location
and size of the aerator.

Key words: aerator, spillway, cavitation, Xekaman 1 hydropower.
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