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CONG NGHE CUA VAN CAO SU BAN MAT - THi NGHIEM MO HINH
VAT LY PANH GIA KHA NANG VAN HANH VA AP DUNG TAI VIET NAM

Nguyén Vin Thanh, Vii Lé Minh, Tran Thi Nga, Vii Vin Xiém
Vien Thuy Cong, Vién Khoa hoc Thuy loi Viét Nam

Tém tat: Ddp va ho chira la mét loai hinh cong trinh thuy loi quan trong ¢ nude ta. Hién nay, c6
khodng 5.500 hé chira da dwoc xdy dwng va dwa vao sie dung, véi tong dung tich triv nuéc trén
35,8 ty m®. Do anh hwong bat loi cia hién twong bién doi khi hdu va nhitng tdc dong khé kiém
sodt tir phia thieong luu, mot yéu cau cdp thiét hién nay dé la phdi ndng cdp cdc dap hién cé dé
ting khd néng trit nwde va diéu tiét lii ciia hé chira. Do d6, ¢6 nhiéu gidi phdp da dwoc nghién civu
va itng dung dé ndang cao cét nudce trit. Bai bdo ndy gi6i thiéu mét giai phdp kha thi, dé la gidi
phap ap dung loai hinh cira van cao su ban mat. Bai bao trinh bay nghién cveu thi nghiém mo hinh
ciia loai hinh cira van ndy nham danh gid kha ndng g dung ciia né trong diéu kién kinh té va xa
hoi cua Viét Nam. Pay la giai phap da dwoc tng dung réng rdi trén thé gidi, da chitng minh dwoc
tinh hiéu qua cia né. Cdc wu diém cua logi hinh céng trinh nay dé la c6 cdau tao don gian, thoi
gian thi cong nhanh, dé qudn 1y va van hanh, ddc biét rat hiéu qud trong viéc tang kha nang trir
nude ciia ho chira ciing nhuw khd ndang xa mede khi ¢é yéu cau.

T khéa: 16 chira; ndang cdp dip; cira van cao su ban mdt; thi nghiém mé hinh.

Summary: Reservoirs play an important role in the development of the economy, society, and
security of Viet Nam. There are approximately 5.500 reservoirs that have been constructed and
functioned, with a total water storage capacity of 35,8 billion m3. Due to the effect of climate
change and the impacts of upstream conditions, It is necessary to increase the water storage
capacity and flood regulation ability of those reservoirs. This paper introduces pneumatic shield
gates and studies a physical model of this type of gate to evaluate its operability and application.
The technology of pneumatic shield gates has been applied widely worldwide. The main
advantages of this technology are simple structures, fast construction, and convenience to manage
and operate. Furthermore, applying this type of gate is especially effective in increasing the total
water storage capacity of the reservoir or discharging when required.

Keywords: reservoirs; dam upgradation; pneumatic shield gates; physical model.

1. PAT VAN PE

HO6 chira nudc 1a cong trinh thuy loi 1am nhiém
vu diéu tiét dong chay, trir nudc vao muia mua
dé dung vao mua kho. Do c6 nhidu uu diém
trong khai thac tong hop (cip nudc tudi, phat

d6 c6 419 dap dang co chiéu cao trén 5,0m va
6.750 hd chtra v6i tong dung tich trir khoang
14,5 ty m®, tao ngudn nudc tudi cho gan 1,1
triéu ha dat nong nghiép, cap khoang 1,5 ty m®
nudc cho sinh hoat, cong nghiép, phan bd tai

dién, nuodi cé, du lich...), hd chaa duoc xay
dung nhiéu trén thé gidi. Theo thong ké ctiia Bo
NN&PTNT, tinh t6i ndm 2020 nudc ta da xay
dung duoc 7.169 dap, ho chua thuy loi, trong

Ngay nhin bai: 24/6/2021
Ngay thong qua phan bién: 16/7/2021

45/63 dia phuong trén ca nude [1].

Trong qué trinh van hanh, do bién d6i bat
thuong cta dieu kién khi hau va cac thay doi bat
lgi vé nguon nudc tir thuong — ha luu dan téi
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nhu ciu birc thiét 1a can phai nang cép dap hién
c6 dé tang kha nang trit nudc va diéu tiét Iii cia
hd chira. C6 nhiéu giai phap co thé duoc ap
dung dé thyuc hién duoc nhiém vu va dat duoc
muc ti€u nay. Cac giai phap dugc chia thanh hai
nhom: (1) giai phap cong trinh kién c¢d va (2)
giai phdp cong trinh di dong. Giai phéap cai tao
nang cao ngudng tran, dap bang cic cong trinh
kién cd (ton cao ngudng, cai tao cira van..)
thudng chi dugc xem xét ap dung véi cac hd
chira quy moé 16n, can tran xa i lam viéc 6n
dinh, 1au dai. Nhitng giai phap nay thuong thi
cong twong dbi phire tap hon so v6i mot sb hinh
thirc cong trinh tam, thoi gian thi cong tuong
dbi dai, thuong phai yéu cau kém theo 1a ning
cao cao trinh dinh dap, stra chira két ciu cua
tuyén tran (ddc nuéc, tiéu ning...) cung voi
nang cép ngudng tran. Ngoai ra, chi phi xay
dung cho cac giai phap nay ciing thuong kha

cao dic biét v6i nhirng hd chira khong cho phép
nang cac MNLTK va MNLKT (c6 thé lién quan
dén ngap lut thuong luu, dén bu dat, hoic yéu
cau k¥ thudt cta cao trinh dinh dap...).

Tir nhitng nam 70 cua thé ky trude, Vién Khoa
hoc Thuy lgi Viét Nam da nghién ctru céc giai
phép nang cao ngudng tran st dung cac cong
trinh phuy, tam di dong. Mot $6 cong trinh ti€u
biéu nhu dap tu lat (tran cau chi), ctra van tu
dong lat, dap xép tu dong va dap ban lat tu dong
[2] [3]. Téi nay, do nhiéu nguyén nhan chii quan
va khach quan, viéc ap dung va nhan rong cac
giai phap nay con han ché. Riéng véi nghién
clru m&i nhat 1a dap ban 1at ty dong (thuc hién
nam 2017), cong nghé chua cé ing dung trén
thyc té, mai chi thi nghiém cho 01 don nguyén
ban lat.

Hinh 1: Hinh énh minh hoa ba chiéu két cau dap ban lat ty dong. Chi tiét cau tao cia dap bao g&m:
(1) Ban mat, (2) Suon cho”'ng; (3) Truc quay, (4) Truc khuyu;
(5) Thanh truyén; (6) Lo xo; (7) Hop ky thudt
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Hinh 2: Cua van cao su ban mat khi (a) ho tich nwéc va (b) ho xa nuéc hodc khdng hoat déng
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Tir thye té trén, nhom téc gia chon nghién ctru loai
hinh ctra van Cao Su Ban Mat (CSBM). Loai hinh
clra van ndy cd cdu tao tir cac tAm ban mat thép
duoc hd trg dong mo 1én xudng nhd cac tai khi
nén & ha luu. Nho vao viée khéng ché ap suat
trong tai khi, myuc nude trong hd c6 thé thay doi
dua vao chiéu cao dong mé cia cira (Hinh 2).
Loai hinh ctra van nay da dugc cong ty
Obermeyer ding ky bao ho ban quyén sang ché
tai My [4] . Va qua nhiéu nim kinh nghiém xay
dung céc cong trinh cira van, chiéu ngang 16n nhat
(B) ciia mot don nguyén duoc khuyén céo 1a
khoang 10 m.

Trai qua qué trinh ing dung & nhiéu nudc trén
thé gidi, nghién ciru cua cong ty Obermeyer vé
clra van cao su ban mit da c6 nhiéu thay doi va
cai tién, 4p dung dudi nhiing cai tén khac nhau,
nhung ban chét hoat dong cua hé théng ctra van
CSBM van bao gdm cac phan chinh d6 1a ctra
van thép, tai khi va hé théng bom khi (Hinh 3).

Hinh 3: Cira van CSBM sang ché bdi cong ty
Obermeyer dwoc sir dung ¢ dap tran cua nha
may thuy dién Achwa Il (Uganda)

Qua kinh nghiém xay dung, quan ly va van
hanh, loai hinh ctra van CSBM da ching minh
duogc tinh hi€u qua trong viéc kiém soat muc
nudc. Khac voi cac loai hinh ctra van thép
truyén thong, thay vi cac hé théng nang ha co
khi nhu ctra van truyén thng, cira van CSBM
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dugc trg lyc boi cac thi khi nén. Do d6 cong
trinh 4p dung loai hinh ctra van nay thuong co
tinh hiéu qua vé mit kinh t& nho giam duogc yéu
cau cao vé xur Iy nén mong. Viéc thiét ké thanh
timg m6 dun cho phép linh dong thay thé timg
bd phén cua cira ma khong can thay thé, hodc
lam anh hudng dén ca hé théng. Piéu nay lam
giam chu ky dau tu von va giam thoi gian ngimg
sir dung cta cong trinh do sira chira. Hon thé
nira, viéc thi cong ctra van loai nay trén mat dap
bé tong da xay dung tur trudc don gian, khong
yéu cau xdy dung tru bén; thoi gian thi cong
nhanh. Nho vao cic wu diém trén, ctra van
CSBM duogc tng dung cho nhiéu linh vuc: trit
nude, phat dién, kiém soat dong chay, ngin I,
tuoi tiéu, giao thong...

2. NGUYEN LY LAM VIEC VA NGHIEN
CUU LUA CHON VAT LIEU CHE TAO

2.1. Nguyén ly lam vi¢c caa cira van CSBM

Hinh 4: So dé md ta nguyén Iy 1am viéc cua
cira van CSBM

Nguyén 1y hoat dong cua cira van CSBM thé
hién nhu trong Hinh 4. Gia st tAm thép (ban
mit) 13 cing tuyét d6i, va chi quay quanh khop
gan voi mit tran (khop hai lién két). Hoat dong
ctia tim thép hoan toan phu thudc vao hinh dang
ctia tai khi va ap suét khi bom trong tai. Khi tii
khi dugc bom cang, ban mat dugc nang Ién mat
goc md (a) so voi mat ngang, muc nudc trong
hd dang t&i cao trinh thiét ké va chay tran vé
phia ha Iuu. Khi giam ap suat, t4i khi xep dan
dan toi ha 46 md ban mit (goc o giam), nudc
trong hd dugc x4 vé phia ha lwu. Khi géc mé a
= () thi tai khi duoc thao hoi hoan toan, ban mat

TAP CHi KHOA HOC VA CONG NGHE THUY LQ!I SO 67 - 2021 3



|  KHOAHQC

(of0] e} \[e]3]2

ha thdp cham mat tran, ngudng tran quay trd lai
hinh dang ban dau.

2.2. Lwra chon vat liéu ché tao cira van CSBM

Ban mit: vat lidu chon bang thép khong gi theo
TCVN 8299:2009 [5] hoac vat liéu composite
theo TCVN 10407:2015 [6] (néu xem xét ché
tao ban mat béng vat liéu composite). Trén thé
gi6i, kich thuéc ngang ctia moéi don nguyén cira
van c6 thé 1én t6i 10m, nhung khi d6 yéu cu vé
vat liéu lam cira van va tai khi yéu cau 16n hon,
ddac biét khi dung cho cac don nguyén cua van
co bé rong mat cit 1én. Do d6, nhom tac gia
khuyén nghi kich thuéc chiéu rong x chiéu cao
(B.H) ctia mdi don nguyén khong qua 2,0 x
2,0m.

Tai khi: yéu cau ti khi phai c¢6 tudi tho cao,
chiu duoc ap suét khi 16n dé nang ctra van dudi
ap luc cua ct nudce va trong lugng cira van, dap
ung duoc dac diém van hanh bom — x4 lién tuc
va bén v4i méi trudng nude. Nhom tac gia dé
xuét loai ti khi ché tao bang cao su tong hop
chiu dugc ap suét khi 16n.

Trong thuc té, dang thi khi cao su chiu 4p luc
16n thuong duoc dung trong viée giam chan —
penumatic rubber fender (dung trong nganh
cong nghiép tau thuy, chéng va dap gitra than
tau va bén ciu tau; dung dé ha thuy tau) hoic
ding dé nang ha céac két cau c6 trong luong 16n
(pneumatic lifting bag). Céc loai vat liéu ché tao

cao su dang nay thich hop vdi diéu kién lam
viéc cua cong nghé cura van CSBM, tuy nhién
¢6 su khéac nhau vé hinh dang tuy vao diéu kién
str dung. Trung Qudc 1a nude san xuit 1on nhét
v6i cac lya chon da dang vé hinh dang tai khi
va vat liéu cao su dac thu [7] Tai Viét Nam
cling c6 mot s6 cong ty cung cip san pham loai
nay nhung phan 16n 1a don vi phan phdi chu
khong truc tiép san xuit. Kich thudc tai khi
chon theo kich thudc ctia ban mat, véi chiéu dai
tai khi t6i da bang chiéu ngang cta ban mit (B
<2m)

3. NGHIEN CUU THi NGHIEM MO HINH
VAT LY

Pé nghién ciru, danh gia kha ning hoat dong
ctua cong nghé cira van CSBM va tinh kha thi
ap dung tai Viét Nam, nhom tac gia da tién hanh
thi nghiém moé hinh vat 1y ty 1€ 1:2 tai Trung
Tam Nghién Ctu Thiy Lyc thudc Phong Thi
Nghiém Trong Piém Quéc gia vé dong luc hoc
song bién, Vién khoa hoc thuy loi Viét Nam.
Vat liéu ché tao cac bod phan ctra van (tAm thép,
tai khi, hé théng bom khi va hé thong kin nudc)
dugc phan tich lga chon dya theo hai ti€u chi
(1) dam bao tinh k¥ thuét (d6 on dinh) va (2)
tinh kinh té (vat liéu gia thanh hop 1y, pho bién
tai thi truong Viét Nam). Cac bo phan chinh cua
mo hinh ctra van CSBM duoc chi ra & hinh 5
gom co:

Hinh 5: Hinh anh chi tiét cdu tao cira van ldp dat tai khu viee thi nghiém

Ban mit: ché tao bang thép day 3mm, co hé
théng gan ting cimg. Chia lam 02 don nguyén,
c6 giodng cao su kin nudc. Kich thudce tong thé

ban mat BxH = 1,0mx1,0m; kich thuéc mdi don
nguyén la 0,5mx1,0m
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Tui khi: gia cong bang cao su hai 16p véi ap sudt
bom tdi da cho phép 1a 7 atm = 710 kN/m?, kich
thude mdi tai 1a DXL = 350mmx 150mm;

Hé théng may bom khi va do 4p suit;

Heé thdng tang do: khdng ché d6 mo tdi da cua
ban mat.

Két cau duge cb dinh vao ban mit bé tong béng
bu 16ng va kin nudc bang cac tam cao su.

3.1. Kich ban thi nghiém

Thi nghiém md phong hoat dong cta ctra van
CSBM trong hai truong hop (1) hd tich nuée va
(2) hd xa nudc. Trong trudng hop hd tich nude,
nudc dugc bom vio bé chira, ddng thoi khi
duoc bom vao lam cang tui cao su, ban mat cua
van duoc nang 1én tir tir. M ctra didu tiét tir bé
chira & nudc vao hé théng mang thi nghiém.
Khi myc nudc trude dap dat dén cao trinh muc
nudc thiét ké, diéu chinh ap sudt ti khi cao su
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P & mot gia tri ¢b dinh va duy tri (tng voi muc
nuéc thiét ké), tir 46 xac dinh duoc do mo cia
cua van (o) tuong ung véi luu lugng (Q) hodc
cOt nudce tran qua dap (H). Dung dép tran thanh
mong b tri phia cudi bé dé xac dinh luu luong
chay qua mo hinh.

Trudng hop xa nude: Giam dan 4p suit trong
tai khi, voi mbi ap suét P ta do dugc do mo cua
clra van (o) tuong ing véi mdi luu luong (Q)
hodc cot nude tran (H) khac nhau. Dung dap
tran thanh mong phia cudi bé dé xac dinh cac
truong hop luu lugng chay qua mo hinh.
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Hinh 8: Dong chay trong mang nhin tu thuong lwu, tir trén cao va ter ha luu

Céc thong s6 can do dac: luu luong nudc téi Q, cot

nudc truegC va sau cira van, dd md cira van (o),
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khoang cac tir tam quay O t6i diém tiép xdc giita
tli khi va ban mit; va ap suat bom khi.

3.2. Phén tich két qua thi nghiém

Su 6n dinh trong van hanh cuia ctra van thé hién
qua kha ning chiu luc cua tai khi. Dé don gian
hoa so do tinh toan, coi tai khi ludn giit tiét dién
hinh tron va tiép xUic v6i clra van tai mot diém.
Theo dinh luat 3 Newton, ap luc ctia ctra van tac
dung 1én tai khi bang ap phan lyc cia tai F.
Phan luc Ft nay gitt cho hé thdng can bang dudi
tac dong cua trong luong ban than va ap lyc tac
dong 1én ban mat. T phan lyc Fy, tinh toan
duogc stc cang cua tui khi.

Hinh 9: So do tinh todn luc tac dung lén cura van
Céc luc tac dung Ién ban mat bao gém: trong
lugng ban than ban mat, ap luc nude va luc déy
cua tai khi (Hinh 9). Luc Ft dugc tinh toan tur
phuong trinh can bang md men ctia ban mit tai
diém khop quay O:

1
FL, =P (E L) cosa+ F,L,

Tur d6 tinh Fy theo cOng thuc:
__ PLcosa+2E,L,
e 2L,

Trong do:

Ft. phan luc cua tai khi tac dong 1én ban mat (KN);
P: trong lugng ban than ban mat (kN);

Fn: tong &p luc nude 1én ban mat (kN);

L: chiéu dai ban mat (L = 1,0m);

Ln: khoang cach tir diém dit luc Fo toi khop
quay O (m);

Lt: khoang cac tir diém dit luc Ft téi khép quay

O (m).

Tuong quan giita goc mé& a va luc Fr duoc thé
hién nhu trong cac Hinh 10, Hinh 11 tuwong Gng
vai trueong hop tich nudc va xa nudc.

Hinh 10: Twong quan giira goc Mo a va luc
Ft khi tich nuoc

Hinh 11: Tuong quan giita go0C Mo a va [yt
Ft khi Xa nuoc

Ft 6 xu huéng tang khi goc mé o ting, diéu nay
hop ly trong thyc té. Gia tri 16n nhét coa Fy =
2,7kN khi o = 60° va 4p suat bom 1a 4,0atm =
405,3 KNm trong truong hop tich nudc. Gia
thiét luc tac dung Ién tai khi gay ra luc cing
phan b déu trén bé mit thi, ta tinh dwoc ap suat
trong tai khi la :
Fy

2,7
——+405,3

+ Foom kni = 035

Sbé mat
=413 kN -

Pt6ng =

Trong d6 Ping 14 &p suit trong tai khi gay ra do
tong hop luc cua ap suat bom va luc tac dung tir
ban mat; F vom kni 4P SUAt bom.

Pténg << [P] = 710 KN/m?kNm2 — vat liéu ché
tao tii duoc chon dap tng duoc yéu cau veé tai
trong, khéng bi phé hay trong qué trinh su dung
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dung nhu thuce té. C6 thé chon loai vat liéu khac
€0 strc cang gidi han nho hon dé giam gia thanh.
Tur phuong phap tinh toén kiém tra do an toan
cua tai ’khl', ta co thé d¢ xuat quy trinh chon vat
liéu ché tao tai khi nhu sau:

Tinh toan phan luc tur thi 1én ban mat Fy
V& duong quan hé Frva goéc mo a

Tuy theo diéu kién van hanh cira van, chon gia
tri Ftthich hop, tinh todn &p suat tong gay ra
trong tdi khi

Chon loai vat liéu ché tao tui khi c6 gié tri &p
suat bom cho phép 16n hon &p suat tong da tinh
toan.

4. KET LUAN

H6 chira dong vai trd quan trong trong viéc phat
trién kinh té, x4 hoi cua nudc ta (tinh t6i nam
2020, ca nudc da xay dung va dua vao van hanh
hon 7.100 ho chua, dap thuy loi). Trong qua
trinh van hanh, do bién d6i khi hau va cac thay
d6i tir thugng — ha luu dan t6i nhu cau nang cap
dap hién co dé tang kha nang trir nudc va diéu

TAI LIEU THAM KHAO
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tiét 1o ctia hd chtra. Cong nghé ctra van CSBM
d3 duoc dua vao ung dung phd bién trén thé
gidi, va ching minh dugc tinh hiéu qua vé kinh
té, k¥ thuat va van hanh. Trong bai bao nay, cac
tac gia tong quan dit vin dé va budc dau gidi
thiéu nhitng nghién ctru vé nguyén 1y hoat dong
va cach lua chon vat liéu ché tao cac bd phan
cua van. Kha nang van hanh cua giai phép ctra
van CSBM duoc tiép can danh gia va nghién
clru bang mot thi nghiém mé hinh vat 1y. Két
qua thi nghiém moé hinh cho thiy cira van
CSBM hoan toan kha thi va dap tng duoc cac
yéu cau ky thuat trong viéc nang cao muyc nudc
- thdo nude. Cac két cau co kha niang lam viéc
on dinh. Cac bd phan cua cua co thé duge lua
chon dé dap g cac yéu cAu ca vé mat ki thuat
va mat kinh té. Tiép theo ddy, nhom tac gia s&
tap trung hudng téi viéc nang cao hi¢u qua cla
giai phap bang viéc nghién ctru tdi wu viéc lua
chon loai vat liéu ché tao tai khi, thiét ké co tinh
tGi do bén ciia cac duong han tai. Ngoai ra dé
giam nhe tai trong tc dung lén tui, ban mait ctra
van c6 thé dugc nghién ctru ché tao st dung vat
liéu composite thay cho vat li¢u thép.
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