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NGHIEN CUU TOI UU KET CAU HE GIAN ONG THEP
CUA VAN PHANG KEO PUNG LAM VIEC HAI CHIEU

Tran Xuin Hai', Vii Hoang Hung’

Tém tit: Duca trén nhitng nghién civu vé toi wu hinh dang gian ong thép trong cong trinh xdy dung, bai
bdo dd cdi tién hinh thirc két cau gidn ong thép cia cira van phang kéo dimg dé ddp imng yéu cau lam
viéc hai chiéu trong cdc cong trinh kiém sodt nude ving dong bang song Ciru Long. Trang thdi lam viéc
ciia gian dwoe danh gid hiéu qua thong qua so sanh vé do cimg véi két cdu gian thuong ding hién nay
trong cung mot diéu kién vé kich thude, vit liéu, trong lwong va chiu tdi. Ngodi ra doi véi két cau gian
ong thép ciing di duwoc tinh todn toi wu vé vi tri va kich thude dé giam trong lwong ban than. Cdc két
qud nghién ciru dwoc thue hién trén mé hinh 3D véi s tro' giip ciia phan mém ANSYS véi so liéu dau

vao dwoc lay tie ciea van phang cong Cdi Lon - tinh Kién Giang.
Tur khoa: ctra van phang kéo dirng, to1 uu, cong Cai Lon, lam viéce hai chicu.

1. PAT VAN PE

Ctra van phéng duoc st dung rong rai hién nay
thuong 1a két cdu dam bung dic c6 nhip khong 16n.
Nhimng nam gan ddy cung véi sy phat trién cia
kinh t& xa hoi, cac cong thuy lgi c6 quy mo cang
ngay cang 16n, di cung véi do 1a cac cua van cling
c6 kich thude cang ngay cang 16n, dién tich 16 cng
c6 thé dat dén nghin mét vudng, ap luc nude cd thé
1én dén nghin tan. Vi vay két cdu cira van dang dam
bung dic kho dap tGng dugc yéu cau. Cira van
phing hinh thirc két céu gian ong thép khong gian
dang co xu hudng phat trién va dang dan hoan
thién. Mot s6 cong trinh ¢ Viét Nam hién nay da sir
dung hinh thirc cira van nay voi nhip 16n nhat 1én
dén 40 m dién hinh nhu: ctra van dap dang ha luu
song Tra Khic 37,8 x 5,0 m; cira van cbng ngin
tridu Muong Chubi 40,0 x 13,0 m; cira van céng
ngin triéu Phu Xuan, Tan Thuan 40,0 x 8,5 m; ctra
van céng Cai Lon 40,0 x 9,0 m; ctra van céng Cai
Bé 35,0 x 7,5 m ... va hang loat cbng thudc du an
quéan 1y nudc Bén Tre déu st dung loai cira van nay
(Vii Hoang Hung, D6 Vin Hira, 2018).

Mic du loai ctra van nay duogc st dung kha
nhiéu trong cac du an kiém soat nuGc hai chiéu
viing ddng bang song Ctru Long nhung hinh dang

" Vién Khoa hoc va Péi moi Cong nghé;
? Khoa Céng trinh, Truong Pai hoc Thity loi
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két cAu van theo hinh dang két cdu cua cira van
song Ems cia Puc. Vi vay dé dap ung tt kha
ning chiu luc hai chiéu trong diéu kién viing dong
bang song Ctru Long thi can thiét phai nghién ctru
thay d6i hinh thire két cdu hé gian dng thép va toi
wu kich thuéc mat cat thanh gian dé giam nhe
trong lugng ctra van. DPay la ndi dung chinh cua
bai bao nay.

2. PE XUAT CAI TIEN HINH DANG KET
CAU HE GIAN ONG THEP TRONG CUA
VAN PHANG KEO PUNG

2.1. Co sé dé xuit

Hinh thirc két cau hé gian trong ctra van phing
kéo dimg vé& nguyén 1y déu dya trén hinh thirc két
cau gian 6ng thép trong cong trinh xay dung. Két
cau gian 6ng thép c6 thé 1a gian phang hodc gian
khong gian chiu hoat tai mai hodc tai trong gio...,
tai trong nay noi chung kha nho. Con trong két cau
cua van thép cong trinh thiy loi, clra van chiu tac
dung cua ap luc thiy tinh va céc tai trong khac
(nhu tai trong song, tai trong tridu...), gid tri tai
trong ndy noi chung déu rét 16n, c6 khi gap hang
chuyc, hang tram 1an hoat tai mai, ngoai ra con chiu
tir hai phia. Dong thoi diéu kién rang budc cua két
ciu ctra van cong trinh thiy loi cling rat dic biét,
thong thuong chiu rang budc hai bén khe cua, va
chiu hoat dong déng mé nén khong thé dung hinh
thirc két cau gian ong thép thong thudng ma can
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phai nghién ctru lya chon két cau cho phi hop.

Dbi voi hé gian dng thép, mot vai tac gia ciing
da tién hanh nghién ctru t6i wu két cdu. (Wang &
Zhang, 2002) (D.Wang, nnk, 2002) nghién ciru tbi
wu mit cit va vi tri diém nat dbi véi gian don gian
chiu tac dung cia tai trong phan bd voi yéu cau vi
tri diém nat canh dudi khong thay ddi, chi thay d6i
toa do diém nut cua canh trén theo phuong dimg.
Tir két qua co thé thay rang sau khi dich chuyén t6i
wu diém nat, canh trén da tré thanh hinh vom nhu
Hinh 1(a). (Lluis Gil, Antoni Andreu, 2001) d tién

AT 10m p=10k %

hanh phén tich t&i wu mdt cit va vi tri diém nat dbi
véi gian cho ¢ Hinh 1(b) va 1(c), toa do theo
phuong dimg cua diém nit canh trén va canh dudi
c¢6 thé dich chuyén trong qua trinh tdi uu . Rang
budc cua gian Hinh 1(b) 1a gbi d& & hai du, diém
nat ciia canh dudi chiu tic dung cia tai trong bang
nhau; hai dau gian Hinh 1(c) bi rang budc theo
phwong ngang, phuong ding c6 thé dich chuyén,
két cdu t6i wu déu c6 dang vom. Cac hinh dang
gian t6i uru nay 1a co s dé nghién ctru va Gmg dung
cho cira van kéo thing.
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Hinh 1. Hinh dang gian t6i uu

2.2. Pé xuit hinh thirc gian 6ng thép cho cira
van phing 1am viéc hai chiéu

Déi voi cira van co gian hinh thuc 1(a) da dugc
nghién ciru ng dung nhiéu trong thyc tién véi
thanh canh cong mot chiéu hodc hai chiéu. Pién

_Dém phu doc

SN NN

Thanh canh ha cong hai chidu

hinh la ctra van song Ems & Puc véi thanh canh
ha cong hai chiéu nhu Hinh 2(a), cira van cong
Bau Chiu & Viét Nam vé6i thanh canh ha cong mat
chiéu nhu Hinh 2(b).

_Dém phu doc

I'han.h canh ha cong mot chiéu

Hinh 2. Cvra van dang mot vom vai thanh canh ha cong hai chiéu va mot chiéu

Pbi véi cira van ¢ gian hinh thic 1(b), gian
chinh c6 thanh canh thugng, ha luu c6 dang cong
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mat c6 dang cong va duoc 4o truc tiép béi thanh
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canh thuong gian chinh nhu & Hinh 3. Pay la
dang ctra van dugc sur dung cho cong trinh Hartel
¢ Ha Lan va cong trinh dap ha luu song Dinh &
Viét Nam.

Thanh canh

_Ban mit

"[ha_n_h bung

Thanh cédnh ha

Hinh 3. Két cdu gian chinh c¢é thanh canh thuwong
va ha luu cong mot chiéu

Vi hai loai hinh thtrc ctra van kéo thiang da
duogc st dung O trén déu c6 uwu nhugc diém
riéng. D61 voi cira van dang 1 vom cong 1 chiéu
¢6 nhuoc diém chiéu cao gian 16n, khong phat
huy dugc hi€¢u qua cua cac gian phia trén; dang
vom cong hai chiéu phat huy t6i da kha ning
chiu luc cua ca gian trén va dudi. Tuy nhién ddi
v6i cira van dang nay phu hop nhit khi chiu
chénh léch ap lyc nude tir thugng luu. Péi voi
ctra van dang 2 vom cong 1 chiéu phat huy duoc
hi¢u qua khi ctra van lam viéc hai chiéu, tuy
nhién van bi han ché vé su phén tai theo phuong
dtng 1én cac vom, thich hop hon ca ddi véi cac
cua van dudi sau.

Ddi v6i cira van cong ving dong bang song
Ctru Long thuong 1am viée hai chiéu va c6 chénh
léch myc nudc khong 16n. Dé phat huy tdi da
hi¢u qua cia vom, bai bdo dé xudt str dung ctra
van hinh thirc két hop thanh cénh thuong va ha
déu cong hai chiéu nhu Hinh 4 dé giam chiéu cao
cua gian va kich thudc thanh gian.

Ban mit , Dém phu doc

Thanh l;ung

' Thanh cénh thuong, ha cong hai chidu

Hinh 4. Hinh thirc cira van dirge nghién ciru dé xudt

3. TINH TOAN CUA VAN PHANG KEO
PUNG THEO MO HINH 3D

3.1. Hinh thire két chu

Lay vi du d6i v6i két cAu cira van phing cong
Cai Lon 40x9,0 m (Vién thuy cong - Vién
KHTLVN, 2019):

Ban mat bang thép tim day 12 mm.

Gian chinh bang thép éng tron: Thanh canh ha co
duong kinh ngoai 762 mm, day 20 mm; hé thanh
bung c6 duong kinh ngoai 457 mm, day 12,7 mm.

Gian dung va gidng chéo bang thép ong tron:
duong kinh ngoai 457 mm, day 12,7 mm.

Dam ding bang thép chit T ghép, ban canh ¢
kich thudc 300%20 mm, ban bung co6 kich thudc
728x16 mm.

Dam phu doc bang thép moéng dap ngudi hinh
thang c6 ddy 16n bang 385 mm, ddy nho bang 210
mm, chiéu cao bﬁng 350 mm, day 12 mm, dat Gp
vao ban mat phia thugng luu.

Tru bién bang thép chit I ghép, ban canh co
kich thuéc 45060 mm, ban bung c6 kich thudc
870%30 mm.

Vat liéu chinh ché tao két cdu cura van béng
thép S355JR.

3.2. Truwdong hgp tinh toan

Bang 1. Cac truong hop tinh toan

TT Truong hop MN Bién MN Pong | Chénh léch (m)
1 Coban 1 (Kiém soat man KB 2050) +1,43 +0,08 1,35
2 | Coban 2 (Giir ngot KB 2050) -0,37 +0,52 0,89

3.3. Két qua tinh toan theo thiét ké

Téng trong lwong co ban cua cira van G =
185,656 T, trong do6 trong lugng hé gian 6ng thép
la 66,085 T.

Két qua tinh toan chuyén vi clra van theo
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phuong dong chdy cho ¢ Bang 2 va Hinh 5.
Chuyén vi twong ddi ciia cira van con kha nho so
v6i chuyén vi trong ddi cho phép 1/600. Ngoai ra
g suét tinh toan trong cac thanh gian ciing kha
nho so voi tng suét cho phép cia vt lidu.
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Bang 2. Két qua tinh toan chuyén vi ing véi cic trudmg hop tinh toin

—
~Iss4E-02 ELEEES] 007178 Giloee . -pisss:
_ous1za _012008 _o1e856

KET CAU CUA PEANG CAI LON 40x9.0m (TO HOP CO BAN 1)

Truong hop Chuyén vi UZ (m) Chuyén vi twong doi Nhin xét
Co ban 1 0,016896 1/2367 Pat
Co ban 2 -0,012083 1/3310 Pat

NODAL SOLUTION ANSYS NODAL SOLUTION AN SYS

STEP=1 R16.0 STEB=L R16.0|

DMX =.013129
SMN =-.012083
SMX =,422E-03

uuuuuu

Hinh 5. Phé chuyén vi theo phirong dong chdy img véi cdc truong hop tinh todn

3.4. Két qua tinh toan theo mé hinh dé xuat

Khi thay d6i két cau hé gian theo dé xuét vai
tiét dién thanh gian khong thay d6i (Hinh 6), tong
trong luwong co ban cia cira van khong thay doi
so voi thiét ké, két qua tinh toan chuyén vi tng
voi cac truong hop tai trong dugc cho & Bang 3.
Tir Bang 3 cho thay hiéu qua cua viéc thay doi
két cau hé gian lam ting d6 cimg cua cira van,
hay néi cach khac 1am giam chuyén vi cua cira
van. Ngoai ra tir két qua tinh toan cho ¢ Hinh 8
thdy rd hiéu qua chiu kéo ciia cac thanh cong ting
v6i timg trudng hop chénh 1éch nude phia bién
hay phia dong.

TOL UU KET CAU CUA PHANG CAI LON 40x3.0m (TO HOP CO BAN 1)

Hinh 6. Mé hinh PTHH cira van véi s thay doi
két cau hé gian

ANSYS

R16.0]

NODAL SOLUTION

STEP=1

SME =.015405

—
—.zagE-02 onazer 00717 o101z L013een
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TOI UU KET CAU CUA PHANG CAT LON 40x%.0m (TO HOP CO BAN 1)

ANSYS

NODAL SOLUTICH
STEP=1

SUB =3
TIME=1

vz (aVG)
RSYS=0

DMK =.011321

SMN =-.010402
SMX =,143E-03

-.010402 ~ 008059 -.005718 ENTEERH -_ooloze
-.00%23 -.006887 -.004543 -.o0z2

TOL UU KET CAU CUA PHANG CAI LON 40x9.0m (TO HOP CC BAN 2)

Hinh 7. Két qua tinh todn chuyén vi img véi cdc t6 hop tdi trong
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Bang 3. Bing so sanh két qua tinh toan chuyén vi theo phwrong dong chay

ELEMENT SOLUTION

R16.0

—
1.43063 5.8 28438, 42656.5 56874
7110.61 21329 35547.3 29765.7 63984

TCI UU XET CAU CUA PHANG CAI LON 40x9.0m (TO HOP CO BAN 1)

Truong hop Thiét ké (mm) Pé xuit (mm) Chénh Iéch (%)
Coban 1 16,896 15,405 -8,82
Co ban 2 12,083 10,402 -13,91
AN SYS ELEMENT SOLUIION AN SYS

R16.0]

—
104014

3876.6 20814.3 27753
10407.4 17345.7 24283.9 31222.1
TCI UU KET CAU CUA PHANG CAI LON 40x9.0m (TO HOP CO BAN 2)

€938.33
£9.22

Hinh 8. Ung sudt kéo trong thanh gian chinh trong hai truong hop tinh todn

4. TINH TOAN TOI UU KET CAU HE
GIAN ONG THEP

4.1. K¥ thuit tinh toin t6i wu trong phin
mém ANSYS

Trong phan mém ANSYS, tit ca cic lugng
thiét ké trong qua trinh phan tich phan tir hiru han
dwa trén ngdn ngir thiét ké tham s6 APDL nhu
kich thudce hinh hoc, dac tinh vat liéu, vi tri va d6
16n tai trong... déu c6 thé biéu thi bang tham sb
bién, chi can thay d6i cdc tham sb bién nay 13 c6
mot phuong an thiét ké mai. K§ thuat thiét ké toi
vu duya trén phan tich phan tir hitu han chinh 1a tim
phuong 4n thiét ké t6i wu dué6i diéu kién thoa man
yéu cau thiét ké. Trong thuc té thiét ké can phai
lam trong lugng, dién tich, thé tich, ung sut, chi
phi... dat d&én gia tri cuc tiéu, ddng thoi bt budc
bao dam vat li¢u lam vi€c trong pham vi cho phép,
cuong d6 va do cimg cua két ciu ciing phai dat
duogc tidu chuan an toan cho phép, dong thoi két
cau khong bi mat 6n dinh. Co thé noi phuong an
thiét ké t6i uru chinh 1a mot phuwong an thiét ké kha
thi kinh té nhit, hiéu suit cao théa man tat ca yéu
cau thiét ké.

Qué trinh phan tich tdi uu két cau dwa trén
tham sb bao gdm cac yéu cau co ban dudi day:

KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 70 (9/2020)

(1) Bién thiét ké (DVs): Trong qua trinh thiét
ké can phai lién tuc diéu chinh gia tri tham s bién
thiét ké. M&i mot bién thiét ké c6 thé co gidi han
trén va dudi dung dé quy dinh pham vi liy gia tri
ctia bién thiét ké. Bién thiét ké thuong gap co kich
thudc d6 dai, d6 cao hinh hoc... cia bd phan nao
d6 ctia két cau. Trong tinh toan t6i wu két cAu gian
ong thép, bién thiét ké 1a kich thudc gian va
duong kinh thanh gian.

(2) Bién trang thai (SVs): Thiét ké yéu cau thoa
mén diéu kién rang budc, la bién phu thude cta thiét
ké, 12 ham sb cua bién thiét ké. Bién trang thai ciing
c6 thé co gidi han trén va dudi, ciing c6 thé chi co
gi61 han trén hodc chi c6 gidi han dudi. Trong tinh
toan t6i wu két ciu gian ong thép, bién trang thai la
g suit khong dugc virot qua tng suit cho phép,
bién dang khéng duoc vuot qua bién do gisi han.

(3) Ham sb muc tiéu (Objective Function): La
bién cuc tiéu trong thiét ké, bt budc 1a ham s
ctia bién thiét ké, hay gi tri cta bién thiét ké thay
d6i s& thay ddi gia tri cia ham s6 muc tiéu. Trong
phan mém ANSYS chi c6 thé thiét 1ap mot ham sé
muc tiéu. Bién muc tiéu trong thiét ké t6i uu gian
6ng thép 1a trong lwong nhoé nhat (Vi Hoang
Hung, 2018).
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4.2. Tinh toan t6i uu

Véi kich thude gian ban dau cho & trén, tién
hanh tinh toan téi wu véi cac bién thiét ké va pham
vi thay d6i phu hop yéu cau vé cau tao:

- Kich thude gian chidu cao gian: B1 (5,0; 5,5),
B2 (4,0; 4,5), B3 (3,0; 3,5).

- Khodng céach giira hai thanh canh ha Ivu: H1
(2,25;2,75); H2 (2,75; 3,25); H3 (3,25; 3,75).

- Puong kinh ngoai cia cac thanh gian: DKO1,

DKO02, DK03, DK04, DK05 va pham vi thay d6i
duong kinh 6ng tir 200 ~ 700 mm. Giit nguyén
chiéu day thanh 4ng.

Bién trang thai duogc lya chon la ing suit cho
phép cia vat liéu thép ché tao cira van [o] =
165300 kN/m’.

Két qua tinh toan gia tri tdi wu cla cac bién
thiét ké duoc cho & Bang 4.

Bang 4. Gia tri tinh toan toan toi wu ciia cic bién thiét ké ing véi cac truomg hop tinh toin

TT Bién thiét ké Gi tri thiét ké (mm) Gid tri tinh todn toi wu (mm)
Co ban 1 Co ban 2
1 B1 5200 5055 5155
2 B2 4300 4222 4359
3 B3 3100 3388 3044
4 HI 2600 2600 2600
5 H2 3000 3000 3000
6 H3 3367 3367 3367
7 DKO1 762x20,0 252%20,0 200%20,0
8 DK02 457x12,7 312%12,7 439x12,7
9 DKO03 457%12,7 203x12,7 447x12,7
10 DK04 457x12,7 380x12,7 453x12,7
1 DKO05 457x12,7 200x12,7 423x12,7
WT 66,085 28232 T 40,653 T
— ANSYS| o i ANSYS

R16.0 R16.0,

STEP=1

SEC NUM

TOI UU XKET CAU CUA PHANG CAI LON 40x9.0m (TO HOP CO BAN 1)

Hinh 9. Két qua tinh todn t6i wu véi truong hop hop co ban 1 (ngan triéu)

108 KHOA HOC KY THUAT THUY LOT VA MOI TRUONG - SO 70 (9/2020)



ELEMENTS ANSYS NODAL SOLUTION ANSYS
TOIL UU KET CAU CUA PHANG CAL LON 40x%.0m (TO HOP CO BAN 2) TOT U0 ;(;I f':?;Uif:?Jfal:;J:N.";C;; ;le\iljj;;lm'a(:u j.l'; co EFAN 2) e ”
Hinh 10. Két qua tinh todn t6i wu véi truong hop co ban 2 (giit ngot)
Bang 5. Kiém tra diéu kién chuyén vi sau khi thiét ké t6i wu

T6 hop Chuyén vi UZ (m) Chuyén vi twong doi Nhin xét
Coban 1 0,050968 1/784 Dat
Coban 2 -0,031981 1/1250 Dat

5. KET LUAN muc tidu trong lwong gian 1a nho nhat nhung van

Tir két qua nghién ctru ¢6 thé két luan nhu sau:

(1) Khi thay doi két cdu hé gian voi viée tao
thanh cénh thugng dang vom ngugc véi thanh
canh ha nhung khong thay d6i kich thudc va trong
luong gian, do cling cua gian tang 1én hay do vong
cua gian giam khoang 10% dac biét hiéu qua khi
chiu chénh 1éch ap luc nuée tir phia ddng. Didu
nay cho thdy viéc thay d6i hinh dang két cau gian
khi chiu chénh 1éch 4p lyc nudc ca hai phia la kha
thi va ddm bao 40 tin cay.

(2) Kich thudc bao ngoai hé gian khong gian va
duong kinh thanh gian c6 thé thiét ké t6i wu voi

TAI LIEU THAM KHAO

dam bao diéu kién vé d6 bén va do ctng cua két
cau. Khi tinh toan tbi wu kich thudc hé gian cho
mdt cong trinh cy thé, trong lwong gian c6 thé giam
dugc dén 40 ~ 50% so véi thiét ké ban dau. Tuy
nhién viéc giam nay chwa xét dén yéu cau vé hinh
thirc cdu tao ciing nhu 6n dinh ciia cac thanh gian.

(3) Véi hinh thirc cira van phang kéo ding nay
c6 thé vuot nhip 1én dén 60 m hodc hon.

(4) Viéc tinh toan két cdu cira van phang kéo
dung theo md hinh két ciu thuc ba chiu co thé
thyc hién d& dang trong phdn mém ANSYS dua
trén ngdn ngir 1ap trinh tham s6 APDL.
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Abstract:
OPTIMIZATION OF STEEL PIPE TRUSS FOR TWO-DIRECTION WORKED
SLUICE VERTICAL FLAT GATE

Based on the theory of optimal structural, the paper has been improved the dimensional shape of steel
pipe truss of vertical lift gate to meet these requirements of two-way water controling at the Mekong
Delta River. The topic research on optimization of the steel pipe truss is evaluated effectively by
comparison to the common vertical lift gate using pipe truss structure in the same conditions such as,
dimension, material, weight and load capacity. In addition, the steel pipe truss structure of gate is also
optimized in terms of position and dimension to reduce the self-weight. The research results is anlyzed
on 3D models by ANSYS software and applicated of the Cai Lon’s vertical lift gate - Kien Giang
province.
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