31
TAP CHi KHOA HOC CONG NGHE GIAO THONG VAN TAI, SO 30-11/2018

PHAN TIiCH TOI UU KET CAU CAU DAN
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OPTIMAL BRIDGE DECK STRUCTURES ANALYSIS
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Tom tit: Két cdu cau dan tau hai than déng vai tro quan frong trong Viéc dambdo dé bén ngang
than tau. Trong thiét kéva tinh toan két cau, théng thuong nguoi thlet ké dra vao cac cong thire thuc
nghiémgan diing hodc theo huong ddn cua quy pham, tiéu chudn quac gia. Ngay nay, vdi sw phat trien
mgnh mé cua cacphu’ongphap so, phantich hi¢n dai véi su tro gilp cua may tinh, cac két cau phuic
tap dd dan dwoCtoi wu, givip than tau tré nén nhe hon, toc dé cdi thi¢n hon va surc cho tang lén. Bai bao
nay tap trung nghién ciu ly thuyét toi wu dp dungvao thiét kékét cau cau dan cho tau khéch hai than.
Két qua nghién cizu c6 thé duoc ung dung rgng rai cho cac chung logi tau tuong tu.

Tirkhoa: Toi uu, két cdu cau dan, tau hai than, phan tich phan ti hiu han, @6 bén két cau tau.

Chi sé phan logi: 2.1

Abstract: The bridge deck structures play an important role in transverse strength of ship
structures. In ship structural design, the designer often bases on experiment formulae or under the
guider of classification society. Nowadays, with the strong development of numerical method and
advanced computer analysis technique, the complicated structures are optimal analyzed, reducing the
hull weight, increasing the ship speed and improving the deadweight. The present paper focuses on
studying optimal theory in design the bridge deck of catamaran passenger ships. The obtained results
are widely applied in similar ship types.

Keywords: Optimization, bridge deck structures, catamaran, finite element analysis, strength of
ship structures.

Classification number: 2.1

1. Giéi thi¢u 1780 .

Tau hai than v6i hinh dang két cdu dic
trung, dugc sir dung rong rai trong nganh cong
nghip van tai thiy, dac bi¢t 1a van tai hanh
khach. Uu diém ndi bat cta loai tau ndy 1 co
dién tich mat boong rdng, giam surc can va tang
kha ning can bang va on dinh ngang. Trén thé
gi6i xudt hién ngdy cang nhiéu hinh thuc két
céu khac nhau, tuy nhién van c6 nét chung do6
1 hai than vo kich thudc giong nhau duoc ndi @
v6i nhau boi mdt cau ndi trén boong (hinh 1). PR R A

Chinh viéc b6 tri két cdu niy gitip cho cic jomeme e  AILGITETLELE SRR ‘
nha thiét ké giai toa nhitng lo ukhi cAnkhéng
gian trén boong nham bd tri chd ngdi hanh i
khéach sao cho that su thodi mai va rong rai. Di L : s
kém voi nhitng uu diém nay 14 thach thiac khi
phan tich tinh toan cho d6 bén cuc bo dan
boong, trong do dac biét quan tim dén do bén

ngang cta két cau cau dan hai than. Day ciing [
ld chil d&& dwgc nhiéu nha khoa hoc trong linh [ '
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Hinh 1. BS tri cdu ddn tau hai than.
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V6i két cau ngang, ndi giira hai than tau,
cAu nbi chiu tai trong boong, thoi tiét, nude hit
tir phan nim duéi cau nbi khi chuyén dong, tai
trong hanh khach, hang hoéa trén boong la
nguyén nhan giy ra udn tau. Bén canh do, khi
than tau chay trén song, hai than khac nhau s&
c6 mén nude khéc nhau, dan t6i két cau cau
ndi s& bi xodn. Bai toan phan tich két ciu cau
ndi da duoc giai quyét bang céch tinh toan theo
phuorng phap co dlen, trén co s& su dung ly
thuyet uon, xodn dam trong cac tai liéu Ve co
hoc két cdu tau thity va strc bén tau thily ton tai
dén ngay nay [1 - 3].

Cing v6i sy phat trién cua cic cong cu
tinh toan hién dai va kha nang xu ly cac bai
toan co hoc phuc tap, nguoi thiét ké hién nay
co thé vira phén tich két ciu, vira co thé két hop
t6i wu hoa két cau. Phuong phap phan tir hiru
han ra doi dua nganh Co hoc phan tich budc
sang trang mdi, bén canh do, cac thuat toan tbi
wru két cAu nhu t6i vu hinh hoc Topology, di
truyén (Genetic Algorimth), ... ddhd trg manh
mé cho giai doan nghién ctru phat trién céac
hinh thai két ciu sang tao, ngoai quy chuén,
quy pham [4, 5].

Bai bao nay tap trung giai quyét van dé
phan tich d6 bén két ciu cau dﬁn pha khach hai
than, ung dung thuat toan t6i wu két cu gitp
nguoi thlet ké co giai phap gia cuong nhitng
ving yéu, dam bao an toan trong van hanh khai
thac vé phuong dién d6 bén ngang va do bén
cuc bo. Cac két qua nhan dwoc tir mé hinh tinh
toan, trén co s¢ cac huéng dan ciia ding kiém
DnV — GL, két hop céc cong cu phan tich két
cdu nhu ANSYS va cong cu giai bai toan tbi
uu theo MATLAB [6 - 10].

2. Phwong phap nghién ctru

‘ Dumng mé hinh phan tir két ciu ‘

‘ Giai bai toan co hoc két cau

Piéanh gia 46 DPanh gia 46
bén 6n dinh

Théa man
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Phan tich t6i Xuat két qua
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Hinh 2. So dé thudt todn téi uu két cdu cau dan.

Trén co so phan tich d6 bén két ciu toan
bo cau din ciia pha khéch hai than, két qua cho
biét nhirng viing nguy hiém, tap trung rng suat
hay d6 vong Ién, bén canh do lai cé nhirng
ving két cAu du bén nhiéu. Tién hanh t6i wu
ving két ciu, Vi trong lrong cau dan nho
nhat nhung cac vimg dam bao bén (hinh 2).

3. Phan tich d bén két cau tau hai
than

Két cau than tau chiu cAc trang thai tai
trong phuc tap, theo céac tai liéu hudng dan
tinh toan hién hanh [4], so d6 tinh toan bén
chung duoc trinh bay theo hinh 3 duéi day:

Puoi tau

Phan b6 khéi hrong theo
gia toc chuyén dong

M_ Ap sudt thity tinh
Biéu kién bién tic dung lén day

khong ché chuyén tau xung quanh
vi ciia thin clmg LCG

Hinh 3. Tinhtoan bén chung khi tau trén dinh séng.
3.1. M6 hinh phén tich

Bai bao sir dung m6 hinh pha khach hai

than, voi céc thong sé két cau cau dan co ban

duoc trinh bay trong bang 1. Két cau mat cat

ngang cau dan ndi hai than dwoc trinh bay chi

tiét nhu trong hinh 4. Trén co so két cau co

ban, tién hanh gan xay dung md hinh 3D md
ta chi tiét két cau nhu hinh 5.

Bdang 1. Thong s6 co ban ciacau dan.

Chiéu dai cau dan Lcp 55 (m)
Chiéu rong cau dan Bep 41 (m)
Chiéu cao tiét dien doctam Hpt 0,98 (m)
Chiéu cao tiét dien bién Hg 15 (m)
Chiéu day tdm thanh, tim day t1 6 (mm)
Chiéu day tam boongt, 7 (mm)
Vit liéu ché tao Thép A36
| I e o Hinh 4
R Mat cdt
i / \e ngang
! 1 g .-_,.’JI,_:_.- £ keétcau
|s . mm o K Cd‘u dan
; . 7’ : hai than
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Hinh 5. M6 hinh két cdu cdqu ddn.

Tt ca cac phan tir tim vo duoc chia dang
tAm vo chir nhat SHELL 181, cac co ciu dam
duoc sir dung loai phan tir hai ndt, su bac tu
do BEAM 188, duoc thé hién trén hinh 6.

Hinh 6. M6 hinh chia lwéi phan tir ving tinh toan.
3.2. Phan tich diéu ki¢n bién va tai
trong
Piéu kién bién ap dung cho md hinh mat
cat ngang tau hai than noi chung, coi cac nat
ket cau la cac goi do dan hoi, duoc theé hién
trén hinh 7.

o—¢

2 A
Hinh 7. Piéu kién biéntinh toan.
Do ciring cua goi d& dan hdi théng thurong
duoc xac dinh theo cong thirc (1) nhu sau:
E
Kee—
2,6(n+1)l

8A

@)

Trong do:

I: Khoang céch gitra cac vach ngang;

n: S6 nut dat tai tac dung doc theo két
cau;

As: Dién tich chiu cat cua két cau.

Déi voi cac két cau khung ngang khoe,
khi duoc lién két vsi sbng doc boong, song
doc day hay vach doc, do ctrng cua goi d& dan
hoi duoc xac dinh theo cong thirc (2) sau:

E
K= 2
(n+1)I* 2,6(n+1)l @)
+
3841 8A

Trong cong thirc nay, 1 la md men quan
tinh tiet dién mat cat ngang thuc té (rng voi
truc trung hoa cta no.

Vi trd dat lye
tap trung A

MAN /

MAN

Hinh 8. So d tdi trong tac dung 1én tau.

Tai trong tac dung 18n md hinh tau cao toc
néi chung bao gom trong lrong ban than, ap
hrc nwdc ngoai vo tau, ap hec hanh khach va
hang hoa, cac trang thai tai trong phan tich
duoc thé hién nhu trén hinh 8. Céc trang thai
tai theo bang 2. Nhu vay, ap dung cho tau hai
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than, nguoi thiét ké can phan tich sau trang

thai tai trong tir LC 1 dén LC 6.
Bdng 2. CAc trgng thai tai 4p dung cho tau cao téc.

Trang | Tén trang théi tai Ap dung
théi

LC 1 | Trén nuéc tinh Mt than/ nhiéu than

LC 2 | Udn tau khi vong | Maotthan/ nhiéu than
Ién

LC 3 | Uodn tau khi véng | Motthan/ nhicu than
xuong

LC 4 Luc tachngang Nhiéu than

LC 5 | Xoan tau khi chui Mot than/ nhiéu than

LC 6 Uon xoan dong thoi | Nhiéu than

Bai bao phan tich bai toan cuthé cho tinh
toan ket cau cau dan tau hai than, tap trung xac
dinh ving nguy hiém theo tai trong boong
(KN/m?) gan nhu hinh 9, duoc tinh toan theo
cong thirc sau:

pv:pH(go+O’5av) 3

Trong do:

p: Ty trong ciia nuéc bien (t/m?);

H: Chidu cao cot &p (m)p;

go: Gia toc trong truong (9,81 mis?);

av: Gia toc chuyén dong thang dung cua
tau (mvs?).

002778

Hinh 9. Gan tdi trong boong tac dung 1én cau dan.
3.3. Thiét lap bai toan t6i wu két cau
Can ¢t VAo gia tri md men uén, hrc cat

nhian dwoc tir mod hinh phan tich trén day, tién
hanh xdy dung ham muc tiéu xac dinh kich
thude két cAu mat cat ngang cia cau dan sao
cho trong hrong dat nhé nhat, thoa mén diéu
kién bén va on dinh. Tiét dién mat cit ngang
cau dan c6 dang chir I, duoc thé hign cu thé
nhu hinh 10. Ham muc tiéu xac dinh kich
thuéc toi wu theo cong thirc (4):

F =ht+bt — min 4)

b

¥
N
~4 LY
/
4
N/
<} £
L= |
'

Hinh 10. Tiét dién mat cdt ngang cau dan.

Céac ham rang buoc phi tuyén duoc thiét
lap tur cac dieu kién phéan tich, cu thé nhu sau:

- Tiéu chuan bén uén, ham g1:

M M
O-:?—O'au:’gl:?_o'augo ()
- Tiéu chuan bén cat, ham g:
Z'Zﬁﬁfa” =0, :%—Ta" <0 (6)

- Tiéu chuan 6n dinh, ham gs:
%£m0:>93:%—m0£0 (7)

- Tiéu chuan cong nghg, ham ga:
t>t,=g9,=t,-t<0 (8)
- Tiéu chuan 6n dinh cuc bo, ham gs:
ESnO:gS:E—nOSO )
1 tl
- b6 vong cho phép, ham ge:
d<d,=g,=d-d, <0 (10)

Trong do:

o: Ung suat phap;

7. Ung suat tiép, chi s6 dudi all chi gia tri
cho phep;

S: MG men tinh dign tich mt cat,

A: Dién tich tiét dién;

t: Chiéu day ban thanh;

h: Chiéu cao ban thanh;

Cac chi s6 0 thé hién tiéu chuan cho phép
theo kinh nghi¢m.

4. Két qua va thao luan

4.1. Ung suat

Két qua theo tinh toan véi tredng hop tai
trong boong tac dung Ién ket cau cau dan ¢
trang thai nguy hiém nhat, gia tri nhan dugc
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lon nhit ceqv = 42,93 MPa, nhu hinh 11,
trong khi d6 ¢ng suit phap o = 27,25 MPa
(hinh 12) va ung suét tiép 7= 7,65 MPa (hinh
13).

Hinh 11.Ung suatvon Mises trén mdt cau dan.

ANSYS
R17.2

Hinh 12.Ung sudt phap trén mat cau dan.

ANSYS
w72

7.64561 824767 TR FRTT 550674

Hlnh 13 Ung SUattlep trén mat cdu dan

4.2. Chuyén vi

Gia tri chuyén vi I6n nhit duoc xac dinh
khi phén tich md hinh, dmax =2,27 mm la nho
so V6i két cau chung toan cau dan (hinh 14).

Cac gia tri noi lec va chuyén vi la dix lieu
dau va,o cho bai toan 101 uy, trén co sO cac ham
da thiet lap tr g1 dén ge (cong thuc (5) dén

(10)), dung ham rang budc tdi thiéu Fmincon
trong MATLAB, ching ta nhan duoc ket qua
to1 uw

1.00851 T.5L2T7 _  2.01703 .

Hinh 14.Chuyén v; trén mgt cau dan

5. Két luan

Bai bao nay tap trung phan tich d6 bén két
cau cau dan, xdy dung md hinh tinh toan téi
wu két cau duwa trén cac céng cu hd tro hién
dai. St dung ANSYS dé phan tich két ciu va
MATLAB dé chay thuat toan toi uu co sir
dung ham Fmincon. Phuong phap nghién ctru
nay c6 thé md rong ap dung cho két cau céc
cong trinh tuong tu, giip nguoi thiét ké va
phan tich két cdu nhanh chong dua ra giai
phép tdi uu, giam trong lwong con tau, nang
cao hiéu qua kinh té O
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