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Tém tit

Bai bdo trinh bay két qua nghién citu dé on dinh
clia cdc co cau thuée dan boong tau thity dudi téc
dung ciia mé men uon trén nuée tinh sie dung
phiwong phdp phan tir hitu han. Pau tién bai bdo
dira ra co s6 1y thuyét vé viéc xudt hién tdi trong
nén tac dung lén co cau dan boong tau thiyy khi
than tau trén nuoc tinh. Sau do trinh bay co so Iy
thuyét dé tinh todn dé én dinh cia cdc két cau dan
boong. So do tong quan vé quy trinh thuc hién mét
bai todn phdn tich két cau sir dung phwong phdp
phan tir hitu han ciing dwoc trinh bay. Tir @6 tmg
dung phirong phdp phan tir hitu han dé nghién ciru
tinh todn 6n dinh két cau thuée dan boong tau thiyy
dieGi tac dung ciia mé men uon tau trén nuée tinh
0 cdc trang thdi tdi trong khai thac khac nhau. Bai
bao ciing duwa ra co so danh gia do chinh xac cua
két qua tinh todn thong qua nghién ciru dg hoi tu
cia lw6i khi tinh todn bang phwong phdp phan tiv
hitu han.

Tir khoa: Finite Element Method (FEM), do bén
than tau, két cau than tau, on dinh ket cau.
Abstract

The paper presents the results of the study on the
buckling of the structures of the deck of a ship
under the effect of bending moment on still water
applying the finite element method. In the
begnning, the paper presents the theoretical basis
for the appearance of compressive load acting on
the deck structure of a ship being on still water.
Subsequently, the theoretical basis for calculating
the stability of the deck structures is presented. An
overview diagram of the procedure for performing
a structural analysis problem using the finite
element method is also presented. Based on the
above theories, the finite element method will be
applied to study the calculation of the stability of
the structure of the deck of a ship under the effect

of bending moment on static water at different
operating load states. The paper also provides the
basis for evaluating the accuracy of the
calculation  results  through studying the
convergence of the mesh when calculating using

the finite element method.
Keywords: Finite Element Method (FEM), Hull

girder  strength, hull structures, structure
buckling, Eigenvalues analysis.

1. Pit van dé

Mit 6n dinh 14 su bién dang dot ngdt cua mot két
céu chiu tai nén, xay ra khi tai nén trong két céu dat
dén gia tri t6i han.

Mt 6n dinh thuong xay ra dot ngdt va co thé tao
ra cic bién dang 16n. Tuy rang khong phai ltic nao mat
6n dinh két cAu cling dan dén su pha huy hodc nit giy
ctia vat liéu, nhung mét 6n dinh van dugc coi 1a mot
dang pha hiy vi cac két cAu khi bi mit on dinh sé&
khong con kha ning chiu tai trong theo thiét ké ban
dau, kha ning lam viéc va do tin cdy cua két ciu déu
bi giam di dang ké. Vi vay viéc kiém tra 6n dinh ciia
cac két cAu noi chung va dac biét 1a két cau trén tau
n6i riéng 1a hét strc quan trong trong qué trinh thiét ké
tau dé dam bao an toan cho con ngudi va hang hoa
trong toan bd qua trinh khai thac tau.

Viéc nghién ctru 6n dinh cho két cau bang phuong
phap phan tir hitu han ciing d3 dwoc mot sd tic gia tién
hanh. Tac gia Xinyi He [1] cung cac cdng sy da nghién
ctru vé 6n dinh cho tim duoc gia cudng bang thép mo
dudi tac dung cia luc nén thuan tay bang phuong
phap thuc nghiém va phuong phép s6 két hop. Nhom
cac tac gia Xiangshao Kong ciling dua ra nghién ctu
vé do 6n dinh dong cua két cAu dan boong dién hinh
chiu tac dung cua tai trong nim trong cting mit phang
boong [2]. Cac tac gia S. Kleppe, A.Aalberg,
M.Langseth, &. Fyllingen [3] dua ra mt nghién ctru
hét strc tha vi vé 6n dinh cho san nhém cua cong trinh
ngoai khoi dugc lam tr hinh chit T ngugc va mot
boong san ¢ két cau hé thong ngang. Trong nghién
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ctru ho tién hanh thi nghiém udn thyc té, sau d6 mo
phong lai bing FEM dé kiém kiém tra lai tinh chinh
xac cua tinh toan.

Céc cong trinh nghién ctru ctia mét sd tac gia néu
trén 1a ngudn tham khao b ich cho nhém tac gia trong
viéc nghién ctru do 6n dinh cua két cu dan boong trén
tau thily. Bai bao nay, trén co so ké thira cac két qua
nghién ctru di trude, s& tién hanh mé phong tinh toan
on dinh két cu dan boong tau thuy dudi tac dung cua
md men udn trén nudc tinh.

Trong qua trinh khai thac, céc két cau than tau luon
chiu tac dong cua cung luc rat nhidu tai trong khéc
nhau. Cac tai trong tac dong 1én than tau co thé chia
lam hai thanh phan chinh 14 tai trong tinh va tai trong
dong. Tai trong tinh chu yéu duoc tao nén béi su
chénh léch vé phan b cac thanh phan khdi lugng cling
nhu phan b6 lue ndi doc theo chiéu dai tau. Tai trong
dong bao gdm cac luc thily dong do song gay ra, hién
tuong slamming, tai trong quan tinh do chuyén dong
cua tau va tai trong va cham [4]. Trong gidi han cta
bai bao nay sé chi xét dén tac dong cua tai trong tinh
gy udn doc chung than tau.

Khi tau dat trén nude tinh, do sy phan bd khong
ddng déu cuia cac khéi luong trén tau (hang hoa, khéi
lwong két cdu,...) cung vai sy thay ddi cua luc ndi do
su thay ddi cua dién tich ngdm nudc cla cac mat cit
doc theo chiéu dai tau da tao thanh mé men udn trén
nudc tinh, tir d6 gdy nén hién tuong udn doc chung
than tau trén nude tinh. Khi chiu udn, tau c6 thé uén
vong 1én (hogging), hodc vong xudng (sagging). Khi
xay ra hién tugng sagging, phan két ciu boong tau s&
chiu nén va két ciu day s& chiu kéo [5]. Khi tai trong
nén dat dén gia tri luc t6i han thi c6 thé xay ra hién
tuong pha hong co cau boong do mat én dinh. Ngay
ca khi co cau khong bi pha hity hoan toan do méit 6n
dinh, nhung kha ning chiu tai cia cac két cau nay
ciing s& bi giam dang ké, gdy mat an toan trong qua
trinh khai thac tau.

Xuét phat tir vin dé néu trén, bai bao nay s& mo
phong tinh toan do 6n dinh cho két ciu dan boong tau
thily dudi tic dung ctia m6é men udn trén nudc tinh
bang viéc sir dung phuong phéap phan tir hitu han.

2. Co s6 Iy thuyét

Phuong phép phan tich Eigenvalue dugc ting dung
dé giai bai toan tinh toan d6 6n dinh cho cac két cdu
[6]:

([K.J+41K )iy} =0 (1)

Trong dé:

[K.] - Ma trén d6 ctmg dan hoi;
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A - He s6 Eigenvalue;

[K,] - Ma tran d9 clng tmg sudt;

¥ - Vec to Eigen.

Gia tri cua [K.], [Ks] nhan dugc tir bai toan phan
tich tai trong tinh tac dung 1én két cdu ving boong.
Thong qua phan tich Eigenvalue sé tinh dugc gia tri
cua A;va ¥. Gia tri A; con goi 1a hé s6 nhén tai trong,
khi nhan hé s nay voi tai trong tac dung s€ nhén dugc
gia tri cia lyc téi han nhu trinh bay trong cong thirc
(2) dudi day.

Py =LF 2)

V6i F - tai trong nén tac dung 1én két ciu.

Mot két cau khi chiu tai trong nén cod thé bi mat 6n
dinh theo mot hodc nhiéu hudéng khac nhau. Gié tri
vec to ¥ cho biét vé huéng ma co cdu s& xay ra mat
6n dinh voi hé s6 nhan tai trong A4; twong tmg. Tuy
thudc vao viée thiét 1ap dir liéu dau vao cia bai toan,
6 thé ké dén 1a dac trung hinh hoc mat cit ciia két clu
chiu nén, vat li€u, tai trong tac dung, lién Kkét tai cac
mut, s& thu duoc gia tri A, khac nhau véi mbi gia tri %
tuong ung.

Quy trinh chung dé giai mot bai toan phén tich két
céu str dung phuong phap phan tir hitu han dugc trinh

bay ¢ Hinh 1.

Pidu chinh két cdu

Chia lai ludi

Nhap
dir licu

Giai bai toan
(strc bén, 6n dinh,
truyén nhiét, ...)

R

Khong dat

Hinh 1. Quy trinh phan tich két céu bing phwong
phdp phén tiv hitu han [7]
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3. M6 phéng sb
3.1. Théong sé tau tinh todn

Dé ap dung phuong phap phan tir hiru han tinh
toan d6 6n dinh cho két ciu dan boong tau thity, nhém
tac gia lya chon tinh toan dan boong vung khoang
hang s 2 cua tau ché hang roi 6 trong tai 4.500 tan.
Céc kich thudc va thong sb cha yéu cua tau lya chon
dugc thé hién trong Bang 1.

Bing 1. Théng sé co bdn ciia tiu

Tau ché
Théng sb Pon vi hang roi
(BO)
Trong tai (DWT) thn 4.500
Chiéu dai giita hai try m 83,85
Chiéu rong thiét ké m 18,25
Chiéu cao man m 6,5
Mén nude thiét ké m 4,5
Heé s béo thé tich 0,826

3.2. Cdc trwong hop tinh todn

bé nghién ctru do 6n dinh cua két cAu dan boong
tau thuy dudi tac dung ctia md men udn trén nude tinh,
tau dugc tinh ¢ 3 trang thai tai trong: Dﬁy tai, ballast
va tau khong.
3.3. Thiét lap thong s6 mé phong

Céc budc thiét 1ap chung trong bai toan mé phong
tinh toan két cau bang phuong phap phan tir hiru han
bao gdbm:M6 phong két céu tinh toan, thiét 1ap thong
s0 vé hinh dang (mit cit ngang, chidu day két cau, vat
liéu,...), Iua chon loai phan tir ludi va chia ludi, thiét
1ap diéu kién bién va céc tai trong tinh toan, liwa chon
mo hinh tinh toan.

Trong Hinh 3, Hinh 4 biéu dién viéc mo phong két
céu thudc ving khoang hang tau hang roi trong tai
4.500 tan.
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Hinh 4. M6 hinh két céu dan boong

Dan boong tau thuy ¢6 két cau tim dugc gia cuong
boi hé diam giao nhau (sdng boong, xa boong,...) vi
vay viéc tinh toan 6n dinh s& duge tinh cho ca két cAu
dang tAm va két ciu dang dam.

Lua chon loai phﬁn tUr tir gidc dé chia luéi tinh toan
cho cac phén tir trong bai toan phan tich két cdu bang
phuong phap phan tir hitu han.

Tai trong tinh toan trong bai toan bao gém luc ndi,
khdi lwgng két cdu than tau va hang hoa trong khoang
(cho truong hop tau day tai). Céc tai trong ndy gy nén
md men udn than tau trén nude tinh.

Hai vach dau cubi khoang co két cau vimng chic vi
vay dugc coi nhu ngam cung.

Quié trinh thiét 1ap diéu kién bién cua bai toan dugc
trinh bay trong Hinh 5.

A, B: Ngam cung;

C: Trong luwong ban than,

D: Ap luc hang héa;

E: Ap lie thity tinh ciia nuée ngodi man.

T~
CARGO HOI®D<2
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Hinh 2. Bé tri chung tau hiang 4.500 tin
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Trong bai bao, phuong phap phan tich Eigenvalue
duogc lya chon st dung trong md hinh tinh toan on
dinh két cdu. Phuong phap nay duoc ap dung cho bai
toan tuyén tinh, vat liéu ché tao két cAu 1am viéc trong
mién dan hoi, lyc tac dung 1én két céu 14 lyc tinh.

Nhom tac gia lwa chon ng dung phin mém
ANSYS dé m6 phong tinh toan 6n dinh cho két cdu
dan boong.

Hinh 5. Diéu ki¢n bién tinh todn

4. Két qua mé phong

Budc dau tién trong bai toan phan tich két ciu
bang phuong phap phan tir hitu han chinh 14 nghién
clru d6 hoi tu cta ludi. V& 1y thuyét khi lu6i duge chia
cang min, kich thudc cac phin tir cang nho thi do
chinh xac cua két qua tinh toan sé& cang cao [8]. Nhung
diéu nay ciing s& gay ton tai nguyén may tinh sir dung
dé tinh toan, 1am cho thoi gian tinh toan ting 1én dang
ké. Vi vay viéc nghién ctru hoi tu cia ludi rit quan
trong trong bai toan phén tich két cdu bang phuong
phap phén tir hiru han. Khi kich thude cta cac phan tir
giam dan dén mot gia tri nhat dinh, tai d6 khi kich
thudce ludi tiép tuc giam di nhung chénh léch két qua
tinh toan khong dang ké, gia tri nay duoc goi 1a diém
hoi tu ctia ludi. Gia tri nhan duoc cta bai toan tai diém
hoi tu chinh 1a két qua cua bai toan.
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Kich thiede phdn tir, mm

Hinh 6. Dy hji tu ciia lwoi
Tir db thi Hinh 6 c6 thé thay tai diém c6 kich thudc
phan tir 170 mm, khi tiép tuc giam kich thudc phan tir
di thi gi4 tri sai s6 (mg suét tinh toan thay doi khong
dang ké, vi vay chon diém nay 1a diém hoi tu cta ludi.
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Hinh 7. Mé hinh chia lwéi khoang hang

Két qua md phong tinh toan dugc trinh bay trong
Béang 2.

Bing 2. Két qui mé phéng tinh todn dé on dinh két

ciu dan boong tiu thiiy

Trang thai Omax (MPa) Omax (Mm) A

Day tai 24,50 0,64 8,97
Ballast 14,11 0,87 11,58
Tau khong 13,94 0,82 15,74

O day gi4 tri cia ung suat 16n nhat va do vong 16n
nhét thu duoc trong bai toan phan tich tinh két ciu.
Trong bai toAn md phong tinh toan 6n dinh cho két cdu
gia tri hé sb nhan tai trong A s& dugc tinh toan, hé sb
nay cho ta biét dugce gia tri luc té1 han 16n hon gia tri
tai trong lam viéc thiét ké bao nhiéu lan. Piéu d6 c6
nghia néu A < 1 thi két ciu duoc thiét ké bi mat on dinh
dudi thc dung cua tai trong lam viée thiét k. Can phai
dua ra nhing phuong an diéu chinh két cdu cho hop 1y
dé dao bao an toan ctia két cu trong qua trinh khai théc.

Trong Hinh 8, Hinh 9 va Hinh 10 trinh bay két qua
mo phong tinh toan kiém tra 6n dinh cho co céu thudce
dan boong tau thuy dudi tic dung ciia mé men udn
trén nudc tinh.

Két qua tinh toan cho thy viéc thay doi trang thai
tai trong ciing s& c6 tac dong thay doi dén do 6n dinh
két cdu dan boong, & trang thai diy tai, khdi luong
hang hoéa 16n tac dung 1én dan day c6 xu hudng kéo
tau vong xudng, diéu nay lam cho két ciu viing boong
chiu tai trong nén 16n hon nén gia tri A giam xudng rd
rét so voi trang thai tau khong, ciing c¢6 nghia 1a gia tri
luc tac dung 1én két cau tién gan hon dén gi tri ctia
luc gi6i han, luong dy trir 6n dinh cho két cdu ving
boong giam manh.

5. Két ludn

Bai bao da thanh cong trong viéc ing dung phuong
phép phan tir hitu han vao nghién ctru dnh huéng cia mo
men udn trén nude tinh dén d6 6n dinh cta co ciu dan
boong tau thiy. Cac két qua thu duoc nhu sau:
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a) bBé vong

b) Ung xudt

Hinh 8. Két qud tinh todn trang thdi ddy ti

b) Ung xudt
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¢) Hé s6 A

Hinh 9. Két qud tinh todn trang thdi ballast

a) Bo vong

b) Ung xudt

c) Hé s6 A

Hinh 10. Két qud tinh todn trang thdi tiu khong

- Pa trinh bay duoc co s6 1y thuyét dé tinh toan do
6n dinh cta co céu boong tau thity.

- Di mo phong tinh toan on dinh két cdu dan boong
tau thay duéi tac dung cia md men udn trén nude tinh
cho tau & 3 trang thai tai trong khac nhau: Dy tai,
ballast va tau khong.

- Két qua nghién ctru 1a co s6 cho viée nghién ctru
sau hon vé cac hu hong co thé xay ra voi két cdu tau
thuy trong qua trinh khai thac.

Lo&i cdm on
Nghién ctru nay dwoc tai trg bdi Truong Dai hoc

Hang hai Viét Nam trong dé tai ma sb: DT24-25.33.
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