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Abstract

For river-to-sea ship, structural of hatch coaming are expanded to improve transportation, so it affect the
longitudinal ultimate strength of the ship hull. Therefore, it is important to conduct the ultimate strength analysis
by considering local loads and global loads to ensure the level of safety and reliability of the ship structure.
The aim of this paper is focused on the investigation of the structural response and the ultimate strength of
the river-to-rea ship using the non-linear finite element method. Analysing strength of the river-to-sea ship hull
structure under bending moment, torque and local load. In the structural response analysis, the results shows
that maximum stress was occurred on the deck girders due to the sagging bending moment load; minimum stress
was occurred on the deck girders due to the hogging bending moment load. For the other three working conditions
(hogging bending moment load), the ultimate bending moment value is significantly reduced compared with
pure bending.

Keywords: Bending moment, ultimate strength, river-to-sea; structure; finite element.

Toém tat

Dbi voi tau sdng bién, do két cAdu miéng khoang hang duwgc mé réng dé thuan loi cho viéc van chuyén hang
héa, dac diém két cAu nay anh hudng dén sirc bén doc than tau. Vi vay, viéc phan tich strc bén gi¢i han than
tau dwdi tac dung cla tai trong phirc tap bao gém tai trong md men udn doc than tau, tai trong cuc bo dé dam
bao mirc d6 an toan va dd tin cay cla két ciu tau khi lam viéc 13 hét strc can thiét. Muc dich ctia bai bao nay tap
trung vao viéc phan tich strc bén gi¢i han cla két cdu tau pha séng bién dudi tac dung cua tai trong phuc tap
bang phwo’ng phap phan t& httu han phi tuyén tmh Tw két qua phan tich qua cho thay, (rng suét I&n nhat xuét
h|en trén két cdu boong tau do tai trong moémen ubn (sagging bending momnet load); (rng suat nhd nhéat trén két
cau boong do tai trong mé men udn (hogging bending momnet Ioad) trong tridng hop chiu tai trong nay, gia tri
mo men udn gidi han gidm dang ké so véi trwérng hop tau chiu ubn thuan tay.

Ttr khéa: M6 men ubn, stc bén gi6i han, tau pha séng bién, két cau, phan ti hitu han.

1. INTRODUCTION

A ship hull is a structure composed of plating stiffened
by girders and stiffeners. The hull is subject to loading
generated by hull weight, cargo, equipment, longitudinal
compression, transverse compression and lateral
pressure. The longitudinal strength of the hull girder is
one of the most important strength considerations in a
ship. However, a ship is in general subjected to both
vertical and horizontal bending moments, particularly
in a rough sea with significant roll motions. The
ultimate hull girder strength under horizontal bending is
generally higher than vertical bending.

Reviewer: 1. Ass.Prof.Dr. Phan Anh Tuan
2. Dr. Ngo Huu Manh

For river-to-sea ship, structural of hatch coaming are
expanded to improve transportation, so it affect the lon-
gitudinal ultimate strength of the ship hull. In this paper,
analysing strength of the river-to-sea ship hull structure
under bending moment, torque and water pressure.

When the ships must sail obliquely to the direction of
wave propagation, it is easy to cause large torsional
deformation. Structural of hatch coaming greatly re-
duce the torsional stiffness of the river-to-sea ship. It
is very likely to fail and collapse under the combined
loads. Therefore, it is very necessary to accurately cal-
culate the ultimate strength of the ship under the com-
bined load.

Vu Van Tan, 2022 [1], Structural optimization of ship
structures based on structural analysis using nonlinear

Tap chi Nghién ctru khoa hoc, Trudng Pai hoc Sao Do, S6 3 (82) 2023
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finite element method. The nonlinear element method
to calculate ultimate strength of bottom structure of
a river-to-sea ship under combine load. From the
bottom structure model analyses, it is shown that the
relationship between load and deformation of ship
structural for calculation and design of river-to-sea ship
structural. Test of the ultimate strength of the hull girder,
and calculates the ultimate strength bending moment
of the hull girder when B/D=3.0 and B/D=3.5 with the
calculation program based on finite element method.
The changing law of ultimate strength bending moment
under different transverse frames spacing, ship’s depth
(D) and member size changes on the load capacity of
hull girder are analyzed.

Bin Liu (2020) [2], Nonlinear finite element method is
employed to analyse the ultimate strength of a contai-
ner ship hull structure subjected to monotonic and cy-
clic bending moments. The ship hull girder can break
due to the plastic strain accumulation and alternating
plasticity collapse when the cyclic external load is grea-
ter than the elastic limit but lower than the monotonic
ultimate limit. The collapse modes of the hull girder
under monotonic and cyclic loadings are compared to
reveal their different failure principles.

Akira Tatsumi (2020) [3], a simplified method of
progressive collapse analysis of ultimate hogging
strength of container ships considering bottom local
loads is developed. The double bottom is idealized as
a plane grillage and the rest part of the cross section
as a prismatic beam. An average stress-average
strain relationship of plate/stiffened plate elements
employed in Smith’s method is transformed into an
average stress-average plastic strain relationship, and
implemented in the conventional beam finite element
as a pseudo strain hardening/softening behaviors.

In this paper, the finite element software ABAQUS
as the calculation tool to calculate the trength of the
river-to-sea ship structure model. The main nonlinear
factors considered in the calculation process include
material nonlinearity and geometric nonlinearity. At the
same time, the effects of various external loads on the
hull are considered and the loading conditions under
different loading and sailing conditions are calculated
separately. By comparing and analyzing the calculation
results of the traditional pure bending hull ultimate
strength, some reasonable suggestions are provided
for a more accurate calculation method for the ultimate
strength of the hull, and at the same time, it provides
guidance for the future finite element analysis of the
ultimate strength of the hull.

2. ULTIMATE STRENGTH OF RIVER-TO-SEA
SHIP STRUCTURES UNDER BENDING MOMENT,
TORSION AND LOCAL LOAD

2.1. Geometric and material properties

The river-to-sea ship structural (Fig.1) will be taken as
the calculation object for research. The dimension and
material properties of ship hull are shown in Table 1.

The ship has a double bottom structure, the spacing
of the frame is 700 mm. It has a double bottom
construction, with longitudinal frames ensuring a 650
mm spacing. The main structures of the ship such as
side and bottom shell plating, inner bottom and deck
plating, cargo holds structures, web frames... use high-
strength steel, the material properties are Yield stress
of the material 6 = 355 MPa. The remaining of ship
structural systems use steel with Yield stress of the
material: o = 235 MPa.

[l
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Fig.1. Midship section of the river-to-sea ship
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Table 1. Dimensions and material properties of the model

No Project Symbol | Dimension
1 Length over all Loa 136.5M
2 | Waterplane length Lo 133 m
o lganbewen L |
4 Breadth B 256m
5 Depth Moulded D 8.7m
6 Draft d 6.3 m
7 Block coefficient C, 0.85

2.2. Finite element model

in this paper, the river-to-sea ships hull is used as the
ultimate strength analysis model. The hull girder model
in this paper should also apply four-node elastic shell
element. S4R shell element in ABAQUS has 6 degrees
of freedom applicable for analysis. A small amount
of S3 elements are used for the connection between
the transverse frame and the longitudinal structure.
Different from the stiffened plate model and box girder
models, due to the relatively large scale of the ship hull
structure, if the unit size is as small as the stiffened
plate model and box girder model, the number of model
nodes may be too large, resulting in calculation too
long. Therefore, it is necessary to study the size of the
structural element, so as to select a more appropriate
element size, which not only meets the requirements of
calculation accuracy, but also has a faster calculation
speed. As shown in Fig. 1, for a model of a web frame
(4 frame spacing), 4 mesh sizes are used for finite
element modeling, which are 1 element for each frame
spacing, 2 elements for each frame spacing, 3 elements

30 Tap chi Nghién ctru khoa hoc, Truong Pai hoc Sao Do, S6 3 (82) 2023



for each frame spacing and 4 elements for each frame
spacing, as shown in Fig. 2.

1-element

ot

2-element

3-clement

ot

Fig.2. Finite element models with different mesh sizes

4-element

The finite element model thus established is shown in
Fig. 3, it applies the 1/2+1+1/2model (#55 - #147).

2.3. Boundary conditions

Multi-point constraint way is applied as it can
effectively imitate the boundary conditions of the ship
structure. Multi-point constraint way means controlling
the displacement of slave node by identifying the
displacement of master node, by which all the slave
nodes will have the same displacement. Here the
reference master node is setting in the center of the
two side facings of the model, the slave node being the
points of the outside side facings (Fig. 3).

LIEN NGANH CO KHI - DONG LUC

Fig.3. The finite element model section of the 130 m
river-to-sea ship

2.4. External load

The application of external loads is determined
according to the actual calculation conditions, mainly
including the following two types:

(1) Overall loads, including bending moments and torques;

(2) Local loads, including the hydrostatic pressure
and hydrodynamic pressure outside the hull, and car-
go static pressure and inertial pressure. In the over-
all load, the bending moment is composed of still
water bending moment and wave bending moment,
and the torque is composed of wave torque and
cargo torque.

2.5. Ultimate strength of bending moment, torsion
and local load

A ship hull is a structure composed of plating stiffened
by girders and stiffeners. The hull is subject to loading
generated by hull weight, cargo, equipment etc and
buoyancy force. The loading cause vertical and
horizontal bending moments, vertical and horizontal
shear forces, and torsional moment. Essential in
estimation of the hull strength is the vertical b ending
moment as generating the largest stresses in the
ship structures, especially in the middle part of the
ship hull. However, a ship is in general subjected
to both vertical and horizontal bending moments,
particularly in a rough sea with significant roll motions.
The ultimate hull girder strength under horizontal
bending is generally higher than vertical bending
because the ship’s breadth is usually larger than
its depth.

However, for river-to-sea ships structures, it is easy
to cause large torsional deformation. Therefore, it
is necessary to study its ultimate strength under
combined bending-torsion load and other local loads.
When calculating the ultimate strength under combined
bending and torsion loads, the boundary conditions
are set as follows: the left active point constrains the
displacement in the X, Y and Z directions and the
rotation angle in the Z direction; the right active point
constrains the Y and Z directions. The displacement
in the first direction and the rotation angle in the Z
direction. In this paper, the research on the ultimate
strength of the 130 m river-to-sea ship under the
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combined bending and torsion loads is carried out in
the following way:

When performing finite element analysis, firstly apply
gradually increasing local loads, torques and end face
angles and when the local loads increase to the value
consistent with the specification calculation and the
torque increases to the corresponding synthetic torque
value, set this value of the end face angle, keep the
value of the local load and the torque value unchanged,
continue to iteratively increase the end face angle until
the structure is destroyed, and obtain the ultimate
bending moment. The specific calculation conditions
are shown in Table 2.

Table 2. Bending and Torsional Ultimate Strength
Research and Calculation Conditions

No

Internal loading External loading

Maximum wave torsional
moment, sagging

Maximum wave torsional
moment, hogging

Maximum wave torsional
moment, sagging

1 | Normal pressure

2 | Normal pressure

3 | Heavy container

Maximum wave torsional
moment, hogging

4 | Heavy container

Stress diagram of ultimate state under bending
condition shown in Fig. 4. The above 4 working
conditions are calculated respectively, and the obtained
rotation angle-bending moment curves of each working
condition are shown in Fig. 5.

(4a) Sagging bending momment

(4b) Hogging bending momment

Fig.4. Stress diagram of ultimate state under bending
condition
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(5b) Hogging

Fig.5. Rotation angle - bending moment curves under
different calculation conditions

From the research results on the ultimate strength of
box girders in this paper, the existence of torque will
reduce the ultimate bending moment of the structure,
but in the above four calculation cases, there are two
calculation cases (No1, No3) The ultimate bending
moment value is slightly larger than the pure bending
ultimate strength, mainly because in these two cal-
culation cases, the influence of local load on the ulti-
mate bending moment is positive, and this increasing
effect exceeds the reduction of the ultimate strength
by torque. Small effect, after the torque and local load
are coupled together, the ultimate bending moment is
slightly increased compared with pure bending. For the
other two working conditions (No2, No4), the ultimate
bending moment value is significantly reduced com-
pared with pure bending, and the maximum reduction
reaches -22.55% (No2), which is mainly due to the In
the working condition, the influence of local load on the
ultimate strength is negative, and the torque and local
load are coupled together, which further reduces the
ultimate bending moment

3. CONCLUSION

In this paper, taking the 130 m river-to-sea ship model
as the research object, combined with different loading
and sailing conditions, the ultimate strength calculation
research under the combined load is carried out, and
the calculation results are compared and analyzed and
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the ultimate strength criterion research is carried out. It
can be obtained The following conclusions:

- Compared with the traditional pure bending ultimate
strength calculation, the ultimate strength of the hull
under different working conditions has obvious differ-
ences.

- The influence of local loads on the ultimate strength
has two sides, that is, in some working conditions, local
loads will increase the ultimate bending moment of the
hull structure, while in other working conditions, local
loads will reduce the ultimate bending moment of the
hull structure. bending moment.

- The torque will reduce the ultimate bending moment
of the hull structure, but when the torque and local load
are coupled to act on the hull structure, the ultimate
bending moment is not necessarily smaller than the ul-
timate bending moment of pure bending.

When calculating the ultimate strength of the hull struc-
ture, it is necessary to perform calculations in combi-
nation with different loading and sailing conditions, and
calculate the corresponding ultimate strength reserve
coefficient, so as to accurately evaluate its.
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Strength reserve, providing reference for structural ra-
tionalization design and optimization.
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Tap chi Nghién ciru khoa hoc, Truong Dai hoc Sao Do (P. ISSN 1859-4190, E. ISSN 2815-553X), thuong xuyén
cong bé két qua, cong trinh nghién clru khoa hoc va cdng nghé clia cac nha khoa hoc, can b, giang vién, nghién
ctru sinh, hoc vién cao hoc, sinh vién & trong va ngoai nudc.

1. Tap chixuat ban 01 s6/quy bang hai ngon ngir tiéng Viét va tiéng Anh. Tap chi nhan ding cac bai bao khoa
hoc thudc cac linh vuc: Dién - Dién tir - Tu dong héa; Co khi - Dong luc; Kinh té; Triét hoc - Xa hdi hoc -
Chinh tri hoc; Céc linh vuc khac gdm: Cong nghé thong tin; Héa hoc - Céng nghé thuc pham; Ngon nglr
hoc; Toan hoc; Vat ly; Van héa - Nghé thuat - Thé duc thé thao...

2. Bainhan ding 13 nhirng cong trinh nghién ciru khoa hoc chua cong bé trong bat ky an pham khoa hoc nao.

3. Toa soan chi nhan bai bao glri online trén website http:/tapchikhcn.saodo.edu.vn. Bai bao giri vé toa
soan dudi dang file dién tir (*.doc *.docx va *.pdf); cudi bai bao, tic gia ghi roé théng tin dja chi lién hé, s6
dién thoai, email va cap nhat thong tin trén website. Bai bao phai dugc trinh bay ding dinh dang, ro rang;
Trudng hop bai bao phai chinh stra theo thé 1€ hodc theo yéu cau clia Phan bién thi tac gid sé cap nhat trén
website. Ngudi phan bién sé do toa soan mai. Toa soan khong guri lai bai néu khong duoc dang.

4. Céc cong trinh thudc dé tai nghién ciru c6 Co quan quan ly can kém theo gidy phép cho cong bé cla co
quan (Tén dé tai, ma sd, tén chi nhiém deé tai, cap quan ly,...).

5. Tén bai bao trinh bay bing hai ngon ngir (tiéng Viét va tiéng Anh), font Arial, ¢ chir 14, in dam, can gilra.

6.  Tén tac gia (khéng ghi hoc ham, hoc vi), font Arial, ¢& chir 10, in dam, can I€ phai; co quan cong tac clia cac
tac gia, font Arial, c& chir 9, in nghiéng, can |é phai.

7. Chir “Tom tat" in dam, font Arial, c& chir 10; Noi dung tém tat cua bai bao khéng qua 10 dong, trinh bay
bang hai ngdn ngir (tiéng Viét va tiéng Anh), font Arial, ¢& chir 10, in thudng.

8. Chir “Tir khéa" in dam, nghiéng, font Arial, c& chir 10; Cé tir 03+05 tir khoa, font Arial, c@ chir 10, in
nghiéng, ngan cach nhau béi dau cham phay, cudi cung la dau cham.

9. Noi dung bai bao viét bang tiéng Viét hoac tiéng Anh; Néu Ia bai bao viét bing tiéng Viét: Tiéu dé tiéng
Viét trudc, tiéng Anh sau; Tom tat tiéng Viét trudc, tiéng Anh sau; Tir khéa tiéng Viét trudc, tiéng Anh sau;
Néu la bai bao viét bang tiéng Anh: Tiéu dé tiéng Anh trudc, tiéng Viét sau; Tom tat tiéng Anh trudc, tiéng
Viét sau; Tir khéa tiéng Anh trudc, tiéng Viét sau.

10. Bai bao dugc danh may trén khé gidy Ad (21 x 29,7cm) c6 do dai khéng qua 8 trang, font Arial, c& chir 10,
gian dong At least 12pt, Before 3pt, After 3pt; can Ié trén 2.5cm, dudi 2.5cm, trai 3cm, phai 2cm; hinh vé
phai ré rang, di nét va dugc dinh dang dudi dang file anh (*.jpg); Phuong trinh, cong thirc phai soan thao
bang Mathtype hodc Equation; Phan ndi dung bai bao dugc chia thanh 02 c6t, khoang cach cot |a 1cm;
Trong trudng hop hinh vé, hinh anh ¢6 kich thudc Ion, bang biéu c6 dé rong Ion hodc cdng thirc, phuong
trinh dai thi cho phép trinh bay duéi dang 01 cot.

11. Tailiéu tham khao dugc sip xép theo thir tu tai liéu duoc trich dan trong bai bao.

- Néu Ia sach/luan an: Tén tac gia (ndm), Tén sach/luan an/luan van, Nha xuat ban/Truédng/Vién, 1an xuat
ban/tai ban.

- Néu la bai bdo/bao cdo khoa hoc: Tén tac gia (ndm), Tén bai bdo/bdo céo, Tap chi/Hoi nghi/Héi thao, Tap/
Ky yéu, sé, trang.

- Néu 13 trang web: Phai trich dan day du tén website va dudng link, ngay cap nhat.

12. Pinhdangmaubaibaotham khaotaidia chihttp:/tapchikhcn.saodo.edu.vn/news/detail/198/format_paper
Bai bao sau khi xuat ban sé dugc céng bé trén http:/tapchikhcn.saodo.edu.vn.
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