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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��nite�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� signi�cantly� reduced� compared�with��
pure�bending.

��������:��H��L�J�PRPH�W,�ultimate�strength,�river-to-sea;�structure;��nite�element.

Tóm�tắt

Đối�với��tàu�sông�biển,�do�kết�cấu�miệng�khoang�hàng�được�mở�rộng�để�thuận�lợi�cho�việc�vận�chuyển�hàng�
hóa,�đặc�điểm�kết�cấu�này�ảnh�hưởng�đến�sức�bền�dọc�thân�tàu.�Vì�vậy,�việc�phân�tích�sức�bền�giới�hạn�thân�
tàu�dưới�tác�dụng�của�tải�trọng�phức�tạp�bao�gồm�tải�trọng�mô�men�uốn�dọc�thân�tàu,�tải�trọng�cục�bộ�để�đảm�
bảo�mức�độ�an�toàn�và�độ�tin�cậy�của�kết�cấu�tàu�khi�làm�việc�là�hết�sức�cần�thiết.�Mục�đích�của�bài�báo�này�tập�
trung�vào�việc�phân�tích�sức�bền�giới�hạn�của�kết�cấu�tàu�pha�sông�biển�dưới�tác�dụng�của�tải�trọng�phức�tạp�
bằng�phương�pháp�phần�tử�hữu�hạn�phi�tuyến�tính.�Từ�kết�quả�phân�tích�quả�cho�thấy,�ứng�suất�lớn�nhất�xuất�
hiện�trên�kết�cấu�boong�tàu�do�tải�trọng�mômen�uốn�(sagging�bending�momnet�load);�ứng�suất�nhỏ�nhất�trên�kết�
cấu�boong�do�tải�trọng�mô�men�uốn�(hogging�bending�momnet�load),�trong�trường�hợp�chịu�tải�trọng�này,�giá�trị�
mô�men�uốn�giới�hàn�giảm�đáng�kể�so�với�trường�hợp�tàu�chịu�uốn�thuần�túy.

Từ�khóa:�Mô�men�uốn,�sức�bền�giới�hạn,�tàu�pha�sông�biển,�kết�cấu,�phần�tử�hữu�hạn.

���,1�52����,21

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� signi�cant� roll� motions.� The�
ultimate�hull�girder�strength�under�horizontal�bending�is�
generally�higher�than�vertical�bending.

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�
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�����������������2.�Dr.�Ngo�Huu�Manh



�� Tạp�chí�Nghiên�cứu�khoa�học,�Trường�Đại�học�Sao�Đỏ,�Số�3�(82)�2023

NGHIÊN�CỨU�KHOA�HỌC

�nite�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��nite� 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��nite�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� simpli�ed� 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��nite� element�
as�a�pseudo�strain�hardening/softening�behaviors.�

In� this� paper,� the� �nite� 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� �nite� element� analysis� of� the�
ultimate�strength�of�the�hull.

��� ULTIMATE� STRENGTH� OF� RIVER-TO-SEA�
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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�s�=�355�MPa.�The�remaining�of�ship��
structural� systems�use� steel�with�Yield� stress�of� � the�
material:�s�=�235�MPa.

Fig.1.��L�V�LS�VHFWLR��RI�W�H�UL�HU�WR�VHD�V�LS

Table�1.��LPH�VLR�V�D���PDWHULDO�SURSHUWLHV�RI��W�H�PR�HO

1R 3URMHFW 6�PERO �LPH�VLR�

� Length�over�all �
OA

136.5�M

2 Waterplane�length �
WL

133�m

3
Length�between�
perpendicular

�
��

130�m

4 Breadth � 25.6�m

� Depth�Moulded � 8.7�m

6 Draft d 6.3�m

� Block�coef�cient C
b

0.85

�����)L�LWH�HOHPH�W�PRGHO

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� �nite�
element�modeling,�which�are�1�element�for�each�frame�
spacing,�2�elements�for�each�frame�spacing,�3�elements�
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for�each�frame�spacing�and�4�elements�for�each�frame�
spacing,�as�shown�in�Fig.�2.

Fig.2.�)L�LWH�HOHPH�W�PR�HOV�ZLW���LIIHUH�W�PHV��VL�HV

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

�����%R��GDU��FR�GLWLR�V

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).

Fig.3.�The��nite�element�model�section�of�the�130�m�

UL�HU�WR�VHD�V�LS

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.

������OWLPDWH�VWUH��WK�RI�EH�GL���PRPH�W��WRUVLR��

D�G�ORFDO�ORDG

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�signi�cant�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� �rst� 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� �nite�element� analysis,��rstly�apply�
gradually�increasing�local�loads,�torques�and�end�face�
angles�and�when�the�local�loads�increase�to�the�value�
consistent� with� the� speci�cation� 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� speci�c� calculation� conditions�
are�shown�in�Table�2.

Table� 2.� �H��L�J� D��� �RUVLR�DO� 8OWLPDWH� �WUH�JW��

�HVHDUF��D����DOFXODWLR���R��LWLR�V

1R ,�WHU�DO�ORDGL�� External�loading

� Normal�pressure
Maximum�wave�torsional�

moment,�sagging

2 Normal�pressure
Maximum�wave�torsional�

moment,�hogging

3 Heavy�container
Maximum�wave�torsional�

moment,�sagging

4 Heavy�container
Maximum�wave�torsional�

moment,�hogging

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.

��D���DJJL�J�EH��L�J�PRPPH�W

��E���RJJL�J�EH��L�J�PRPPH�W

Fig.4.��WUHVV��LDJUDP�RI�XOWLPDWH�VWDWH�X��HU�EH��L�J�

FR��LWLR�

(5a)�Sagging

(5b)�Hogging

Fig.5.��RWDWLR��D�JOH���EH��L�J�PRPH�W�FXU�HV�X��HU�

�LIIHUH�W�FDOFXODWLR��FR��LWLR�V

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� in�uence�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� signi�cantly� 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�in�uence�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

����21���6,21

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�in�uence�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�
coef�cient,�so�as�to�accurately�evaluate�its.

Strength�reserve,�providing�reference�for�structural�ra-
tionalization�design�and�optimization.
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