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Su an toan vé cau trac nhu nha may dién hat nhan, nganh céng nghiép hoa chat, nganh
bdn bé va dudng dng ap luc v.v thudng c6 thé dugce danh gia voi sy tro gitip ciia phan tich
gi61 han va thich nghi. Ngay nay, phan tich gigi han va thich nghi dong vai trd quan trong
trong viéc khong chi danh gia su an toan cia cac két cau k¥ thuat ma con thiét ké cac két
céu k¥ thuat. Chung ta c6 thé xac dinh hé s6 nhan tai giéi han bang phwong phap giéi han
theo can dué6i hodc can trén. Dé sir dung phan tich gidi han va thich nghi trong nhiéu linh
vuc k¥ thuat thuc té, viec phat trién cac cong cu s6 du hiéu qua va manh m¢ 1a mdt nghién
ctru hién tai trong linh vuc phéan tich gidi han va thich nghi. Cac cong cu s6 bao g@)m hai
bude: roi rac hoa mién phén tich va tdi vu héa cé rang budc.

Trong nghién ctru nay, phuong phap phan tir hitu han dang hinh hoc duoc sir dung
trong budc dau tién dé roi rac hoa mién phén tich cua cac két cdu. Thuét toan primal-dual
dua trén tiéu chuan von Mise dugc str dung trong budc thir hai dé giai quyét bai toan tdi
wu hoa. Vé mit toan hoc, bai toan phan tich gidi han va thich nghi dugc coi 1a mot bai toan
1ap trinh phi tuyén. Bat dau tir dinh 1y can trén, gidi han va thich nghi 1a ti thiéu cua ham
tiéu tan nang luong, dua trén ti€u chuin von Mise, tuan theo tinh tuong thich, diéu kién
khong nén va cac rang budc chuin hoa.

Phén tich dang hinh hoc (IGA) st dung cac ham co s NURBS cho ca biéu dién hinh
hoc va x4p xi 101 giai. Muc dich chinh ctia IGA 1a tich hop phan tich phan ti hitu han (FEA)
vao cac cong cu thiét ké dudi sy tro gitp mdy tinh (CAD) dwa trén NURBS. Viéc trich
xuat NURBS cua Bézier va Lagrange duoc sir dung trong phan tich do cac khia canh tinh
toan ciia ham NURBS 1am ting cau hoi vé cach thyc hién hiéu qua ham NURBS trong cac
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chuong trinh FEM hién tai do su khac biét dang ké giita ham co s NURBS va Lagrange.
Trich Bézier duoc thanh 1ap trén cac ham co s cua NURBS theo cac da thirc C° Bernstein.
Trich Lagrange twong tu nhu trich xuat Bézier nhung né thiét 1ap mot két ndi tryc tiép giira
cac ham co ban da thirc NURBS va Lagrange thay vi sit dung da thirc C° Bernstein nhu
mot ham hinh dang méi trong trich xuat Bézier. Két qua bang s ctia cac van dé cau tric
duoc so sanh véi cac giai phap phan tich hodc c6 sin khac dé chimg minh dé tin ciy va
hi€u qua cua cac phuong phap nay.

Phuong phap truc tiép dan dén gi6i han déo va gidi han thich nghi truc tiép. Chung gitp
giam dang ké chi phi tinh toan va sai s6, va lam cho giai phap don gian hon.

Theo kién thirc cta tic gia, nhitng dong gop ban dau cta ludn an 1a:

e Xay dung cong thirc theo dudng 16i tiép can thich nghi dong hoc gian yéu dé giai
quyét bai toan 2D, 3D va ddi xtimg truc cho cac két cdu lam tir vat liéu dan déo 1y
tuéng dua trén tiéu chuan von Mises.

e Cai thién hiéu qua quy trinh phan tich gi6i han va thich nghi duoc dé xuit bang cach
tich hop mét s6 loi thé cia phuong phap dang hinh hoc vé xap xi ham béc cao, hinh
hoc chinh x4c va két ndi co sé spline tron vé6i co sé da thirc Lagrange C° hodc co
s& Berstein thong qua trich xudt NURBS ctia Bézier dan dén cac giai phap chinh
x4c hon so véi cac giai phap khac c6 san.

e Phat trién phuong phap phan tir hiru han dang hinh hoc dua trén trich xuat Bézier

va Lagrange ciia NURBS cho bai toan phan tich gidi han va thich nghi ctia két ciu.
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Summary of theoretical and academic contribution of the dissertation:

The structural safety such as nuclear power plants, chemical industry, pressure vessel
engineering and so on can commonly be evaluated with the help of limit and shakedown
analysis. Nowadays, the limit and shakedown analysis plays a well-known role in not only
assessing the safety of engineering structures but also designing of the engineering
structures. We can determinate the limit load multipliers using lower or upper bound
method. In order to ultilize the limit and shakedown analysis in many practical engineering
areas, the development of numerical tools which are sufficiently efficient and robust is a
neccessary of current research in the field of limit and shakedown analysis. The numerical
tools involve the two steps: finite element discretisation strategy and constrained

optimization.

In this research, the isogeometric finite element method is used to discretise the
displacement domain of strutures in the first step. The primal-dual algorithm based upon
the von Mises yield criterion and a Newton-like iteration is used in the second step to solve
optimization problem. Mathematically, the shakedown problem is considered as a
nonlinear programming problem. Starting from upper bound theorem, shakedown bound
1s the minimum of the plastic dissipation function, which is based on von Mises yield
criterion, subjected to compatibility, incompressibility and normalized constraints. This
constraint nonlinear optimization problem is solved by combined penalty function and

Lagrange multiplier methods.

The isogeometric analysis (IGA) uses NURBS basis functions for both the
representation of the geometry and the approximation of solutions. The main aim of the
IGA was to integrate Finite Element Analysis (FEA) into NURBS based Computer Aid
Design (CAD) design tools. The Bézier and Lagrange extraction of NURBS was used in
the analysis due to The computational aspects of the NURBS function increase the question

of how to implement efficiently the NURBS function in the existing FEM codes due to a
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significant differences between the NURBS basis function and the Lagrange function. The
Bézier extraction is founded on the NURBS basis functions in terms of C° Bernstein
polynomials. Lagrange extraction is similar to Bézier extraction but it sets up a direct
connection between NURBS and Lagrange polynomial basis functions instead of using C°
Bernstein polynomials as a new shape function in the Bézier extraction. Numerical results
of structure problems are compared with analytical or other available solutions to prove
the reliability and efficiency of these approaches. The results obtained in this research show
a good agreement with the reference solutions and compared very well with other available
ones.

Direct methods lead to plastic limit and shakedown bounds directly. They help to

reduce considerably computing costs and numerical errors, and make the solution simpler.

Pressure vessel which is designed to hold liquids or gases contains various parts such
as thin walled vessels, thick walled cylinders, nozzle, head, nozzle head, skirt support and
so on. Two types of defects, axial and circumferential cracks, are commonly found in
pressure vessel and piping. The application of shakedown analysis in pressure vessel
engineering is illustrated in this study.

According to the author’s knowledge, the original contributions of the thesis are:

e Development of a kinematic limit and shakedown analysis formulation based on
1sogeometric analysis by Bézier extraction or Lagrange of extraction NURBS.

e Development of a novel numerical approach for evaluating limit and shakedown
load factors of 2D, 3D structures and pressure vessel components for application in
piping engineering.

e Improvement of the efficiency of the proposed limit analysis and shakedown
procedures by integration of some advantages of the IGA in terms of flexibility in
refinement, exact geometry and connection the smooth spline basis to the C°
Lagrange polynomials basis or Berstein basis through Bézier extraction of NURBS
that lead the more accurate solutions in comparison with other available.

e Investigation of the isogeometric analysis based on Bézier extraction and Lagrange
extraction which can integrate IGA into the existing FEM codes in combination

with primal-dual algorithm in computation of limit and shakedown load factors.

HCMC, 20/04/2019
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