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Tém tit nhitng déng gép méi vé 1y luin va hoc thuit cia luin 4n:

Ngay nay, vat liéu composite dugc st dung rat pho bién trong nhi€u linh vyc k¥ thuat
nho vao do cung va cudong do cao, hé sb gian no vi nhiét thép va kha nang chéng an mon
tbt. Trong d6, dAm composite duoc sir dung rat rong va thu hut sy quan tam rat 16n cua cac
nha nghién ctru. Nhiéu Iy thuyét dam duoc dé xuat dé phan tich tinh, 6n dinh va dao dong
ciia ddm. Cac ly thuyét dam nay bao gdm Iy thuyét dim Euler, 1y thuyét bac nhat, 1y thuyét
bac cao va ly thuyét tira ba chiéu. Céc 1y thuyét nay phu hop cho cac diam c6 kich thudc
16n, khi dam c6 kich thudc nho hodc siéu nho phai ké dén hiéu tng kich thudc bang cach
str dung cac 1y thuyét phi c6 dién. Mot trong nhitng 1y thuyét phi c6 dién duoc sir dung rat
hiéu qua va don gian d6 1a Iy thuyét hiéu chinh img suat. Bén canh viéc phat trién 1y thuyét,
dé dy bao chinh xac ing xir ctia dim, cac nha khoa hoc di dé xuat nhiéu phuong phap bao
gdm phuong phap so, giai tich va ban giai tich. Mic du, cac phuong phap sb ngay cang
nhiéu nhung cac nha nghién ctru van rat quan tim cac phuong phap giai tich nhd vao sy
chinh x4c va don gian cua no. Trong d6, phuong phap Ritz c¢6 tinh tong quat nhat va c6 thé
ap dung cho céac diéu kién bién bat ky. Tinh hiéu qua cua phuong phap Ritz phu thudc vao
ham xép xi duogc chon trudce. Hién tai, ham da thirc va da thirc truc giao dugc str dung kha
phd bién dé phan tich Gmg xtr ddm. Cac ham da thirc thudng khong thoa cac diéu kién bién
dong hoc nén nhan tir Lagrange hoic ham phat duoc sir dung dé khir diéu kién bién cua bai

toan. Hudng tiép can niy lam cho chi phi tinh toén tang 1én. Trong khi d6, cac ham da thic



tryc giao c6 thé thoa duge cac diéu kién bién ciia bai toan nhung né hau nhu khong dugc
str dung trong phan tich tinh bai toan dam. Vi vdy, viéc phat trién cac ham xap xi don gian
va hiéu qua dé phan tich ung x1r tinh, dao dong ty do va 6n dinh cta dam 1a can thiét va co
y nghia khoa hoc. Vé6i y tuéng d6, luan 4n dé xuat cac ham x4p xi méi phan tich ing xtr
dam composite co tiét dién va diéu kién bién khic nhau. Trudng chuyén vi dya trén 1y
thuyét bién dang cit bac nhét, bac cao va ly thuyét tua ba chiéu. Hiéu ung kich thudce duogce
khao sat bang cach sir dung 1y thuyét hiéu chinh tng suat. Anh hudng ciia hé sé Poisson
duoc ké dén trong quy ludt ing xtr. Phuong trinh cha dao dugc thiét 1ap tir phuong trinh
Lagrange. Cac két qua s duoc gidi thiéu va so sanh véi cac két qua dd cong bd. Cac anh
huong ctia hudng soi, ty s6 chiéu dai/chiéu cao, tinh di hudng cia vat liéu, bién dang cat,
bién dang phap tuyén dén chuyén vi, ing suat, tan s, dang dao dong va luc 6n dinh cua
dam dugc khao sat. Mot sb két qua lan dau tién duoc cong bd lam co sé so sanh cho 16i
giai s6. Bén canh d6, mot nghién ctru vé tinh hiéu qua ctia ham xap xi cho diéu kién bién
tra don-tua don duoc thuc hién.
Céc dong gop chinh cia ludn an cy thé nhu sau:

- Pé xuat cac ham x4p xi moi dang lugng gidc va dang “hydrib” gitra ham mii-da thurc
cho 161 giai Ritz dé phan tich tng xr ddm composite c6 tiét dién khac nhau.

- Phat trién md hinh 1y thuyét tya ba chiéu (quasi-3D) véi luat img xtr ¢6 ké dén anh
huong ciia hé s6 Poisson cho cac ddm composite. Lan dau tién mo hinh nay dugc ap
dung hi€u qua & ca ba dang phan tich tinh, on dinh va dao dong tu do cua dam
composite c¢6 hudng soi bat ky.

- Phat trién m6 hinh 1y thuyét bac cao (HOBT) két hop véi 1y thuyét hiéu chinh tng
suat (MCST) c6 ké dén hiéu rng Poisson dé phan tich cac dim composite kich thudc
vi mo. Lan dau tién, tin sb riéng, luc on dinh t6i han, chuyén vi vaung suit ctia dAm
vi mo ¢6 hudng soi bit ky dugc cong bd.

- Ap dung 10i giai Rizt phan tich dim composite thianh mong tiét dién dang chir C va
I c6 xét dén anh hudng cua bién dang cét bac nhat.
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1. Summary of the dissertation:
Composite materials are widely used in many engineering fields owing to their high

stiffness-to-weight, strength-to-weight ratios, low thermal expansion, enhanced fatigue life
and good corrosive resistance. Among them, laminated composite beams are popular in
application and attract a huge attention from reseachers to study the their structural
behaviours. Many theories are proposed for the bending, buckling and vibration analysis
of beams. They can be divided into classical beam theory (CBT), first-order beam theory
(FOBT), higher-order beam theory (HOBT) and quasi-three dimension (quasi-3D) beam
theory. It should be noted that classical continuum mechanics theories, which are just
suitable for macro beams, thus many non-classical ones are proposed for microbeams. The
modified couple stress theory (MCST) is the most popular and commonly applied owing
to its simplicity in formulation and programming. In order to accurately predict behaviours
of beams, a large number of methods are developed. Numerical approaches are used
increasingly, however, analytical methods are also used by researchers owing to their
accuracy and efficiency. Among analytical approaches, Ritz method is the most general
one, which accounts for various boundary conditions. Efficacy of Ritz method depends on
approximate functions. Up to now, polynomial and orthogonal polynomial functions are
used commonly for laminated composite beams. The polynomial functions usually do not
satisfy the boundary conditions. Therefore, the penalty method or langrage multiplier
method are used to compose the boundary conditions. This leads to an increase in the
dimension of the stiffness and mass matrices and thus causes computational costs. The
orthogonal polynomial functions overcome this drawback by satisfying the specific
boundary conditions, however, it has seldom been used to analyse the bending behaviours

of beams. Therefore, developing the simple, effective and accurate approximation



functions to solve structural behaviours of composite beams with various cross-sections is
one of the primary motivations of this study.

This dissertation focuses on propsing new approximation functions for analysing
laminated composite beams with various cross-sections and boundary conditions. The
displacement field is based on the FOBT, HOBTSs and quasi-3D theories. Size-dependent
effect for microbeams is investigated using the MCST. Poisson’s effect is considered by
integrating in the constitutive equations. The governing equations of motion are derived
from Lagrange’s equations. Numerical results for beam with various boundary conditions
are presented and compared with existing ones available in the literature. The effects of
fiber angle, length-to-height ratio, material anisotropy, shear and normal strains on the
displacements, stresses, natural frequencies, mode shape and buckling loads of the
composite beams are investigated. Some of numerical results are presented at the first
time and can be used as the benchmark results for numerical methods. Besides, a study on
efficacy of approximation functions for analysis of laminated composite beams with

simply-supported boundary conditions is presented.

2. Theoretical and academic contribution of the dissertation:

- Propose new approximation functions to analyse buckling, bending and vibration
behaviours of laminated composite beams with various cross-section and boundary
conditions based on FOBT, HOBT and quasi-3D theory.

- Develop a model of the general laminated composite beams based on quasi-3D
theory including Poisson’s effect. This model is efficacy in analysing both buckling,
bending and free vibration of the general laminated composite beams.

- Develop a model of micro general laminated composite beams (MGLCB) including
Poisson’s effect. The numerical results of bending, buckling and free vibration
behaviours of MGLCB are presented at the first time.

- Apply Ritz solution for bending, buckling and vibration analysis of thin-wall

laminated composite with various cross-sections and boundary conditions based on

FOBT.
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