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TOM TAT

Bdi todn vé hé dam lién tuc thiong gdp trong xdy dung va céng trinh giao thong, dé da phan
déu la cdc bai todn phike tap ¢é nhiéu bdc siéu tinh va doi héi khéi lwong tinh todn I6n. Hién nay,
phirong phdp phan tir hitu han (PTHH) da va dang dwoc sir dung rdt rong rdi trong tinh todn, mé
phong co khi, ky thudt... Tuy nhién, khi dp dung phiong phdp nay gédp cdc khé khan vé mdt todn
hoc. Bai bdo nay dwa ra y twong vé viéc img dung phwong phdp PTHH két hop véi ngon ngir lip
trinh Matlab dé di tién hanh gidi quyét vén dé vé biéu do néi luc cho hé dam lién tuc mot cach chinh

xac va nhanh chong.
Tw khoa: Phuong phap PTHH,; Matlab; Biéu do noi luc; Dam lién tuc.
ABSTRACT

Problems involving continuous beam systems are common in construction and transportation
engineering. These are often complex problems with multiple degrees of static indeterminacy and
require significant computational effort. Currently, the Finite Element Method (FEM) is widely
used in mechanical and engineering calculations and simulations. However, applying this method
presents mathematical challenges. This paper proposes an idea for applying the FEM in combination
with the Matlab programming language to accurately and quickly solve the problem of plotting

internal force diagrams for continuous beam systems.

Keywords: FEM method; Matlab, Internal force diagram,; Continuous beam.
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1. PAT VAN PE

Trong tinh toan thuc té vé két cau thép
va cac cong trinh cau duong, hé dam lién tuc
1a bai toan rat phd bién. Viéc giai cac bai toan
hé dam nay duoc thyc hién béi nhiéu phuong
phap nhu st dung hé phuong trinh 3 momen
hay cac phuong phap sd... Véi viée phat trién
manh cta cong nghé thong tin thi cac phuong
phap s6 co nhidu uu diém, trong d6 phai ké dén
phuong phép phan tir hitu han (PTHH). Day la
phuong phép rat hiéu qua va dugc sir dung rong
rai trong nhiéu linh vuc khoa hoc va ky thuat,
trong d6 ¢ viée tinh toan giai quyét cac bai
toan siéu tinh ctia hé két ciu nhiéu thanh perc
tap. Trong phuorng phap PTHH, cac dit liéu dau
Vao nhu so do tinh, so do tai trong deu duoc
s6 hoa, toan bo so do tinh duge dua vé ma tran
do cung, so dd tai trong duoc dua vé véc to tai
trong nut. Vi¢c tinh chuyén vi nut con lai 1a di
giai phuong trinh can bang dudi dang ma tran
va tir d6 ta dua vao cac mdi quan hé dé xac
dinh cac dai lugng can tim [1]. Van dé dit ra
1a khi gdp nhiing hé két cau 16n c6 nhiéu phan
tr thanh, nhiéu bac tu do 1a cac thanh phﬁn
chuyén vi tai nut s& gap khé vé mat tinh toan.
Diéu d6 din dén viéc phai két hop phan mém
toan vao phuong phap PTHH dé phan tich hé
két cAu dugc don gian hon [2].

Trén co sO phan tich tinh nang cta cac
phan mém lap trinh thong dung, cung voéi kinh
nghiém tng dung cc phin mém nay vao cong
tac giang day, tic gia nhan thiy viéc ap dung
Matlab vao phucmg phap PTHH dé¢ di glal
quyet bai toan v& biéu dd ndi luc cho két cdu
dam lién tuc 1a rat hitu ich dbi véi viéc tinh
toan va thiét ké thuc té ciia cac ky su cling nhur
viéc hoc tap va nghién ctru cta sinh vién. Phan
mém Matlab c6 cac uu diém vuot trdi voi cac
bai toan ma tran, cc bai toan can duge sb hoa,
can duogc lap trinh va tu dong hoa cao. Phan
mém Matlab trg gitp cho vi¢c tinh toan, vé dd
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thi rt vu viét. Cac 1énh cia Matlab manh va
hi€u qua, dic biét hitu dung cho céac h¢ phuong
trinh tuyén tinh hay cac bai toan ma tran duogc
gip nhiéu trong phuong phap PTHH [2].

2. NQI DUNG CO BAN CUA VE BIEU PO
NOI LUC HE DAM LIEN TUC SU DUNG
LAP TRINH MATLAB

2.1. Phwong phap PTHH tinh ndi luc, chuyén
vi trong bai toan dim [1]

Trong phuong phap PTHH - md hinh
chuyén vi d€ phan tich noi luc, chuyén vi dugc
trién khai theo cac budc sau:

Roi rac hoa hé dam thanh cac phan tir
thanh, dat ky hiéu cho cic phan tir, cac niit va
cac bac tu do tuong Ung voi ) chuyén Vi tai
cac nut.

Thiét 1ap phuong trinh can bang ctia toan hé:

[K].{U} = {F} @.1)

Trong do:

{U} - Vecto chuyén vi nit cia dam
trong h¢ toa do chung;

[K] - Ma tran do ctng cua toan dam
trong hé toa do chung;

{F}- Vecto tai trong nat cia toan dam
trong hé toa d§ chung.

Két hop voi didu kién cho trudc mot
s6 chuyén vi nat nao d6 bang 0 hay biang mot
gi4 tri xac dinh. Ngoai ra phai thoa man diéu
kién lién tuc tai cac nat cta hé két cau. Sau khi
dua vao cac dicu kién bién, diéu kién lién tuc,
phuong trinh can bang méi duogc biéu dién nhu
sau:

[k]. {u} = {f} (2.2)

Trong do:
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{u} - Pugc xay dung tu {U} sau khi
loai bo cac thanh phan chuyén vi bang 0;

[k] - Bugc xay dung tur [K] sau khi loai
bo cac hang va cot tuong Gmg v6i cac chuyén vi
béng 0;

{f} - Pugc xay dung tr {F} sau khi loai
bo cac hang tuong tng véi thanh phan chuyén
vi bang 0.

Giai hé phuong trinh can bang: {u} =
(k] {f}

Tir két qua thu duoc, két hop voi cac
diéu kién bién xac dinh duoc vecto chuyén Vi
nut ciia timg phan tir trong hé toa do riéng. Tir
d6 xac dinh duoc ndi luc, cling nhu bién dang,
{g suat ciia diém bt ky trong phan tir nho cac
quan h¢ da co.

2.2. Phin tir dim trong hé thanh phing [1]

Xét phan tir thanh dam chiu uén i-j
trong bai toan dam phang, c6 do ctng EI, chiéu
dai L. Tai mdi nut s& c6 2 bac ty do: chuyén vi
theo phuong vudng goc truc va chuyén vi xoay.
H¢ toa dg riéng cua phﬁn tu Xy trung voi h¢ toa
d6 chung XY (Hinh 1) voi mot sé cong thirc co
ban nhu sau:

¥ T
vl vZ

| j
E'lfjr\ »’P\E’: X

x1 =0 ¥2=L
Hinh 1. Phan tir thanh dam [1]

Ma tran d6 cting ctia phan tir thanh dam
xac dinh:
12 6L -12 6L

K - EI 417 —6L 2I*
TP 12 -6 |(23)
Sym ar

Mo-men tai hai dau nat phan tir:

M -6L -4’ 6L 2L||6°
()=t p= ot A Ok LA (0.4

M| L| 6L 21> —6L 41 ||v

Luc cit tai hai dau nat phﬁn tr:

vl

o] or| _EIf12 6L -12 6L]|é
Q¢ L|12 6L -12 6L||+¢

o

Sau khi xac dinh dugc ndi lyc cho tirng
phan tr, ta tién hanh budc vé biéu do ndi luc
cho dam.

2.3. Thiét 1ap trinh ty giai hé dam lién tuc
bang phwong phap PTHH sir dung lap trinh
Matlab [2]

Bai toan phan tich vé& biéu do ndi luc
cho hé¢ dam lién tyc bang phuong phap PTHH
dugc tac gia viét chuong trinh tinh toan st
dung phén mém Matlab dugc thuc hién theo so
d6 khdi sau.

Toa & nat
Danhsé&ch phin tl

Vat By, tigt dign
Taitrong, didu kén bign

Nap phin t, chuyén ha truc toa 83

Lip ghép ma tran, ap diéu kién bign

Hinh 2. Luu d6 thudt todn ciia chwong trinh [2]
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2.4. Xay dung chwong trinh Matlab vé& biéu
do noi luc cho dam lién tuc [3],[4],[5]

noe=4; %SO PT (element)
non=5; %SO NUT (nodes)
nodofpn=3; %SO BTD CUA 1 NUT
nk=0; %SO KHOP NOI
% Ma tran BTD
Edof=[1123456;
2456789;
37891011 12;
41011121314 15];
% Ma tran do cung K va vector luc nut £
K=zeros(non*nodofpn-+nk);
f=zeros(non*nodofpn+nk,1);
% Ma tran do cung phan tu Ke & ghep ma tran
Ke vao K
% unit KN-m
q=20; P=40;
E=1; A=1¢9; I=1;
% Ma tran tinh chat Ptu
ep=[E AL % A la dt MC ngang dam
EAT
EATI
EAT];
% Ma tran toa do cua Ptu
ex=[0 3;
36;
68:;
8 12]; % MT toa do X
ey=[0 0;
00;
00;
00]; % MT toado Y
eq=[00;
00;
0 -q;
0 -q]; % MT tai trong phan bo deu [qx qy]
f(5)=-P % Luc tap trung tai nut
for i=1:noe
[Ke,fe]=beam2e(ex(i,:),ey(i,:),ep(i,:),eq(i,:))
[K,f]=assem(Edof(i,:),K ,Ke,f,fe);
end
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%-----Giai he phuong trinh va tinh phan luc
lien ket -

% DK bien

be=[1 0;2 0;8 0;11 0;14 0]; % Dieu kien bien
[a,r]=solveq(K,f,bc);

a %cvi nut

r %phan luc goi

% ----- Section forces
Ed=extract ed(Edof,a);

%NOI LUC THANH
esl=beam2s(ex(1,:),ey(1,:),ep(1,:),Ed(1,:),
eq(1,:),6)
es2=beam2s(ex(2,:),ey(2,:),ep(2,:),Ed(2,:),
eq(2,:),6)
es3=beam2s(ex(3,:),ey(3,:),ep(3,:),Ed(3,:),
eq(3,:),0)
es4=beam2s(ex(4,:),ey(4,:),ep(4,:),Ed(4,:),
eq(4,:),7)

% BIEU DO LUC CAT

figure(1)

plotpar=[2 1];

scale=.04;
eldia2(ex(1,:),ey(1,:),es1(:,2),plotpar,scale);
eldia2(ex(2,:),ey(2,:),es2(:,2),plotpar,scale);
eldia2(ex(3,:),ey(3,:),es3(:,2),plotpar,scale);
eldia2(ex(4,:),ey(4,:),es4(:,2),plotpar,scale);
axis([-2 20 -4 4]);

title((SHEAR FORCE DIAGRAM")

% BIEU DO MOMEN

figure(2)

plotpar=[2 1];

scale=.04;
eldia2(ex(1,:),ey(1,:),es1(:,2),plotpar,scale);
eldia2(ex(2,:),ey(2,:),es2(:,2),plotpar,scale);
eldia2(ex(3,:),ey(3,:),es3(:,2),plotpar,scale);
eldia2(ex(4,:),ey(4,:),es4(:,2),plotpar,scale);
axis([-2 20 -4 6]);

title(MOMENT DIAGRAM")

% End
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3. Vi DU MINH HQA

Str dung ngdn ngir 1ap trinh Matlab hay
viét chuong trinh vé biéu do ndi luc cho hé dam
lién tuc nhu hinh vé (Hinh 3).

S0 kN

¢ 20 KN/m
IR

e

Hinh 3. Hé dam lién tuc
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Hinh 4. Roi rac hoa bai toan

R&i rac hoa hé két cdu thanh 4 phén
tor véi cac nut va bac ty do nhu trén (Hinh 4)
vO1 cac phén ttr, nht va bac tu do cia mdi nit.
St dung code Matlab duoc tic gia viét véi
cac ham Matlab cua dam lién tuc. Két qua thu
duogc: Biéu dd lyc cét (Q) va mo-men udn (M)
cho dam.

] 1 I 2 4 5 E T 2 9 10

SHEAR FORCE DIBGRAM

Hinh 5. Biéu d6 lic cdt O

]
-15 b
=30 b

o i 2 3 4 5 [} T 8 9 10 11 12

MOWMENT DIAG RAM

Hinh 6. Bieu do mo-men uon M

4. KET LUAN

Dura trén két qua thu dugc, nhom tac gia
¢6 mot s0 nhan xét nhu sau:

Cong cu lap trinh Matlab giup cho viéc
tinh toan va v& biéu dd noi luc cho két ciu dam
lién tuc véi tbe do rat nhanh, c6 do chinh xéc
phu hop véi yéu cau.

Trén co so 1y thuyét cua phuong phap
PTHH cung voi phan mém Matlab, tac gia da
xay dung dugc trinh tu so dd thuat toan, cac
ham con va viét chuong trinh Matlab cho bai
toan v& bicu do ndi luc h¢ dam lién tuc ciia mot
vi du cu thé véi két qua tin cay. Viéc timg dung
1ap trinh Matlab vao phuc vu viéc hoc tap, giang
day cho sinh vién, hoc vién cao hoc nganh xay
dung va cong trinh 1a rat can thiét va hiru ich.
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