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ABSTRACT

Although calculating the frame structure (column and beam) has become
quite simple, it is very complicated to calculate the vaulting system
(column and arch) due to the development of the stiffness matrix for the
arch. Depending on the shape of the arch under conmsideration, e.g.,
circular shape, parabolic shape or cycloid shape, different stiffness matrix
will be developed. In this paper, the stiffness matrix for a circular arch
was developed based on the the state equations at its two ends and finite
element method was applied in calculating a circular arch that was
subjected to static loads.

TOM TAT

Tuy tinh todn hé két cdu khung (cét va dam ngang) da tro nén kha don
gian nhung hé khung vom (cét va vom) lai phirc tap do phai xdy dung ma
trgn dé cung cho vom. Tuy thudc vao vom dang xét la vom tron, vom
parabol, vom cycloid... ma co ma trgn d¢ cung khac nhau. Trong bai bao
nay, tac gia da xdy dung ma tran do cimg cho phan tir vom tron tir phwong
trinh trang thai tai 2 dau cua thanh cong, la co so ae xday dung ma tran do
cing cho cdc loai vom cong khdc va dung phirong phdp phan tw hitu han
@é tinh néi luc cho hé khung vom tron chiu tai trong tinh.

Trich dan: Lam Thanh Quang Khai, 2016. Phuong phap phan tir hiru han trong tinh toan hé khung vom tron.
Tap chi Khoa hoc Truong Dai hoc Can Tho. 42a: 1-6.

1 PAT VAN BE

xi trong so d tinh va ciing khong dung xép xi da

Két cu thanh cong dugc sir dung ngay cang
rong rdi tir nganh xay dung dan dung dén cac
nganh giao thong nhu: nhiing mai vom cua cac
cong chao, vom cudn trong cac cong trinh van hoa
ngh¢ thuat, cung dién, nha tho, cac loai cau vom,
cau dan trong cac cang hang khong, bén tau hodc
cau vuot trén can. .

Dé don gian hoa qua trinh tinh toan cac thanh
cong ta thuong sir dung tinh xap xi bang viéc thay
thé cac thanh cong bang cac doan thing gy khuc.
Tuy nhién, su rdi rac hoa cac doan thang cua thanh
cong dan dén do chinh xac khong cao. Vi véy trong
bai bao nay, tac gia khong dung phuong phap xap

thirc ma cac phuong phép'sf') khac van thuong hay
st dung. Khi phén tich két cau, tac gia dung tryc
tiép phuong trinh giai tich cta truc cong.

2 NOQI DUNG NGHIEN CUU

Tt nghién ctru cua tai liéu Ldm Thanh Quang
Khai va Nguyen Tram, 2011 [3] va céc tai liéu [1]
[2], ta xay dung duoc phuong trinh trang thai tai 2
dau thanh cong bt ky:

{U;}: [Aof;] [AZT]'_I{/T?[AIF {g}
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Tir cong thirc (2.34) cua tai lidu [3] ta thiy: [k, ]= [Tl, ]*‘ =[A, ]J' [B]" a’s[A *T]

€ }=Ir fEe}
:{E'}:{U}:[Tw THP} -[r)e}@n e e

! P Tpu Tpp = [AI ]_I.[B] lds[ i ]
Véi: 2.1 Phin tir vom phing
[T ] = [A ; ] Vom phing c6 truc ndm trong mét phang toa do
0Oxy. Trong bai toan phing mot s6 thanh phan trong
[ ] [A ] “B bis[A T vecto trang thai s& bang khong, do d6 ma tran s&
giam kich thude tir 12x12 xudng con 6x6.
r.)=0 [r,]=-c] ;

Trong dé: T: ma tran ddc trung cho phén tir
cong; E , E, : vecto trang thai tai dau i va

T ,T ,T ,T :matranchia khoi

uu > Tup > Tpud T pp*

Sau khi bién d6i (2.1) ta duoc:

Pl | -T,7, T ||V,
Pf - T; ]-;FTI]-: TFITP U

Toém lai ta c6 ma tran d6 cing K cua phﬁn tor

vom sau khi bidn déi: K, - [k“ kn} 22) Hinh 1: Phan tir vom phang tong quat
ko K Cac vecto {P} va {U} mdi vecto chi con 3
Trong do: thanh phan:
- - Pi=m. P P
)= T ] )= I 3BT a7 Tl ]- Pi=lv. p r]
—1 *T {U }: [u» uy a)z]
~[a J[E] ds[Al- ] ‘
| Trong d6 cac thanh phén P, M, , M, u,,
[kzz]: [T pp ][Tu;]: _[Af; IA,.]I [B] ds [A.fT]: o, , o, khong co, do do cac hang va cot tuong
_ [A,- ]I [|3]*1 ds [A ’;T] {ig trong cac ma tran dic trung c6 thé loai bo.

Ma tran dang [A,]=

[

* . L
(1) o P ldb Al e

0 1,

1 (yz_yl) _(x2_xl) 1 4 B T

[Az]=[0 1 0 = Ttlvei[a,]={"T
0 1 X, —X

0 0 2 1 2

COSx'x CcoS ')C
[HP :Losx'y cos;y} [HM]=[COSZ'Z]

u cosx'x cosy'x 0
Do doé: [H ‘]: g =|cosx'y cosy'y 0
0 H, 0 0 ,
cosz'z



Tap chi Khoa hoc Truong Pai hoc Can Tho Phan A: Khoa hoc Tu nhién, Cong nghé va Méi truong: 42 (2016): 1-6

cosx'x:cosy’y:? . . x's y's 0
5 :>[H ] :[H ] ==y x5 0
Mait khéac ta ¢ : —cosy’x:cosx’yz—y
; . 0 0 1
cosz'’z =1
1
) o . — 0 1
Ma trén [H'] 6 thé bidu dién thong qua dao e ]= B4 L=l 01 Do
»
ham x' :ﬂ va y' :ﬂ (dS)
== == 12E1

Y -y, 0 (s
[H*]: y's x's 0 B
0 0 1

Do ma trén [H ] la ma trdn vuéng phan xtng

nén c6 tinh chit sau: (x,s )2 oy
H,|'=|H,[ va |H,] =[H,[ [MP]:[HP][MP][HP]T: E4 EA2
[ P] [ P] [ M] M ' ' 1
Xs-Vs ( s)
EA EA

CRRCRTS TR SRR [IS PR EREEN

Cac ma trin con cua [B] co dang :

v X

r | EIL r | EIL EI.
[4]'[m,,]= Ty [4]' [Mm,, J4]= Ty
EI. EI.  EI

(), v Xy
EA  EI. EA EL
{ ' 1 )2 2

Yoy wo ) x

EA EI.  EA  EI

(M, ]+[4]'[m, J4]=

Ghép vao, ta dugc ma tran [B] :
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2.2 Phén tir thanh chiu uén
Xét phén tir thang (Hinh 2), phén tir ¢6 2 bac ty
do & moi dau

Hinh 2: Phén tir thanh thing

Ta co:

T:i_l —da
" EIl0 -—a

~Vay ma trén d¢ cing K cua phan tir thanh
thang:
_6El  2EI

2

_7i_| a a
ko =T, = 12E7 6EI

3 2

a a

6E] 3 4E]
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3o, 3
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k=2 a o @ e g

a1l = 1 == 2
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=> Ta thiy (2.4) hoan toan gidng trong cac tai
liéu da xuat ban.

Ma tran d6 cig cua phan tir thanh thing dung,
dan dén ma tran d6 cimg cua phan tir vom phang
da 1ap cing ding (do ma trdn d¢ cing cua phan tir
thanh thang dugc suy ra tir ma trn do cung cua
phan tir vom phang).

2.3 Heé¢ khung vom tron

Xét h¢ khung phang c6 thanh trén dang vom
tron, vom c6 truc nam trong mat phing toa do Oxy,
chan cgt dung cuia khung bi ngam chat, chiu tai
trong tac dung nhu hinh v& (Hinh 3).

Hinh 3: H¢ khung vom tron

Phuong trinh chinh tic cia vom tron:
=R - Rcos

{x . ¢ 0<p=<r
y=Rsing

Tacc'):ﬁz ax +d_y =R
do do do

_ X', Rsing —sing

y_',p= Rcoso ~ cosg
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Ma tran dang B:
() ) (Eersx)]
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[B]Z _ X X's.Y's _xy (y’S)Z +x_z
EI |\ EA EI EA  EI
1 > _x
EI EI B
P2 .4 3 2 P2 2T 2
[Ls =[R2 pgp - 2R s =2 [ (1-cosp)dp =
JEI 3 EI EI JEI El4 EI
R wz(x: )2 7Z'R
—d——Rd——d— Wo) g R -
s I ¢ I T ;[ TRyl Ky
P2 1
(y ) _R 7R X'y
;[E—ild EAJCOS o= A iﬁd __Jsmq)cowdq) =
T xy 2R’ %X R . 3R’
Zrds=—[(1- = —ds =—|(l— dp=
;[1 7l J cosp)sinpdy = El £ E EI;[( cosg)dp 2EI
” 2 R3 4 7ZR3
2 ds=—""|sin’ =
Jl B EI-([ S e =
2R AR AR 2R
] El  2EA_2EI El
5] (B - R 2R R 3R
) EI EI 2EA 2EI
R 2R R
| EI EI EI

Vay ma tran do cing k cua phén tr vom, v6i k 1a ma trn 6x6:
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Vi du: Gia st cho hé khung vom tron nhu Cac diéu kién bién:

(Hinh 3). Cho R=3m, P, =P, =10kN, E =210x10° U,=U, =¢=U,=U, =¢, =0 (tai ngam)
(kN/mz) A4=0.02 (mz) 1=5.10" (m*. Tim [ o
chuyen vi thang va chuyen vi xoay tai nut 2, 3. V& M,=F. =F,=M,=0 F, =F, =10
biéu dd luc doc, lyc cit, md men udn cua mdi Gid tri cin tim 13 cdc chuyén vi thing va
phan chuyéq vi xoay tai nit 2, 3 nén ma trén con cua K
Giai: duogc lay tirhang 4 +9 vatircot 4+9.
Ta c6 phwong trinh phan tir hitu han cua hé: Giai hé phuong trinh trén, ta dugc cac chuyén
[K ]{U } = {F } vi thang va chuyén vi xoay tai nut 2, 3:
U] (00019 (m (sang phai)
U, 0.0000 | | m (huéng 1én)
y -0.0010 rad (xo0ay cuing chiéu kim dong hd)
2 | _ . .
= U, [ | 0.0011 m (sang phai)
U, -0.0000| | m (huéng xuong)
¢ ' 200005 | |rad (xo0ay cuing chiéu kim dong hd)
x .

Biéu d0 luc doc, luc cat va mé men udn cia hé:

L

H

12,3533

,;?
&

777
Hinh 4: Biéu dd ndi lwc hé khung vom tron
3 KET LUAN Lam Thanh Quang Khai, 2013. Xac dinh ndi

luc va chuyén vi dimg vom cycloid chiu

Trén co 5o ma trgn [B] - ta 0 thé xay dyng ma nhiéu tai trong tap trung. Tap chi Khoa hoc

tran do cing cho cac phan t&r vom khac nhau. Cong nghé Xay dung ISSN 1859-1566, sb

Phuong phap nay rat hiéu qua va chinh xac ma 1/2013

kzlorll(gh ssn xap xi thanh cong thanh cac doan thing Lam Thanh Quang Khai v Ng}lyén Tram,

gay 2011. Ma tran cua két cau dam cong chiu
TAI LIEU THAM KHAO lue phire tap trong khong gian 3 chiéu. Tap
Lam Thanh Quang Khai, 2013. Xay dung bai ‘1’2}2)3?’1 dung ISSN 0866-0762, 50 thang

toan dam cong phang dang vom parabol
chiu tai trong phén bo déu. Tap chi Xay
dung ISSN 0866-0762, so thang 1/2013.



