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Tom tat: Mot phén tkr hitu han dam — cot duoc
thiét 1ap dé ap dung cho phan tich ving déo bac hai
ctia khung phdng gém cét thép va dém thép — bé
téng lién hop chiju tai trong tinh. Céng thirc ndng
lwong va phuong phép thé ndng toan phén dimng
duoc 4p dung dé thiét Iap ma tran dé cing cla
phén t c6 ké dén hiéu (ng bac hai. Ma trén dé
cirng co tich hop hiéu (rng béc hai va g xtr vung
déo dworc thue thi trong mét chwong trinh may tinh
duoc phét trién bang ngén ngl lap trinh C++ dé
phan tich tinh phi tuyén hé khung phang lién hop
thép — bé tdng. Chwong trinh phéan tich dwoc ching
minh |& chinh xac qua viéc so sanh két qua phén
tich dat duorc véi két qua cla cac nghién ciru trude.

Tw khéa: Khung thép-bé téng lién hop, vung
déo, hiéu (rng bac hai, phan tich phi tuyén.

Abstract: A beam-column finite element is
formulated to apply forsecond-order plastic-zone
analysis of steel column and steel-concrete
compostite beam planar frames subjected to static
loading. The energy formulation and the principle
ofstationary total potential energy is applied to
formulate the stiffness matrix of the element with the
consideration of second-order effects. The stiffness
matrix integrated second-order effects and plastic-
zone behavior is implemented in a computer
program developed by C++ programming language
for static nonlinear analysis of the planar steel-
concrete composite frames. The analysis program is
verified to be accurate through the comparision of
obtained analysis results with those of previous
studies.

Keywords: steel-concrete composite frames,
plastic-zone, second-order effects, nonlinear
analysis.

1. Gi¢ithiéu

Két cdu thép — bé tong lien hop 1a loai két cau
duwoc cau tao tir thép két cu két hop voi bé tong
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cbt thép dé chung cung tham gia chiu lwc. Loai két
céu nay da tich hop dwoc nhitng wu diém ndi bat
cUa hai loai vat liéu khac nhau |a thép va bé tong cbt
thép dé tao thanh mot hé két cu cé kha nang lam
viéc tét hon nhw c6 cuwong d6 cao, c6 do déo dai
I&n, cu kién két cAu thanh manh hon két ciu bé
tong cbt thép va tang kha nang chiu Itra so v&i viéc
chi st dung két ciu thép don thuan. Bén canh do,
thoi gian thi cong hé két ciu lien hop ciing kha
nhanh. Loai két cAu nay thuwdéng dwoc st dung cho
cac tdéa nha van phong va thwong mai. M6t trong
nhitng loai két cau lién hop phdé bién la két clu
khung thép nhwng c6 dam la thép — bé tdng lién
hop. Phan bé téng cbt thép ciia dam lién hop (la
phan san bé téng cbét thép lién két véi dam thép
thdng qua cac chét chiu cat) khdng chi déng vai tro
tang cwong do va dod clng clia dam ma con la 16p
bao vé chdng chay va chéng &n mon.

D3 c6 nhiéu nghién ciu vé (rng x& két ciu cla
ddm bé téng — thép lién hop cad vé ly thuyét
(Newmark 0, Oven cung coéng sv 2, Gattesco 3,
DallAsta A va Zona 45, Pi cung coéng suv 6,
Queiroza cung cong sw 7) va thwc nghiém
(Chapman & Balakrishnan (1964) 8, Ansourian
(1981) 9). Trong thwc t&, cac dam chinh lién hop
thwong duwoc lien két cing voi cot thép dé tao
thanh khung lién hop. Tuy nhién, cac nghién ctru vé
khung lién hop con chwa nhiéu do tinh chét phirc
tap cla n6é. Nam 2001, Liew cung cong sy 10 da
trinh bay mét phwong phap phan tich phi dan hdi co
thé cung clp du dd chinh xac can thiét dé nghién
clru trng Xt & trang thai gidi han ctia khung thép cé
dadm san lién hop chiu tac déng két hop cua tai
dirng va ngang. Cot thép dwoc md phdng bang md
hinh phan t& dam - cot c6 khép déo 2 dau. Cong
thirc dwoc dé xudt d& mod hinh dam lién hop dua
vao quan hé mé-men — d6 cong cula tiét dién dam
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lién hop chiu mé-men dwong va am. Can lwu y rang
day chi 1a phwong phap xap xi dwa trén md hinh
gan dung ch® chuwa that chinh xac. Nam 1999,
Fang cling cong sw 11 da dé xuat mot tha tuc phan
tl hiru han dwa trén so dd tich phan sé cho phan
tich phi tuyén hinh hoc va vat liéu cta khung lién
hop. Sw chay déo tirng phan qua mat ct ngang
duwoc ké dén bang sw chia I&p cliia mat cét ngang &
cac diém Gauss doc theo chiéu dai ciu kién va sw
thay déi dd cirng doc truc cling dwgc mod phdng
trong nghién ctru. Phwong phap nay co6 thu tuc
phan tich kha phtrc tap nhwng chwa k& dén tac
dong cla tng suat du trong ciu kién dam-cot thép.

Nghién ctru nay phat trién mot phan & dam-cot
dé ap dung trong phan tich phi tuyén khung thép
phéng gém cot thép va dam thép — bé tdng lién hop.
Phan tr nay khéng nhirng cé khd ndng mé phéng
&¥ng x& ving déo ma con ké& dén hiéu (rng bac hai
trong phan tich. Ma tran dé cirng phan t& dwoc xay
dwng dwa trén nguyén ly thé ndng toan phan dirng.
Tiét dién ngang cla phan t&r dwoc chia thanh nhiéu
thé nhd gilp phan anh truc tiép ng xt phi tuyén
vat liéu theo phwong phap vung déo, sw dich
chuyén cla truc trung hoa trong sudt qua trinh chay
déo va anh huéng ng suét dw. D6 chinh xac cla
chwong trinh da phét trién bang ngdn ngi 1ap trinh
C++ dwoc kiém chirng qua cac nghién ctru da duoc
cong bd.
2. M6 hinh phan tt hiru han
2.1 Cdc gia thiét

Céc gia thiét sau dwoc dung dé phat trién phan
tr ddm — cot phdng d& mo6 phéng ca ciu kién cot
thép |1an dam thép — bé téng lién hop:

€sh

- Mat cat ngang phang van con phang sau bién
dang;
- Bb qua anh hwéng cla bién dang cét;
- B qua anh hwéng clia md men xoan;
- Bién dang phan t& 1a nho;
- Su lam viéc ngoai mién dan hdi chi dwoc danh
gia dwa vao trng suat phap trén tiét dién;
- Xem ban bé téng va dam thép dwoc twong tac
toan phan véi nhau;
- Lién két gitra ddm lién hop vo&i cot 1a lién két
crng.
2.2 M6 hinh vét liéu

M6 hinh (rng suét — bién dang cla vat liéu bé
téng st dung trong nghién clru nay dwoc lay theo
mo hinh clia Karayannis (1994) 12 (hinh 1) v&i gia
thiét bd qua rng x& chiu kéo cla bé téng. Md hinh
ng suat — bién dang cua thép duwoc gid thuyét
theomé hinh dan — déo tuyét dbi (hinh 2).
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Hinh 1. Ung xd& chiu nén cta vét liéu bé tong
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Hinh 2. Ung xt¥ ctia vét liéu thép
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2
mn 8 8
o, =f, 2—°+[—C] khi 0<g, <g, (1)
(o] o
o, =f, knig, >¢, )
trong do: fc = ch - cwong do chiu nén cua bé
tong, voi €, =0.002 suy ra:
o, =1000¢, (250¢, +1)f ", 3)
2.3 Nédng Iwong bién dang phén td
Xét mot phan t& ddm — cot dién hinh cé chiéu
dai L chju cac tai trong gdm tai trong phan bd w(x)
va luc tap trung tac dung & gitra phan t& nhw trinh
bay & hinh 3. Nhitng lwc ddu mut phan ti ciing
duwoc biéu dién trong hinh.

a2
—
Lh

P — = ~

1%

L

Hinh 3. Phén t dadm — cot dién hinh

Mat dé nang lwong bién dang clia mot thé tich

vi phan chju mét trang thai trng suat phap dwoc cho
b&i tich phan tbng quat theo cong thirc (4):

8S SC al'
u= jcsdss + I o de, + I c,de, (4)
0 0 0

Nang lvong tdng cong cla phan to:

U=U+U_ +U, = chsdsstS + I chdscdvc + I TcrdsrdVr (5)
V; 0 V. 0 V. 0

Déi v&i phan tir dam thép:

U, = | [o,dedV, + | Tcsdss+Tcydss v
V, 0 €

Ves & ps y

= J. jEsgsdgstes + I ]-y E.ede, + T Gydss deS (6)
Ves & Vis | 0 Ey
Es

yoy

V,

Ves \/ ps

ps

Déi v&i phan tir bé tong:

= _[ ecdV, +o, I sstps—%G g IdV

U, = [ [o.dedV, + [ 4] o.de,+ [ de, tdV, @
VnC SC VUC 0 80
S dung phwong trinh quan hé (ng suat — bién dang ctia bé tong theo coéng thirc (3) ta cé thé viét lai
nhv sau:
U, = | [1000¢, (2505, +1)", de.dV,,
VnC SC
€y &¢ (8)
+ [ 4 [1000¢, (250, +1)f ", de, + [ £, de, (dV,
v, | 0
4 n
U, _ 281077 [ e2dv,, +500f", [ XV,
VnC VnC
25.10* ©
+f" {— " £3 +500¢ —80} [V, +f" [eav,
Vie Vie
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Déi v&i phan tir cbt thép:

U, = [ [odedV, +I{chs+]cds}d

Ver & Vpr Eyr

—JJ.EsdadV +I{IE8d8+JG da}dV (10)
Vo pr Eyr

= % I edV, +o,, | £dV, —%Gyrayr I dV,

Ver Vpr pr

T cong thire (5), (6), (9) va (10) suy ra nang lwong tdng cdng clia phan t&r dwoc viét lai nhw sau:

U :% J. ecdV, +o, J g, dV, —EG /€ J. dV,,

ps ps

4en
L 20 [ €2V, +500f ", [ &2dV,
VI‘IC VI’\C
4 11
+f "0{25'310 8§+5008§—80} [V, +f" [ eav, )
VUC VLIC

+? I g,dV, +o, | €dV, —Ecyrgyr j dVv,,

Ver Vpl’ Vpl'

Thé tich cta cAu kién dwoc thay thé bang tich phan qua dién tich ctia mat cit ngang va chiéu dai phan
tlr, cong thire (11) dworc viét lai nhw sau:

L Ag

:_” g2dA, X +o HadA dx——o yu dA .dx

L0 [ [ edA, dx+500f", [ | eZdA,.dx

LA, LA, (12)

+f {25'—;("18%50085—80} [ [ dAdx+fr [ [ edA,dx

L Ay LA

+—H efdA, dx+o, [ [ &dA, dx— > yrey,jjdAprdx

LA, LA, LA,

Hiéu (rng bac hai phai dwoc xét day du trong hé khung nén ten-xo bién dang Green trong hé toa do
Lagrange dwoc viét nhw sau:

(W) 1wy
dx 2\dx dx?  2\dx (13)

Thay ten-xo bién dang vao coéng thirc ndng lwong clia cac phan t& dam thép, bé tong va cbt thép ta co:

N&ng lwong bién dang phan tlr déi véi phan tr dam thép duoc viét lai:
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dx
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N&ng lwong bién dang phan tir déi véi phan tlr bé téng dwoc viét lai:

25.10* &

Nanc (duc
dx

U =

3 2 3
J - f"c Canch_\zlj
dx

dx

dx

- dX -
aLl 4
25.10 j ENanc(ducj dvj EMam(d—Vj d*v
3 34 dx Jldx /) 4 dx ) \ dx
4 L[ 6]
25000 L d_vj i
3 3|8 x)
A u, Y d?v
+500] N( j f"clm( zj —2M,,
X dx
L
+500] N, U (dvj m, &V ( dx +500
ol dx \ dx dx?
4 L
+{25'10 e> +500¢] —SO}J N, . dx
0

%

N&ng lwong bién dang phan tir déi véi phan tir cbt thép dwoc viét lai:
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L 2 2,,\? 2
Ur =5J‘ Aer(dur) +IZ€I’ d_\Zl _ZSZer(durj d_\2/ dX
29 dx dx dx /i dx

2 ) 2 L 4
Aer (dur j(d_vj _Szer d_\zl (d_vj dX + EJ ﬁ(d_vj dx (16)
dx )\ dx dx? )\ dx 25 4 \dx

L 2 2 L'N
[ Ny (D) N~ Y M, ]
W Uax )= 2lax ) = lax? ) = 172

trong dé
Aes = I dAES IZES = .[ yZdAes SZES = jydAes Aps = J. dApS
A A A A
N = [ 0,dA, M, = [o,ydA,
A A
Ac=[dA,  Le=[ydA, s, =[ydA, A, =[dA,
A A A A
NAnC = J. f"c dAnC Manc = J.f ':: ydAnc Nauc = J. f"c dAuc MAuc = f "c ydAuc
Anc A Ay Ay
Canc = I ySdAnC
Anc
A, =[dA, 1, =[ydA, S,=[ydA, A, =[dA,
Aer A A A

er er pr

Napr = J. GyrdApr Mapr = J.Gyl' ydApf

Ay Ay

2.4 Thé ndng cda luc tac dung

Thé n&ng cla lwc tac dung 1én phan t& dam — cot c6 chiéu dai L dwoc trinh bay & hinh 4 duwoc xac dinh
theo cbng thire (17).

da,r ds.rs
A P w(x 1
ds,r3 %) dg,lg
di,ry i‘ dy.ry
— L —
= a b
L
L
Hinh 4. Phan to hiru han dam — c6t dién hinh
' T oIl .
V=—jw(x)v(x)dx—Pv(P)—{r} {d} (17) a=0 v6ii=1,2,3,4,5,6 (19)
5 i
2.5 Nguyén ly thé nang toan phan damg LAy dao ham tirng phan cla phwong trinh thé
Thé nang toan phan I coa he. nang toan phan sau khi thay dang x4p xi ctia trwong
M=U+V (18) cr‘luyen VI ta dwoc tap hop cac phuwong trinh can
] . . bang phan to:
Ap dung nguyén ly thé nang toan phan dirng, ta
c6 diéu kién can bang cla toan hé tai cac diém nut: {r} = [K]{d} - {FEA} + {rp} (20)
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trong do:

2
v, = ZPb (3a +b) wL

{r} - vector lvc nut phan t. 5

M=l ror ool - V, - Z“l: (a +3b) v\g_

[K] - ma tran cat tuyén phan to; M, = Z”:P.izbz wL? 24
i

{d} - vector chuyén vi nat phan t&. o path, sz

{dy=[d, d, d, d, d, d;] (2 =

{rp} - vector tai trong nut dwoc chiu bdi phan

chay déo ctia mat cat ngang phan tt.
ké& dén sy chg tac dung tat ca cac lwc tap trung tac rl=|—p 0O M P 0 — 25
dung vao phan to. { p} [ @ oo J (25)

(FEAl=[0 V, M, 0 V, M,] (3

{FEA} - vecto clia cac lwc ddu mut phan t&r co

Ma tran dé cirng cat tuyén phan t&r dam - cot 6
bac tw do dwoc viét lai dwsi dang:

[<]=[KsoJ# 5 [Ka ]+ 5 [Keo ]+ [Kes]
+[KCO]+%[Km]%[KCZp%[K03]+%[KC4]+[K0U] (26)
+[KRO]+%[KR1]+%[KR2]+[KRP]

2.6 M6 hinh phan te

Mb&i phan t&r dam va cot dwoc chia thanh n, phan t& hivu han cé chiéu dai bdng nhau nhdm muc dich mé
phdng sw chdy déo lan truyén doc theo chiéu dai cGa céu kién (hinh 5).

d2!r2 da1_2:ra1_2 da1_3m-1:ra1_3m-1 dﬁ!rﬁ

d3,|'3 da11!ra11 da1-3’ra1-3 da1.3m—2:ra1.3m—2 da1.3m!ra1_3m Xde,rs

— ) -, . . . el
S e n-t - n, 9’

Hinh 5. So' dé phén t& hitu han cho céu kién dém - cét trong hé khung

Chia mat cét ngang cla tiét dién thanh 66 phan Nhw vay, sw lam viéc ngoai mién dan hdi cta
tlr thé dbi voi dam thép, 64 phan tir thd dbi véiban  dam thép va ban bé tong cbét thép dwoc cap nhat
bé téng va cac phan t&r cbt thép d& mo td mot cach  lién tuc trong sudt qué trinh phan tich bang phwong
chinh xac ng xt& phi dan hdi qua mat cat ngang phap thd ma con dwoc goi la phwong phap phan
phan t& (hinh 6). tich ving déo.
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by

be
<

S -z

| phan t&r dién tich i |
© H

i

br

I 1
Hinh 6. M6 phéng suw lan truyén déo qua maét cét tiét dién

Céc phan t&r thé clia dadm thép dwoc gan trwc  xuat ndm 1985 (hinh 7) nham k& dén anh huwéng
tiép gia tri wng suat dw theo mau &ng sudt dw cia  cla (ng suat dw tdn tai trong cac loai thép hinh dén
Lehigh Notes d& xuat nam 1965 hoac ctia Vogel d&  (rng x(& thyc cla hé két cAu.

+ +|‘3.:

G2 +19: Cr
S d 6}[\
g, =030,
oY 7| dfb,z12:0, =0,=030,
9, b Oy € ’ ' ) :
2-g =0g.=05%
g, = rr o, dib,<12-0, =0,=050,
O o E’,r*f;‘ +1, (d - sz} Cj_:}/
o, |% +|9, o, |+ o,

(a) Lehigh Notes (1965) (b) Vogel (1985)

Hinh 7. M&u tng suét dw

Cong thirc ma tran do ctrng trén dwoc st dung 3. Cacvidusbd
trong chwong trinh phan t& hivu han phi tuyén dwoc
phét trién bang ngén ngir 1ap trinh C++ dé phan tich
khung lién hop gém cot thép va dam lién hop. Thuat Khao sat khung cong gom dam lién hop lién két
toan giai phi tuyén dwoc ap dung trong chuong v&i hai cot thép c6 so dd tinh nhw hinh 8 va c6 cac
trinh 1a thuat toan Euler don gian. Chwong trinh  thdng s6 hinh hoc va vat liéu dwoc trinh bay trong
dwoc ching t6 do tin cay qua viéc phan tich cac vi bang 1. Pay la bai toan dwogc Li‘ew va Chen (2001)
du sé sau. 10 thwc hién phan tich phi dan hoi.

3.1 Khung thép céng c¢6 dam lién hop

20 Tap chi KHCN Xay dung - s6 1/2021
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A i
P_..: | 1219 |
A |
1 &
| & L
165
A-A
\ 5000 \

Hinh 8. So dé va tiét dién khung Portal

Bang 1. Théng s6 khung céng cé dam lién hop cta Liew va Chen (2001)

Nhip khung (mm)

Chiéu day (mm)

102

Tiét dién ban bé tong

Chiéu rong (mm)

1219

Tiét dién dam (mm)

165x310x5.8%9.7

Tiét dién dam thép

Tiét dién cot (mm)

205x310%x9.4x16.3

Vat liéu str dung

Cuwong dd chiu nén clia bé tong f. (MPa)

16

Gidi han chdy cua thép hinh f, (MPa)

252.4

Médun dan hdi clia thép hinh Es (MPa)

200000

100

80

60

40

Luc P (kN)

0 .

—e—Liew & Chen (2001)

Tac gia

0 50

100 150 200

Chuyén vj ngang & dinh khung (mm)
Hinh 9. Quan hé tai trong — chuyén vi ngang tai dinh khung Portal

Két qua tir hinh 9 cho thay, khi gia tri tai trong
tac dung nhd (< 70kN) thi quan hé gitra lwc va
chuyén vi 1a tuyén tinh, lGc nay &ng x& cta dam la
dan hoéi. Biéu db phan &ng tai trong — chuyén vi
(hinh 9) thu dwoc kha dung véi két qua nghién ctru
cla Liew & Chen. Nhwng khi tai trong tac dung
tang lén thi bat diu c6 sw chénh léch, gia tri tai t&i
han thu dwoc theo phwong phap vung déo la
87.9kN, theo nghién clru cla Liew & Chen (2001)

Tap chi KHCN Xay dung - sb 1/2021

la 80.5 kN, chénh léch +9.1% so v&i Liew & Chen
(2001). S& di c6 sw chénh Iéch nay la do trong
nghién ctu cla Liew & Chen da st dung sé lwong
chét chéng trwot dé dat 90% twong tac toan phan.
Nhw vay, chuyén vi truot & mat tiép xdc gitba ban
bé tébng va dam thép da anh huéng dén gia tri tai
trong t&i han clda khung so v&i trwdng hop xem
dam 14 twong tac toan phan nhw trong nghién clru
nay.
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3.2 Khung lién hop 6 tang 2 nhjp b&i Fang cung cong sw (1999) 11 c6 ké dén (rng xt

Khung lién hop sau tang hai nhip gdm cac cot  phi tuyén cla vat liéu va hinh hoc. Khung c6 so do

thép va dam thép — bé tong lién hop dwoc phan tich

chiu lc dwoc trinh bay trén hinh 10.

317 K/m 31.7 Ki/m
023k ¢+ + ¢+ ¥+ ¥ + + $44 + ¥+ ¢+ ¥ + 4 4 ¢1
2 IPE240 2 IPE240 2
— &~ — =)
i i g8 2
T 491 Ki/m T 491 KM/m T (4]
LN IEEEEEEEREIEEEEEENEN:
o IPE300 g IPE300 2
i A ol 2
Y 491kUm  E imm 2l B
2044kMN T4 ¢ ¢+ + F 4 + ¥ FIF FF YL YE
o  IPE300 g IPE300 g
o i sl 2
T o491Kkm T Pim Bl B
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Hinh 10. So dé va tiét dién khung lién hop 6 tdng 2 nhip
Bang 2. Théng sé hinh hoc va vat liéu st dung trong khung lién hop 6 tang 2 nhip
CAu kién b (mm) tr (mm) hs (mm) tw (Mm)
IPE240 120 9.8 240 6.2
IPE300 150 10.7 300 7.1
IPE360 170 12.7 360 8.0
IPE400 180 13.5 400 8.6
HBE160 160 13.0 160 8.0
HBE200 200 15.0 200 9.0
HBE220 220 16.0 220 9.5
HBE240 240 17.0 240 10.0
HBE260 260 17.5 260 10.0
Vat liéu st dung
Bé tbng Cuwdng dd chju nén f. (MPa) 25
L Gi¢i han chay f, (MPa) 235
Thép hinh " .
M6 dun dan hoi Es (MPa) 200000
o Gi6i han chay f,, (MPa) 235
Cot thép = 1.
M6 dun dan hoi E, (MPa) 390000
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Hinh 11. Quan hé tai trong — chuyén vi ngang tai dinh khung 6 tang 2 nhijp

Biéu dd phan tng tai trong — chuyén vi ngang
tai dinh khung (hinh 11) cho th4y két qua phan tich
kha chinh xac véi nghién clru ctia Fang cung cong
sw (1999). Gia tri hé s tai trong cwc han theo

nghién ctru clia Fang cung cong sw (1999) la 1.181,
con nghién ctru cla tac gia thu dwoc la 1.180, sai
léch - 0.085%. Nhuw vay cé thé thdy chwong trinh
phan tich cé6 dé chinh xac kha cao.
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Chuyén vi ngang tai dinh khung (mm)

Hinh 12. Quan hé tai trong — chuyén vi ngang tai dinh khung 6 téng 2 nhijp
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Két qua phan tich ctia chuong trinh cho bai toan
khi khdng xét dén (rng suét dw cling nhw khi xét dén
&ng suét dw theo mau Vogel va Lehigh Notes duoc
trinh bay trén hinh 12. C6 thé nhan xét rdng &ng
suéat dw cé lam thay ddi (rng x& tai — chuyén vi cla
khung nhwng khoéng dang ké va lam cho d6 cirng
ngang va kha nang chju tai cwc han cta khung suy
giam déi chut.

4. Kétluan

M6t phan phan tlr hivu han dam - cot dwoc thiét
lap dé& ap dung phan tich khung phang lién hop gdm
cot thép va dam thép — bé tong lién hop chiu tai
trong tinh. Tiét dién ngang cuta phan t& dwoc chia
thanh nhiéu thé nhoé thép va bé tong dé theo doi
&¥ng x&r ving déo qua mét cat ngang va doc theo
chiéu dai ciu kién. Hiéu ng bac hai dwoc ké dén
trong khi thiét lap phwong trinh gia tdng can béng
cta phan tlr. Ma tran do cing c6 k& dén hiéu trng
bac hai va rng x&r vung déo dwgc ap dung trong
chwong trinh phan tich tinh phi tuyén bang ngén
nglr lap trinh C++ vo&i thuat toan gidi phi tuyén
Euler. Két qua phan tich cta chwong trinh dwoc
kiém chirng 1a da tin cay khi so v&i nhitng nghién
clu trwdc day cla cac tac gid khac trén thé gidi.
L&i cam on:

Nghién ctru dwoc tai tro béi Dai hoc Quéc gia
Thanh phé H5 Chi Minh (BHQG-HCM) trong khuén
khd Dé tai ma sb C2018-20-34.

Chung t6i xin cdm on Trwdng Dai hoc Bach
Khoa, PHQG-HCM da hé tro thoi gian, phwong tién
va co s& vat chat cho nghién ctru nay.
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Plastic-zone second-order analysis of planar steel frames with steel-concrete composite beams
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