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Tom tét: Bai béo nay dé xuét mot phan t hiu
han ddm dung cho phéan tich phi tuyén vét liéu cua
dam thép - bé téng lién hop. Phéan tir nay cé kha
ndng mé phéng sw lan truyén déo qua mét cét
ngang va doc theo chiéu dai cua céu kién, sw dich
chuyén truc trung hoa cta 16i dan héi, sw hién dién
cla (g suét dw trong céu kién thép. Phuong trinh
cén bang gia tdng cho phén ti duoc trién khai ding
phuwong phap Rayleigh-Ritz. Mot chwong trinh may
tinh C++ duoc phat trién dé phéan tich vét liéu dém
lién hop thép — bé tong chiu tai trong tinh. Két qua
phén tich duoc so sanh véi cac nghién ctru sén co
dé danh gia murc d6 chinh xac cla chuwong trinh dé
xuét. Chuong trinh duoc thiét 1ap da ching té Ia
mét cébng cu hiéu qua va dang tin cdy trong viéc
phan tich va thiét ké dadm thép — bé téng lién hop.

T khéa: Dam thép — bé tong lién hop, phan
tich déo phan bé, (rng suét du, phén tich phi tuyén.

Abstract: A beam finite element is proposed for
material nonlinear analysis of steel-concrete
composite beams in this research. This element is
capable of modeling the spread of plasticity across
the cross-section and along the member’s length,
the shift of the neutral axis of the elastic core, the
existance of residual stresses in steel structural
member. The incremental equilibrium equations of
the element are derived by using Rayleigh-Ritz. A
computer program written in C++ is developed to
perform the material nonlinear analysis of steel-
concrete composite beams under static loadings.
The obtained analysis results are compared to
existing ones to compare the accuracy of the
proposed program. The proposed program is proved
as a reliable tool in analysis and design of steel-
concrete composite beams.

Keywords: steel-concrete composite beams,
distributed plasticity analysis, residual stresses,
nonlinear analysis.

1. Gi&i thiéu

Két cdu dam lién hop thuong dwoc st dung cho

hé dam san cuta cac cong trinh cau va céc toa nha

Tap chi KHCN Xay dung - sb 4/2020

cao tang. Trén thé gidi loai két cAu nay da dwoc biét
dén tlr rAt sém. Uu diém cuda loai dam lién hop nay
la kha nang chiu lwc I&n, chiu Itra tdt hon dam thép
thong thwdng, téc dd thi cong nhanh va tdm decking
thép chiu luc cling déng vai trd 1a van khudén dé dé
bé tdng san.

M6t trong nhirng nghién clu sém nhét vé dam
lién hop phai ké dén thi nghiém va dé xuat mo hinh
ly thuyét cia Newmark 0. Nhiéu nha nghién ctu
trén thé gi¢i da phat trién mé hinh déng hoc
Newmark dé& khao sat nhiéu khia canh khac nhau
xoay quanh (rng x& cGa cau kién lién hop nhu: xét
dén anh hwéng phi tuyén vat liéu, phi tuyén lién két,
anh hwdng cla tir bién, co ngét, nhiét do, hién
twong tach rdi, nit bé téng... Nhiéu phwong phap
phan tich da dwoc dé xuét dé nghién ctru ng x&
ctia dam thép — bé tong lién hop, tiéu biéu 1a cac
phwong phap sau: phwong phap phéan tich chinh
xac, phwong ma tran dé ciing truc tiép, phuong
phap phan t& htru han véi mé hinh twong thich, mé
hinh can bang, mé hinh hén hop. Cac nghién ctu
tiéu biéu vé mat ly thuyét phai k& dén cac tac gia
sau: Oven cung cdng sy 2, Gattesco 3, Dall'Asta &
Zona 4, 5, Pi cung céng sy 6, Queiroza cung cdng
sw 7. Nhin chung, cac nghién ciru nay chuwa ké& dén
ddng thoi cac yéu tb co thé tac dong dén tng xw
chiu lwc ctia ddm lién hop nhw sy lan truyén déo
qua mét ct ngang va doc theo chiéu dai phan td,
sy dich chuyén cua truc trung hoa va &ng suét du.
Nhirng nghién ctru thy'c nghiém trong viéc phan tich
&ng x& cia dadm lién hop tiéu biéu nhw Chapman &
Balakrishnan (1964) 8, Ansourian (1981) 9. O trong
nuwdc cling c6 mot sb nghién clru co lién quan vé
dam lién hop. Nam 2011, tac gia Vi Anh Tuan va
Han Ngoc Pirc 10 da dé xuéat qua trinh tw déng hoa
thiét ké toi wu dam lién hop thép — bé téng st dung
tiét dién chir | t& hop theo tiéu chuén chau Au véi
ham muc tiéu la téi thiéu hoéa trong lwong dam thép.
N&m 2017, tac gid Vi Anh Tuén da dé xuét phwong
phép thiét ké t6i wu dam lién hop thép — bé tong st
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dung tiét dién chiv | t6 hop khong dbi xirng theo tiéu
chuén chau Au véi ham muc tiéu la téi thiéu hoa
trong lwong dam thép cé ké dén anh hwéng cla
mac thép va chiéu cao san bé téng.

Nghién ctru nay trinh bay cac budc xay dwng
mot phan t& hitu han dam c6 6 bac tw do dé& mo
phdng cAu kién dam thép — bé téng lién hop. Phan
tt nay co kha ndng mé phéng sw lan truyén déo
qua mét cat ngang va doc theo chiéu dai cta cau
kién, sw dich chuyén truc trung hoa cla 16i dan héi,
sy hién dién cla ng suat dw khi ché tao. Phuong
trinh d6 clrng cla phan t& hiru han dwoc thiét lap
bang viéc ap dung nguyén ly thé nang toan phan
dirng c6 phan anh trwc tiép ng x& phi tuyén vat
liéu. K&t qua phan tich dwoc so sanh véi cac két
qua sén co cla cac nha nghién ctu trén thé gidi bdi
nhiéu phwong phap khac nhau dé danh gia mac do
chinh xac ctia phwong phap déo phan bd.

2. M6 hinh phan tt hiru han
2.1 Céc gia thuyét

Cac gia thiét sau dwoc dung dé phat trién phan
t& ddm phéng dé md phdng dam thép — bé téng lién
hop:
- Mat cat ngang cla tiét dién trwdc va sau khi
bién dang van phang va vudng géc véi truc thanh;
- Bién dang phan t& 1a nhd, nhwng chuyén vi toan
hé c6 thé 16n;
- ng x& phi dan héi cta cac thé trén tiét dién chi
chiu anh hwéng ctia ng suét phap;
- Xem ban bé tdng va dam thép duoc lién két
hoan toan v&i nhau.
2.2 M6 hinh vét liéu

M6 hinh vat liéu bé tong clia Karayannis (1994)
12 vé&i viéc bé qua kha nang chiu kéo cua bé téng
(hinh 1) dwgeec s dung trong nghién ctru nay. M6
hinh vat liéu thép dwoc gia thuyét cé tng x& dan —
déo tuyét dbi va khong cé sw tai bén (hinh 2).
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Hinh 2. Ung xt cua vét liéu thép
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trong d6: f, =Pf, - cwong dd chiu nén caa bé
tong, voi €, =0.002 suy ra:

o, =1000g, (250¢, +1)f ", ®)

2.3 Néng lwong bién dang phén to

Xem xét mot phan t&¢ ddm coé chiéu dai L chiu
cac lyc phan t&r dic trwng thwong gap trong phan
tich két cdu phang nhw hinh 3. Tai trong tac dung
lén phan tlr bao gdm tai trong phan bb w(x) va luc
tap trung tac dung vao phan t& gitra nat thir i va j.
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Hinh 3. Phén tir ddm dién hinh

Mat dé nang lwong bién dang ctia mét thé tich vi
phan chiu mét trang thai tng suét chinh mét truc
dwoc cho bai tich phan tdng quat theo cong thirc (4):

Nhirng lwc dau mut phan t& 1a lyc doc truc, lwc cét & & &
va mémen uén duoc biéu dién theo chiéu dwong. U= _[Gsdgs + I c.de, +IGrd5r (4)
0 0 0
Nang lwong téng cdng cta phan ti:
& € €
U=U+U +U, = [ [odedV, + [ [c,dedV, + [ [ o,de,dV, )
V, 0 V, 0 V, 0
Déi v&i phan tir dam thép:
&y &g
U, = I Icsdssdves + I Icssdes + I c,de, (dV,,
Vs & Vs | O gy
&y &
= _[ IEsssdsstes + J. J‘Esasdgs +J.Gyd85 dV,, (6)
Vs & Vs | O gy
E ., 1
= 75 '[ g, dV, +o, I g,dV,, —Ecysy I dV,,
Ves Vps Vps
Déi vai phan tir bé tong:
80 SC
U, = [ [o.dedV, + [ 4 [ode,+ [ " de, (dV, -
Vnc SC VUC 0 sO

S& dung phwong trinh quan hé (ng suat — bién dang cliia bé tong theo cong thirc (3) ta cé thé viét lai

phwong trinh trén nhw sau:

U, = | [1000¢, (250¢, +1)f", dz,dV,,

Vie &

+| TlOOOsC(ZSOaC+l)f"cdsc+Tf"Cdsc av,

Vg | 0
4 11}
U, _ 2510707 [ €Xdv,, +500f", [ €XdV,,
VnC VnC
4
+f", {— 2510 8g+5008§—80} J. dVv,,
V,

uc
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Déi v&i phan tir cét thép:

U = [ [odeadv, + | Tcrdar+TGYrd8r v/

pr

Ver & Vor | 0 Eyr
Eyr &
= I jErs,dardVer + I I E,e de, + j o, dg, rdV, (10)
Ver & VPT 0 Eyr

=% [ 8deer+c5yr\;|‘rsrder—; j dv,,

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

U:%jggdv +G jsdv ——08 , | Ve
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LS R20T [ dv,, +500f ", [ £2dV,

V,

nc

V,

nc

11
+f" -

c

4
{ﬂagwoogg—ao} [V, +f" [ eav,

V, V,

uc uc

E 1
r 2
+7 J Srdver + Gyr Srder —EGyrSyr ‘[ der
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Thé tich clia cAu kién dwoc thay thé bang tich phan qua dién tich ctia mat cat ngang va chiéu dai phan

ttr, cong thirc (11) dwoc viét lai nhu sau:

,H e2dA dx+o IjsdA dX_EG € jAj dA dx

+25'1—04f"° [ [ edA, dx+500f" [ [ e2dA, dx

LA, LA, (12)

+fm {ngggwooeg—go} [ [ dAdx+f ] [ &,dA,.dx

LA, L Ay

+—IJ g2dA, dx+csyrj I g, dA  dx — > yrSyr_[ '[ dA,, dx

LA, L Ay L Ay
Vi bai toan ddm, yéu té phi tuyén hinh hoc &nh hwdng khong dang ké dén (ng x&r clia hé nén ten-xo
bién dang Green trong hé toa do Lagrange dworc rut gon nhu sau:

.
dx 2\dx ydx2 (13)

Thay ten-xo' bién dang vao codng thirc néng lwong cla cac phan tir dam thép, bé téng va cbt thép thu
duwoc két qua:

Nang lwong bién dang phan tir déi véi phan tir dAm thép dwoc viét lai:
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Nang lwong bién dang phan tir déi véi phan tir bé téng dwoc viét lai:
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Nang Iwo’ng bién dang phan t&r dbi voi phan ttr cbt thép dworc viét lai nhw sau:
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Trong do:
Ay=[dA, 1= [YdA, s, =[ydA,
A A Aes

Ny = [ 0,0A, M, =AjcyydAps

A A

Aps
Anc = 'f d'A‘nc
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nc nc

NAnC = J‘ f"C dAI"IC Manc = J‘f l:} ydAnc NHUC = J. f"C dAUC
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pr Pr
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2.4 Thé ndng cua luc tac dung

Thé nang cla lwc tac dung I&én phan t& dam co
chiéu dai L v&i nhing lwe phan tlr déc trwng thudng
gdp trong phan tich két cdu khung phang (hinh 4)
duwoc xac dinh theo cdng thire (17).

d,,r ds.Is
i P
d3 ,7I’3 W(X) d6,r6
d1,r1.,"' ' ‘\_Ld4,l'4
~1 4 b
L

Hinh 4. Phén t& hitu han dam — cét dién hinh ding trong
phén tich bai toan khung

V= -Tw(x) v(x)dx—Pv(P)—{r}"{d} @7

2.5 Nguyén ly thé ndng toan phan ddmg

Trong tat ca cac trwdng chuyén vi kha di dong
thi trwong chuyén vi thyc sé lam cho thé nang toan
phan I dat gia tri dwng.

II=Uu+V (18)

Ap dung nguyén ly thé n&ng toan phan dirng, ta
c6 diéu kién can bang cla toan hé tai cac diém nut:

oIl .

—=0v0ii=1,2,3,4,5,6

od,

L4y dao ham twng phan cta phuong trinh thé
nang toan phan sau khi thay dang xap xi cta truong
chuyén vi, ta dwoc tap hop cac phwong trinh can
bang phan to:

(19)

8

Iznc = J‘ ysznc Sznc = IydAnc A

A, = j dA
A

ps

uc uc

[ dA

uc

A, = [dA,
Apr
{r}=[K]{d} - {FEA}+{1,} (20)
trong do:
{r} - Véc-to' lyc nut phan tor.
{ri=[n r, ., r] (21)
[K] - Ma tran cat tuyén phan to.
{d} - Véc-to chuyén vi nat phan to.
{(dy=[d, d, d, d, dy d] 2

{FEA} - Vecto clia cac lwc dau muat phan tor

c6 ké dén sy cong tac dung tat ca cac lyc tap trung
tac dung vao phan to.

(FEA}=[0 V, M, 0 V, M,] (23
" Pb?(3a, +b) wL
V. = i i iZy "=
! le L 2
" Pa’(a,+3b,) wL
VZ:Z%_{__
I:: Pab? wL? &9
M. = %Y,
! Zl L2 12
" Pafh.  wL?
M - _ [l it B
? le L2 12

{rp} - Véc-to tai trong nut dwoc chiu bdi
phan chay déo cia mat cat ngang phan tc.

{rp}:[_Pap 0 Map P, 0 _Map] (25)

ap
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Ma tran do cirng cat tuyén phan t&r ddm - cot 6 bac tw do dwoc viét lai dwéi dang:

[K]=[Kar ]+ 5[] # 5 K+ [Kes]
+[Keo ]+

+
2
1 1 1 1
E[Km]"'§[Kc2]+Z[Kcs]"‘g[Km]"‘[Kcu] (26)
1 1
+[KRO]+E[KR1]+_

3[KR2]+[KRP]

2.6 M6 hinh phan t
Mbi phan t& ddm duwoc chia thanh ne phan t& hiru han cé chiéu dai bdng nhau nhdm muc dich mé
phdng sw chay déo lan truyén doc theo chiéu dai cia ciu kién (hinh 5).
dE!rE da1.2:ra1.2 da1.3m-1,ra1.3m-1 d5!r5

da I3 daH;raH da1-3’riﬂ-3 da1‘3m—2rra1.3m—2 T da1.3m s[a13m Ida s
dori, D = L T <, r,
/ 1 / 2 n.-1 / n. /

Hinh 5. So' dd phén ti¥ hitu han cho cau kién dém - cét trong hé khung

Chia mat c&t ngang cua tiét dién thanh 66 phan ti thé dbi véi dam thép, 64 phan t& thé dbi véi ban bé
téng va cac phan tlr cbt thép dé mé td mot cach chinh xac (ng x& phi dan hdi qua mat cit ngang phan t
(hinh 6).

Ly
be
<
\ : = z
| phan ttr dién tich i
0

b
Hinh 6. M6 phéng sw lan truyén déo qua maét cét tiét dién
Cac phan t&r thé' clia dam thép dwoc gan truc tiép gia tri 'ng suét dw theo mau (rng suat dw US hodc

ESSC (hinh 7) nham ké dén anh hwéng cla (ng suét dw ton tai trong cac loai thép hinh dén ng x&r thuc
clia hé két cau.

G |+ + O a, l /_/| T,
i
Tt [
o O =030, s A dpy=z12:0,=0,=030,
! o = b, - - dfb, <11:0, =0,=030g,
G Tobtad-2| T ©

Tt - . [y
S| O S, O,

(a) Lehigh Notes (US) (b) Vogel (ESSC)
Hinh 7. M&u tng suét dw
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3. Cac vidu sb

Phan t& httu han dam néu trén dwoc ap dung
trong chwong trinh phan tich phan t& hiru han bang
ngdn ngl lap trinh C++. BJ chinh xac cia chwong
trinh dwoc kiém chirng qua cac vi du sé nhw sau.
3.1 Dam thép — bé tédng lien hop E1 cda
Chapman & Balakrishnan

Chapman va Balakrishnan (1964) 8 da tién hanh
tht nghiém 17 dam lién hop nhip don gian. Nam
2006, Pi cung cong sy 6 da tién hanh phan tich
ddm E1 theo phwong phap phan t& hiru han. Két
qua duwgc so sanh véi thwe nghiém ctia Chapman
va Balakrishnan (1964) 8. Dam E1 la dam don gian
mét nhip, chiéu dai nhip 5.5m, chiu tai trong tap
trung tai git¢ba nhip (hinh 8).

| 2750 | 2750

Hinh 8. So dé hinh hoc va tiét dién dém E1
Tiét dién dam thép: canh 18.2mmx152mm, bung 268.6mmx10.16mm. Ban bé téng cé tiét dién
152mmx1220mm. Cwdng dd chiu nén cuta bé téng fc = 40 MPa, médun dan hdi cla bé téng E» = 26700
MPa, gidi han chay clia thép dam fy = 249 MPa, modun dan héi cla thép dam Es = 205405 MPa.

600 -
- Y —
4 e S T i
500 P O S
z -
=3 =" O
c 400 - 77 o
2 aws
=} ,’
= ,'@
&300 - v’
[
—"200 ) - -G - Thyc nghiém, Chapman & Balakrishnan (1964)
B 1
) - --- M6 hinh phan t& hi*u han, Pi cung céng sw (2006)
100 - Cac tac gia bai bao
O (J T T T T 1
0 20 40 60 80 100

Chuyén vj divng gitka nhip (mm)

Hinh 9. Quan hé luc — chuyén vi ctia ddm Chapman & Balakrishnan E1 (1964)

Can ct vao biéu db phan (rng tai trong — chuyén vi (hinh 9) c6 thé thay réng két qua thu dwoc kha chinh
xac so v&i két qua nghién ciru bang thwe nghiém clia Chapman va Balakrishnan (1964) va gan nhw twong
ddng so v&i két qué phan tich viing déo bang phwong phap phan t& hivu han cla Pi cuing cong s (2006).

Bang 1. So sénh tai trong cuc han ctia dadm lién hop Chapman & Balakrishnan E1

Nam Cac tac gia Pu (kN) Chénh léch (%)
1964 Chapman & Balakrishnan 515 -—-

2006 Pi cung cong sw 505 -1.94
2020 Céac tac gia bai bao 528.86 +2.52

10
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3.2Dam thép — bé téng lién hop U4 cua
Chapman & Balakrishnan

Dam lién hop nhip don gidn U4 dwoc nghién
cu bang thwc nghiém b& Chapman va

B q

Balakrishma (1964) 8. Nam 2006 Queiroza cung
cong sw 7 da tién hanh phan tich ddm U4 theo
phwong phap phan t hiru han bang phan mém
ANSYS.

1220

1! Y vo¢o¥oyovovodovo3yo¥oyoYy

B

I 53450

rEREarrRREEE

Hinh 10. So’ dé hinh hoc va tiét dién ddm U4

Dam lién hop U4 co chiéu dai nhip 1a 5.49m,
chiu tai trong phan bé déu q (hinh 10). Tiét dién
ddm thép: canh  17.6mmx152mm, bung
269.8mmx11.5mm. Ban bé téng coé tiét dién
152mmx1220mm. Dién tich cét thép Idp trén

200mm?, I&p dwdi 200mm?2. Cwong do chiu nén cla
bé téng fc = 30 MPa, gi¢i han chay cia dam thép fy
= 269 MPa, gi¢i han chay cta cét thép f,r = 320
MPa, médun dan héi cla dam thép Es = 206000
MPa, modun dan hdi ctia cbt thép Er = 206000 MPa.
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80 - = ¢ =Thyc nghiém, Chapman & Balakrishnan (1964)
65 --©--- ANSYS, Querioza (2006)
40 Cac tac gia bai bao
0 (1 T T T T T T 1
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140

Chuyén vj ding gitra nhip (mm)

Hinh 11. Quan hé luc — chuyén vj clia ddm Chapman va Balakrishnan U4 (1964)

Biéu db phan (rng tai trong — chuyén vi (hinh 11)
cho thay rang két qua phan tich thu dwoc 1a kha tét
so v&i nghién clru thyc nghiém cia Chapman &

Balakrishma (1964) va kha chinh xac v&i két qua
phan tich bdng phan mém ANSYS cla Querioza
(2006).

Bang 2. Bang so sénh tai trong cuc han cda ddm lién hop Chapman va Balakrishnan U4

Nam Cac tac giad gu (KN/m) Chénh léch (%)
1964 Chapman va Balakrishnan 176

2006 Querioza 179 +1.70
2020 Céac tac gia bai bao 176.9 +0.51
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3.3 Dam thép — bé téng lién hop CBT4 cua
Ansourian (1981)

Sau dam lién hop dwoc thi nghiém béi
Ansourian (1981) 9 thuwéng dwoc st dung dé kiém
chirng két qué cta nhirtng nghién ctru khac. Trong
nghién ctu nay st dung két qua thi nghiém dam
lien hop hai nhip CTB4 dwoc thwc hién béi
Ansourian dé& kiém chirng mirc d6 chinh xac cla

phwong phap. Dall’Asta va Zona 13 da phan tich
phi tuyén dam lién hop hai nhip CTB4 béng phwong
phap phan t& hiru han v&i mé hinh hén hop ba
trwérng chuyén vi — bién dang — (rng suét va sau d6
kiém ching két qua phan tich vai thi nghiém cla
Ansourian. Dam lién hop nay gébm hai nhip déu
nhau 4.5m, chiu tai trong tap trung tai git)a méi nhip
(hinh 12).

I 4500 I 4500

Juy]

190

Hinh 12. So' dé hinh hoc va tiét dién dam CTB4

Tiét dién dam thép: canh 10mmx200mm, bung
170mmx6.5mm. Ban bé téng co tiét dién
100mmx800mm. Dién tich cbt thép Iop trén
100mm?, I&p dwédi 800mm?2. Cwdng dd chiu nén cla

bé téng fc = 27.2 MPa, gidi han chdy cta thép dam
fy = 236 MPa, gi¢i han chay cla cbt thép f,r = 430
MPa, médun dan hdi cia thép dam Es = 200000
MPa.
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<
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Hinh 13. Quan hé luc — chuyén vj cia ddm Ansourian CTB4 (1981)

Biéu d6 phan (ng tai trong — chuyén vi & hinh
13 cho thdy két qua phan tich kha chinh xac voi
thwec nghiém cta Ansourian (1981) va voi két qua
nghién ctru theo phwong phap phan tl hivu han véi

mé hinh hén hop ba trwdng (trong d6 mbi phan to
c6 10 bac tw do) cta Dall' Asta (2004). Vi du nay
cho thdy mic d6 chinh xac va tinh kha thi cla
phwong phap phan tich 1a rat cao.

Bang 3. Bang so sanh tai trong cuc han cia dédm Ansourian CBT4

Nam Céc tac gia Pu (kN) Chénh léch (%)
1981 Ansourian 521.6 ---

2004 Dall’ Asta 507.2 -2.76
2020 Céac tac gia bai bao 536.9 +2.93

12
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4. Kétluan

M6 hinh phan t& hiru han dam — cot theo
phwong phap déo phan bd dwoc dé xuét bang
phwong phap Rayleigh-Ritz dwoc ap dung dé lap
trinh chwong trinh phan tich dam thép — bé tong lién
hop chiu tai trong tinh bang ngdn ngi 1ap trinh C++.
Két qua phan tich tr cac vi du sb cho thdy chuong
trinh phan tich da thiét 1ap phan anh kha chinh xac
&ng x& phi tuyén vat liéu ctia dam lién hop khi so
sanh v&i nhirtng nghién clru dang tin cay cla cac
tac gid khac trén thé gidi. Nhw vay, chuong trinh
nay cé thé dwoc ap dung trong viéc phan tich dam
thép - bé tong lien hop trong nghién ctu dé tim
kiém tai trong cwc han cGa céu kién va hé tro viéc
thiét ké trong thuc tién.

L&i cam on

Nghién ctru dwoc tai tro béi Dai hoc Quéc gia
Thanh phé H6 Chi Minh (PHQG-HCM) trong khuén
khé Dé tai ma sb C2018-20-34.

Chung t6i xin cdm on Trwdng Pai hoc Bach
Khoa, PHQG-HCM da hé trg thoi gian, phwong tién
va co s& vat chat cho nghién clru nay.

Cac ky hiéu:

€. - Trang thai bién dang trong thé tich vi phan cla
bé téng.

€, -Bién dang cua bé tong khi dat cwéong do f"..
€, - Trang thai bién dang trong thé tich vi phan cua
cbt thép.

€, - Trang thai bién dang trong thé tich vi phan cua
thép.

€, - Bién dang déo clia dam thép.

€y, - Bién dang déo cua cot thép.

f "C - Cwdng d0 chju nén clia bétong.

f'.- Cwdng d6 chiu nén mau tru clia bé téng.

Cc
O, - Ung suét chinh ma phan t& vi phan bé téng
phai chiu.

O, - Ung suét chinh ma phan t& vi phan bé téng
phai chiu.

O, - Ung suét chinh ma phan tt vi phan thép phai
chiu.

G, - Ung suét déo cua dam thép.

Oyr - Ung suét déo cla cbt thép.

V,, - Thé tich phan i thép con dan hi.

V,, - Thé tich phan tir cbt thép con dan héi.

Vr)C - Thé tich"phén tr bé tong chiu nén cé rng
suét nhé hon f c-

Tap chi KHCN Xay dung - sb 4/2020

Vs - Thé tich phan ttr thep bj chay déo.

V,r - Thé tich phan tir cbt thep bj chay déo.

V. - Thé tich phan t& bé téng chiju nén co tng
sudt bang T"'_.

TAI LIEU THAM KHAO

1. Newmark NM, Siess CP, Viest IM (1951), Test and
analysis of composite beams with incomplete
interaction, Proc Soc Exp Stress Anal; 75-92.

2. Oven VA, Burger IW, Plankt RJ, Wali AAA (1997),
An analytical model for the analysis of composite
beams with partial interaction, Computer and
Structures; 62(3):493-504.

3. Gattesco N (1999), Analytical modelling of nonlinear
behaviour of composite beams with deformable
connection, Journal of Constructional Steel
Research; 52:195-218.

4. DallAsta A, Zona A (2004), Three-field mixed
formulation for the non-linear analysis of composite
beams with weak shear connection, Finite Element
in Analysis and Design; 40(4):25-48.

5. DallAsta A, Zona A (2002), Non-linear analysis of
composite beams by a displacement approach,
Computer and Structures; 80(27-30):2217-2228.

6. Pi YL, Bradford MA, Uy B (2006), Second order
nonlinear inelastic analysis of composite steel-
concrete  members. 1l: Applications, Journal of
Structural Engineering; 132(5):0733-9445.

7. Queiroza FD, Vellascob PCGS, Nethercot DA
(2007), Finite element modelling of composite
beams with full and partial shear, Journal of
Constructional Steel Research 63: 505-521.

8. Chapman JC, Balakrishman S (1964), Experiments
on composite beams, Struct Eng; 42:369-383.

9. Ansourian P (1981), Experiments on continuous
composite beams, Proc Inst Civil Eng, Part 2; 71:25-51.

10. Vi Anh Tuén, Han Ngoc Bic (2011), Thiét ké tdi wu
dam lién hop thép — bé tong cbt thép, Tap chi Khoa
hoc Cong nghé Xay dung — BHXD,; 5(2):15-22.

11. Vi Anh Tuén (2017), Thiét ké t6i wu trong lwong
dam lién hop thép — bé téng s dung dam thép |
khéng ddi xrng, Tap chi Khoa hoc Céng nghé Xay
dung — BHXD; 7(2):21-28.

12. Izzuddin BA, Karayannis CG, Elnashai AS (1994),
Advanced nonlinear formulation for reinforced
concrete beam-columns, Journal of Structural
Engineering; 120(10):2913-2934.

13. Dall Asta A, Zona A (2004), Comparison and
validation of displacement and mixed elements for
the non-linear analysis of continuous composite
beams, Computers and Structures; 82:2117-2130.

Ngay nhéan bai: 30/03/2020.
Ngay nhan bai stra Ian cuébi: 28/4/2020.

13



