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TOM TAT: Bai bdo trinh bay Pphuong phdp ma trdn do cumg truc tiép d@é phan tich ung
xu ctia ddm thép-bé tong lién hop cd xét den bzen dang trieot do twong tdc khéng toan phdn
«ctia lién két cdt. Phiong phap nay khong can xap xi ham chuyén vi qua cdc da thicc ham dang.
Ma tran do cing K duoc xdc dinh truc tiép bang cdch gan cdc chuyén vi don vi cho cdc thanh
phdn chuyén vi cia vée to chuyen vi ctia phan tir. Chuong trinh tinh todn dia vio phirong
phdp ma trdn do cung truc tzep viét bing ngén ngit Matlab, dp dung d@é khdo sdt cde bai todn
co ban va so sdnh véi cde két qua khdc.

1. GIOI THIEU

Trong nhiing thap nién gan day, su phat trién ciia nganh cong nghiép xay du‘ng dic biét
trong xdy dyng cao oc, yéu cau v€ mat kién truc, ky thuat, kinh té rat cao. Nén viéc lua chon
giai phap klen tric, két cdu 13 mot van d& 16n dit ra cho nganh thlet ké xay dung Giai phap sur
dung két ciu bé téng cdt thép cb dién khong dap tmg dugc yéu cAu; cling v&i su phat trién cla
thep va bé tong cudng d6 cao thi viéc stir dung két cAu thép-bé tong lién hop da dap (mg dugc
cac yéu cau dat ra trong xay dung. Ngay nay, chung dugc st dung rong rdi trong két cau hién
dai va da thé hién duge nhitng uu dlem trong qua trinh st dung.

Hién nay, c6 nhiéu nghién ciru vé ung xu cua dam thép-bé tong lién hop (goi tat 1a ddm
lién hop LH) di dugc bédo cdo; tir 1y thuyet dim LH cua Timoshenko [6]; dén md hinh dim LH
cia Newmark [1]...va cic nghién ciu gin ddy, déng chii y 14 cac nghién ctru: mé hinh didm
LH 6 béc tu do v&i 101 giai phuong trinh vi phan dudi dang do cong [3]; phuong phap ma tran
do cung truc tlep vai md hinh phan ttr 6 bac tw do; phuong phép phan tir hitu han voi 12 bac tu
do [2]. Vi vdy, vin dé nghién ctu tmg xir cia ddm LH 14 hét stc can thiét.

Bai béo nay giéi thiéu phwong phép ma trdn do cimg truc tiép BCTT) de phén tich ung
xir cia ddm LH c6 xét dén su tuong tic khong toan phan cia lién két chiu cit. Phuong phap
nay st dung mé hinh phan tir v6i 8 bac tu do, ma trin d cimg phin tir duoc xéc dinh bang
cach lan lugt gan cac chuyén vi don vi cho cic thinh phin clia véc to chuyen vi phén tir. Trén
co 80 phuong phap nay, chuorng trinh tinh todn tmg dung viét bang Matlab dé khao sat mot s6
vi du minh hoa va so sanh véi cac két qua nghién ctru khac. Két qua thu duoc trinh bay dudi
dang biéu dd va bang biéu.

2. COSO LY THUYET [1], [2], [4], [5]
2.1 Phwong trinh quan hé émg suit bién dang
Xét dim LH c6 dic trimg tiét dién va bidu dd bién dang (hinh 1) véi céc gia thuyét sau:
1. Mit cit ngang tiét dién vin phing trudce va sau bién dang
2. Chuyén vi ding ctia ban bé tong va thép bing nhau
3. Mbi quan hé giita luc cit va bién dang truot 13 tuyén tinh
4. Ung xir ctia vt liéu 1 dan hoi tuyén tinh
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Cic ki hiéu dic trung tiét dién nhu sau:
A., A, Ay dién tich ban bé tong, thép gia cudng, dam thép
Ay, As, A: dién tich tiét dién phan tir 1,2, ca tiét dién
A=At Ay Ay =Ag A=‘AI+A2
Se, Sr, Ss: md men tinh thanh phén ctia bé tdng, thép gia cudng, dim thép dbi véi truc
tham chiéu
L, I, I;: m6 men quan tinh thanh phan cla bé tong, thép gia cudng, dim thép dbi voi
truc tham chi€u
» E, E,, Eg: mo dun dan hdi cia bé tong, thép gia cudng, thép dam
AE =AE +AE ; AE, = AE_; AE = AE, + A, :SE =8 E; +8.E;
= SE, =S,E,; SE =SE, +8SE,;IE =1 E +1E; IE, = IE;IE=IE +IE,
Trong hinh 1, céc ky higu nhu sau: yo 1a khoang cdch tinh tir mép trén cla tiét dién dén
truc tham chiéu; u’o la bién dang doc & mép tr@n cua tiét dién; s’ 1a bién dang truot; v 1a d
cong; u’, 12 bién dang doc & vi tri truc tham chiéu.

Phan tir 1 u, s
. \ e
’, =T _.l,i‘,q___.d 7 '_]I = ,:Fi\:‘._ S T, S szl
s T —g_";.:_qﬁ-:.___';:;f _J N ‘#’ - o - L 25 =
i I % T4 V"
Tryc tham chi€u |
Y D L
1 [
A 2 b4 A/ y _T"
Plj_'_{m 2 ¥ '

Hinh 1: Mat ct tiét dién; biéu dd bién dang dam LH
Theo gia thuyét ban dau, phuong trinh quan hé mg sut-bién dang cia ddm LH nhur sau:
c,=E., = Ec[uo +(y+ yo)v"]; o =E, =E, [uo +(y+ yo)v“]

o,=Ez¢,=E, [uo +(y+ y(,)v"+s'] (1)
Hay viét dudi dang tbng quat sau: .
o, =E},lu0 +(y+y0)v"+s'5ﬁj )

trong d6: ¥ =C,7,8;5 Voo =037, = 0,7, =1
Khi xét quan hé luc cét voi bién dang truot tuyén tinh, ta co:
q = ks r 14 r a ‘
trong do: q 1a luc cat don vi, k 1a d9 cimg lién két cat va s 13 chuyén vi trugt

()
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2.2 Thiét 1ap phuong trinh chuyén vi, bién dang
Xét phan tir dim LH tong quat va phén tir 1 & trang thai tu do nhu hinh 2, 3

w S —
v 1 v 1 v LJ ,,,,J v CHNSIE. S
N T T N T T T e
A‘ | 1.! L 1 ey S |
e RN
| L ‘
& : S
Hinh 2: M hinh dam LH téng quét Hinh 3: Phin tir 1 & trang théi ty do
2.2.1 Cdc thanh phin nji lic
Céc thanh phén ni luc trong phén tir ddm LH xac dinh nhu sau:
N = ZjadA N +N,; M = [oydA @)
i=l 4;
Trong do: Ny, Ns: 1a luc doc phan tar 1, 2; N, M: 14 luc doc, md ment phﬁn tir
Tir (2) va (4), cdc thanh phan néi luc xéc dinh nhu sau:
N = [odd = AEuy + SEV"+y, AEY";
N,= [odd = AB,uy +SEV'+y, AEV"+ AE,s' (5)
N =N, +N, = AEu, + SEV'+y, AEV'+ AE,s' (©6)
M = [yodd = SEuy + IEV"+y, SEv'+SE, s' (7)
A

2.2.2 Phuong trinh chuyén v'i,' bién dang v’; v; u,

Giai cdc phuong trinh (6), (7) véi céc 4n 13 u, va v ta duoc phuong trinh sau:
uy =a,N +a,M +a,s' (8)
v =b N +b,M+b,s' )

Xét phan tir dAm c6 chidu dai z, tir (9) 14y tich phan theo z, ta duoc phuong trinh chuyén vi,
goc xoay nhu sau:

v'=a, jMdz +a, dez +a, Js'dz + D, (10)
v= Vdz+D, = q, ”Mdzdz + il HNdzdz +a, ”S'dzdz +D,z+ D, (11)

Chuyén vi truot tai mat tiép xtc tinh nhu sau:
S=u, —uy —y,v' (12)
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Tir phuong trinh (12), xdc dinh u,, sau do Ez?iy dao ham theo bién z, ta dugc:

u;, = +y0v"+S' (13)
Thay (8), (9) vao (13) ta duoc:
u,=LM+I,N+1s' (14)
Ly tich phan phuong trinh (14) theo chiéu dai phén tir, ta duge:
u, =1 IMdz+12 dez+l3 _[s'dz 3.1 (15)
trong do:
SE+y,AE  y,SE+AE

@ = iy, S
AEIE — SE AEIE - SE
- SESE, + y,(SE,AE, - SE\AE,)— AE,IE
AEIE — SE*
AE SE SE,AE, — SE, AE,

b1:—+——2;b2=—r—7;b3= = -

AEIE — SE AEIE - SE AEIE — SE
I, =a, +yb;l;, =a, ‘_"Y()bz§ I, =a; + yyb; +1

a, =

2.2.3 Phurong trinh chuyén viva bién dang truots, s’
Xét phan tir 1 cia ddm LH v6i trang thai giai phong lién két tu do nhu hinh 3.
Thay (8), (9) vao (5), ta dugc:

Ni=q¢,M+q,N+q,s " (16)
trong do:
_ SE\AE, -SE,AE,  _ AEIE-SESE SE!AE, + SE,AE, — [EAE, AE,

AEIE—SE® T apE-sgr D AEIE — SE°
Phuong trinh cin bing phan tir 1 nhu sau:
dN
(Nl+7152+q52)-N] =0 (17)
z
Tur (4), (16) va (17), ta dugc phuong trinh sau:
d’ am dN
a—;—ks=al—+a2— (18)
dz dz dz
as"—ks = a,M'+a,N' (19) .
, SE!AE, + SE; AE, — IEAE, AE, SE,AE, — SE, AE,
Trong do: @ = — 3 Q) = =
AEIE - SE AEIE - SE
& = AE|IE - SE\BE
> AEIE - SE’

Giai phuong trinh (19), ta duoc nghiém tong quét nhu sau::

s=Cie’ +Ce™™ +s5,, (20)
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k . : "
Trong d6: p° =—; s, » ¢ la nghiém riéng phu thudc vao tai tic dung
e

2.3. Thiét Jap ma trin dd cing k — véc to tai twong duong

2.3.1 Phurong trinh cin bing

Xét phan tir dam LH chiu tac dung cia tai phan bd déu w. Véc to chuyen vi phan tor gorn
¢6 8 béc tu do, mdi nit gom 4 bac tu do. C4c thanh phén chuyén vi niit phan tir gom: chuyén
vi dimg, gbc xoay, chuyen vi trugt duge mo ta nhu hinh 4.

Pha_n tor 1
_ N [ NiL
MO ‘., [ _.'_‘.—_ — e 43_-7,"‘ M
P e . 1
‘aNo - — N,/
IR \ R \
o | Phin it 2 o
- fhan tr 2
S
yO_AT \J} 'T - {u%
r A
Un0 j\b ‘ VL
ot e e
/ e Jl“ %
/ f‘f\‘%‘i_ = -;—L
-l SL
Sy

Hinh 4: Céac thanh phﬁn chuyén vi va phan luc nit phin tir

Phuong trinh cén bing tdng quat ciia phan tir dam LH biéu dién quan hé gilta cac thanh
phan chuyén vi nat va phan lyc nit nhu sau:

i kll k12 k13 kl4 le k16 kl? le ]
k22 k23 k24 k25 k26 kl? k28
k33 k34 k35 k36 k?:',' k38

k44 k45 k46 k47 k48 {
a}={g}+1e.,} @)
kss ksa k57 ’ k58 !

k()& k67 k68
k?’;’ k?S

| SYM s |

trongdé-{ }z[ Vo vo', So» Uy Vi, vL', SIL]T

{}Z[Nm 0» My, Ny, N, R, M:ﬁ N]L]T
{g

la}.

o } véc to phan luc nit twong duong do tai trong phan bb déu gy ra

} véc to chuyén vi phén tir, véc to phan luc nut

,—.;;...
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2.3.2 Xdc dinh ma trin do cimg K

Céac hé sb clia ma tran d6 cimg K duge thiét lap theo phuong trinh téng quat clia phan o
co ban, phén tir khong chiu tac dung cla tai trong ngoai, bang cach lan luot gan cédc chuyén vi
don vi cho céc thanh phén cla véc to chuyén vi phan tu.

Thanh phén néi lyc tai vi tri z va nghiém cia phuong trinh (20) ctia dAm co ban nhu sau:

M =-M,+R,z; N==N,; | 22)
S=Cte“z+Cze_“—% A (23)

2.3.2.1 Xdc dinh hé sé cot thik nhdt ciia ma trdn K
Gan chuyén vj don vi cho thanh phén thir nhét ctia q, kh1 do ta co:

{g}=[L o, 0, 0, 0, 0, 0, Of, 24)
Tir (21) va (24), ta co:

I ki, ki, ks kg kis ki kg le_ 1 Ny ] (kn Ny j
ky ky kK kys ko ki ky |0 R, ks, R,
kyy Ky ks ki ki ks ||0 M, ks, M,

ky kis Ky ki ks ) 0 e d Ny < J Ky L _. Nm 25)

. kss ks ks; kss |10 Ny ks, ng
kﬁﬁ kﬁ? ksg 0 RL km "RL

kg ko ||0 M, ks, _ M, |

| SYM kgs |10 Ny, m kg ) i) M-

Céc hé s cua cot thir nhét clia ma trn K dwoc xac dinh theo (25). Cac* phan luc nut duoc
xéc dinh tir cac phuong trinh (10), (11), (15), (16), (22) va (23). Sur dung 5 didu kién dé xac
dinh cac hé s6 C;, Ca, Dy, D, va Ds nhu sau:

5, =06 Cie” +C.e™ —%RO . =0 (26)

5, =0 Ce” +Cye ™ —%RO\Z_L =0 @7

v, =0e b ”Ma’zdz +b, HNdzdz +b, ”S'dzdz +D,z +DZ| =0 (28)

v, =0 b, |[Mdzdz +b, [[Netzctz + b, [[s'dzddz +Dyz + D, .., =0 (29)

u, =1l jMdz +1, INdz +1 Is'dz + D3| 0 =1 (30)
Str dung 3 didu kién tiép theo xéc dinh céc thanh phén phan luc nit Ny, Rg, M nhu sau:

Vo =0 <> b [[Mzdz + b, |[Nezdz + b, [[s'dectz +D,| =0 (31)

Vi =0<> b, [[Midzdz + b, |[Ndzdz +b, [s =0 (32)

u,, =0<> 1, [Mdz+1, [Nez+1, [s ,=0 )
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Cac thanh phan phan lue nit N, Ry, M, xéc dinh theo diéu kién can bang ciia phan ttr co
ban va phuong trinh (22). Cac thanh phén phan lyc nit Nyo; Ny duoge xéc dinh theo phuong
trinh c4n bing ctia phan tir 1 tir phwong trinh (16) nhu sau:

Nlo:Nllz=0;N1L:"NllZ=L (34)
Vay cac hé s6 cuia cot thir 1 duoce xac dinh
Tuong tu, cac hé 56 cuia cét thir 2 dén 8 ciia ma trdn K ciing dwoc xde dinh nhe trén.
2.3.2.2 Xdc dinh véc to tai phan luc mit twong dwong do tai phdn b6 déuw gdy ra

Thanh phén noi lyc ciia phan tir chiu tdc dung cta tai w tai z va nghiém cia (20) nhu sau:
2

M =-M, +Roz—%;N=—N0 (35)
o aw
s=Ce” +Ce ——LR +——z 36
oo Ty - =
Gan cac thanh phan chuyén vi ctia véc to tai phan tir bang khong, ta co:
{d}=[o, 0, 0, 0, 0, 0, 0, O] (7

Tuong tu nhu 2.3.2.1, ta x4c dinh dugc hé s6 cia véc to tai tuong duong do w gy ra.

3. VI DU MINH HQA

3.1 DAm lién hop don gian chiu tac dung ciia tai phan bd déu w

Xét dam don gian c¢6 so do tinh va ddc trung mt cét tiét dién nhu hinh 5. M6 dun dan h01
vat liéu cua bé tong, thép lan luot 13: E~=2.1¢7KPa, E~2.1e8KPa; d6 clng lién két cat

k=122.24¢3KPa. Phuong phap ma trén do cung truc tiép 4p dung cho bai todn v6i mo hinh
mdt phan tir. Xét (mg xir ctia dam véi cac cdp tai khac nhau.
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Hinh 5: So db tinh va mat ciit tiét dién cia ddm LH

Khao sat gia tri chuyén vi ding & gitta nhip cta dam. So sanh két qua tinh todn véi két qua
ctia cac phuong phéap khac: nhom tac gla Hoang Tung, Faclla vdi 101 gial phuong trinh vi phan
co ban cia md hinh Newmark; phin mém PTHH Ansys [6]. Két qua cho thdy vdi cép tai nho
hon 300KN/m phuong phap DCTT c6 sai s6 so v6i Ansys tir 0,5% dén 10%, trong khi do
phuong phép cia tac gia Hoang Tung, FaelIa c6 sai sd v6i Ansys tir 22% dén 30%. Két qua so
sanh cho thay phuong phap DCTT c6 sai s6 vGi Ansys it hon, c6 d6 tin ciy cao khi st dung.
Két qua so sanh thé hién & bang 1 va hinh 6.
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S
B

—_—

‘ 0.000 5.000 10.000 15.000 20.000 25.000
Wmax (mm)

'L+DC1T e Tung - & - Ansys |
R ue bl SR S T N .

]

Hinh 6: Bidu dd so sanh wy, cac phuong phap

Bang 1: Két qua tinh toan clia cdc phuong phap

Tung, Faella Saisd Sai s6
BOIT) | @ Arsys () | @&0) %) | (1&G) (%)
Cap Wi Cap Winiax Cép 4 Winax Gia tri xét theo cap tai
tai (mm) tai (mm) (mm) cua BCTT
0] 0.000 0| 0.000 0 0.000
35 1.794 35| 1.139 7 0.326 -30.52 9.38
70 3.588 70 2379 14 0.652 -28.96 712
105 5.381 105 | 3.738 24.5 1.142 -28.13 3.47
140 | 7.175 140 | 5.220 40.3 1.895 -26.92 0.45
175 8.969 175 | 6.823 63.9 3.056 -25.85 -2.53
210 | 10.763 210 | 8.544 99.3 4.883 -24.59 -5.01
245 | 12.557 245 | 10.378 152.5 7.830 -23.75 -7.74
280 | 14.350 280 | 12.320 222.5 12.070 -22.66 -9.92
315 | 16.114 315 | 14.365 292.5 16.791 -22.10 -12.61
350 | 17.938 350 | 16.508 350 20.956 -21.23 -14.40

3.2 DAm lién hop don gidn chiu tic dung cia lye tap trung P & gitra nhip
Xét dim don gian c6 so C!c‘“) tinh va dic trung mit cit tiét dién nhu hinh 7. Mé dun dan hoi
vat liéu cia bé tong, thép lan luot la: E=2. 1¢7KPa, E~2.1e8KPa; d§ cing lién két cat
k=184.85e3KPa. Phuong phap DCTT ép dung cho bai todn voi mo hinh hai phan tu. Xét ing
xUr ciia ddm véi céc cap tai khdc nhau.
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Hinh 7: So db tinh va mit cit tiét dién cia ddm LH

Khéo sat chuyén vi & vj tri giira nhip cla dAm. So sanh két qua tinh toan véi két qua cua
phuong phap khac: cac két qua tinh todn va sb liéu thyc nghiém ciia nhém Bojam Cas (2004);
nhém Fabbrocino.(1999) [6]; két qua tinh toan cia Hoang Tung. Két qua cho thay voi cap tai
nh6 hon 300KN, phuong phap PCTT cé sai s6 so v6i nhém Bojan Cas tir 2,5% dén 14%; véi
nhém Fabbrocino tir 2,3% dén 6,8%; trong khi phuong phap ctia Hoang Ting c6 sai s6 kha
cao so voi két qua thuc nghiém. Két qua so sanh thé hién & bang 2 va hinh 8.

400

350 =0

300 + pL

0.000 5.000 10.000 15.000 20.000
Wmax (mm)

[=e—BGTT e~ Tung ~s~ Bojan —_ Fabbrocina |

Hinh 8: Biéu db so sanh w,y,, céc trudng hop

Bang 2: Két qua tinh toan cila cic phuong phap

Chp ti Gid tri wyp,x clia cac phuong phap So sanh (%)
wmax (mm)
P (KN) bCTT Tung Bojan Cas | Fabbrocino 5
&(3 2)&(4 2)&(5
0 0.000 0.000 0.000 0.000 0.0 0.0 0.0
100 3.418 3.635 3.000 3.200 -6.0 13.9 6.8
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200 6.836 7.638 6.300 6.600 -10.5 8.5 3.6
250 8.545 9.738 8.000 8.200 -12.3 6.8 4.2
300 10.254 11.900 10.000 10.500 -13.8 2.5 -2.3
325 11.108 13.011 12.300 13.000 -14.6 -9.7 -14.6
350 11.962 14.122 16.000 17.300 -15.3 -25.2 -30.9

Nhu vy, qua hai vi du chimg t6 phuong phap DCTT c6 két qua kha tdt so voi Ansys va
két qua thuc nghiém. V6i cdp tai nho hon 300KN thi sai 6 nho hon 10%. Khi cp tai 16n hon
300KN thi sai s6 tir 12% dén 25%. Ung xtr ciia ddm LH 1a hoan toan phi tuyén, tuy nhién voi
chp tai nhé hon 60% kha ning chiu lye cyc han thi ¢ thé xem 1a tuyén tinh. Png thoi néu xét
theo tidu chuin Eurocode 4: ENV 1994 v tidu chudn thiét ké két cdu thép cia Viét Nam
TCXDVN 338:2005 dé so sanh thi khi tai trong 16n hon 350KN thi d6 vong cua dam da vuot
qué gidi han cho phép L/250. Diéu nay chimng té phuong phap PCTT co6 d6 chinh xéc kha cao
dé khio sat ddm LH trong giai doan dan hoi.

4. KET LUAN

Trong bai bdo tic gia gidi thiéu phuong phap DCTT dé phén tich dam thép-bé tong lién
hop 6 xét dén bién dang trugt do tuong tic khong toan phan cia lién két chiu cat. Phuong
phap co6 uu diém la khéng str dung ham xép xi cho cac ham chuyén vi.

Két qua thu dugc cua phuong phap DCTT kha tin cdy so v6i két qua tinh todn clia Ansys
va céc két qua tinh toan thuc nghiém. M6 hinh tinh toan don gian, phuong phiap DCTT cén
duoc nghién clru dé tng dung phan tich img xir ciia két cdu thép-bé téng lién hop da dang hon
nhu ddm LH chiu tac dung cta cac loai tai trong khac nhau, dam lién tuc...

Bai bdo nay thuc hién trong khudn khé “Dé tai nghién cieu cdp truong ma 56 T-KTXD-
2007-31", Truong Dai Hoc Bach khoa, DHOG TP.HCM.

THE ANALYSIS OF CONCRETE - STEEL COMPOSITE BEAMS WITH
PARTIAL INTERACTION OF SHEAR CONNECTORS USING DIRECT
STIFFNESS METHOD

Nguyen Van Chung @, Bui Cong Thanh @
(1) University of Technology, VNU-HCM
(2) Department of Strength and Structure, Faculty of Civil Engineering

ABSTRACT: This paper presents a method for the analysis of concrete-steel
composite beams using the direct stiffness method. In this method, no displacement
approximation is needed. The stiffness matrix K is obtained directly by taking into account the
partial interaction of the shearing connector by restraining all freedoms except the one related
t0 the column consider, for which a unit displacement is imposed. A program using the direct
stiffness method which is written in Matlab is applied to some simple illustrative examples.
The results obtained are compared to those of the other methods.
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