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TOM TAT: Bai béo trinh bay phirong phap ma trdn do cing truc tiép dé phan tich iing
xir ciia dam thép-bé tong lién hop co xét dén bién dang truot do tirong tac khdng toan phan
cua lién két cat. Phurong phép ndy khong can xdp xi ham chuyén vi qua céc da thirc ham dang.
Ma trdn dg cirng K duroc xac dinh tryec tiép bang cach gan cac chuyén vi don vi cho cac thanh
phan chuyén vi cia véc to' chuyén vi cua phan tir. Churong trinh tinh toan dira vao phuwong
phép ma trdn dé cieng truec tiép viét bang ngdn ngiz Matlab, 4p dung dé khao sat cac bai toan
co bdn va so sanh véi cac két qua khéc.

1. GIOI THIEU

Trong nhitng thap nién gan day, su phat trién caa nganh cong nghiép xay dung dac bict
trong xay dung cao 6c, yéu cau vé mat kién tric, ki thuat, kinh té rat cao. Nén viéc lya chon
giai phap klen trac, két ciu la mot van dé 16n dat racho nganh thlet ké xay dung. Giai phap sir
dung két ciu bé tdng cbt thép cd dién khdng dap ung dugc yéu cau; cling véi sy phét trién cua
thép va bé tong cuong do cao thi viée s dung két cau thép-bé tong lién hop da dap ung duoc
céc yéu cau dit ratrong xay dung. Ngay nay, ching duoc sir dung rong rai trong két ciu hién
dai vadathé hién duoc nhirng wu diém trong quétrinh sir dung.

Hién nay, c6 nhiéu nghién ctru vé ung xir cia dam thép-bé téng lién hop (goi tit 1a dam
lién hop LH) da dugc bdo céo; tir Iy thuyét dam LH caa Timoshenko [6]; dén mé hinh dam LH
ciia Newmark [1]...va céc nghién ctru gan day, dang cha y 1a cac nghién ciru: mé hinh dam
LH 6 bac tu do vai 1oi giai phueong trinh vi phén duéi dang d6 cong [3]; phuong phap matran
d6 cang tryc tiép voi mo hinh phan tir 6 bac ty do; phuong phép phan tir hitu han véi 12 bac tu
do [2]. Vi vay, van dé nghién ciru ing xir ciadam LH 1& hét sirc can thiét.

Bai b&o nay gidi thiéu phuong phdp ma tran do cang truc tiép (BCTT) dé phan tich tng
xtr cua dam LH c6 xé dén sy tuong tac khong toan phan caa lién két chiu cit. Phuong phép
ndy sir dung mé hinh phan tir véi 8 bac tu do, matran do cing phan tir duoc xéc dinh bang
céch 1an lugt gan céc chuyén vi don vi cho céc thanh phan cia véc to chuyén vi phan tir. Trén
co s& phuong phép ndy, chuong trinh tinh toan (g dung viét bang Matlab dé khao s& mot sb
vi du minh hoa va so sanh véi céc két qua nghién ciru khéc. Két qua thu duoc trinh bay dudi
dang biéu db va bang biéu.

2.COSOLY THUYET [1],[2], [4], [5]
2.1 Phwong trinh quan hé wng suit bién dang
Xét dam LH ¢ dic trung tiét dién vabiéu do bién dang (hinh 1) véi céc gia thuyét sau:
1. Mait cit ngang tiét dién van phing trudc va sau bién dang
2. Chuyén vi diring caa ban bé téng va thép bang nhau
3. MJdi quan h¢ giiraluc cat vabién dang truot |a tuyén tinh
4. Ung xir caavit liéu ladan hdi tuyén tinh
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Céc ki hiéu dic trung tiét dién nhu sau:
§ A, A, Ay dién tich ban bé téng, thép gia cudng, dam thép
§ Ay, A, A: diéntich tiét dién phantir 1, 2, ca tiét dién
8 Ar=Ac+ AL A= Ag A=AHA,
§ S, S, S M6 men tinh thanh phin ciia bé tong, thép gia cuong, dam thép doi voi truc
tham chiéu
§ le, |1, I mb men quén tinh thanh phan cua bé tng, thép gia cuong, dam thép ddi voi
truc tham chiéu
§ E., E,, Es md dun dan hdi caabé téng, thép gia cuong, thép dam
§ AE, = AE, +AE. : AE, = AE,; AE = AE, + AE,;SE, =S.E_ +S.E,
§ SE,=SE,; SE=SE, +5,;IE, =1 E, +1,E,; IE, =1 E,; IE=IE +IE,
Trong hinh 1, céc ky higu nhu sau: y, & khoang céch tinh tir mép trén cuatiét dign dén
truc tham chi eu; U'o la bién dang doc ¢ mép trén cuatiét dién; s’ labién dang truot; v* 1a do
cong; U’ labién dang doc & vi tri truc tham chiéu.

S

Phan tir 1

Truc tham chi€u

Phanthr2 *

L A

Hinh 1: M3t cit tiét dién; biéu db bién dang ddm LH
Theo gia thuyét ban dau, phuong trinh quan hé wng suat-bién dang caa dam LH nhu sau:
s.=Ee, =E i +(y+y)V]is, =Ee =E |u +(y+yo)v]

s, =Eg, = ES[u;, +(y+ yo)\f'+s'J (1)
Hay viét duéi dang tong quét sau:
5, = Ey|Uy + (y+ yo)V'+5d, ] @

trongdd: g =c,r,s; g =00, =09, =1
Khi xét quan hé luc cit véi bién dang truot tuyén tinh, ta co:

q=ks . : )
trong d6: q laluc cat don vi, k 1ado cang lién két cat vaslachuyén vi truot
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2.2 Thiét 1ap phwong trinh chuyén vi, bién dang
X ét phan tir ddm LH téng quét va phan tir 1 & trang thé tu do nhu hinh 2, 3

e ey

No t Ni Lo e e o N+Nidz
—é —~ L o e -
No R e D e T
I s s e L L L L

Ro , Ro q2)

Hinh 2: M6 hinh dam LH téng quét Hinh 3: Phan tir 1 & trang théi ty do

2.2.1 Cac thanh phan ngi luc
Céc thanh phan néi luc trong phan tar dam LH x&c dinh nhu sau:
é . \
N=a ¢5:dA =N, +N,; M = GpydA 4
i=1 Aj A
Trong d6: Ny, Ny: 1alyc doc phantir 1, 2; N, M: 1aluc doc, md ment phan tir
Tur (2) va (4), céc thanh phan ndi luc xac dinh nhu sau:
N,= (A= AE,U, + SEV'+Y,AEV';
Al

N,= (A= AEU; + SEV'+Y, AEV'+AE,S (5)
A2
N = N, + N, = AEu, + SEV'+y, AEV'+AE, S 6)
M = ¢ysdA = SEu, + IEV'+y,SEV'+SE, S @)
A

2.2.2 Phwong trinh chuyén vi, bién dang v'; v; u,
Giai cac phuong trinh (6), (7) véi cac anlau, vav” tadugc phuong trinh sau:
u, =a,N+a,M +a,s )
vV =bN+b,M +b,s 9
Xét phan tir dam o chiéu dai z, tir (9) Iy tich phan theo z, ta duoc phuong trinh chuyén vi,
g0c xoay nhu sau:

V'=a,cMdz +a,CNdz +a,(sdz+ D, (10)
v=v'dz+D, = a (gMdzdz + a, fNdzdz + a, (gs dzdz +D,z + D, (11)

Chuyén vi truot tai mit tiép xtc tinh nhu sau:
S=U, - Ug - YoV 12
Tt phuong trinh (12), x&c dinh u,, sau d6 1y dao ham theo bién z, ta dugc:
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U =u, + Yy, V'+s (13)
Thay (8), (9) vao (13) ta duoc:
u, =IL,M +1,N+1,8 (14)
L4y tich phan phuong trinh (14) theo chiéu dai phan tir, ta duoc:
u, =1,cMdz+1,CNdz +1,csdz + D, (15)
trong do:
E+y,AE Yy, SE+AE

~ AEIE- SE2' 7 AEIE- &7

SESE, +,(SE,AE, - SE,AE,)- AE,IE

AEIE - SE?

. AE _ S = _ SE\AE, - SE,AE,

b= P = 2% = 2

AEIE - SE AEIE - SE AEIE - SE

Il :a'l +y0bl;|2 :aZ +y0b2; |3 :a3 + y0b3 +1
2.2.3 Phwong trinh chuyén vj va bién dang truet s, s
Xét phan tir 1 ciadam LH vai trang théi giai phong lién két ty do nhu hinh 3.
Thay (8), (9) vao (5), ta dugc:

N.= oM +0,N +q,s (16)
trong do:
_SEAE, - SE,AE,  _ AEIE- SESE | _ SEVAE, + SE,AE, - IEAEAE,
' AEIE- SE? "%  AEIE- &E? ' ° AEIE - SE?
Phuong trinh can bang phan tir 1 nhu sau:
(N, + d(’j\ll dz+qdz)- N, =0 (17)
z
T (4), (16) va (17), ta dwoc phuong trinh sau:
d’s dMm dN
a— -ks=a,—+a,— 18
dz? Ydz % dz (18)
as'-ks=a,M'+a,N' (19)
S SETAE, + SEJAE, - IEAEAE, | _ SEAE, - SE,AF,
AEIE - SE? T AEIE - SE?
_ AE|IE- SE,BE

a, 5
AEIE - SE
Giai phuong trinh (19), ta duoc nghiém téng quét nhu sau::
s=Ce"+C,e™ +s,, (20)

Trong d6: Nt = 5 ; Sp,p : langhiém riéng phu thugc vao tai tac dung
a :
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2.3. Thiét 1ap matran dé cieng k — véc to tai twong dwong

2.3.1 Phuwrong trinh can bang o ﬂ ‘ ‘

Xét phan tir dam LH chju tac dung cia tai phan bo déu w. Véc to chuyén vi phan te gom
c6 8 bac tu do, moi nut gom 4 bac ty do. Cac thanh phan chuyen vi ndt phan ta gom: chuyén
vi dirng, géc xoay, chuyén vi truot dugc mo ta nhu hinh 4.

Mo( -
No

Phan tr 1

Hinh 4: Céc thanh phan chuyén vi va phan lyc nat phan tir

_Phuong trinh ¢an bing tong quét cua phan tir dam LH biéu dién quan h¢ gitra cac thanh
phan chuyén vi nat va phan lyc ndt nhu sau:

o)
@

é Ky p ks Ky ks kg Ky lel‘;l

g Ky Ky Ky Ky Ky Ky Ky 3

g Kig Koy Ky Ky Ky Ky 3

A k, k. k. k., Kkgr

é u Kig K Kg Kyg _

e 1} ={a} +{0..) (21)
¢ Kis Kss Ksz K :j *
e u

(:3 Kes Koz Keg u

g Krz K 3

8SYM Kes G

2

=

L e
=

trong do:{q} = [uno, Vo Voo Spr Uy, V., V,
:[NO’ RO’ MO’ NlO’ NL’ RL’ ML’ NlLT
{a}, {g} : véc to chuyén vi phin ti, véc to phan luc nit
{geq}: véc to phan lyc nit twong duong do tai trong phan bd déu gay ra

2.3.2 Xac dinh matrgn dé cirng K

Céc hé sb caamartran do cang K duoc thiét 1ap theo phuong trinh téng quét cua phan tu
co ban, phan tr khdng chiu téc dung caatai trong ngoai, bang cach 1an luot géan cac chuyén vi
don vi cho cac thanh phan cia véc to chuyén vi phan tir.
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Thanh phan ndi lyc tai vi tri z vanghiém cia phuong trinh (20) caa dam co ban nhu sau:
M =-M,+R,z; N=-Ng; (22)

a 1
K Ro (23)

2.3.2.1 XAc dinh hé s6 cot thir nhdt ciia matrgn K
Gan chuyén vi don vi cho thanh phan thir nhit caa g, khi d6 ta co:

{=[ o o 0o 0o 0 o o (24)
Tir (21) va (24), taco:

s=Ce"+C,e"™-

é k11 k12 k13 k14 k15 kle k17 le U' 1_U i No U i knu i_ No U

g k22 k23 k24 k25 k26 k27 k28 H: 0: : I?0 : : k21': : I?0 :

é k33 k34 k35 k36 k37 k38 l;" OI I M 0 I I k31.|. I M 0 T

g k44 k45 k46 k47 k48 Hi 0: - Il NlO :, " Il k41.:., = Il NlO : (25)
2 k55 k56 k57 kss 3: 0| : NlO:?:/ : k51?/ : NlO:?:/

é Kes Koz Keg u: 0.:. : R, : : kel.:. : R :

: r KO Mo ikai ML

gSM katlOh TNuhy Thab TNy

Céc hé sb cua cot thir nhat cuamatran K dugc xéc dinh theo (25). Cac phan luc nt dwoc
xac dinh tur cac phuong trinh (10), (11), (15), (16), (22) va (23). Sir dung 5 dieu ki¢n dé xac
dinh céc hé s6 C,, C,, D1, D, va D3 nhu sau:

S =0« Ce™+Ce™ - TIR, =0 (26)
—_ (104 - M al —_
s, =0« Ce™+C,e™- ?RO\FL =0 27)

Vo =0« b gMdzdz + b, (gNdzdz + b, (s dzdz +D,z + D,|,.,=0 (28)
v, =0« b, gMdzdz +b, FNdzdz + b, (fs' dzdz +D,z+ D,| .., =0 (29)

Uy =1« |,¢Mdz+1,¢Ndz+1,¢sdz+D,|,., =1 (30)
Sir dung 3 diéu kién tiép theo xéc dinh cac thanh phan phan luc ndt No, Ry, Mo nhu sau:

Vo =0« b gMdzdz + b, (fNdzdz + b, ¢fs' dzdz +D, | ,.,= 0 (31)

Vi =0« b, gMdzdz +b, ¢fNdzdz + b, (f's' dzdz +D,| .., =0 (32)

U, =0« I éMdz+I,¢Ndz+1,¢sdz+ Dy, =0 (33)

Céc thanh phan phan lyc nit N, R, M xéc dinh theo diéu kién can bang ciia phan tir co
ban va phuong trinh (22). Cac thanh phan phan luc nit Nio; N1 dugc xac dinh theo phuong
trinh can bang caa phan tir 1 tir phwong trinh (16) nhu sau:

Nyp = Ny 700 Ny == Nyj 2o (34)
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Vay céc hé sb ciacot thr 1 dugc xéc dinh
Twong tu, cac hé s6 cua cot thir 2 dén 8 ciia ma trdn K ciing duroc Xac dinh nhue trén.
2.3.2.2 X&c dinh véc to tai phan luc nit tirong dwong do tdi phan bé déu w gay ra

Thanh phan noi lyc cia phan tir chiu téc dung cuatai w tai z vanghiém cia (20) nhu sau:
2

M =-M, +R,z- 22 ;N =- N, (35)
S=Ce™+C,e™- akl R, + a;(W z (36)
Gén céc thanh phan chuyén vi cua véc to tai phan tir bing khong, ta co:
{d}=[o, 0, 0, 0 0 0 o0 o, 37)

Tuong tu nhu 2.3.2.1, taxéc dinh duoc hé sb cia véc to tai twong duong dow gay ra

3.Vi DUMINH HQA

3.1 Dam lién hop don gian chiu tac dung cia tai phan bé déu w

Xét dam don gian c6 so do tinh va dic trung mét cat tiét dién nhu hinh 5. M6 dun dan hoi
vat liéu caa bé téng, thép lan luot & EC:2.1e7KPa,’ E~2.1e8KPa; do cang lién ket cat
k=122.24e3KPa. Phuong phdp ma tran do cung tryc ticp ap dung cho bai toan véi mé hinh
mat phan tir. Xét ung xir ciadam véi cac cap tai khac nhaul.

W)

AAAAAAAAAAAA

100

/ L

200
'
fo

Hinh 5: So d tinh vamit cit tiét dién coadam LH

Khao sét giatri chuyén vi diing & gitra nhip cia dam. So sanh két qua tinh toan vai két qua
cua cac phurong phap khéc: nhom téc gia Hoang Tung, Fadlavai 1oi giai phuong trinh vi phéan
co ban caa md hinh Newmark; phan mém PTHH Ansys [6]. Két qua cho thiy vai cip tai nho
hon 300KN/m phuong phép BDCTT ¢d sai sb so véi Ansys tir 0,5% dén 10%, trong khi d6
phuong phép ciatac gia Hoang Tung, Faella co sai sd véi Ansys tir 22% dén 30%. Két qua so
sénh cho thay phuong phép DCTT ¢6 sai sb voi Ansys it hon, c6 do tin cay cao khi sir dung.
Két qua so sanh thé hién & bang 1 va hinh 6.
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400 +

350

300

w (KN/m)
N
(@)
o

100 -

50

05 T |
0.000 5.000 10.000 15.000 20.000 25.000

Wmax (mm)

‘ —m@—DCTT —e— Tung - - Ansys ‘

Hinh 6: Biéu d6 so sanh W Céc phurong phép

Bang 1: Két qua tinh todn cua cac phuong phép

Tung, Fadlla Sai sb Sai s6

peTT® ) A | @e@ ) | @e@ ()
Cap | Wpna Cap Winax Cép tai Winax Giatri xét theo cap tai
tai (mm) tai (mm) (mm) cuabCTT

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| 2.379 14 0.652 -28.96 7.12
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 -71.74
280 | 14.350 280 | 12.320 2225 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 gian chiu tac dung caa lwc tap trung P ¢ giita nhip
Xét dam don gian c6 so d6 tinh vadac trung mat cit tiét di¢n nhu hinh 7. M6 dun dan hoi
vat liéu cua bé tong, thép lan luot la: E;=2.1e7KPa, E~2.1e8KPa; d6 cung lién két cat
k=184.85e3K Pa. Phuong phdp DCTT &p dung cho bai toan véi m6 hinh hal phan tir. Xeét tng
Xtr ciadam véi céc cap tai khéac nhau.
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iP(kN)

5000

400
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180
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e

Hinh 7: So dd tinh va mat cét tiét dién caa dam LH

Khao sét chuyén vi ¢ vi tri gitra nhip caa dam. So sanh két qua tinh toan voi két qua cia
phuong phép khéc: céac két qua tinh todn va sb lidu thyc nghiém caa nhom Bojam Cas (2004);
nhém Fabbrocino (1999) [6]; két qua tinh todn cia Hoang Tung. Két qua cho thiy vai cap tai
nhod hon 300KN, phuong phap DCTT ¢6 sai s6 so v6i nhém Bojan Cas tir 2,5% dén 14%; voi
nhém Fabbrocino tir 2,3% dén 6,8%; trong khi phuong phép cia Hoang Tung co sai s kha
cao so véi két qua thuc nghiém. Két qua so sanh thé hién ¢ bang 2 vahinh 8.

400

0.000 5.000 10.000 15.000
Wmax (mm)

‘+DCTT --®--Tung -~ Bojan —<— Fabbrocino ‘

20.000

Hinh 8: Biéu d6 so sdnh W CAC trudng hop

Bang 2: Két qua tinh todn caa cac phuong phép

Chp tai Gi&tri wyg ciia cac phuong phap So sanh (%)
Winax (MM)
P (KN) BCTT Tung Bojan Cas | Fabbrocino
2)&(3 2&(4 2)&(5
) ) 3 @ ) 2@ | 8@ | (&0)
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 25 -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 vay, qua hai vi du chiing t6 phuong phdp DCTT c6 két qua kha tét so véi Ansys va
két qua thuc nghiém. Vi cap tai nhd hon 300KN thi sai sb nho hon 10%. Khi cip tai lén hon
300K N thi sai b tir 12% dén 25%. Ung xir cia dam LH & hoan toan phi tuyén, tuy nhién véi
cAp tai nho hon 60% kha ning chiu luc cuc han thi 6 thé xem latuyén tinh. Ddng thoi néu xét
theo tiéu chuan Eurocode 4: ENV 1994 va tiéu chuan thiét ké két ciu thép cua Viét Nam
TCXDVN 338:2005 dé so sanh thi khi tai trong 16n hon 350K N thi d6 véng caa dam da vuot
quAa gidi han cho phép L/250. Biéu ndy ching to phuong phdp DCTT ¢d ¢ chinh xéc kha cao
dé khao s& dam LH trong giai doan dan hi.

4. KET LUAN

Trong bai béo tac gia gidi thiéu phuong phdp BCTT dé phan tich dam thép-bé tong lién
hop cd xét dén bién dang truot do twong téc khong toan phan cua lién két chiu cit. Phuong
phép cd uu diém lakhéng sir dung ham xap xi cho cac ham chuyén vi.

Két qua thu duoc caa phuong phdp DCTT khatin ciy so véi két qua tinh todn caa Ansys
va céc két qua tinh toan thyc nghiém. M hinh tinh toan don gian, phuong phdp DCTT cin
dugc nghién ciru dé irng dung phan tich tng xir caa két cau thép-bé tdng lién hop da dang hon
nhu dam LH chju t&c dung caa cac loai tai trong khac nhau, dam lién tuc...

Bai bao nay thiec hién trong khudn kho “ Bé tai nghién ciru cap truong ma so T-KTXD-
2007-31" , Truwong Dai Hoc Bach khoa, PHQG TP.HCM.

THE ANALYSIS OF CONCRETE - STEEL COMPOSITE BEAMSWITH
PARTIAL INTERACTION OF SHEAR CONNECTORSUSING DIRECT
STIFFNESSMETHOD

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-stedl
composite beams using the direct tiffness 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
to the column consider, for which a unit displacement isimposed. 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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