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Tém tat: Bai béo nay trinh bay mét chuong trinh méy tinh duoc phat trién bang ngdn ngi I&p trinh C++ dé
phén tich cét éng thép nhdi bé téng chiu tai trong tinh c6 ké dén tac déng bac hai va (g xi phi dan hoi.
Ma tran dé cting tiép tuyén phi tuyén ctia phan ti cot duoc thiét Iap bang nguyén ly Rayleigh-Ritz véi gia
thiét c6 suw tuong tac hoan toan gitra 16i bé téng va vé thép. Thuét toén chiéu dai cung duoc p dung dé gidi
hé phuong trinh cén bang phi tuyén. Két qua phan tich cta chuong trinh duoc so sanh véi céc nghién ctiu
triéc qua céc vi du sb dé chiing t6é dé tin cay cla chuwong trinh dé duoc phat trién.

Ttr khéa: Ong thép nhdi bé téng; tuong tac toan phan; tac déng bac hai: ting xt¥ phi dan héi, chuong trinh
phén tich.

Second-order inelastic analysis of concrete-filled steel tube columns

Abstract: This paper presents a computer program developed by C++ programming language for the anal-
ysis of concrete-filled steel tube columns subjected to static load with the consideration of second-order
effects and inelastic behavior. The nonlinear tangent stiffness matrix of the column element is formulated by
the Rayleigh-Ritz principle with the assumption of fully interaction between the concrete core and steel tube.
The arc-length algorithm is also applied to solve the nonlinear equilibrium equation system. The analysis
results of the program are compared to the previous research ones in some numerical examples to prove
the reliability of the developed program.
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@ 1. M& dau

Cot bng thép nhdi bé tdng cé nhidu wu diém vé mét két cAu, thi cong va kién tric nén da dwoc tng
dung réng rai trong cac cong trinh ciu va nha dan dung trén thé gi¢i. Mac du gan day cac phan mém thiét
ké trén may tinh ca nhan da tich hop mé-dun thiét ké loai ciu kién nay theo cac tiéu chudn Hoa Ky va Chau
Au nhwng van chwa tich hop mé-dun phan tich phi tuyén hinh hoc va vat liéu cta ciu kién. Do vay, viéc phat
trién chwong trinh c6 thé phan tich phi tuyén loai cAu kién nay mét cach tin cay 1a diéu can thiét cho cong
tac thiét ké truc tiép hodc thiét ké theo sw 1am viéc ctia hé két ciu dung gidi phap cot 6ng thép nhdi bé téng,
d&c biét 1a trong thiét ké khang chan dwa vao phan tich day dan.

Cac nha nghién ctru trén thé gidi da thwe hién nhidu nghién ctu dé phat trién chwong trinh phan
tich cho loai cAu kién nay. Hong [1] da phat trién moét chwong trinh phan tich don gidn dwa vao phuong
phap thé d& dy doan (ring xtr cot CFT chiu tai co va nhiét ddng thdi. Phuong phap Newmark da duoc ap
dung dé phan tich mat &n dinh phi dan héi cta cAu kién co ké dén tac dong cla nhiét va trng xtr mémen-
dd cong-nhiét do cua tiét dién. Tort va Hajjar [2] da xay dwng mét phan t& hiru han dwa vao ly thuyét dam
Euler-Bernoulli cho phan tich déng phi tuyén cét 6ng thép nhdi bé tong tiét dién hinh chi nhat. Ma tran d6
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ctrng va ndi lwe phan tlr dwoc phat trién bang viéc ap dung phwong phap phan t&r hiru han két hop dwa vao
nguyén ly bién phan Hellinger-Reissner cé k& dén sw truyén luc gitra 16i bé tong va voé dng thép.

Chua c6 nhidu nghién ctru trong nuwéc nghién clru phat trién chwong trinh phan tich phi tuyén cot
4ng thép nhdi bé tong. Nghién clru nay phat trién mot phan tir hivu han c6 ké dén tac ddng phi tuyén hinh
hoc va vat liéu cho phan tich phi tuyén cot 6ng thép nhdi bé téng co tiét dién tron hodc chir nhat chiu tai
trong tinh nén-uén phang véi gia thiét sw twong tac gitra 16i bé tong va voé thép clia phan td cot 1a hoan toan.
Nguyén ly Rayleigh-Ritz dwoc ap dung dé thiét Iap ma tran do cing clia phan ti hiru han CFT c6 k& dén
cac tac dong phi tuyén hinh hoc va vat liéu. Thuat toan chiéu dai cung dwoc ap dung dé gidi hé phwong trinh
can bang phi tuyén. Két qua phan tich ciia chwong trinh dwoc so sanh véi cac nghién ciru tredc qua cac vi
du sb dé chirng té dd tin cay cla chwong trinh da dwoc phat trién.

@ 2. Cor s& Iy thuyét
2.1 Phén ti hitu han

Xét mot phan ttr hivu han cot CFT chiu cac tai trong

tap trung P va phan bd w nhw Hinh 1 trong d6 {} va {d} |a d.re £ w Tds &
cac vécto lyc va chuyén vi nit hai du phan t&. Ma tran d,r, /~ LITrelilldy, r\ de
d6 clirng va véc-to tai trong clia phan t& dwoc thiét l1ap dua \ o ('-\"/
. 5 pava | (D) @ _4
vao céc gia thiét co ban sau: Ch&p nhan gia thuyét ddm 7 4 b sl
Euler-Bernoulli; Xem twong tac gitra 16i bé tong va vo thép L
la toan phan; Mé hinh vat liéu cta thép va bé téng trinh bay
trong Hinh 2, Hinh 3 va cac phwong trinh (1), (2) va (3). Hinh 1. Phén ti hitu han cét CFT
2
. g g
o, =T, —2—°—(—°] khi 0>¢, >—¢, (1
gc1 801
o, =f khi &, < -, 2)

trong do: ' 1a cwdng do chiu nén cla mau try; f = ﬂf 14 cudng d6 chiu nén clia bétdng, 8 = 0,85 dbi vai
cac nghlen ctu clia Tanabe [4] va Bratina [5], 8 = 1 di v&i cac nghién ctru ctia Dinno [4] va Filippou [6].

o]
o, =1 28—°(8—°)2J

cl cl
f'l:____ ——

Ecl Ecu E:
Hinh 2. M6 hinh vét liéu bé téng theo EC2 [3] Hinh 3. M6 hinh vét liéu thép
D& xét dén hién twong bo 16i bé tong, Kent va Park [7] da d& xuat van s dung cdng thirc (1) cho mé
hinh vt liéu bé tdng nhung thay thé £ va ¢_, bang f_va ¢
Débi vai cot CFT tiét dién tron:
1,558f,
=f +
“ ° D/t-2

ot
oo

v&i D 1a dwong kinh cot va t1a bé day vé thép.

[
o

1]} khi f,<1,5f, 3)

Eoe =
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c 1,5]} khi f,<15f
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Déi v&i cot CFT tiét dién chir nhat:
ft;'c = f;:”. 8cc = 501 (4)
D6i voi mé hinh ctia thép (Hinh 3), E_ 1a mé-dun dan héi, E, = 0,05E, 1a mo-dun tai bén.

Bién dang doc truc ctia mét diém thé cach truc trong tam mot doan y trén tiét dién:

2 2
g=ﬂ+l(d_"J- v (5)
dx 2\dx dx
trong do: d_ la chiéu dai vi phan ca phén t&r theo phuong doc truc; v Ia ham chuyén vi ctia phén ti.
Thé nang toan phan cta phan to:
& Eou L
m=U+V=[[odedV,+[ [ ade,dV—[ w(x)v(x)dx-Pv(P)- {r}"{d} (6)
Vv, 0 V. 0 0

trong do: ¢, la trang thai bién dang trong thé tich vi phan cta thép; o, 1a trng suét doc truc ma phan td vi phan
thép phai chiu; ¢, 1a trang thai bién dang trong thé tich vi phan clia bé tong; o, la rng suét chinh ma phan ti
vi phan bé téng phai chiu; V., la thé tich tong cong clia thép; V_ la thé tich phan chiu nén clia bé tong; v(P) 1a
chuyén vi cGia phan tir tai diém dét luc tap trung P.

Déi voi phéan tir thép

o fosea | e« | e o, -2,
v, 0 Vo € 0 &

P y

[ [ Esedeav, + | {j Eede + joyds}dvp - j(E,,sy ~E,€)dedV, @)
v, € 0 £ v, £

e Vo y

=J‘ EST‘sdee + '[oysdvp +.[ E”;z av, - J E,¢,€dV,
Vo v Z Ve

P P

trong do: V, va V, twong (ing Ia thé tich phan dan hdi va phan da tai bén clia phan tlr thép.

Thay ten-xo bién dang doc truc vao (7), ta dwoc:

U:Esj‘A ﬂz-zs d_zvﬂ+l d_2v2X
ol “ldx “Lax® Jdx  °ladx?

L 2 2 2 4
il ()2 s [ ) T oA
25 dx )\ dx dx® )\ dx 4 \dx
P

N

(8)
L 2 L 2 2 2 \?
+ Aﬂj(ﬂ] dx+ 52 | Ap(d—“J S5, [ 4V QUL [AV TGy
2 oldx 2 3 dx dx® ) dx dx
E, & du(av Y dv\(avY A (av) 1 vy
AL | S o || o | 2 o | i S Eg Al = | ax
2 dx )\ dx dx® )\ dx 2 {dx 2 "7 T ldx
trong do: A, va A tuong (rng la dién tich phan dan hdi va phan tai bén ctia thép.
A =] dA, A, =] dA,
Se = .[Ae ydAe Np = IApgydAp
I, = '[A y2dA, M, = JA o,ydA,
Doi voi phan tir bé téng:
U2=;£°; [[ ggdAnCdx—gifc‘cj £2dA, dx
cc L Ac cc L Ac (9)

+f, {‘—1 & -ig; -gm} [ | dAcdx+£,[ [ zcdA,cdx
Eec Eeo LAc L Ac

trong d6: A _ 1a dién tich phan bé téng c6 (ng suét nén nhé hon f°_; A _la dién tich phan bé tong c6 tng

suét nén lon hon f_.
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AnC = J. dAnC' IZnC = J. ysznC! SZnC = J.ydAnC, AuC = J dAuC’
Arc

AnC nC AuC
NAnC = _[ fc"dAnC’ MAnC = _[ f;:':ydAnC’ NAuC = _[ fc"dAuC’ MAuc = _[ fc"ydAuc' (10)
A Anc Aic A
CAnC = J. deAnC'
Anc
Thay ten-xo bién dang doc truc vao, ta duoc:
o1k du’) (dwv Y du'\( d?v
Uz_ _g _([ [NAnC (a) + IZancc (WJ - MAnC [aj (Wﬂdx
_ , N
O (G
Eee dx )\ dx dx ) \ dx
A duy’ duY (d*v
+|-—5| N —| - 3M — | | — lax
! 32 (dxj Anc [dxj dx
2. \? 2.\
- Lz 3IZanc’c [ﬂ) d_‘g - CAanc’c d_‘g
KT dx )\ dx dx (1)

Y (ﬂj“_;N [ﬂﬂﬂf_;, o [dv (d_j
4300 AnC dX 25820 AnC dX dX 2830 ZnC'cc dXZ dX
1 du\\(dv \( d*
+—M =] =
L e A"C(dXJ(dxj [dxzj
1 du(dvY' 1 av ) (d?v
= WNac| = | 5= | t=Mac| 2| | 5= | OX
452 ( dx ) [ dxj 4g2 M [ dxj (dx2 j:|

B 6 L 2
SR IR
24¢, dx ol 2 \dx
Ap dung Nguyén ly Rayleigh-Ritz cho ham thé n&ng toan phan clia phan t& véi ham néi suy chuyén
vi Hermit, ta c6 diéu kién can bang cua toan hé tai cac diém nat. Ma tran do cing tiép tuyén cta phan tor
duwoc tinh toan nhuw sau:
oI, . .
Ko o=y —"2:(j,j=1+6
T(i,J) Z adladl ( J )

ax

+
O ey ™~

+
ot—r

+

ot—

(12)

2.2 Thuéat toan va chwong trinh teng dung

Ma tran d6 cirng tiép tuyén cta phan t&r vira dwoc thiét 1ap co chira cac &n sb chuyén vi, cac déc
trwng phi dan hdi ctia mat c&t ngang ciing nhw cac ndi luc cla tiét dién khi phan tir [am viéc ngoai mién dan
hdi. Nghién ctru ndy ap dung thuat toan chiéu dai cung dé giai hé phwong trinh can bang phi tuyén trong
so do |&p-gia tdng. M6t chuong trinh tw dong hoa tinh toan da dwoc phat trién cho may tinh ca nhan bang
ngén ngi 1ap trinh C++ ap dung thuat toan trén cho phan tich phi tuyén cot éng thép nhdi bé téng chiu tai
trong tinh.

@ 3.Vidusé

Chwong trinh da phat trién dwoc str dung dé phan tich lai cac cot CFT da duoc khao sat thue nghiém
hodc mé phéng sb b&i cac tac gia khac dé l1am rd d tin cay clia nd trong viéc dw doan trng x(r phi tuyén
cta cau kién.

3.1 Cot CFT tiét dién vuéng chiu lan Iwot tai doc truc va tai ngang dy dan

Hong [1] da thwc hién thi nghiém cét CFT tiét dien vubng tiét dién dxt = 254x8 v&i 2 giai doan gia tai
& dau cot (Hinh 4):

- Gia tai doc truc tai dau cot dén mot gia tri N,=0,164N , voi N, = Asfy +0,85f” A_la kha nang chiu tai
cwe han doc truc cta cot CFT.
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- Tac dung lwc ngang ddy dan V vao dau cot cho dén khi cot bi pha hoai.

trong do: A, f, f va A, I&n lwot 1a dién tich vé thép, gidi han chay cla thép, cwdng do chiu nén cla 16 bé
téng va dién tich 16i bé tong.

No 250 ,
v 200 at 22 . a s
z
=
o
§ 150 —Dé xuat
f.= 48 MPa ; 4 Thue nghiém, Hong [1]
c— c
f, =331 MPa g1
p=
'—
50
0 >
0 20 40 | 60 80 100
Vi Chuyén vi (mm)
Hinh 4. So dé gia tai trong thi Hinh 5. Quan hé luc chuyén vj cta cau kién CFT vuéng
nghiém cua Hong [1] ctia Hong [1]

Hinh 5 trinh bay quan hé hé sb tai trong-chuyén vi ngang & dau cau kién ctia phan tich sé cua
chwong trinh d& xuét va khao sat thuc nghiém clia Hong [1]. Két qua cho thdy chuong trinh da phat trién dw
doan kha chinh xac &ng x& phi tuyén clia cot, d&c biét 13 viing chuyén cong dot ngdt khi chan cot bt dau
lam viéc ngoai mién dan hoi.

3.2 C4u kién CFT tiét dién chd nhat chiu tai nén léch tam

Shakir-Khalil va Zeghiche (1989) [8] da thwc hién thi nghiém chiu tai nén doc truc véi cac dé 1éch tam
e =24 mm va e = 60 mm trén céu kién 6ng thép nhdi bé tong c6 kich thudc tiét dién Dxdxt = 120x80x5,
chiéu dai L = 3120 mm theo so db trinh bay trén Hinh 6.

Ung xt lwc-chuyén vi ngang clia dau cot va gia tri tai cwe han clia mau dwoc trinh bay trén Hinh 8
va Bang 1.

‘i"P 450
§>—< AL A a
A

_— A
Z a
= 300 A
E =205 GPa g 4 — D& xuét
; 4 4 Thuyc nghiém, Shakir-Khalil [7]
L 5 ‘
=150 4
i A

0 >
0 5 10 15 20 25 30
P Chuyén vi (mm)

Hinh 6. So dé thi nghiém cét chiu Hinh 7. Quan hé luc - chuyén vi cla céu kién CFT chir nhat
nén léch tdm cda Shakir-Khalil va Shakir-Khalil [7] khi e = 24 mm
Zeghiche [7]

Két qua phan tich cho thay dwdng quan hé lwc-chuyén vi ngang dau cdt dat dwoc bang chuwong trinh
da phat trién kha gén dwdng thye nghiém trong ca hai trwong hop cdt chiu nén léch tam véi e = 24 mm va
60 mm. Bang 1 cho thay gia tri t&i pha hoai dw doan c6 sai sé khdng dang ké véi gia tri thuc nghiém.
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Béng 1. So sanh véi két qué thuc nghiém cta Shakir-Khalil [7]

P Tai cwe han (kN) .
S0 hiéu e (mm) f’_(MPa) f (MPa) — Sai léch (%)
° 4 Thi nghiém Dw doan
24 34,0 386,3 393 406,6 + 3,46
7 60 34,0 384,7 232 231,4 - 0,26
@ 4. Két luan
Mét chwong trinh phan tich phi tuyén cot 250
bng thép nhdi bé téng cho may tinh ca nhan da s
duwoc phat trién bang ngdén ngl lap trinh C++ £ K
bang thuat toan chiéu dai cung. Ma tran d6 crng € K
clia phan tr dwoc thiét 1ap qua viéc ap dung  §'° N — D& xudt
nguyén ly Rayleigh-Ritz c6 xem xét tac dong phi E’ . 4 Thye nghiém, Shakir-Khalil [7]
X N .. N . s Ao by o- 100 4
tuyén hinh hoc va rng x&r phi dan hoi cia phan & a
ter. Viéc so sanh két qua phan tich voi cackétqua = | &
thwc nghiém cho thay chwong trinh da phat trién v,
du doan kha chinh xac rng x& phi tuyén cta cot 0
ong thép nhoi bé tong va cé thé dwoc ding trong 0 20 é‘,?uyén vi (m‘ig) a0 100

nghién ctu va thiet ké thuc tien. Hinh 8. Quan hé lyc - chuyén vi ctia cot CFT

L&i cam on chi¥ nhat Shakir-Khalil [7] khi e = 60 mm
Nghién cu duoc tai tro béi Dai hoc Québc gia Thanh phé Hb Chi Minh (BHQG-HCM) trong khuén khé DBé
tai ma s6 C2015-20-13.
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