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TOM TAT: Bai bdo trinh bay mét hudng mé hinh cdp trong cdu ddy ving cho qud trinh
phan tich theo hinh dang trdc doc cila cdu. Sit dung 10i gidi phan tich cho phdn tit ddy xich dan
hdi, phuong trinh cén béng ciia phdn tit cdp, bao gdm ma trdn d ciing, vecto lyc dugc thiét ldp
cho qud trinh tinh todn. M{t vi du tinh todn cu thé dugc trinh bay minh hoa cho mitc d§ tin c@y
va chinh xdc cia phuong phdp dé xudt. Noi dung trinh by chi tdp trung vao phdn tit cdp mé
hinh cho day ving. Phdn tit khung dang mé hinh hé ddm, thdp cdu dugc xem nhu da biét hodc cé
thé tham khdo thém trong cdc tai ligu vé phuong phdp phdn it hitu han.

1. PAT VAN PE

Do tin dung dudc cdc wu di€m v& k&t c&u va vit liéu, ciu diy ving khong nhiing 12 loai cdu vugt
dugc nhitng nhip rdt 16n ma cdn c6 hinh ddng ki€n tric thim my cao. Khi can vugt nhitng séng hd 16n,
nhip cAu ddi hdi phdi dai hon thi yéu cdu dit ra la phdi c6 phudng phdp phan tich chinh xdc thé hién
st 1am viéc phi tuyén cda ddy cdp dudi cic tdi trong va diéu kién 1am viéc khdc nhau. D€ gidi quyét
bai todn nay, di c6 ba phuong phdp dugc nhiéu tic gid d& nghi.

Hu6ng thit nhit nhidu tac gid d& nghi m&i day cdp dugc md hinh nhy mdt phan ti thanh c6 mddun dan
héi tudng duong. Modun dan héi tuong duong, dudc sit dung d€ k& dén dnh hudng cla dd vong, xic
dinh nhu sau [1] [2] [3]:

E,
E = 5 - (n
1+[(4L) /1207 |E,
Trong do: E; = Modul dan héi tuong duong ciia cdp da ké dén bién dang vong.

E, = Modul dan héi ciia phdn tit cdp.

y = Trong lugng riéng ciia cdp.

L = Chiéu dai ngang ciia cdp.

o = Ung sudt kéo trong cdp.
C6 thé nhin thiy huéng niy chi gidi quy&t dugc nguyén nhin do do vong cda cdp chi hoan toan
khéng ké d&n dnh hudng do chuyén vi, s& c6 gid trj rdt 16n khi chiéu dai nhip cang 16n.
Hudng nghién ctu thi hai chia cdp ra thinh nhiéu phan tif thanh nhé md hinh theo dudng cong cla
cdp [3]. Hudng nay 1am phic tap thém qué trinh m6 hinh, v&n da c6 nhiéu phifc tap va tang thém s&
lugng phédn t¥ do d6 ting thdi gian tinh todn va nhiéu khi khong chinh xdc do di€u kién bién gilfa cdc
phin ti nay. P& khic phuc khuy&t diém nay, ngudi ta dua ra gidi phdp khéc si dung phin ti ding
tham s8 mé hinh theo dudng cong ciia cdp [3]. Gidi phdp nay c6 vu diém hon gidi phdp thd hai nhung
vin khong thé hién ban chi't thuc t€ cla ddy cdp.
Sau diy 1a mdt phudng phdp md hinh mdi duge d& xuit dua trén cdc biéu thic phin tich chinh xdc
ciia phin tf ddy xich dan hai [4] [5). Trong d6 m&i thanh cp dugc md hinh nhu phin tf ddy xich dudc
treo trén hai mit, dudc xem nhu thé hién hinh dang thyc € ciia cdp, ¢6 chiéu dai va chiu tic dung cic
luc tai hai ddu déy.

2. MO HINH PHAN TU CAP PHI TUYEN CO CHIEU DAI CHUA BIET
Quan niém cip 1am viéc c6 do vong theo dudng diy xich vai chiéu dai diy chwa biét xem 1a mdt &n
s6. Xét phan ti cdp nhy hinh 1 [5].
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Hinh 1. Mé hinh phdn tit cdp phi tuyén cé chiéu dai chua biét
Quan hé vi tri cla nit 1 va ndt 2 theo lyc niit, trong lugng bdn than, chidu dai diy chua bi&t ¢6 thé
biéu dién nhu sau:
X, = x; =¢°(F°, Ly) )
Trong dé:
Xy s %3, Ly 1a toa d§ nit phdn nt tai mit 1, 2 va chiéu dai khong bién dang cdp.

Ham ¢° c6 dang nhu sau:

: F, +wL; F
¢ =-i08 —fi{sinh"[————” Fw °J—sinh"(—yJ

EA w " x
e F Lf} W e \2 1 2 e 2 2
g =— EA —m(l,o) —;{JFX +(Fy2+wL0) - Fj+Fy} )
Trong dé:

F.. ¥ ; biéu thi thanh phdn lyc theo phutong x, y tuong ung ciia F°.

w la trong lugng day trén 1m dai.
Diéu kién can bing ngoai luc cho ta quan hé gita F° vd Fy nhu sau:

F; =-F' -wL, 4)
véi w=(0,w)"
DE& ¢6 th€ sit dung qud trinh phan tich theo phudng phép phin tir hitu han, phdi bi€n ddi sao cho e
niit duge biéu thi theo cdc chuyén vi ndt. Tuy nhién cdn chi ¥ chiéu dai cdp vin chua bi&t do d6
phudng trinh (3) khi khai trién chudi Taylor phdi k& dén cdc dns6 F° va L. K&t qua khai trién nhu
sau:

Ag; =%—AF‘ +2¢LAF +%AL“ + HOT
X X y aL 0

oF, oF, :
op: og: og¢

AgS = ) AF, + 9, AF, +—¢’-'-AL; + HOT 5
Y OF, oF, oL,

Phuong trinh tuy&n tinh (5) khi b qua c4c dai lugng bic cao (HOT : hi gh order terms) cé dang sau:

Ax; — Ax| = o0 AFf + o ALy (6)
oF¢ oL

Gid tri gia téng clia lyc nit dugc bi€u thi qua gi4 tri gia tang cla toa dd nit va chidu dai phin ti cap

R AN a¢° " og
khi gidi (6) k€t hgp (4): AF® = = (Ax; — Ax]) - AL

e e e 0
: oF | oL
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= k,(Ax} — Ax}) + kAL

AFy =-AF® —wALy = -k (Ax; - Ax() = (k, + W)AL @)
Hai phuong trinh trén viét dudi dang ma trén:
AF? = K!Ax* + K:AL; 8)
Trong dé:
AF; = (AF,AFY), Ax® =(Ax{, Ax;) )
K.::[_kc kc }.Ke=|i ks jl (10)
1k =~E]T T k=W

Phudng trinh (8) chinh 13 phudng trinh cin bing tuy&n tinh ciia phan tlf cdp diy xich dan hdi. Phudng
trinh cin bing t8ng thé ciia diy ving sau khi 14p rdp theo phuong phap phan t& hitu han véi phuong
trinh cin bing phin t (8) c6 dang nhu sau:

AF, =Y K{Ax® +) K ALy =K, Ax, + K AL, (11)

Trong dé Z chi qud trinh 1dp rdp cdc vectd, ma trin con trong phudng phdp phin ti hitu han,

:
AF, ,Ax,AL; thé hién gié tri gia ting cla luc khing k&t cdu, toa dd nit, chiéu dai cila cdc phin i
cép. Tudng tng, phuong trinh cin bing gia s§ tdng thé ¢6 dang sau:

AP, =P, —-F! =K Ax+ K AL, (12)
Trong dé: AP, , P, , F* biéu thi luc khong can biing, lyc tdc dung tai cdc ndt va lyc khing két ciu
tinh dudc trong vong lip trude. Mil k chi vong lap tinh todn.

3. QUA TRINH PHAN TiCH PIEU CHINH THEO HINH DANG TRAC DQC CAU DAY VANG
Trong ciu ddy viing, luc cing cla cdp gy ra chuyén vi v lyc nén 1én thdp va dim. Cdc chuyén vi va

luc nén nay lai 4nh hudng ngudc lai 1&n luc cing diy ving va khd ning chdng udn cla thdp va dim.

Do d6 toin bd hé thng két cdu, bao gdm diy ving, dim, thip phdi dugc phin tich dong thdi.

Thép va dim thudng dugc md hinh nhy phin tif khung. Do khong c6 ngoai luc ngoai trong lugng bin

than tdc dung nén mdi phan ti cdp dugc mo hinh cho mdt day ving.

AN PIRN
o /;/ \\\\ # // \\ ¥
- o Ky \.. ~ -.\' . - '/”/ r, \ k . \ "
PE I / L. o -
e el \\ N TS = il ,/ 5 \\ o S
b A A "\QZ'\*"_

T

7

Hinh 2. M6 hinh tinh todn lyc diéu chinh ddy ving.
Biing cdch thay th€ mdi diy ving bing cdc luc tdc dung trén ndt tai cdc vi tri neo nhu hinh 2, ta c6
phudng trinh cin bing sau:

* k ’
P -F =F!+K,Au, (13)

Trong d6: P,, F: Kot biéu thi luc nit tudng duong, lyc khdng k&t cdu cla 14n tinh 13p trudc, ma

trin do cing va cdc bic ty do clia hé ddm, thip. Vects F, biéu thi cdc gid tri lyc cing cla cdp sip

x€&p lai theo cdc bic ty do ciia hé dim, thap. D€ qud trinh tinh chi 4nh hudng d&n cic vi tri neo diy
ving nén ta thuc hién phép nén tinh d€ loai bd cdc bic tu do khdong thudc cdc vi tri nay :

ﬁp—Fc =_F—:J+EpAuc (14)
Trong d6 ky hiéu (-) biéu thi s& hang c6 gi4 tri da thay ddi do phép nén tinh va F,, u_1a gid tri lyc
cing va chuyén vi tai cdc vi tri mit diu ddy ving.
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Vi trf nit cudi cing clia ddy ving sé& 13 gid trj toa dd niit trudc khi bién dang Xe va chuyén vj ciia niit
tai ddm va thap.

X, =Xc+u, (15)
Luc nit cia ddy vang xdc dinh theo cdng thirc (11):

F, =F +K Ax + K AL, (16)

Do x. 1a gid trj da bi€t, gid i gia ting clia x, s& 12 gid tri u,. Thay th€ phudng trinh (16) vdo (14) ta
dugc phuong trinh cin bing gia s& cho cdu day ving:

Pp—F'-Fp=(K,+K,)du, +K AL, a7
Gidi (17) ta tim cdc gid tri gia ting ciia toa d niit va chi€u dai ddy. Cic gid tri nay dudc cap nhit cho
vong tinh l3p ti€p theo:

M axb ¢ Ax

L' =t +AL (18)
Luc mit tudng ng cla :uéi phin tit cdp dugc cdp nhit bing cdch gidi phuong trinh (2) v6i cdc gid tri
toa d miit va chiéu dai diy méi:

()" =) =g (EY (@)™ (19)
Do phuong trinh (19) phi tuyé&n véi (Ff)"*', sif dung phuong phiap Newton — Raphson cho qud trinh
tinh lap:

e

(F Yo =(F)" + [Zﬁ ]((xg )~ (xf)*! - g¢) (20)
Trong dé6 :
p biéu thi s& vbnf 1ip cho qud trinh cip nhat gid tri lyc nit cia m&i phin ti cdp.

(

¢ = (7 )m ( L)m) @

Do s8 4n s8 16n hon s8 phuong trinh cin bing nén mudn gidi dugce (17) ta phai sit dung cdc gia thiét
d€ loai bd s& &n thira nay. Do muc tiéu tinh todn 1a fim lyc cing diy ving d€ ddm bio hinh dang tric
doc thi€t k€ clia dim nén ta c6 thé xem cdc chuyén vi ding ciia hé ddm biing 0. Liic nay s 4n s6
trong (17) s& bing s8 ddy ving va ta c6 thé gidi theo cic cich gidi hé phuong trinh. P& ddnh gid toc
dd hdi tu va do chinh xdc cla 13i gidi ta s dung tiéu chuén hoi tu nhu sau:

At |aLg

<A (22)

xk+l = l

Gid trj A c6 thé 18y bang 1010

k-ﬁ

4. Vi DU TINH TOAN

Dé dénh gid sy chinh xdc clia phudng phip, mot bai todn cu thé s& dugc tinh toén theo phuong phdp
nay. M hinh tinh todn va s& liéu tinh todn nhu sau:

T R 1 AR
/fj/z’/ﬁ {\5 \&k 61m s 8//5 \10\ 12
e _//’ l HAETT \_‘\ \ ey
! 274.5m L 61m. | ; 274.5m |

Hinh 3. Kich thudc hinh hoc, mé hinh bai todn

Sd dd nhip : 137.25m + 335.5m + 137.25m
Chi€u cao thdp 61m. So dé ddy hinh quat, déng quy trén dinh thép.
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Pic trung vit liéu va hinh hoc ciia phin tif:

Phin ti E(GPa) | A (m2) I(m4) | w(KN/m)
Cép (1,6,7,12) 207 0.042 0 3.2
Cip (2,3,4,5,8,9,10,11) 207 0.016 0 12
Dim 207 0.32 1.131 87.5
Thép (0-20.3m) 207 0.269 0.432 0
Thép (20.3-40.6m) 207 0.228 0.345 0
Thép (40.6-61.0m) 207 0.203 0.211 0

Bdng 1. Bdc trung vdt li¢u, hinh hoc cia hé

Trinh tu qud trinh tinh todn nhu da trinh bay & trén, trong d6 cdc day vang dugc md hinh la mdt day
cdp dan hdi. Phin tir khung md hinh cho thip va ddm. K&t qua tinh todn theo phuong phdp dé xuit
dudc so sdnh vdi k&t qué tinh cia phudng phdp mddun dan hoi twong duong do Pao Hsii Wang dé xudt

(5L 16].

So sanh chuyén vi hé dim:
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Hinh 4. Trdc doc ciia h¢ ddm sau khi tinh todn
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So sénh gid tri luc ciing cda cdp (MN):
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Hinh 5. Biéu a6 moment cita hé didm

S6 hiéu cdp | PP.dé xudt | PP.Wang Sai léch
1(12) 11.38 10.73 5.7%
2(11) 8.26 8.26 0.0%
3 (10) 4.85 4.79 1.2%
4(9) 511 4.55 11.0%
5(8) 6.79 7.81 15.0%
6(7) 12.55 11.30 10.0%

Bdng 2. Bdng téng hyp lc cdng trong ddy ving
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5. KET LUAN

Hinh (4) thé hién tric doc ciia hé dim cdu sau khi tinh todn diéu chinh. K&t qua cho thiy phudng phdp
dé xud't mé hinh ddy ving 12 phén t cip dan hdi vin giit nguyén hinh dang tric doc ban diu ciia hé
dam trong khi d6 phuong phip Modun dan hdi tuong duong theo dé xud't cda Wang.PH ¢6 sai 1éch
twong d6i 16n. Sai 1&ch ndy 12 nhd so véi chiéu dai nhip ciu nhung khi so sdnh luc cing trong diy
ving ciia hai phudng phép ta thdy sy sai 1éch khé 16n (Bdng 2). Piéu nay 1a do bi tuy chuyén vi trong
dim 12 nhd (hay chiéu dai cdp thay d8i nhd) nhung lai gy ra thay d6i rdt 16n vé lyc cing diy ving,
twong ty 14 moment phan b8 trong ddm (Hinh 5).

K&t qud so sédnh cho thdy mifc d6 tin cdy va chinh xdc clia phudng phip méi d& xudt sovéi phuong
phép sit dung ph8 bi€n trudc d6. Phuong phép nay c6 thé dugc xem 1a mét cong cu phin tich tinh todn
hiéu qud khong nhitng cho loai cdu diy ving ma cdn cho loai cdu diy vong va céc loai k&t cdu cip
khéc.

A MODELING OF CABLES FOR ANALYSIS OF GIVEN DESIGN DECK
PROFILES OF CABLE STAYED BRIDGES

Le Van Nam, Vu Hong Nghiep
University of Technology — Vietnam National University — Ho Chi Minh City

ABSTRACT: The paper presents a method for modeling cables for analyzing the given design
deck profiles of cable stayed bridges. A linearized equilibrium equation of a cable element, which
includes the cable element stiffness matrix and internal force vector, is formulated using the analytical
solution of an elastic catenary cable. The reliability and efficiency of the proposed method are
demontrated through a numerical sample. Only procedures to model cables are presented in detail.

Frame elements using for modeling deck and pylons can be inferred to be known or referred to finite
element method books.
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