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Tém tit

DE han ché su lic ngang ciia hé mit ciu trong cau treo dan sinh duéi tac dung ciia gi6, can phai bd tri cic day
gidng gié va ddy giang ngang trong nhiing cau ¢ chiéu dai nhip 16n hon 80 mét hoic ¢ ty 1& giita chidu dai
nhip va chidu rong cau tf 35 trd 1én. Bai bdo nay trinh bay mot cach tinh chuyén vi ngang clia hé mit ciu va
Iyc cing trong cdc ddy giang gi6 trong cau treo mot nhip, qua viéc thanh lap phuong trinh luc cing trong day
trén co s6 1i thuyét ddy mém va thuat toan tinh 1ip. Hé dudc tinh theo so dd bién dang, c6 xét t6i do ciing udn
trong mit phang nim ngang ctia hé mit cau; tai trong ban than ctia hé giing gi6; cic md neo day c6 thé dit tai
vi tri bat ki. Thong qua vi du tinh toan, dua ra nhan xét vé su sai khac ctia két qua tinh, khi khong xét va c6 xét
dén vai tro ctia cac tham s néu trén.

Tir khod: hé giang gi6; day giang gi6; ddy gidng ngang; hé mit cau; mé neo; luc cing; chuyén vi ngang.

THE ANALYSIS A WIND-BRACING SYSTEM OF SUSPENSION CABLE BRIDGE ACCORDING TO
DEFORMED SCHEME

Abstract

To mitigate lateral swaying of the suspension footbridge’s deck system under ambient wind, wind-bracing
cables and transverse cables should be arranged in the one that has the span length more than 80 meters or
having the ratio between the span length and the deck width from 35 upwards. This paper presents a method to
calculate lateral displacements of the deck system and tension forces in the pre-stress wind-bracing cables for
the single-span suspension bridges by establishing horizontal tension equations, which are based on the flexible
string theory and the iteration algorithm. The bridge structures are analyzed by means of deformation scheme
method. Lateral bending stiffness of the deck system, self-weights of the wind-bracing system, and locations of
the anchored points are also considered in the calculation. A case study is performed in a comparison fashion
when above parameters are changed, included, or excluded.

Keywords: wind-bracing system; wind-bracing cable; transverse cable; deck system; anchored point; horizontal
tension; lateral displacements.
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1. it van dé

O nudc ta, cic cau treo dan sinh c¢6 chiéu dai nhip tif 80 m trd 1én hoic 16n hon 35 1an bé rong
ciu, dugc quy dinh phai b tri hé gidng gi6 (con goi la day neo chdng dao dong ngang) [1]. Cac day
giang gi6 bo tri & hai bén hé miit cau, hai dau diy neo vao cic md neo, ching dudc lién két véi hé miit
cAu bdi cac day gidng ngang (Hinh 1).
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Hinh 1. Hé giing gi6 trong cau treo [2]

Khi thi cong, ngudi ta phai diéu chinh luc doc trong cdc day giang ngang dé tao luc cing ban dau
trong cac diy giang gié. Tiét dién day gidng gi6 va luc cing ban diu phai dii, d€ khi chiu tai trong gio,
day khong bi dt; hé mit cau khong bi chuyén vi ngang qué 16n.

D€ tinh todn hé gidng gid, ¢ thé st dung cic phin mém thuong mai phén tich két ciu luu hanh
trén thi trudng [3]. Khi tinh theo cdc phin mém nay, viéc khai bdo cdc giif liéu diu vao kha phic tap
va phai mét nhiéu thoi gian. Mot s6 ki su thiét ké da coi hé chi c6 mot day gidng gié lam viéc, so dd
tinh 1a day don mot nhip dbi xing, c6 chidu dai bing chiéu dai nhip clia hé mit cau, khong tinh tai
trong ban than ctia day. Cach tinh nay tuy don gian, nhung két qua kém chinh x4c.

Dic diém ctia hé treo néi chung va hé gidng gié néi riéng 1a phi tuyén hinh hoc. Cac phuong phap
tinh hé treo theo so dd bién dang c6 thé phan thanh hai nhém: Nhém céc phuong phap gidi tich va
nhém céc phuong phap sb [4]. Noi dung dudc gidi thiéu trong bai viét nay 1a thanh lap phuong trinh
luc cing va thudt todn tinh hé gidng gi6 cing trudc trong ciu treo mot nhip theo hudng gidi tich, trén
cd s6 1i thuyét ddy mém. Hé dudc tinh theo so dd bién dang, c6 xét t6i dd cing udn trong mit phang
nam ngang ctia hé mit ciu; tai trong ban than ctia ddy gidng gié; cac md neo day c6 thé tai vi tri bat ki.

2. Bai toan cd s6
Xét day nam trong mit phang zOx (goi 1a mit phing ctia ddy). Hai dau déy lién két vao hai gbi cb

dinh. DAy c6 chiéu dai nhip /. Pudng ndi tim hai gbi tao véi truc z mot géc S (Hinh 2). Tinh diy 1am
viéc & hai trang thdi. Chip nhan cic gia thiét dugc néu trong 1i thuyét ddy mém [5].

a. Trang thdi ban dau:

Day chiu céc tai trong g, va gy, trong do g, nam trong mit phang ciia day, tic dung theo phuong
truc x, phan bb déu trén mot doan c6 chiéu dai b (Hinh 2); gy phan bd déu trén toan bod chiéu dai nhip
ctia ddy, tic dung theo phuong cta truc y (vudng géc véi mit phang cia day).
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Trong mit phang cia diy, dudng tén cia day a
tai vi tri cach gbi trai mot doan a, ng véi vi tri b2 b2
b/2, bang f,. Luc cing trong diy dudc tinh theo
cong thic: " RN RANEE
Hy=— M o :
fx \LE
\

trong d6 M,y 1a md men udn trong dam don gian
c6 chiéu dai nhip /, ing véi vi tri c6 dudng tén fi, 1 —
do tdi trong g, tdc dung 1én dam giy ra. V6i so
dd tai trong tdc dung nhu trén Hinh 2, c6 thé tinh

duogc:
2b b2
H():@(ab—a———) (2) X
Jx

Déay c6 chiéu dai Ly, dudc tinh theo cong thuc [6]:

Hinh 2. So db tinh day

l 1
Ly = + —— (Dgycos’B + D 3
0= 5osF ZHS( 0xc0s’B + Doy) (3)
trong do
Do, = fl 02 d. )
Dy, = [Ghd. 5)
l

Qox» Qoy 12 luc cit trong dim don gian c6 chiéu dai nhip /, do tdi trong gy, gy tdc dung 1én dim gay ra.
Vé biéu do luc cat va thuc hién phép tinh nhan biéu do, sé dudgc:

at b
Doy = ¢2b* (Cl -7 6) (6)
273
q;l
Doy = % (7)

b. Trang thdi tinh todn:

Trong mit phang ciia ddy, ddy chiu thém tai trong phan bd déu p, tic dung trén doan b; nhiét do
moi trudng ting 1én (hoiic gidm) r do; gdi trdi chuyén vi ngang theo hudng truc z mot doan &, chuyén
vi diing theo hudng truc x mot doan v; do c6 dan du, diy dai thém mot doan 1a As. Can tinh luc cing
H trong day. Gia thiét géc nghiéng gitta hai gbi van 1a 8 khi chiu cdc nguyén nhén trén.

Bién dang cia day do thay d6i noi luc, nhiét do va day bi dan du:

_H -H

07+ atly + As ()

AL = ——
EFcos?f

trong d6 EF 12 do cling ctia dy; o 12 hé s gidn nd vi nhiét vat liéu 1am day.
Chiéu dai day va anh hudéng do chuyén vi cudng biic ctia gbi dén chiéu dai diy dugc tinh theo
cong thuc [6]:

. 1 3
—odcosf—vsinB+ 2—1_112(D1x008 ﬁ+D1y) 9)

L=
cosf

3
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trong do

a b
Diy = (qx + px)*b? (a -7 6) (10)

Dy, = Dy, (11)
Gitia cac dai lugng Ly, Ly va AL c6 quan hé:
Ly =Ly+AL (12)
Thay cac gia tri 6 (3), (8) va (9) vao (12), sé dudc:
l B 5cos’f + vsinBcos B N 1

cosf cosf 2H?

H, — Hy + atl + at
EFcos’3  cosf  2H?

! 1 (D0xcos3ﬁ + Doy) +

3
(D]xCOS ﬁ + Dly) = w + 2H2
0

(13)

(Doxcos3,8 + Doy) + As

” at 3 N ” . 1 3 . . < <A .
Bo6 qua W (Doxcos B+ Doy) vi rat nho so véi 2_H§ (Doxcos B+ Doy), sau khi rat gon va bién doi

2 EF
(nhén 2 ve voi Tcoszﬁ sau d6 nhan véi le), s€ dudc phuong trinh luc cang trong day:

EFcos’p (Doscos’B + Doy) — Ho+
——— (Doxcos oy) = Ho EFcos?
Hf + 2ZH(% H12 - %Sﬁ (Dlxcos3,8 + Dly) =0
+T (6cos3,8 + vsinBcos?B + atlcos B + AscosZﬁ)
(14)
Chuyén vi clia day tai vi tri cach gdi trdi mot doan a (Hinh 2) dudc tinh theo cong thic:
2 2
qx + Dx ab b
Apy=——\ab—- — - —|- 15
fx H, (a ] 3 ) S (15)

3. Tinh hé c6 hai day giang gi6 cing trude chiu tai trong gié tinh

Xét hé gdm hai ddy giang gi6, nam trong mit phang nim ngang, lién két véi hé mit cau thong qua
cic day giang ngang. Céc kich thudc co ban dudc thé hién trén Hinh 3. Hé mit ciu dudc coi 1a dim
mém. Anh hudng cia cic day cha va diy treo ditng clia ciu treo dén chuyén vi ngang ctia hé mit ciu
kha nho [7], nén dudc bo qua. Tinh hé lam viéc § hai trang thai.

a. Trang thdi ban ddu:

Diéy giang gi6 1 va ddy giang gi6 2 chiu tai trong cing trudc cic ddy giang ngang, dudgc coi 1a
phén bd déu g, trén doan c6 chiéu dai b. Dudng tén clia day 1 tai vi tri cach gbi trdi mot doan ay, Ging
Vi b/2, bang fi1; Pudng tén ctia diy 2 tai vi tri cach gbi phai mot doan as, ding véi b/2, bing fo;
Luc ciang trong diy 1 va ddy 2 tinh theo cdng thuc:

a*b 2
Hoyy = 3 (alb el b—) (16)
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2 2
qx azb b
H02=—[a2 iy 17

Ngoai ra, mdi ddy gidng gi6 con chiu tai trong bén than g, phan bd déu trén toan bo chiéu dai nhip
ctia ddy, tic dung theo phuong vudng goc véi mit phang ciia day.
l

b. Trang thdi tinh todn: p
1

b/2 b2

Hé chiu thém t3i trong gié phan bd déu p, tic
dung trén toan bd chiéu dai cia hé mit cau. Khi
d6, thong qua cdc day giing ngang, trén doan b ctia [TTTTTTLTTTTTT 2
day gidng gi6 1 sé chiu thém py,, trén doan b clia
day gidng gi6 2 chiu thém pyy, sao cho pi, + pay =
Px-

St dung phuong trinh (14) va codng thiic (15)
d€ tinh luc cing va chuyén vi ctia méi day giang
gi6 do pi, tdc dung 1én day 1 va do p,, tic dung
lén day 2.

Viéc tinh toan sé dudc thuc hién nhiéu lan véi
céc cip tri s6 tai trong pi, va po, khac nhau, cho
dén khi chuyén vi tai vi tri ting v6i b/2 clia hai day
thoa man diéu kién Afxl = _Afo-

Sau day la trinh ty cac budc tinh toan:

1. Vao céc kich thuéc va déc trung hinh hoc; .

2. Vao tii trong ban than day chi g, va tai Hinh 3. So do tinh hé c6 hai dy cang trudc
trong gio px;

3. Chon luc ciing trude cac diy gidng ngang q,;

4. Tinh Hyy, Doy1, Doy theo céc cong thic (16), (6), (7);

5. Tinh Hoy, Dox2, Doy theo cac cong thuc (17), (6), (7);

6. Cho pix = Pixmin;

7. Tinh Dy, theo cdng thiic (10);

8. Tim H|tu phuong trinh (14);

9. Tinh Az, theo cong thuc (15);

10. pax = px — p1x;

11. Tinh Dy, theo cong thic (10);

12. Tim Hy; tu phuong trinh (14);

13. Tinh A, theo cong thic (15);

14. Kiém tra diéu kién Apyp = =Agyo. Néu khong thoa man, tang p,, quay lai buéc 7;

15. Kiém tra diéu kién cac diy giang ngang khong bi nén. Néu khong thod man, ting g, quay lai
budc 4;

16. Xuét két qua tinh toén;

17. Két thc.

4. Tinh hé c6 dAm ciing va hai day giang gi6 ciing trude chiu tai trong gié tinh

Hé tuong tu nhu trén Hinh 3. DAm mit cu c6 chidu dai I; va do ciing ubn trong mit phang nim
ngang EI. Bo qua anh hudng ctia cdc day chd va dy treo diing clia cau treo dén chuyén vi ngang clia
dam mit cau.
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a. Trang thdi ban ddu:

Day 1 va day 2 chiu tai trong g, trén doan c6 chiéu dai b do cing trudc cic diy giang ngang va
chiu tai trong g, trén chiéu dai nhip cta mdi diy. Dam ciing chua lam viéc.

b. Trang thdi tinh todn:

Tai trong gi6 phan bd déu p, tac dung trén doan I;. St dung hai mit cat, cat qua tt ca cac day

giing ngang, tach hé ra thanh 3 bd phan riéng biét: Day 1, dim cing va day 2. Khi d6, day 1 sé chiu
P1x, diy 2 chiu py,, dam cing chiu ps,, sao cho piy + pax + p3x = px. Luc cing va chuyén vi cta day
1 va day 2 dugc tinh nhu di trinh bay & muc 3. P9 vong tai gitta nhip ctia dim ciing dugc tinh theo
cong thic:
_ 5p3xlg
 384E1
Viéc tinh toan sé& dudc thuc hién nhiéu 1an v6i moi ba tri s tai trong py, p2x Va p3, khac nhau, cho
dén khi thoa man diéu kién Apyi = =Apo = Ay

Trinh ty cac budc tinh toan:

1. Vao cac kich thudc va dac trung hinh hoc;

2. Vao tai trong ban than day chu g, va luc gid py;

3. Chon luc ciing trude cac ddy gidng ngang q,;

4. Tinh Hyy, Doy1, Doy theo céac cong thic (16), (6), (7);

5. Tinh Hoy, Doy, Doy theo cac cong thuc (17), (6), (7);
6
7
8
9

xd (18)

. ChO pyxc = Pxemins (trong d6 p,. 12 tdng tii trong gié do day 1 va diy 2 cung chiu);
. Cho p1x = prymin;
. Tinh Dy, theo cong thic (10);
. Tim Hy; tu phuong trinh (14);
10. Tinh Ay theo cong thic (15);
L1. p2x = Pxc — P1xs
12. Tinh D, theo cong thic (10);
13. Tim Hy3; ti phuong trinh (14);
14. Tinh A ¢y, theo cong thic (15);
15. Ki€m tra diéu kién A sy = —As,o. Néu khong thod man, ting p., quay lai budc 8;
16. p3x = px = Pac
17. Tinh A, theo cdng thiic (18);
18. Kiém tra didu kién A,y = A Fxl Néu khong thoa man, ting p.., quay lai budc 7;
19. Kiém tra diéu kién cdc diy giing ngang khong khong bi nén. Néu khong thod man, ting g,
quay lai buéc 4;
20. Xuét két qua tinh toén;
21. Két thic.

5. Vidu tinh toan

Tham khdo mdt so dd ciu treo dan sinh trong tai liéu [8]. Chon hé c6 ciu tao va céc kich thudc co
ban nhu trén Hinh 4. So véi hd so gdce, vi tri dit cic diém neo diy vao md neo dudc dich 10m vé phia
bd song.

MB&i bén c6 mot ddy cap gidng gio, duong kinh 24 mm. Céc diy giing ngang dudng kinh 10 mm,
trén phuong doc cau bd tri cach nhau 4,0 m. Trén mit cit ngang cau c6 4 dam doc, tiét dién 2C100.

6
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16.1 m

16.1 m

Hinh 4. S6 d céu tao cac kich thudc co ban hé giang gi6

Miit cau ghép tir cac tAim Grating ché tao sin. Tai trong gi6 tic dung 1én két két ciu p, = 1,0 KN/m.
Luc kéo trudc trong mdi day gidng ngang Q, = 0,3 KN.

Viéc tinh toan dudc thuc hién cho 4 so do:

- S0 @6 1: Chi tinh mdt day gidng gié lam viéc, khong xét do ciing udn ctia dam, khong tinh tai
trong ban than day.

- So dd 2: Tuong tu so dd 1, nhung ca hai day gidng gié cuing lam viéc.

- S0 dd 3: Tuong tu s6 dd 2, nhung xét thém do ciing udn ctia dim EI = 525700 cm®.

- So d6 4: Tuong tu s d6 3, nhung c6 tinh dén tai trong ban than ctia ddy gidng gid, cac ddy gidng
ngang va céc chi tiét lién két p, = 0,05 KN/m.

Tit thudt toan dudc gidi thiéu trong muc 4, tac gia bai viét nay da lap chucng trinh tinh toan bang
ngodn ngit Turbo Pascal. Két qua tinh ghi trén Bang 1.

Bang 1. Két qué tinh toan

Tham sb Sodo 1 So d6 2 S0 do6 3 So dé 4
So dd tinh day gidng gi6 1 day 2 day 2 day 2 day
So d6 tinh dAm mit cau Dimmém Dimmém Damcing Dam cing
Tai trong ban than cia day Bo6 qua Bo qua Bo6 qua Co tinh
Luc cing trong ddy gidng gi6 1 (KN) 286,67 212,04 201,76 207,64
Luc cing trong diy giang gi6 2 (KN) 0 472 57,39 67,59
956 347 305 349

Do dich chuyén ngang ctia hé (mm)

Tit két qua trén, nhan thiy:

- B6i v6i hé c6 ciu tao hai diy gidng gié, néu tinh theo so d6 mot day, viéc tinh todn rat don gian,
nhung két qua tinh c6 sai s6 rit 16n. Can phai tinh trén so do hai day.

- Khi tinh trén so dd hai dy, néu xét dén do ciing uén trong mit phing nim ngang ctia hé mit cau,
thi luc cing trong day gidm 5%, d6 dich chuyén ngang ctia hé gidm 12% so véi trudng hop khong xét.

- Néu tinh dén tai trong ban than ctia ddy giing gio; cdc ddy giing ngang va cic chi tiét lién két,
thi luc céng trong day ting 3%, do dich chuyén ngang ctia hé ting 14% so véi trudng hop bd qua.



Hung, N. M. / Tap chi Khoa hoc Céng nghé Xay dung

6. Két luan

Cich tinh hé hai ddy gifing gi6 cing trudc trong cu treo mot nhip, c6 xét téi dd cing udn trong

mit phang nim ngang clia hé mit ciu; tai trong ban than ctia diy gidng gid; vi tri linh hoat ctia mb
neo day, di phan dnh chinh x4c hon su lam viéc ctia hé, dap wng nhu cau thiét ké va xay dung hang
ngan cau treo dan sinh & nudc ta hién nay.
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