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Tém tat: Bai bao di sau phan tich mé hinh bai toan diéu chinh ndi Iuc trong cau treo day vang, thi cong
theo phuong phap duc hang can bang va minh hoa bang vi du tinh theo chuong trinh RM 2000.

Summary: This article concentrates on analysing model of internal force adjustment in cable-stayed
bridge, which is constructed by free cantilever method (FCM). An illustration proceduced by using
RM2000 program is also given.

l. GIGI THIEU CHUNG

Ngay nay két cdu cau treo day vang da vugt dudc nhiing nhip rat I6n. Nam 1999 Nhat Ban da nang ky
luc vuot nhip 1én 859 m & cau Tatara, du kién dén nam 2007 Trung Quéc sé dua ky luc nay 1én 1.018m
cho cau Stonecutter 6 Hong Kéng. Néu so sanh ta thay kha nang vuct nhip cla cau treo day vang hon
han cac dang cau vom, cau dan va dam lién tuc nén rat thich hop dé thiét ké cac cau 16n. Vé do ciing va
hiéu qua kinh té thi vuot tréi hon ca cau treo day véng (xem hinh 1).
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Hinh 1: Khd nang vudt nhip va hiéu qua kinh t& cla céu treo day vang so vdi cac dang cau khac [1]

d nudc ta hién nay cling da va dang xay dung nhiing ciu treo day vang cé nhip tuong déi 16n nhu cau
Binh ( 260m), cau My Thuan (350m), cau Bai chay (435m) va cau Can tho (550m).

Cau treo day vang co két cau khong gian phiic tap, c6 s6 bac siéu tinh cao, nhat la di v6i nhiing cau ¢
s6 day nhiéu, st dung khoang nhd. Tuy nhién phan co ban nhat cla giai phap két c&u van 1a su lam viéc
cla dam chd, bé phan nay dudc treo bang cac day cap nghiéng tao thanh nhing lién két dan hoi, nhd doé
ma lam gidm dang ké mé men udn cuc bd gitta 2 diém neo [2].

Song dé c6 moét biéu d6 mdé men nhu mong muén & giai doan hoan thanh céng trinh, théng thudng ngudi
ta phai cang chinh cac day cap nhiéu lan va méi |an cang mét day cap lai anh hudng dén tat ca noi luc
da dudc tao ra G 1an cang trudc dé. Vi vay viéc cang chinh cac day cap xién trd thanh mot céng doan
quan trong va phic tap clia cong nghé xay dung cau treo day vang, néu khéng c6 su héd tro cla tin hoc
s& gap nhiéu khé khan va tén kém.

Tuy nhién khi xay dung céac cau treo day vang & nudc ta, cac nha thau nudc ngoai thudng quan ly cac
phan mém va truc ti€p chi dao diéu chinh néi luc, viéc ti€p thu van dé nay con han ché. Dé tién t6i lam
chll toan bé céng tac thiét k& va xay dung cac cau treo day vang, tac gia xin lam ro:

- ndi dung ca ban cla phudng phap diéu chinh ndi luc,

- mé hinh cla bai toan diéu chinh ndi luc trong ciu treo day vang va

- tinh vi du bang phan mém RM 2000 [3].



IIl.  PHUONG PHAP PIEU CHINH NOI LUC (PPPCNL) TRONG CAU TREO DAY VANG

2.1. Co sé cua PPDCNL

Trong cau treo day vang, cac bd phan chiu luc chinh ( thap, dam chd va cap vang ) lién két vGi
nhau duGi dang cac tam giac co ban tao nén mot két cdu bén viing. Toan hé lam viéc nhu mot dam cling
lién tuc tua trén cac gbi dan hoi (1a cac cap xién) va moét s6 gdi ciing (dat tai cac mé va tru cau). Nhung
ngay khi thi cédng cac dét dau tién theo phuong phap hang, dudi tac dung cla finh tai két cau da bi bién
dang va dam chd bi véng. Bo véng do finh tai sé& lam sai léch trdc doc thiét ké& va co6 thé gay ra moé men
uén bat Igi trong dam chi, khéng bao dam an toan vé cudng dd va én dinh trong cac giai doan thi cong,
khi cau hoan thanh sé anh hudng dén khai thac cong trinh.

Vi vay déi v6i cau treo day vang can tién hanh diéu chinh néi luc khéng chi & giai doan khai thac

cbng trinh ma ngay & céac giai doan thi cong. DCNL trong cdu day vang thuc chat la cang kéo cac day
vang nham khac phuc do véng do tinh tai, dm bao dung véi trac doc thiét k& cla cau va hé qua con tao
ra mot trang thai noi luc (mé men uén) hop ly trong dam cha.
C6 rat nhiéu bién phap va cong nghé diéu chinh khac nhau dé dat dudc hoac 13 biéu d6 bién dang hoac
biéu dd néi luc hop ly hodc ca hai. PPDCNL bang cach cing kéo cac day dudc (mg dung phé bién nhat,
dac biét 14 cau day vang thi cdng theo phuong phap duc hang hoic 1&p hang can bang. Phuong phap
nay thuc hién bang cach cang cac day cap trong qua trinh thi cdng nham tao cac chuyén vi va ndi luc
cudng blc trong toan hé theo huéng c6 Ioi nhat cho cong trinh. Pac biét 1a trinh tu cang kéo dudc gén
lién véi cac budce thi cong.

2.2. Cac yéu td anh hudng dén DCNL

Két cau cau treo day vang la két cau siéu tinh, néu cau dudc lam bang vat liéu bé téng c6t thép va bé
tong du Ung luc thi tir bién va co ngdt sé lam phat sinh thém bién dang, cac bién dang nay bi cac lién két
thira can trd va sinh ra néi luc thit cap. Tir d6 dan dén su phan bé lai néi luc trong két cau.

Trong qua trinh thi cdng (trudng hop &p dung cong nghé duc hang can béng) va diéu chinh noi
luc cau day vang can xét dén nhiing tai trong thudng xuyén sau:

- Trong luong ban than két cau

- Luc cang trong cac day vang

Dai v6i trong lugng ban than két cdu: tac dung vao hé tuong tu nhu ngoai luc va lan lugt theo tiing budc
thi cong. ing sudt tuong (ing véi trong ludng cuia tiing dét trong hé khong déi trong khodng thdi gian tir
lc ban dau (to) dén thai diém tinh toan (t). Tai trong nay gay ra chuyén vi tiic thdi va sau dé tang thém
do tir bién.

Dai véi luc cang trong cac day vang [4]: tac dong vao hé tuong doi phiic tap. Tai thdi diém to luc

cang tac dung vao hé nhu la ngoai luc va gay ra chuyén vi tic thai, sau d6 do tur bién lai lam thay déi luc
cang trong cac day (thdi diém t) véi vai tro la noi luc trong hé siéu finh va lam thay déi (ing suat trong
dam chi. Do vay viéc xac dinh luc cang trong day ving khong thé thuc hién dudc trong moét 1an ma phai
s dung phuong phap tinh I1ap.
Trong thuc t&, dé tinh toan Iuc cang trong cap thod man muc tiéu diéu chinh can cé su hd trg clia cac
phan mém chuyén dung. Hién nay viéc tinh toan DCNL cau day vang dudc (ng dung trong cac phan
mém chuyén dung nhu RM-spaceframe, Midas/Civil. Cac ph4n mém nay dang dudc st dung kha phé
bién tai cac cong ty tu van 16n & Viét Nam.

2.3. Phuong phap tai trong don vi trong tinh toan DCNL

Trong tinh toan, dé don gidn hoa ngudi ta chap nhan cac gia thiét clia bai toan tuyén tinh, nghia la coi
cac bién dang 1a nhdé va trong khudn khé phuong phap luc sé Ian lugt thay cac day cap bang an luc Xi .
Dé xac dinh luc cing trong cac day phai can clf vao muc tiéu can dat t6i cla qua trinh diéu chinh ndi luc.
Muc tiéu diéu chinh c6 thé 1a mé men uén hoac chuyén vi tai cac nat cia dam ciing.

a) Khi muc tiéu diéu chinh la mé men udn cla cac nat, ta ¢é6 phudng trinh can béng:
[MI][X] + [MP] = [M] (1)

Trong dé:
[Mi] 1a ma trédn anh hudng mé men udn (phan t& mij 1a mé men udn tai nat i do luc cang day don vi tai
nut j gay ra)

[X]: la véc to an luc trong cac day vang

[M]: la véc to md men ubn cla hé can dat dugc sau diéu chinh
[MP]: Ia véc to mé men udn do trong lugng két cdu va cac anh hudng th(r cdp gay ra trong hé 4 trang thai
hoan chinh

b) Khi muc tiéu diéu chinh Ia chuyé°n vi clla cac nat, ta cé phudng trinh can béng:



[YilIX] + [YP] = [Y] (2)

Trong dé:
[Yi]: 1a ma tran anh hudng d6 vdéng (phan t& vij 1a dé véng tai nat i do luc cang day don vi tai nat j gay
ra
[X]: la véc to an luc trong cac day vang
[YP]: 1a véc to do véng do trong lugng két cduva cac anh hudng th(r cap gay ra trong hé & trang thai
hoan chinh

[Y]: 1a véc to d6 voéng clia hé can dat dugc sau diéu chinh

) Trén hinh 2 13 so d6 két cau clia mét cau day vang thi cong theo phuong phap ddc hang can
bang. Phia dudi 1a biéu d6 mé men udn sau khi diéu chinh dua chuyén vi tai cac géi dan hdi trén dam vé
bang khong.
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Hinh 2: M6 hinh két cdu DCNL khi thi cong theo phuong phap duc hdng can bang
cta cau Ullevala (Thuy dién) [5]

Bai toan c6 9 an tir X1 dén X9, trong d6 8 an dau 1a luc kéo trong cac day cap va 4n thi 9 la
chuyén vi g6i tai diém j.

Né&u muc tiéu diéu chinh 1a mé men uén tai cac nat, ta c6 hé phuong trinh tuyén tinh sau:

MA=MP +MT1=1 . X1+MT 2=1.X2+........ MT8=1. X8+ MT J . X9

Ml =MP + MT1=1 . X1. + MT 2 =1 . X2+ ........ MT 8=1. X8+ MT J . X9

Trong do6:

- TUMA dé&n Ml 1a m6é men udn can dat t6i clia cac diém tir A dén | sau diéu chinh
- MP |a mé men uén do tinh tai tai cac diém tir A dén | trén két cau cd ban
- T&¢ MT1=1 dén MT8=1 la mé men udn tai cac diém tir A dén | khi lan luot cé cac tai trong

don vi "cang cap" Ti=1 tac dong gay ra.
- MTJ la cac mé men udn tai cac diém tir A dén | khi cé chuyén vi géi don vi gay ra.

Giai hé phuong trinh trén sé tim dudc X1 dén X9, d6 ciing la cac luc cang cap can tim dé diéu chinh noi
luc trong dam.

1. PHAN TiCH MO HINH BAI TOAN BDCNL TRONG CAU TREO DAY VANG THEO RM2000

3.1. Mo hinh hoa bai toan

Bai toan diéu chinh néi luc dugdc chia lam 4 budc theo sd do trén hinh 3.
Trong moi budc, két cdu dugc mo hinh hoé tuong Ung véi ting giai doan ( giai doan hoan thanh
va cac giai doan thi céng), bao gébm sc do tinh, cac tac dong va tai trong tinh toan.
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THIET KE:
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:
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:

Du diéu kién thiét
ké chua?
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chinh cua cdp trong céc
giai doan thi cong

Hinh 3: M6 hinh bai toan diéu chinh néi luc trong c4u day vang str dung RM- spaceframe



Diém khac biét clia phan mém chuyén dung RM- Spaceframe so véi cac chuong trinh tinh két
céu thong thudng khac la trinh tu phéan tich va tinh toan cau day vang dua trén ca sG phan tich céng dén
tUr cac giai doan thi cong cb xét tGi nhiéu yéu t6 thuc té. Tién trinh thi€t k& dua trén hé két cdu cudi cung
va thiét k& cac giai doan thi cong dua trén két qua clia phan tich két cu & giai doan cudi.

3.2. Ndi dung tinh toan DCNL cau day vang

Céc ndi dung can tinh toan khi ing dung phan mém RM- 2000 trong DCNL cau treo day vang :

- Xay dung cac giai doan thi cdng va xac dinh thdi gian thi cong cho tung giai doan.

- Xéc dinh trang thai cudi cung clia hé (muc tiéu diéu chinh)

- Xac dinh biéu d6 bao ndi luc va bién dang do finh tai va cac anh hudng th cap (co ngét va tir
bién cla bé téng, bién dang du clia day theo thoi gian)

- Xac dinh cac an luc thod man muc tiéu trén

- Xac dinh luc cang trong trong cac day, dé vong cla cac nut theo ding trinh tu thi cong

- Xac dinh ndi luc va do véng clia hé & trang thai cudi cung do tinh tai, cac anh hudng thr cép va
luc cang chinh trong cac day.

- Panh gia két quéa theo cac s6 liéu clia muc tiéu diéu chinh

3.3. iing dung phuong phap tai trong don vi trong DPCNL
PPDCNL trong RM- Spaceframe |a phudng phap #tai trong don vi# (Unit Load method) s dung
cong cu ADDCON (apply ADDitional CONstraint) ctia chuong trinh.

RM additional constraint x|

Mumber IE—
Lazatiar IaconDDEl2_rm
Description IﬂDDCDN - Constructic

[¥ Fix LC/SUP [V&R)

Ok | Cancel |

ADDCON sé tinh toan tim ra hé s6 nhan noéi luc dé dat dudc cac muc tiéu diéu chinh. RM2000
cho phép dua ra 12 muc tiéu diéu chinh (6 muc tiéu vé chuyén vi: Vx, Vy, Vz, Phi-x, Phi-y, Phi-z va 6
muc tiéu vé ndi luc: N, Qy, Qz, Mx, My, Mz):

RM AdditionalConstraint-Elements x|

From ~ Mode results ' al-rmiry I93UUU
To 4 ¥ Elerment result O perator |>= ZI

1111

Step " Element stress el e |93UUU

udl " Elementtendon 7.4 Iu dcs pnll d

DOF W Wy Wz " Phi-= £ Phip £ Phi-z
(| " Oy 0z M = My * Mz

Type of results % Mormal — ( Spiit " Join

{+ Total " Primary  { Secondary

¥ End of input ‘

Ok | Cancel |

Céc ndi dung can khai bao trong ADDCON:

- Dinh nghia tai trong don vi trong méi b6 cap

- Gan cac tai trong tac dung thudng xuyén 1én két cau cho giai doan thi cdng cudi cing (giai doan
s dung): Tinh tai, co ngét tir bién#

- Dinh nghia cac muc tiéu diéu chinh nhu: bi€én dang hodc ndi luc tai cac nat nao do trong hé.

|

| Factor

IV.  ViDU MINH HOA
4.1. So doé tinh:



C4u nam trén dudng thang, chiéu dai toan cau 440m.

Do déce doc la 3.15%, ban kinh dudng cong dimng la R=5000m

GGi c6 dinh bd tri trén thap, géi di dong ba tri trén 2 tru P1, P2, mé 1, mé 2.
So dé tinh:
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S6 liéu cap D.U.L (Tendon):
M&i mat cat clia dAm chli gdm 8 bd: 4 b b tri phia trén, 4 b6 bé tri phia dudi.
Dién tich cia mbi bo la:  0.0031 m2, dién tich ctia 6ng ghen la 0.0079m2
Luc cang cla 1 b thiét ké 1a 4296KN, d6 tut neo tinh toan la 6mm.
S6 liéu cap treo (Cable):
Cép treo cb dién tich ngang bang nhau la: 0.296 m2
4.2. Vat ligu



- Bé tong:  Tru va thap C_45: f#fc = 45 Mpa, Dam ch( C_50: f#c = 50 Mpa
Hé s6 dan nd nhiét dé: 11x10-6/0C, Hé s6 Poisson: 0.2

- Cap DUL trong: L4y theo tiéu chudn ASTM 416
Puong kinh danh dinh clia 1 tao: 15.2 mm

Dién tich mat cat ngang: 140 mm2
M6 dun dan hoi: Ep = 195000 Mpa
GiGi han chay: fpy = 1670 Mpa

- Cap treo: L4y theo tiéu chudn ASTM 416
DPuong kinh danh dinh cla 1 tao: 15.2 mm

Dién tich mat cat ngang: 140 mm2

M6 dun dan hoi: Ep = 195000 Mpa
GiGi han chay: fpy = 1670 Mpa
Hé s6 dan nd nhiét dé: 12x10-6/0C

4.3. Tai trong

- Bé tong: 25KN/m3, bé tong uét 24.5 KN/m3, Cap treo: 78.5 KN/m3, Xe duc: 800 KN, Tinh tai giai
doan Il: 45KN/m

- Co ngot tir bién: L&y theo tiéu chudn CEB-FIP9O0 [6] véi d6 &m trung binh 75%, chénh léch nhiét
d6 200C.

4.4. Thai gian thi cong

Thai gian thi cong tru, thap, nhip dan va dét trén tru 1a 90 ngay. Thdi gian thi cong cac dét con lai la 14
ngay/1 dét.

4.5. Yéu cau

Tinh toan diéu chinh ndi luc c6 xét d&n anh hudng ctia co ngét va tir bién véi muc dich 1a chuyén vi clia
cac nut dam chd tai vi tri neo cap bang 0. Hé s6 tai trong ddi véi tinh tai 14y bang 1.

Tham khao tiéu chuan PTI [7]

4.6. Két qua tinh toan diéu chinh ndi luc bing phdm mém RM2000
Muc tiéu diéu chinh 1a chuyén vi & cac nut.

- So d6 tinh trong chuang trinh RM2000:

SO DO TINH

Truon g Dai hoc Giao thong Von tai
Bo mon Tu dong hoo Thiet ke Cau duong

- Biéu d6 chuyén vi sau khi diéu chinh:

K&t qua cho thay chuyén vi tai cac nat trén dam chd ( cac diém neo day cap ) déu tré vé diém
khong, chuyén vi I6n nhat sau khi diéu chinh xuat hién & nat 106 trén nhip bién 13 v = -9,528e-02 hay
9,528 cm.



Constr. Stage Sequence
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- Bi€u d6 mé men uén sau khi diéu chinh:
M6 men duong 16n nhat xudt hién & nut 134 trén dam chd sau khi diéu chinh, co tri s6
M=+9,328e+4 tuong (ing v&i 93280 kNm.

Constr. Stage Sequence
Bending moment Mz (total)
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V. NHAN XET VA KET LUAN

Trong nhitng nam gan day, nganh giao théng da va dang xay dung dudc moét s6 cau treo day
vang hién dai, tuy nhién chung ta chua lam ch dudc hoan toan céng nghé mdi ma van phai nhé vao
chuyén gia nudc ngoai. Mot trong nhiing van dé dé 1a viéc khai thac st dung cac phan mém tinh toan co
gan vGi cdng nghé thi cdng. Trong bai da di sau phan tich phuong phap diéu chinh ndi luc trong cau day
vang trén co s phan mém RM 2000. Viéc dua cac phan mém chuyén ding vao sl dung va ap dung
thanh cong phuong phap néi trén da thuc su gép phan vao viéc phat trién nganh cau & nudc ta. Chinh
két qua clia viéc diéu chinh noi luc da tao diéu kién cho cac cau treo day vang cé kha ndng vuot dwoc
nhirng nhip I&n hon.
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