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Abstract. In the cable-stayed bridge design, the designers often model the cable rupture load
as static force with the force of cable tension and multiply the dynamic amplification factor.
This calculation does not fully reflect the dynamic response of the structure under the effect of
cable rupture load. This paper deals with the problem of cable rupture by nonlinear time
history analysis on 3D finite element model, the cable rupture phenomenon modeled by
loading that may vary with time. The results of the paper show the dynamic response of cable
tension, mid-span displacement and bridge tower displacement.
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Tom tat. Trong thiét ké cau day ving, cac nha thiét ké thudng mé hinh tai trong dut cap nhu
|4 lyc tinh do 16n bang luc cing cap va nhan thém hé sb hé sé xung kich. Cach tinh nay chwa
phan &nh hét dugc phan g dong luc hoc cua két cau dudi tac dung cua tai trong dat cap. Bai
bao nay di giai quyét bai toan dirt cap bang phan tich lich st thoi gian phi tuyén trén mo hinh
phan tir hitu han 3D, hién tuong dit cap dugc mé hinh bang lyc thay doi theo thoi gian. Két
qua cua bai béo thé hién phan tng dong luc hoc cua luc cing cua cap ving, chuyén vi giita
nhip va chuyén vi dinh thap.

Tir khoa: hé s6 xung kich, phan tng dong luc hoc, phan tich lich sir thoi gian phi tuyén.

© 2019 Truong Dai hoc Giao thong vdn tdi

1. GIOI THIEU

Cau day vang di va dang dugc xay dung phd bién tai Viét Nam va trén thé gidi, tir cau
day ving hoan thanh dau tién nam 2000 dén nay Viét Nam da c6 khoang 20 ciu xdy ving
nhip chinh tir 150m tré 1én dua vao khai thac. Trong thiét ké cac cau day viang déu co xét dén
t6 hop tai trong dat cap (vi du nhu cau Cao Lanh, Vam Cbng va Bach Dang méi dua vao khai
thac) nhung hau nhu d6 14 phan tich tinh (phan tich gia dong) va c6 xét dén hé sé dong bang 2
(hé sé xung kich) duoc lay theo huéng dan cua PTI [1]. Theo mét s6 nghién cau hé s dong
ldy nhu vay chua hoan toan phu hop voi cac b phan caa mot cdng trinh cu thé, c6 mot sé
truong hop nho hon, c6 mot sé truong hop Ié6n hon, nhu nghién ctu cia mot sb tac gia
[2,3.4]. Nhu vay rat can c6 nhitng nghién ciu vé phan tng dong luc hoc cho céc bo phan cua
mdi cong trinh cau cu thé.

105



Transport and Communications Science Journal, Vol 70, Issue 2 (08/2019), 104-112

Nghién ctu vé bai toan dut cap tai Viét Nam chua c6 nhiéu, mot s6 bai bao co dong gop
ctia nguoi Viét Nam c6 thé ké dén nhu bai bao cua tac gia Hoang Vii va cac cong su [2], trong
bai bédo nay nhém tac gia vira nghién ctu ly thuyét vira nghién ciu thuc nghiém hién tugng
dut cap. Cac nghién ctru thyc nghiém 1am rd hon co ché pha hoai ciing nhu d6 16n cua hé sb
dong ldy vao khi phan tich tinh, cach lam hay duoc cac k¥ su st dung khi thiét ké cau day.
Ngoai ra, bai béo ciing phan tich dwoc sy anh huong cua cac sb luong cap dut dén cac bo
phan cua két cAu cau day. Bai bao cua tac gia Nguyén Trong Nghia va Vanja Samec [3] ciing
phan tich bai toan dut cap nhung tap trung vao anh hudng cua mot tham sé dén hé sé dong
khi dua vao phén tich tinh, bai bao ciing minh hoa mot s6 két qua phan tich vai théng sb cua
mot s6 cong trinh cau & Viét Nam. Tuy nhién cac bai bao ciing chua dé cap dén su lan truyén
hién tuong dat cdp vai nhau theo thoi gian (twong tac luc cang gitra cac cap trudc va sau khi
dut theo thoi gian), phan tng caa két cau theo thoi gian va chua xét dén cac anh huong diéu
Kién ban dau khi phéan tich dut cap (cap dut khi chiu tai trong gi trudc do). Trén thé gidi
nghién ciu vé bai toan dat cap da dugc thyuc hién tir nhimg nam 1994 bai E. Hyttinen va cac
cong su [4]. Bai toan nay dac biét dwoc nghién ctru va quan tam tré lai sau su kién 11/9/2001
6 My, trong nhitng nam 2009, 2010 M. Wolff va U. Starossek [5a, b] c6 nhitng nghién ciu
lién quan dén hién tuong sup do lan truyén tir bai toan dut cap trong ciu day ving. Trong
nghién ctu cia minh tac gia da st dung mo hinh phi tuyén dé phan tich tng xu caa céac bo
phan cau day ving dudi tac dung cua tai trong dut cép, tac gia tap trung phan tich phan tung
ctia dam va thap véi cac truong hop hé sé can khac nhau dé tim ra hé sé dong phd hop cho
cac bo phan nay. Do d6 trong cac nghién ctru ndy ciing chua 1am rd méi quan hé gitra cap dat
Vvéi cac cap con lai, hay 1am rd hon cap ké tiép co nguy co bi dit 13 cap nao. Chua chi rd s6
lwong, Vi tri cap dit ndo thi cau day vang s& gap nguy hiém. Gan dy hon trong nhimng nam
2016, 2017 mot s6 CAC tAc gia ciing cong bd nghién ciru cia minh cho bai toan dit cap nhu R.
Das va cac cong su [6], Harshil Jani va Jignesh Amin [7]. Trong nghién ctru cia minh R. Das
va cac cong sy di nghién ctru dwoc nhiéu truong hop dut cap va chi ra dwoc vi tri cap dut
nguy hiém cho céng trinh cau, tuy nhién md hinh nghién ctru 12 3D nhung tac gia van gia thiét
cap dit theo tirng mit cat (d6ng thoi ca thuong luu va ha luu cau) chwa mé ta ting cap riéng
lé dut. Vai Harshil Jani va Jignesh Amin nghién ciu thém anh hudng cia sy an mon lam thay
d6i co tinh cua cap trudc khi bi dat cap, va két qua ciing chi dung lai thay ddi lec cing trong
cap va chuyén vi tng véi cac so do b tri diy viang khac nhau.

Véi cac nghién ciu & trén cho thdy van can phai 1am rd hon mét sé van dé d6 1a cép nao
bi dirt c6 muc d6 anh huong 16n nhat d&én noi luc trong cac cap khéc hay trong dam va thép,
thé hién su bién dbi theo thoi gian cac phan ung cia két cdu khi cap dut dang hoic sau khi
chiu lyc tc dung va chi ra dugc s6 lugng vi tri cap dut dan dén sup do lan truyén trong két
cau. Tur nhiing van d¢ trén bai bao tap trung di phan tich mé hinh phan tir hitu han 3D dé lam
rd cac van d& con ton dong nhu di néu trén.
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2. MO PHONG SO VA KET QUA
2.1. Thong s6 dau vao md phéng sb

Dé minh hoa cho bai toan di néu bai bao tién hanh phan tich cho cau day ving bang
phuong phap PTHH [8] véi c4c s6 lidu chinh nhu sau:

So d6 két ciu 130m+300m+130m.

Dang mit cat ngang: dang chit , chiéu cao 3m, chiéu rong 30m, hai dam doc (chan chit
) ¢6 bé rong 1m cach nhau 24m:; c6 dién tich=13m?; ly=10,65m*; 1z=1290,33m*; Vt liéu bé
téng vGi cac tham sé £c=35Mpa; Ec= 27789Mpa; Trong luong riéng 23,5631 KN/m?;

Try thap dang kim cwong chiéu cao thap 100m tinh tir mat ciu, tru cao 35m; c6 kich
thudc hinh chit nhat 4,5x3,375m; dién tich 15,19m?; ly=25,63m* 1z=14,42m* Vat liéu bé
téng voi cac tham sé £ c=35Mpa; Ec= 27789Mpa; Trong luong riéng 23,5631 KN/m?;

Hai mit phang day bé tri theo so db harp, diy vang c6 duong kinh danh dinh 8cm, dién
tich b6 cép 5,027x10°m? Fu=1861Mpa; Fy=1690Mpa; moé duyn dan hoi ban dau
E=196500Mpa; Trong luwong riéng 76,9729 KN/m?;

Diéu kién bién: bé tri géi cb dinh tai 1 try thap, cac vi tri con lai bé tri géi di dong.

Hinh 1. M6 hinh két cdu cong trinh cau.

. N
937
’ N 1 947 ’ N
5% 7 817 828 a8 s 956 946
N .

Hinh 2. So do ddy vang mdt phang thiong heu'.

. N
957
, N 967 , N
829 + g3s 848 ~ 839 o7 966
N .

Hinh 3. So do ddy vang mdt phang ha luu.
Gia thiét tai trong tac dung ban dau la trong lwong ban than caa két cau;

Tai trong dut cap dwoc miéu ta 1 tai trong thay doi theo thoi gian d6 16n bang luc cing,
hién tudng dat xay ra trong 0,01s nhu minh hoa ¢ hinh bén dudi
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Hinh 4. Minh hoa tai trong cho mét truong hop duit cap.

Bai toan phan tich: dut cap déng thoi chiu tac dung cua trong luong ban than, dudi su hd
trg ciia phan mém CSI Bridge v20. Trong bai bao sir dung phan tir shell cho hé dam cau, phan
tr cap co xét dén bién dang (d vong cua cap) cho cap ving va phan tir khung (frame) cho
thap cau.

2.2. Cac truwong hop tinh toan va két qua
2.2.1. Cdc truong hop tién hanh phan tich nhw sau:

+ Truong hop 1: dat day dai phia tru neo (cap 808, 829) hoac phia gitra nhip (cap 818 va
839).

+ Trudng hop 2: dut day ngan phia tru neo (cép 817, 838) hoic phia giira nhip (cap 828,
848).

+ Truong hop 3: dut day dai va day ké tiép phia tru neo (cap 808, 809 va 829, 830) hoic
phia gita nhip (cap 818, 819 va 839, 840).

Céc truong hop trén miéu ta theo trat tu thoi gian nhu sau: day dau tién (thuong luu) dit
& thoi diém 2s, day tiép theo (ha luu) dat ¢ thoi diém 7s ddi voi truong hop tha 1 va thi 2.
Truong hop thir 3 day dau tién dut & thoi diém 2s, day tiép theo dut & thoi diém 5s, day ké
tiép theo dut & thoi diém 8s va 11s.

Pé thay duoc phan ung udn xoin dong thoi cua dam chuyén vj tai hai diém phia thugng
lru va ha luu tai mat cat giira nhip duoc thé hién dé phan tich (twong tng la nat (joint) 2019
va 2017). DBé lam rd phan (ng caa thép, chuyén vi dinh thap theo phuong doc cau va ngang
cau duoc thé hién (twong tng la nit s 6). Cudi cling l1a thé hién su thay doi theo thoi gian luc
cang trong mot s6 day ving Gng Vi cac trudng hop dut cap miéu ta o trén.

2.2.2. Két qua tinh todn
Trwong hop 1:
Céc két qua tinh toan nhu sau:

LU’C CANG THAY DOI THEO THON GIAN LY'C TRONG CAP VANG THEO THO1 GIAN
4500 6000

4000

Liwrc cdng trong ca

0 1 2 3 4 5 6 7 8 9 10 11

Thai gian (s) N
Thai gian (s)
o 818 mmmmn 839 819 —w— 840 308 -.- 808 =eme- 829 818 —e—330 828
——3848 —817 — —838 —— 3809 —s30
----829 817 838 828----1848

Hinh 5. Licc trong cdp ving thay doi theo thoi gian khi dirt cép 818, 839 va 808, 829.
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Hinh 7. Chuyén vi dinh théap khi dirt cap 808, 829 va céap 818, 839.
Trwong hop 2:

Céc két qua tinh toan nhu sau:

LUC CANG THAY BOI THEO THOI GIAN LUC CANG THAY B6I THED THOI GIAN
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Hinh 8. Luc trong cdp vang thay doi theo thoi gian khi dirt cap 848, 828 va 817, 838
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Hinh 9. Chuyén vi tqi giia nhip khi dit cap 828, 848 va cap 817, 838
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Hinh 10. Chuyén vi tai dinh thap khi diit cap 828, 848 va céap 817, 838
Trwong hop 3:

Cac két qua tinh toan nhu sau:
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Hinh 11. Luc trong cap vang khi dut cap 818, 819, 839, 840 va 808, 809, 829, 830
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Hinh 12. Chuyén vi giiza nhip khi diit cap 808, 809, 829, 830 va cap 818, 819, 839, 840

CHUYEN VI DOC VA NGANG TAI DINH THAP CHUYEN VI DOC VA NGANG CAU TAI DINH THAP
1.2

1
E o8 E
s 06 =
5 £ 25
= 0.4 E
S 02 S

0 memmmaasonmens R A T P e L L -

02 0 5 10 15 20 25
Thai gian (s) Thoi gian (s)
Joint6  ----- Joint6-1 Joint6 - - —Joint6-1

Hinh 13. Chuyén vi dinh thdp khi dit cap 808, 809, 829, 830 va céap 818, 819, 839, 840.
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3. PHAN TiCH KET QUA

Tir hinh 5 cho thdy anh huéng cua su ¢b day cap dai (808, 818, 829, 839) ddi véi cac cép
lien ké& (809, 819, 830, 840) la rat 16n, luc cing trong cap thay doi tir (3207KN,
3766KN,3189KN, 3766KN) t&i (4242KN, 5313KN,4238KN, 5340KN) tang 32%, 41%, 33%,
42%. Nhu vy nguy co gip su cd dut cac cap lién ké cap dai nhat Ia rat 1on.

Tir hinh 6, 12 cho thay khi xay ra dit cap theo kich ban da trinh bay & trén tai vi tri gitra
nhip ¢ hién tugng xoin udn két hop (chuyén vi theo thoi gian cua hai diém trén mat cit
ngang khong déu nhau), tai vi tri nhip bién khong c6 xuat hién dao dong udn xoin két hop.

Hinh 7, 13 cho thiy khi dat cap chuyén vi theo phuwong doc cau, bo cap gitta nhip dut s&
anh huong nhiéu dén chuyén vi try thap hén so véi b cap nhip bién.

Tir hinh 8, 9, 10 cho thay anh huong caa cap ngan dut 1a khong dang ké, it anh huong dén
cac bo phan cua két cau.

Tir hinh 11 cho thdy anh huong cua su cb dut 02 cap dai (808,809; 829, 830; 818,819:
839, 840) ddi véi cac cap lien ké (820, 841, 810, 831) Ia rat Ién, luc cang thay doi tir
(3140KN, 3139KN, 3395KN, 3395KN) tai (5364KN, 5575KN, 5867KN, 5930KN) tang 69%,
78%, 73%, 75%. Nhu vay néu cac lyc trong cap thiét ké bang 45% luc ti han cua bo cap thi
luc cang xuét hién trong cap lién ké sau khi dat hai cap bang 80% luc t&i han. Do d6 ¢ nguy
co mt hién tuong sup do lan truyén s& xay ra khi hai cap dai bi dut. Két hop vai két qua hinh
13 cho thay khi hai cap dai phia giira nhip bi dut nguy co xay ra sup do lan truyén xay ra rat
I6n vi ngoai hién tuong dao dong udn caa dam thi trong dam con c6 dao dong xoan.

4. KET LUAN

Qua két qua phan tich trén cho thay cac cap lién ké véi cép bi dat s& bi anh huang Ién
hon so v&i cac cap con lai va cac cap dai bi dut s& anh huong 16n dén phan tmg dong luc hoc
cta két cau. Vi md hinh cac cap dit theo thoi gian khac nhau cho thay 16 dao dong udn xoan
trong dam. Véi viéc phan tich méd hinh PTHH cho thay rd luc cing trong cap tai thoi diém
dut, sau khi dut cap va anh huong cua thir ty cac cap bi duat.

Két qua trén gop phan 1am rd hon bai toan dut cap trong thiét ké cau day vang, qua d6 co
nhiing thiét ké phii hop han ché rai ro khi xay ra tai trong nay.
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