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PHAN TICH SUP DO LAN TRUYEN TRONG CAU DAY VANG
BANG PHUPONG PHAP PHAN T HIPU HAN

PGS.TS. NGUYEN H(PU HUNG
Trwong dai hoc Giao théng van tai

Tém tat: Trong cdu déy véng, hé day vang lam
nhiém vu dé dam gitp céu cé thé vurot duoc nhing
khdu d6 |6n cho nén hién twong lan truyén dut cép
ttr mot cép bi sw cb dit cap la bai toén thu hut nhiéu
s quan tdm cla cac nha khoa hoc. Bén canh do,
khi cép bj dut ddm sé bj phé hoai hodc do ng suét
vuwot qua giéi han cho phép hodc do méat 6n dinh
cuc bg. Bai bao nay phén tich cac kich ban dut cap
trong cau va phan tich hién twong méat én dinh cuc
bo cia ddm twong umg véi céc kich ban dit cap noi
trén. Hién twong dut cap dwoc mé hinh bang luc
thay déi dét ngét theo thoi gian. Két qua cda bai béo
chi ra hién hién twong lan truyén dit cép trong céau
va khi nao hién tuong sup dé lan truyén sé xay ra.

T khoa: sup dé lan truyén (Sép dé day chuyén,
sép dé Idy tién), phén tich lich st thoi gian phi tuyén,
dut cép, phan tich mét én dinh

Abstract: In the cable-stayed bridge, the cable-
stayed system support girder helps the bridge to
overcome large span so the phenomena of cable
rupture progressive from a ruptured cable is the
problem attracted the attention of scientists. Besides,
when the cable is ruptured, the beam will be
damaged either due to the stress exceeding the
allowed limit or due to local instability. This paper
analyzes the cable rupture scenarios in the bridge
and analyzes buckling of beams corresponding to
the above cable rupture The
phenomenon of cable rupture is modeled by force
changed over time. The results of the paper show
that the phenomenon of cable rupture in the bridge
and when the phenomenon of progressive collapse
will happen.

scenarios.

Keywords: Progressive collapse, Nonlinear time
history analysis, Cable rupture, Buckling analysis

1. Gi&ithiéu
Cau day vang da va dang duoc xay dwng phd

bién tai Viét Nam, tlr ciu day vang dau tién duoc
hoan thanh nam 2000 (cau My Thuan) dén nay Viét
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Nam da cé khodng 20 cau day vang nhip I&n hon
150m. Trong két cAu cau day vang hé céap vang la
két cAu dwoc quan tdm nhiéu vi chinh hé nay dem
lai sy wu viét vwot troi cha ciu day vang so véi cac
loai két ciu khac. Trong thiét ké cau day vang moét
sy cb6 da dwoc dwa vao tinh toan trong giai doan
thiét ké d6 1a sw cb dut cap. Theo hwéng dan cla
PTI (Post-Tensioning Institute) [1] coi lwc dut cap
nhw 1a lwc tinh d6 1&n bang lwc cang cap va nhan
thém hé sb bang 2 (hé sé xung kich) ho&c la phan
tich lich st thdi gian phi tuyén véi hién twong nay.
Cach tinh coi dit cap nhw lyc tinh thuén lgi cho ky
su thiét k& nhwng chwa phan anh hét dwoc twong
tac gitra cap dit véi cac cap con lai cling nhu déi
véi cac bo phan cua két cdu khac. Trong hwéng
dan cta PTI cho phép khi bi dirt mot cap béat ky thi
cau van phai gitr dwoc 6n dinh khong xay ra sup dd
lan truyén trong két ciu. Nhw vay, khi nao cau day
vang xay ra hién twong sup dé lan truyén tré thanh
van dé dwoc nhidu nha nghién cu quan tam, nhw
cac nghién clru cta M. Wolff va U. Starossek [2,3].
Trong nghién ctru clia minh tac gid da s dung méb
hinh phi tuyén dé phan tich (rng x& ctia cac bo phan
cau day vang dwéi tac dung cla tai trong dit cap,
tac gid tap trung phan tich phan ¢ng cta dam va
thap véi cac trwong hop hé sb can khac nhau dé
tim ra hé sb dong phu hop cho cac bd phan nay.
Théng qua phan tich phi tuyén nhém tac gia nay
cling chi ra véi trwdng hop dit mot cap thi cau van
én dinh, chi khi dit 3 cap lién k& nhau cdu méi xay
ra sup dd. Qua phan tich cling chi ra cach tang
cwong chdng lai sup dd lan truyén cho cdu day
vang bang cach bd tri khoadng cach gitra cac day
vang gan nhau hon. Bén canh nhitng nghién ctru
chuyén sau ctia M. Wolff va U. Starossek vé sup db
lan truyén trong cau day vang, hién twong lan
truyén dit cap tr moét cap bi sw cb ban dau 1a bai
toan phurc tap thu hat nhidu sy quan tam [4-8]. Trén
thé gi¢i nghién clu vé bai toan dit cap da duoc
thwc hién tr nhitng ndm 1994 bdi E. Hyttinen va
cac cong s [4]. Bén canh nhirng nghién clru cla
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cac nha khoa hoc, bai toan nay dwoc quan tdm dac
biét sau sw kién 11/9/2001 & My va da co cac
hwéng dan nhw nhivng qui dinh vé chdng sup db lan
truyén déi vai tda nha [9], va cac huwéng dan thiét ké
sup dé lan truyén [10].

Nghién ctru vé& bai toan dut cap ciu day ving
hay sup dd lan truyén trong cau day vang tai Viét
Nam chwa cé nhiéu, mét sé bai bao c6 déng gop
cla tac gia Viét Nam cé thé ké dén nhw bai bao cla
tac gia Hoang Vi va cac cong sw [5], trong bai bao
nay nhém tac gia vira nghién ctu ly thuyét viva
nghién ctru thyc nghiém hién twong dit cap. Cac
nghién ciru thwc nghiém lam rd hon co ché pha
hoai cling nhw d6 1&n cia hé sbé dong lay vao khi
phan tich tinh, cach lam hay dwogc cac ky sw st
dung khi thiét k& cau day. Ngoai ra, bai bao ciing
phan tich dwgc sw anh hwéng cha sbé lvgng cap
dirt dén cac bod phan cta két ciu cau day. Bai bao
cUa tac gid Nguyén Trong Nghia va Vanja Samec [6]
cling phan tich bai toan dwt cap nhwng tap trung
vao anh huéng ctia mot sé tham sé dén hé sb dong
khi dwa vao phan tich tinh, bai bao cling minh hoa
mot vai két quéa phan tich véi théong sé cla mot sé
cbng trinh cau & Viét Nam. Tuy nhién cac bai béo
ciing chwa dé cap dén s lan truyén hién twong duet
cép theo thoi gian (twong tac lwc cang gitva cac cap
trwéc va sau khi dit theo thoi gian), phan &ng clta
két clu theo thdi gian va chwa xét dén cac anh
hwéng diéu kién ban dau khi phan tich dwt cap (cap
dwet khi chju tai trong gi trwédc d6). Do do trong céac
nghién clru nay ciing chwa lam rd méi quan hé gitra
cap dit véi cac cap con lai, hay lam rd hon cap ké
tiép cé nguy co bi dit la cap nao. Chwa chi rd sb
lwong, Vi tri cap d¢t nao thi cau day vang sé gap
nguy hiém.

Gén day hon trong nhitng ndm 2016, 2017 moét
sb tac gia ciling cong bd nghién ctvu cla minh cho
bai toan sup dd lan truyén do dut cap nhu R. Das
va cac codng sy [7], Harshil Jani va Jignesh Amin [8].
Trong nghién cru clia minh R. Das va cac cong sw
da nghién ctru dwoc nhidu trwdng hop dit cap va
chi ra dwoc vi tri cap ddt nguy hiém cho cong trinh
cau, tuy nhién méd hinh nghién ctru la 3D nhung tac
gid van gia thiét cap dut theo trng mat cat (déng
thdi ca thwong lwu va ha lwu ciu) chuwa mé ta tirng
cap riéng & det. Dbi voi Harshil Jani va Jignesh
Amin nghién ctru thém anh hwdng cla s d&n mon
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lam thay ddi co tinh ctia cap trwdc khi bj dét cap, va
két qua cling chi dirng lai thay dbi lwc cdng trong
cép va chuyén vj (’ng v&i cac so dd bb tri day vang
khac nhau.

Do d6, cdng viéc nghién ctru chi tiét anh hwéng
clia cap dit dan dén sup dé lan truyén trong két cau
cau day vang bang phwong phap phan t& hiru han
véi md hinh phi tuyén 3D 1a cong viéc can dwoc
nghién ctru thém. Theo M. Wolff va U. Starossek dbi
véi dam cau day vang ngoai bi pha hoai do (rng
suat vwot qua gidi han cho phép thi hién twong mét
4n dinh cuc b6 cling can dwgc quan tam, d&c biét 1a
khi ndi lwc trong ddm c6 ca lwc doc chiu nén, moé
men ubn va lwc cat. Do vay, bai bao nay di phan
tich cac kich ban dit cap trong ciu va kiém tra hién
twong mét &n dinh cuc bd cta dam twong &ng Vo
céac kich ban dwt cap noi trén. Hién twong dat cap
duwoc mé hinh bang luc thay déi dot ngot theo thoi
gian. Két qua cua bai bao chi ra dbi voi s6 liéu dwa
vao mé hinh cau day vang thi khi nao xuat hién hién
twong lan truyén dit cap trong cau va khi nao hién
twong sup dd lan truyén sé xay ra dbi véi cong trinh
cau day vang.

2. Co sé ly thuyét [11]

Phan (rng déng lwc hoc cla két cdu cé thé xac
dinh théng qua gidi phwong trinh dang téng quat
sau:

MU+CU+KU=F 1)
trong doé:

M - ma tran khéi lwong;

C - ma trén can;

K - ma tréan dé cirng;

F - Véc to tai trong tac dung.

U,U,U - I3n luot 1a véc to gia téc, van téc va
chuyén vi.

Déi v&i bai toan phi tuyén dé giai quyét bai toan
trén bai bao s dung cach phan tich lich s thoi
gian phi tuyén (Nonlinear Time-History Analysis)
trong d6 thuat toan giai la sw két hop phwong phap
Hilber-Hughes-Taylor (HHT) vé&i phwong phap
Newton—Raphson.

2.1 Tém tat phwong phap HHT
Cong thirc xac dinh gia tbc va van tbc & bwdc

th&* n+1 nhw sau:
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U, = 12 (Um-un)-iun+ 1- L U, )
At?B AtB 2B
. _ ’Y ’Y . ’Y .
- +|1-=|U, +At|1-— U, 3
Una = 3 (Ut 0) ( Bj ( ZBJ )
(1—oc)2 1 -1
voi = ;y=——a; ae|—,0
=75 3
sau dé thay vao phwong trinh (4) dé giai ra U,,:
MU,,, +(1+a)CU,,, -aCU, +(1+a)KU,,, -aKU, =F (4)
sau khi thay vao va rat gon lai cé thé viét dwéi dang:
|’<*Un+1 = I::+1 (5)
VoI
. l+a
P B VI Gl PSR ©)
AtB AtB
I:r}1k+1:|:n+1-|-'vI 12 Un+ 12 Un+ i_l Un h
At°B At°B 2B
(7)
(1+a)C| U, +| L-1]U, +At| =-1]0, |+aCU, +aKU,
AtB B
Sau khi gidi dwoc U, thay vao phwong trinh toad
(2), (3) giai dwoc U, ,,U, , néu bai toan tuyén tinh )
phwong trinh (5) c6 thé giai truc tiép ra két qua, néu //
bai toan la phi tuyén thi sé& &p dung phwong phap Kl“’ml‘,//// Kr(uy)
Newton—Raphson dé giai ra két qua. Run /
2.2 Tém tat phwong phap Newton - Raphson 4
Displacement
Phuwong phap 1ap dwoc minh hoa nhw hinh sau: gy U,
Hinh 1. Phu’o’ng phap Newton - Raphson
K (U ) (U +Au ) =R ;K =K+K_; K  =f(u) (8)
theo khai trién Taylor ta co:
dRrR
KT(um—l)(um—l +Aum)=KT (um-l)(um—1)+ d Aum (9)
m-1
VGi =K;(u,,);R,-R,,=R%u_=u_, +Au_
m-1
Viét lai c6 dwoc K, (U, ,)Au_ =R"® (10) [K -G (r)] w=0 (11)

trong dé:

K, (u, ) - ma tran dd cirng tng v&i chuyén vi

um—l;

RR -lyc dw; Au, - bwéc chuyén vi; R - tai trong
tac dung; u - chuyén vi.

2.3 Phan tich méat 6n dinh
Phwong trinh co’ ban bai toan phan tich mét én

dinh thé hién nhw sau:
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o} day: K - ma tran dd cieng; A - ma tran gia tri
riéng;

G(r) - ma tran dé cng hinh hoc dudi tac dung
cla véc to tai trong r; ¥ - ma tran véc to riéng
twong rng (dang mode).

Trong bai toan ma tran d6 ctrng va ma tran dé
ctrng hinh hoc dwgc dwa vao tinh toan & thoi diém
sau chju tai trong ban than va bi dit cap. Gia tri
riéng la co s& tinh ra hé sé mét &n dinh, hé sb 16n
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hon 1 ¢6 nghia két cAu chwa bi mat 6n dinh dwdi
tac dung cla tai trong dang xét, hé sd nhé hon 1 ¢
nghia 1a két ciu bi mat én dinh dwéi tac dung cua
tai trong dang xét.

3. M6 phong sé va két qua

3.1 Théng s6 dau vao mé phong sé

D& minh hoa, bai bao tién hanh phan tich voi
cau day vang véi cac sb liéu chinh nhu sau:

So d4 két cAu nhip cau: 130m+300m+130m.

Dang mat cat ngang: dang chi =, chiéu cao 3m,
chiéu réng mé&t cdu 30m, khoadng cach gitra hai dam
doc la 24m:; Vat liéu bé téng véi cac tham sb
fc=35Mpa; Ec= 27789Mpa.

Tru thap dang kim cwong chiéu cao thap 100m
tinh tr mé&t cu, tru cao 35m; Vat liéu bé téng voi
cac tham sb fc=35Mpa; Ec= 27789Mpa.

Hai m&t phéng day bé tri theo so dd harp, dién
tich bd cap 5,027x10°m?*  Fu=1861Mpa;
Fy=1690Mpa; mé duyn dan héi ban dau
E=196500Mpa; Cbét thép thwong va du &ng luc
khong xét dén trong bai bao nay.

Trong bai bao s dung phan t& shell cho hé
dadm cau, phan t& cap cé xét dén bién dang (dd
véng cla cap) cho cap vang va phan t& thanh cho
thap ciu. Cac thong sbé phi tuyén vat lieu duwoc thé
hién nhw hai hinh sau:

o 3 Strain {mi/m) x10 & CD ([l
4073 253
35.’; 27
30‘; 154
25.'; 1] _
= & = &
20.é é 0-57 g
153 . 0 P
1073 ;E# 55 g
54 a3
0' 157
,5_’; -2,i
S0 NN NN NN RN AR RN RN RN AR N RN RN N NRRN 4
24 16 08 0 08 16 -24 -32 -4 .48 -56x10 - 40. 32 24 16 a a B B 24 32 -40 x10
Hinh 2. buong cong quan hé iing suét - bién dang cda vt liéu bé téng va cép véng
M& hinh két cau c6 dang nhu sau:
7/ N 7/ N
7 AN 7 N
7 N 7 N
7 AN 7 AN 937
’ N 947 s N
5% L7 817 828 818 /956 96
7 A 7 N
Hinh 4. So dé day vang mat phang thuong luu
7 N 7 N
7 N 7 N
7 AN 7 N
7 N 7 N 957
829 / N 839 967 s N
2 N /976 966
7 838 848 7 N
7 N 7 N

Hinh 5. So dé day vang mat phang ha luu
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Tai trong tac dung ban dau 1a trong lwong ban than cha két céu.

Tai trong dit cap dwoc miéu ta Ia tai trong thay déi theo thdi gian do 16n bang lwe céng, hién twong dut

xay ra trong 0,01s nhw minh hoa & hinh bén dwéi.

P(KN)

t1
TO

. 7O 2

829(808) 4 N

s N

839(818)

N

.
$38(817) 848(828) To

12-t1=0.01s
’ N

t(s) 3 N

967(947) . N 957(937)
.

’ N

976(956), 966(946)

Hinh 6. Minh hoa tai trong dirt cap

Bai toan phan tich: dit cap voi cac kich ban khac nhau déng théi chiu tac dung cua trong lwong ban
than. Qua trinh tinh toan dwoc hd tro bdng phan mém CSI bridge v20 [11], v&i cac théng sb phi tuyén nhuw

sau:

&) Nonlinear Parameters A

Solution Control

Maximum Substep Size 0

Minimum Substep Size: 0

Use Eventio-event Stepping

Maximum Constant-SHiff herations per Step 10

Newion-Raphson fier. per Step 40

gence Tolerance (Relafive)  1.000E-04

hes per keration 20
Line-search Aceeptance Tol (Relative) 01

Line-search Step Factor 1618

Hinh 7. Céc tham sé khi phén tich phi tuyén

3.2 Cdc trwong hop tinh todn va két qua
a. Céc trwong hop tién hanh phén tich nhw sau:

Do sau thoi gian khai thac cap vang bi hw héng,
an mon va bi maéi nén hién twong dit cap la mot sw
cb (tai nan) dbi v&i cong trinh vay bai bao gia thiét
dwrt cap theo cac kich ban nhuw sau:

- Trwong hop 1: diet day dai phia tru neo (cap
808, 829) hoac phia gitra nhip (cap 818, 839);

- Trwdng hop 2: dirt day ngan phia tru neo (cap
817, 838) hoac phia gilra nhip (cap 828, 848);

- Trwdng hop 3: dit day dai va day ké tiép phia
tru neo (cap 808, 809 va 829, 830) hoac phia gilra
nhip (cap 818, 819 va 839, 840);

- Trwong hop 4: dit day dai va 02 day ké tiép
phia try neo (cap 808, 809, 810 va 829, 830, 831)
hoac phia gitra nhip (cap 818, 819, 820 va 839, 840,
841).

Cac trwvong hgp trén miéu ta theo trat ty thoi
gian nhw sau: day dau tién (thwong lwu) dit & thoi
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diém 2s, day tiép theo (ha lwu) dut & 5s (7s), tiép
tuc cac day tiép theo dut & thoi diém 8s, 11s, 14s
va 17s.

DPé thdy dwoc phan ng ubn xodn déng thdi
ctia ddm chuyén vj tai hai diém phia thwong lwu va
ha lwu dwoc thé hién dé phan tich (twong (rng 1a nat
2019 va 2017). D& lam rd phan (ng cua thap,
chuyén vi dinh thap theo phwong doc cau va ngang
cau duoc thé hién (twong &ng la nut sb 6). Dé thay
ré sw lan truyén hién twong dit cap bai bao thé hién
sy thay dbi theo thoi gian lwc céng trong day &ng
véi cac trwdng hop dit cap miéu tad & trén. Cubi
cung dé co thé kiém tra xem két cdu cé sup dé hay
khong bai toan phan tich dn dinh cuc bd dwoc tién
hanh sau méi kich ban dit cap nhw da miéu ta &
trén.

b. Két qua tinh toan
Trwong hop 1:

Céc két qua tinh toan nhu sau:
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LUC CANG THAY DOI THEO THOT GIAN

Luc cdng trong cap (KN)

Thoi gian (s)

819 —*— 840 ——808
----829 —817——838 ——828----848

LUC TRONG CAP VANG THEO THO1 GIAN

Thai gian (s)

----- 829 818
— —838

—e—3839
—i— 3809

Hinh 8. Luc trong cép véng thay déi theo théi gian khi dut cép 818, 839 va 808, 829

Két qua tinh toan trén cho thay khi xay ra dut
cap dai phia tru neo hoac phia gitra nhip lwc cang
cap con lai dbi xirng qua tim cau sé thay dbi va luc
cang trong cap tai thdi diém dut tang voi lwe céng
ban dau, nhw vay néu phan tich bang mé hinh 2D
sé khong thé hién dwoc cap dut trwdc, cap dit sau

CHUYEN VI TAI GID’A NHIP

12

Chuyén vj {m)

-0.5
Thai gian (s)

Joint2017

Joint2019

nhw trén va phwong phap phan tich coi lwc cap dut
Ia lyc tinh khéng thé thay dwoc hién twong lwe cang
cap tang trwdce khi bi dwt. Hon niva, lwc cang trong
cap lan can cla cap dut tang va thay déi Ién hon so
v&i cac cap con lai, nguy co dut tiép 1a cao hon céac
cap con lai.

CHUYEN VI GITA NHIP

(0] 2 4 6 8 10 12
-0.1

-0.2

-0.3

Chuyén vj (m)

-0.4
-0.5

0.6
Thoi gian (s)

Joint2017 — — = Joint2019

Hinh 9. Chuyén vj tai giita nhjp khi dirt c4p 818, 839 va c4p 808, 829

Két qua chuyén vj tai hai diém gitra nhip khi dit cap dai & gitra nhip sé gay ra dao dong ubn xoan dam
tai gitra nhip va khi dit cap dai phia tru neo chi gay ra dao déng udn tai gitra nhip (chuyén vi theo thdi gian

hai diém nay gan nhu tring khép nhau).

CHUYEN V| BINH THAP DOC VA NGANG CAU
0.7
0.6
05
0.4
0.3
0.2

Chuyén vj (m)

0.1

01 0 2 s 6 8 10 12
Thoi gian (s)

Jointé — - — Jointe-1

CHUYEN V| BDINH THAP DOC VA NGANG CAU
0.2

0.15
0.1

0.05

Chuyén vi (m)

0 2 " 6 oo 10 1
-0.05 —L
Th&i gian (s)

Jointé = - = Joint6-1

Hinh 10. Chuyén vj dinh théap khi dit cép 808, 829 va cép 818, 839

Két qua tinh toan trén cho thay chuyén vi ctia thap khi dét cap dai phia tru neo anh hwéng nhiéu hon so

v&i dirt cap dai phia gitra nhip.
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Hinh 11. Dang mét 6n dinh do trong lrong bén than khi chura mét cap (hé s6 3,064); khi mat 2 cap 818 va 839 (hé sé
2,003); khi mét 2 c4p 808 va 829 (hé sé 2,057).

Két qua trén cho thay khi bi mat hai cap dai cu van chwa bi mét 6n dinh nhwng hé sb 6n dinh da giam
nhiéu so vé&i trwde khi dirt cap.
Trwéng hop 2:

Céc két qua tinh toan nhw sau:

. 2 N LUC CANG THAY BOI THEO THOI GIAN
LUSC CANG THAY BOI THEO THO'1 GIAN

4500

5000 4000
as00
= 4000
E 3000
= 3000 W £ 2500
g H | =
o 2000 ' . = 2000
o 1 o
8 1000 \ | § 1s00
' .
§_ o i | 1000
500
-1000 0 2 4 6 8 10 12 o b— K ‘
Thoi gian 500 © 2 4 6 8 10 12
Thei gian (s)
Cap 808 —a— Cap 829 Cap 818 Cap 839 — - -Cap 828
wwrsenies Cap B17 = - = Cap 838 —+— Cap 816 —— Cap 837 Cap8is
----- Cap 848 Cap 817 Cap 838 ——— Cap 847 ——Cap 827 Cap 839 —— Cap 828 Cap 848 Cap 829 —e— Cap 808

Hinh 12. Lyec trong cép véng thay déi theo thoi gian khi dit cap 848, 828 hay 817, 838

Két qua trén cho thdy anh hwéng cla sw cd dit cac cap ngén gan tru thap khong gay ra anh hwéng
nhiéu so v&i cac cap con lai ma chi anh hwédng nhd dén cac cap lién ké.

CHUYEN VI TAI GIUA NHIP CHUYEN V| TAI GICYA NHIP

-0.16 017
-0.165 1 12
. 017 -0.175
g —_
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Hinh 13. Chuyén vj tai giifa nhip khi dirt cap 828, 848 hay cap 817, 838

Két qua trén cho thay chuyén vi dao dong xung quanh vi tri can bang la vi tri trwdc khi xay ra diet cap,
két qua cho thdy anh huwéng khong dang ké khi xay ra diet hai td hop cap nay.
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CHUYEN V| DINH THAP DOC VA NGANG CAU

0.2
 —————— I i Y
0.15
E
= 01
=
5
3 005
=
(=}
) hecccccaam=="""" e ™ ~* "\\l\“-\" ~~~~
0 2 4 6 8 10
-0.05 o
Thoi gian (s)
Jointe  ====- Joint6-1

12

CHUYEN V| BINH THAP DOC VA NGANG CAU
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Hinh 14. Chuyén vj tai dinh thép khi dit cép 828, 848 hay cép 817, 838

Két qua trén cho thay chuyén vi dao dong xung quanh vi tri can bang 1a vi tri trwdc khi xay ra diet cap,
két qua cho thdy anh hwéng khong dang ké khi xay ra diet hai cap nay.

Hinh 15. Mét én dinh do trong lwrong ban than khi mét 2 cap 828 va 848 (hé sé 3,102) va
khi mat 02 c4p 817 va 838 (hé sé 3,010)

Két qua phan tich méat 6n dinh trwdng hop mét hai cap ngan gan tru thap cho thy kha ndng mét én
dinh 14 rat thap, hé sb nay gan nhw khéng chénh léch nhiéu so véi tredng hop két cdu khi chwa dit cap.

Trwong hop 3:

Cac két qua tinh toan nhu sau:

LUC CANG THAY BGI THEO THOI GIAN

Luccing (KN)

Thei gian (s)
~~~~~~~~~ Cap 818 —===-Cap839 - = —caps19 - . = capsao
Cap 820 —+— Cap 841 Cap 829 —%— Cap 808
Cap 828 Cap 848 cap 817 cap 838

LUC CANG CAP THAY DOI THEO THOI GIAN
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Cap 817 Cap838 Cap 810 —+—(Cap 831 — - — Cap809 — - - Cap 830

Hinh 16. Luc trong céap vang khi dit cap 818, 819, 839, 840 va 808, 809, 829, 830

Két qua tinh toan trén van cho thay khi xay ra
dit cap dai phia tru neo hoac phia gitra nhip Iwc
cang cap con lai déi xi*ng qua tim cau sé thay déi
va lyc cang trong cap tai thoi diém dit ting véi lwc

26

cang ban diu, nhw vay néu phan tich bang mé hinh
2D sé khong thé hién dwoc cap dut truéc, cap dut
sau nhw trén va phwong phap phén tich coi lwc cap
dit 1a lwe tinh khong thé thdy dwoc hién twong luc

Tap chi KHCN X&y dung - s 3/2019



KET CAU - CONG NGHE XAY DUNG

cang cap tang trwdc khi bi dit. Hon niva, lwc cdng  hon so vé&i cac cap con lai, nguy co dut tiép |a cao
trong cap ké tiép cla cap dit tang va thay déi I6n  hon cac cap con lai.
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Hinh 17. Chuyén vj gida nhjp khi dit cép 808, 809, 829, 830 va cép 818, 819, 839, 840

Két qua chuyén vi tai hai diém gitra nhip khi neo chi gay ra dao déng udn tai gitra nhip
dwt cap dai & gitra nhip sé& gay ra dao déng uén  (chuyén vi theo th&i gian hai diém nay gan nhw
x0an dam tai gitra nhip va khi d&t cap dai phia tru  trung khép nhau).
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Hinh 18. Chuyén vj dinh thap khi dit c4p 808, 809, 829, 830 va 818, 819, 839, 840

Két qua tinh toan trén cho thay chuyén vi clia thap khi dirt cap dai phia tru neo &nh hwéng nhiéu hon so
v&i dit cap dai phia gitra nhip.

Hinh 19. Mét 6n djnh do trong lgng ban than khi mét 04 cap 808, 809 va 829, 830 (hé s6 1.8158) khi mét 04 cap 818,
819 va 839, 840 (hé s6 1.2109)

Két qua tinh toan & trén cho thay da co sw gidm rd rét vé hé sb 6n dinh khi dit 02 cap dai, hay néi cach
khac khi dit hai cap nguy co xay ra mét én dinh 1a rat I6n.
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Trwong hop 4:
Cac két qua tinh toan nhu sau:

LYC CAP THAY DOI THEO THOI GIAN
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Thai gian
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Cap 848

Cap 829 — - - Cap 808

Hinh 20. Luc trong cap véng khi dit cap 808, 809, 810, 829, 830, 831 va 818, 819, 820, 839, 840, 841

Két qua tinh toan trén van cho thay khi xay ra
dit cap dai phia tru neo hoac phia gitra nhip lyc
cang cap con lai ddi xtirng qua tim cau sé thay dbi
va luc cang trong cap tai thoi diém dit ting véi lwc
cang ban dau, nhw vay néu phan tich bang mé hinh
2D sé khong thé hién dwoc cap dut truwéc, cap dit

sau nhw trén va phwong phap phan tich coi lyc cap
dit 1a lwe tinh khong thé thdy dwoc hién twong luc
cang cap tang tredc khi bi dat. Hon nira, lwc cang
trong cap ké tiép cla cap dut tang va thay déi I16n
hon so vé&i cac cap con lai, nguy co dut tiép 1a cao
hon cac cap con lai.

Chuyén vi (m)

CHUYEN V| DOC VA NGANG TAI DINH THAP CHUYEN V| DOC VA NGANG TAI DINH THAP

2 03
02 - -
15 " -y 01 B
AN ’ T (R WA DA P’:, A ,,"_\
L \\ s M £ 0 vy [ 1Y \
1 P AR = 01 0 5 Vo oy ) s ','10\ L 30
-~ £ DoV Voa
05 RAN g 02 L A T A
47N . = 03 g Veoova
-— (=] V! Vo \
0 e AAAAAPAANAAAAAAA 0.4 5 ‘u‘,' '|‘
0 5 10 15 20 25 30 0.5 .
-0.5 o 0.6
Thoi gian (s) Théi gian (s)
- = = Joint6 Jointe-2 ~~ amaaa Joint6 Jointe-1

Hinh 21. Chuyén vj dinh thap khi dut cép 808, 809, 810, 829, 830, 831 va 818, 819, 820, 839, 840, 841
Két qua tinh toan trén cho thay chuyén vi clia thap khi dit cap dai phia tru neo &nh hwéng nhiéu hon so

v&i dit cap dai phia gitra nhip.

dit cap dai & gitra nhip sé gay ra dao déng ubn
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Chuyén vi (m)
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Hinh 22. Chuyén vj dinh thép khi dut cap 808, 809, 810, 829, 830, 831 va 818, 819, 820, 839, 840, 841

Két qua chuyén vj tai hai diém gita nhip khi

>

xodn dam tai gitra nhip va khi dit cap dai phia tru
neo chi gay ra dao déng ubn tai gitra nhip (chuyén
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vi theo th&i gian hai diém nay gan nhu trung khép

nhau).

Hinh 23. M4t 6n dinh do trong long ban than khi mat 6 cap 818, 819, 820 va 839, 840, 841 (hé s 0.4222) khi mét 6
cap 808, 809, 810 va 829, 830, 831 (hé s 0.8294)

Két qua thé hién & trén cho thay khi mat 3 cap
dai hai phia lién tiép thi cau day vang vé&i cac sb liéu
nhw trén sé& xay ra hién twong sup dd do mét én
dinh. Nhw vay déi véi cau trén sé cé mot kich ban
sup dd lan truyén xay ra do 1a dut 1an lwot 6 cap va
cau bi méat 6n dinh dan dén bi pha hoai.

4. Phan tich két qua

T hinh 8 cho thdy anh huéng cla sy cb dut
day cap dai (808, 818, 829, 839) dbi v&i cac cap lién
ké (809, 819, 830, 840) la rat I6n, lwc cing trong
cap thay di tir (3207KN, 3766KN,3189KN, 3766KN)
t6i (4242KN, 5313KN,4238KN, 5340KN) tang 32%,
41%, 33%, 42%. Nhw vay nguy co gdp sw cb dat
céac cap lién ké 1a rat I6n so véi cac cap con lai.

T hinh 9, 17 va 22 cho thay khi x3y ra dt cap
dai phia gitra nhip theo kich ban da trinh bay & trén
tai vi tri gitra nhip dam c6 hién twong xoan ubn két
hop (chuyén vi theo thoi gian cla hai diém trén mat
cat ngang khéng déu nhau), tai vi tri nhip bién
khong c6 xuét hién dao ddong uén xoén két hop.

Hinh 10, 18 va 21 cho thay khi d&t cap chuyén
vi theo phwong doc cau bd cap gitra nhip dut sé
anh hwéng nhiéu dén chuyén vi tru thap hon so véi
bd cap nhip bién.

Tw hinh 12, 13, 14 cho thdy anh hwéng cua
cap ngén dut 1a khong dang ké, it anh hwéng dén
céac bd phan cua két cAu.

T hinh 16 cho thdy anh huéng cta sy cb dut
02 cap cap dai (808,809; 829, 830; 818,819; 839,
840) dbi voi cac cap lién ké (820, 841, 810, 831) Ia
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rat Ion, lwc cang thay ddi tr (3140KN, 3139KN,
3395KN, 3395KN) t&i (5364KN, 5575KN, 5867KN,
5930KN) tang 69%, 78%, 73%, 75%. Nhw vay néu
cac lwc trong cap thiét ké bang 45% lwc t&i han cla
bo cap thi lwc cang xuét hién trong cap sau khi dit
hai cap bang 80% lwc t¢i han. Do d8, nguy co xay
ra dirt cap lién ké 1a rat lon.

T hinh 20 cho thdy anh hwéng cta sw cb dit
03 cap cap dai (808, 809, 810; 829, 830, 831, 818,
819, 820; 839, 840, 841) dbi v&i cac cap lién ké
(821, 842, 811, 832) 1 rét I6n, Iuc cang thay ddi tir
(3102KN, 2995KN, 3016KN, 3016KN) t&i (6637KN,
6839KN, 6715KN, 6475KN) tang 114%, 128%,
123%, 115%. Nhw vay néu céac luc trong cap thiét
ké bang 45% lwc t&i han cha b6 cap thi lyc cang
xuét hién trong cap sau khi dit hai cap bang 97-
103% Iwc t&i han. Do d6 c6 nguy co mét hién twong
sup db lan truyén sé xay ra khi hai cap dai bi dut.
Két hop véi két qua hinh 23 cho thay khi ba cap dai
phia gitra nhip bi d&t nguy co xay ra sup dd lan
truyén rat I&n vi ngoai nguy co dit thém cap ké tiép
thi dam con bi mat 6n dinh ubn ngang.

5. Kétluan

Bai bao da tién hanh phan tich két cAu bang mé
hinh phan t& htru han phi tuyén, két qua cé do tin
cay cao do duwa dwoc vao két qud (ng suét dw
trong két cau khi chiu tai trwédc do. Qua két qua
phan tich trén cho thdy cac cap lién ké v&i cap bi
dit sé bi anh hwdng I&n hon so véi cac cap con lai
va cac cap dai bj dit sé anh hwéng Ion dén phan
&ng dong lwe hoc cua két cAu. Vi md hinh cac cap
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dwet theo thei gian khac nhau cho thay rd hién twong
dao ddng udn xodn xuét hién trong dam. Déi voi
cau day vang mat cat chir © (mé&t cat hé) sé gap
nguy hiém khi dit 2 cép cap dai va xay ra sup db
lan truyén khi dit 3 cap cap dai.
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ANALYSIS OF PROGRESSIVE COLLAPSE OF CABLE STAYED BRIDGE BY FINITE ELEMENT
METHOD
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