PANH GIA ANH HUGNG CUA SU c¢O CAU BiNH 2010 DEN
LUC CANG TRONG DAY XIEN BANG PHUONG PHAP PO
PAC TAN SO DAO DONG

GS.TS D{guyén Viét,Trung;
TS. Pao Duy Lam, TS. Nguyén Thi Tuyét Trinh
Truong Dai hoc Giao thong Van Tai

Tém tat: Vao dém ngay 17/7/2010 khi con bdo Conson dé bé vao dia ban Hai Phong,
3 chiéc tau van tdi ¢ I6n dang neo ddu tai Nha mdy déng tau Bach Pang, cach cau Binh
khodng 500m, bi dirt ddy neo da xudi theo dong chay, dam thang vao dam cau Binh (tai
cdc vi tri gan day xién C23 dén dday C28 bén phia ha luu cau) gdy he hong tai dam chii
va day cap.

Do sir dung két cdu thép véi thiét ké c6 tinh dw va do an todn cao, cau Binh van dirng
vitng sau s ¢é tuy nhién kha nang chiu tai bi suy giam (hién tai chi cho phép khai thac
VGi tdi trong xe dudi 3,5 tan). Bai ndy sé dé cdp dén mét ndi dung hét sirc quan trong
trong céng tac danh gia xdc dinh mire d¢ hie hong cia cau Binh sau sw cé dé la viéc danh
gid luc trong hé day xién cau Binh bang phuong phdp do dac thiee nghiém tan sé dao
déng cap so sanh gitka cdc s6 liéu quan trdc truée va sau khi xay ra sie co.

1. Gi6i thiéu cau binh va sy ¢0 nam

1.1 Giéi thiéu Cau Binh

Cau Binh nim ¢ song Cam cach pha Binh 1km vé phia thuong luu, phia Nam nbi véi

duong qudc 16 5, phia Bic ndi v6i qudc 16 10 thude thanh phd Hai Phong.

Cau duoc thiét ké vinh ciru theo bd Tiéu chuin riéng dya trén: tiéu chuan Phan Lan,
AASHTO va Nhat Ban.

Tai trong thiét ké: Tai trong truc 210 KN, tai trong rai déu 3 KN/m? ¢6 kiém tra véi
H30, XB80.

Khé cau: 22,5m (15m dudng xe chay)

Do dbe doc: 4%; bPuong cong ding R=4000m

Do ddc ngang: 2%, Puong cong nam R=3500m

Khé thong thuyén: 25x125m; Muyc nude thiét ké: 2,11m

Phuong an két cAu: Cau c6 tong chidu dai 1280 m (tinh khoang cach hai tuong dinh

cuia mo) v&i phan cau dan moéi bén dai 410m va phan cau chinh dai 460m.

So dd cau: (50+6x60+100+260+100+6x60+50)m



Cau chinh 14 cau day viang c6 so do: (100 + 260m + 100)m lién tuc, gdm 2 tru thap
Cau dan 13 dam thép lién hop lién tuc.

Ban mit cau 1 ban bé tong duc sin

a. Dam chi:

Phan cau chinh:

Dam lién tuc, bd tri 2 mit phang day vang. Dam thép I lién hop cao 1,75m, gém 2 dam
cha v6i khoang cach cac dam 1a 20,5m ddi v6i nhip giita va 18,5m ddi v6i nhip bién

Phén cau dan:

Dam lién tuc. Dam thép I lién hop cao 2,75m, gom 4 dam chu véi khoang cach cac
dam 6,0~6,5m.

b. Tru thap

GOm hai tru thap co chiéu cao tinh tir day két cau nhip 1a 77,622m, tinh tir mat cit bé
moéng 1 101,6m. Try thap bang BTCT c6 phan tir dinh bé moéng dén dinh két cau nhip
dang ddc. Phan trén dugc chia 1am 2 nhanh dé neo mit phing cap, hai nhanh dugc lién
két v&i nhau bang mot dam ngang.

Tru thap dat trén bé mong co kich thude 44,834x17,5x5,5 (m) dat trén 29 coc khoan
nhdi L = 42,6 va 43,6m c6 duong kinh D = 2m.

c¢. Ddy vang

Day vang sir dung loai bé cap song song gdm cac soi thép cudng do cao ¢7mm, gdm
40 day dugc bb tri thanh 2 mit phang dan Day.

Cu din Nhip bién cdu chinh ~ Nhip chinh Nhip bitn céu chinh Ciu din
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Hinh 1. Bo tri chung cau Binh — Hdi Phong
d. Mo

M6 S1, S18 1a m BTCT, dat trén 12 va 13 coc ong thép nhdi bé tong L = 39~41m,



duong kinh 0,8m. B¢ mong co kich thudc 24,0x4,9 (m).
e. Tru

C6 16 tru dang than dac béng BTCT. Bé mong cua tru thap dat trén cac coc khoan nhdi
duong kinh D = 2m, bé mong ctia cac tru con lai dat trén coc 6ng thép nhdi bé tong.

1.2. Su ¢6 cau Binh thang 7 nim 2010

Vao dém ngay 17/7/2010
khi con bdo Conson db bd

Khu vure bi hwe hong

vao dia ban Hai Phong. 3

chiéc tau van tai c¢& 16n
dang neo dau tai Nha may
dong tau Bach Pang, cach
cau Binh khoang 500m, bi
dut day neo va bi gié va
dong nudc tic dong troi
nguoc dong, va cham voi
két cau nhip cAu Binh tai
cac vi tri trong khoang tur
day xién C23 dén day C29
bén phia ha luu ciu.

Tau container 1.700 TEU Céc tau gay ra tai nan
tai trong 23.000 DWT o )

Vinashin Express 01 . la tau Shinsung Accord
(Han Quéc, trong tai
17.500 tin duoc ha thuy
TadlShirfsuhg-Actord | : .. thang 6/2010) va hai tau

§17.500 DWT i v , ~ A
= dang dugc stra chita gdm:
tau container 1.700 TEU
Vinashin Express 01 cua
Coéng ty Van tai Bién
Pong va tau Vinashin
Orient cua Cong ty cd
phan cong nghiép tau thuy

Vi tri 3 tau bién khi va dap vao cau Binh

Hinh 3. Vi trl' tau bién khi va cham

Hai Duong.

Pubi tau Vinashin Express 01 va dip manh thanh cau lam v& mot sé6 mang bé tong

thanh cau va cong, gay mot s6 doan thép lan can cau.



Nghiém trong hon la da lam rach vo boc cac day xién C23, C24 trén mot doan dai

khoang 8m(C24) va 3m(C23).

Hai tau con lai va cham sau trong gam cau vdi cac cot sat va can cau tau va dap vao

dam chu doan gitra day xién C28 va C29 khién mét dam chu bi xodn van, chénh cao do

giita hai diém day dam cha khoang 30cm, nghiéng 1 goc khoang 35°, doan dam xoan vin

kéo dai tir diém va cham vé€ hai phia tong chiéu dai doan van xoan khoang 25m, than dam

c6 nhiu vét xudce 16n, cac suon tang cuong bi bién dang.

Ca-bin tau Vinashin Express il7‘oo TEU va dap
lam hong 2 cap véang va lan can cair= __

Hinh 4. Hu hong khi va cham

Sau su ¢d cong trinh, cu
Binh da tam thoi ngung
giao thong ddi vai 6 to chi
cho phép xe may va xe thé
so qua cau cho khao sat
danh gié chi tiét dé sta
chita khic phuc. Ban Quan
1i cac Dy 4n cau Hai Phong,
co quan tryc tiép quan 1i
cong trinh, da nhanh chéng
kip thoi xir 1i tinh hudng su
¢, déng thoi bao cao Bo
GTVT va thdng bao cho
céc tu van va don vi lién
quan nham nghién ctru
khao sat danh gia sy cb va
tim bién phéap khéc phuyc.

Dén thang 10/2010 dua trén
Kkét qua khao sat, do dac,
thir tai sau khi xay ra su ¢d
va cham cua Cong ty TV
TKCN & XD GT, truong
PH GTVT va két qua tinh
toan danh gia cua Tong
Cong ty TVTK GTVT, Bo
GTVT di c6 van ban sb
7031 /BGTVT-KHCN
thong nhit va dé nghi Tp

Kké hoach chi tiét cho viéc khai thac tam thoi cu Binh véi tai trong 6 t6 2 truc co téng tai

trong t6i da 3,5 tin, khoang cach ti thiéu giita cac xe 5,0m, tbc d6 xe 25km/h trén hai lan



xe phia thuong luu cau. Van tdc gid giéi han trong khai thac 1a 15m/s.

2. N§i dung va phwong phap do luc cang trong day xién

2.1 Cac day can quan tric, danh gia

bé danh gia chinh xac hi¢n trang cau Binh sau su ¢, theo chi dao cua B6 Giao thong Van
tai, tu van truong Pai hoc Giao thong Van tai va cac don vi lién quan da tiét hanh khao sat do
dac d6i v6i hé dam chu, hai tru thap cau va toan b 40 diy xién cau Binh. Tuy nhién, bai béo
nay s& tap trung phan tich sb liéu do cac day quan trong nhét tai khu vuc anh hudng tryc tiép
boi su cd:

+ Day giita C21 (day dai nhat & nhip chinh)

+ Day xay ra su ¢ bi rach vo va bi xudc cap trong: C23, C24

+ Day tai khu vuc doan dam chiu va cham gay van xo0an C27-C30

+ Céc day twong (mg tai mit phiang day phia thuong luu cau dé d6i chiéu kiém tra

Tong cong: 14 day

2.2 Phwong phap do, b6 tri diém do

Viéc do luc cing trong diy ving duoc tién hanh bang bo thiét bi do chuyén dung cua
My, Nhat Ban. Qua trinh thyc hién nhu sau:

- Gén thiét bi cam ung trén day, gén cao toi da co thé, vi tri 47
thiét bi cach diém neo trén 10m (dung xe c6 thang dé dat thiét bi), 0@

- Tao dao dong cho day (béng luc kéo hoac xung kich),

- Thong qua bo thiét bj do chuyén dung xac dinh tan sé dao
dong cua day tur d6 tinh toan ra lyc cang trong day

Dé danh gia kha nang khai thac thuc té tu van ciing da tién hanh do luc cing trong day
v6i tai trong thir 4 tin. Khi do lyc cing trong diy phai xép doan hoat tai cin ctr vao
duong anh hudng ndi luc cac day. Tuy nhién trong bai bio nay s& khong dé cap dén noi
dung do luc cang dudi tac dung tai trong thu.

Hinh 5: Thiét bi do dao dong cdp ddy ving va
do dao dong bang thiét bi chuyén dung




Hinh 6: Xép hoat tdi thir do luc cdng trong ddy vang

e Phwong phap do sir dung dau do gia téc

Pay 1a bo thiét bi da duoc st dung dé do cac cau ddy 1on nhét tai Viét Nam dat do tin
cay cao nhu: cu Bai Chay, cdu Can Tho, cdu Kién, cau Phu My, cau Thuan Phudc. ...
Bo thiét bi do vé6i thong s ki thuat chinh nhu sau:

Hinh 7: Bé khuyéch dai tin hiéu
VAG 7002

Hinh 8: Pdu
do dao
dong gia
toc
ASQ-D

Pau do dao dong gia toc ASQ-D (Servo

acceleration Transducers)

- Khoang do tan dao dong: 0 — 300 Hz

- B0 khuyéch dai tin hiéu: VAG 700A(sigal
Conditioner Dedicated to ASQ)

- Thiét b xir Iy s6 liéu do NI USB 6210

- Phin mém xur 1y s6 liéu chay trén nén
Matlab.

e Phuwong phip do sir dung thiét bi do
laser

Pé dam bao do chinh xac, tu vin da st dung két
hop thiét bi do dau do gia toc va thiét bi do laser dé
danh gia. Thiét bi do laser cling dd dugc sir dung
trong mot s6 lan quan tric trude day dbi véi cau
Binh.

Thiét bi do dao dong cua hing Bruel Kjoer co
thdng s chinh nhu sau:

- Pau do Polytec Laser-PDV-100, Dai tan sb:
0Hz,,, 22kHz; do vén tc, gia tdc, 46 dich chuyén



- BO phan tich thiét bi xir 1y dir liéu PULSE the Multi — Analyer System
- Phan mém xur Iy PULSE 10.3.

Hinh 9: Biém do dao dong bing laser

3. Panh gia két qua do

3.1 Két qua do tin s6 dao dong trong cap

Hinh 10: Thiét bi do dao dong bang Laser

Két qua tan sé dao dong riéng cua cap diy viang sau khi da duoc xtr 1y thong ké bang

phan mém Matlab va Excel:

Mit phang A(su cd) Mit phing B
Nam | Nam 2010 | Nam 2011 | Sailéch | Nam Nam Nam | Sai léch
Hang 2009 A) (A) 09-10 2009 | 2010(B) | 2011(B) 09-10 | Ghi
muc do A £ (khi xay ra| (sau sy chu
! (A) | (Khi xdy ra (sau sw c0) 10-11 (B) sir cd) ) 10-11
su c0) :
Cable | (Hz) (Hz) (Hz) (Hz)
Day 21 | 0,887 0,935 0,875 ~5Al% 0,882 0,896 0,906 1,59%
ay ’ ’ ’ —6,42% 1 1 1 1,13%
Day
Déay 23 - 1,088 1,094 -0,55% - 1,124 1,109 | -1,33% | 23A
su cO
Day
A 2,02% 0,63%
Day 24 | 1,240 1,265 1,219 -3.64% 1,260 1,268 1,250 1.42% 24A;
su cO
Day 27 | 1,680 1,675 1,625 0,80% 1,669 1,665 1,656 -0,24%
a’y 1 ) ) _2,99% 1) 1) 1 _0,54%
Déy 28 - 1,909 1,938 -1,52% - 1,972 1,906 | -3,35%
Day 29 - 2,039 2,125 -4,22% - 2,090 2,031 | -2,82%
Day 30 | 2,399 2,490 2,500 0:40% 2,467 2,441 2,438 -1,05%
i ’ ’ ’ 0,40% | ’ ’ -0,12%




Sai 1éch 16n nhét 13 -6,42% dén 7,67% (day 31) 16n hon gia tri cho phép trong so tay
béo dudng(5%). Tuy nhién can xét dén sai sb trong do dac véi gia trj 16n nhat khoang 2-
3% do vay theo tu van danh gia két hop véi sai 1éch cta 1an do trudce thi so véi ndm 2009
c6 thé chénh khoang 8% 1a chap nhan dugc.

Bén tu van di chi trong kiém tra voi day 23A, 24A (day hu hong) va cac diy lan can.
Sai s6 16n nhat 1 -3.64%, tan s6 dao dong day c6 su cd va day lan can c¢6 xu hudng giam
chtng t6 diy c6 thé c6 hién twong ching nhung nam trong sai sé cho phép cua s6 tay duy
tuy bao dudng (5%). Déi véi diy c6 bién d6i 16n can tiép tuc theo ddi trong 1an quan tric
tiép theo.

3.2 Xac dinh lue cang trong day xién

Két qua tan sé dao dong riéng cua cap, sau khi do s& dugc xir Iy thong ké va s& dugc
tinh toan theo cac cong thirc 1i thuyét va thuc nghiém quy doi ra lyc cing trong cép trong

giai doan khai thac.

Két qua tinh toan cu thé d6i véi tan s6 do duge nam 2011 nhu sau:

Mait phing A (Phia ha lwu-xay ra sy cd):

})u,(‘)'ng D,ién Chi.éu d?i Tansé| Luc cz‘u}g ung suaf'lt ung suét TV 18
kinh tich | thiet ke do trong cap | trong cap | cho phép :
(mm) | (m2) (m) (Hz) (N) (MPa) | (MPa)
C21 133 0.008 | 137.420 | 0.875 | 3,886,380.39 | 478.634 738.2 | 64.8%
C23 120 0.007 | 115.264 | 1.094 | 3,828,939.46 | 532.081 740.2 | 71.9%
C24 113 0.006 | 104.501 | 1.219 | 3,329,857.41 | 530.858 741.2 | 71.6%
C27 101 0.005 | 74.396 | 1.625 | 2,350,130.17 | 480.871 744.2 | 64.6%
C28 100 0.005 | 65.461 | 1.938 | 2,536,465.91 | 544.734 745.2 | 73.1%
C29 95 0.004 | 57.748 | 2.125 | 2,138,356.49 | 509.793 746.2 | 68.3%
C30 81 0.003 | 52.273 | 2.500 | 1,823,921.28 | 557.607 747.2 | 74.6%
Mt phing B (Phia thwong lwu):
S" Buong | Di¢n dgihtll?é't Tf“‘ Lyccing | ing S“?A‘t “nfhsc;l " Ty 16
thw | kinh tich Ké s0 do trong cap | trong cap ohép
¥ T(mm) [ (m2) (m) (H2) (N) (MPa) | (MPa)
C21 | 133 0.008 | 137.420 | 0.906 | 4,166,636.32 | 513.149 | 738.2 69.5%
C23 | 120 0.007 | 115.264 | 1.109 | 3,934,657.63 | 546.772 | 740.2 73.9%
C24 | 113 0.006 |104.501 | 1.250 |3,501,371.97 |558.202 |741.2 75.3%
C27 | 101 0.005 | 74.396 1.656 |2,440,651.95 |499.393 |744.2 67.1%
C28 | 100 0.005 | 65.461 1.906 |2,453,393.87 |526.893 | 745.2 70.7%
C29 | 95 0.004 | 57.748 2.031 | 1,953,359.09 | 465.689 | 746.2 62.4%
C30 |81 0.003 | 52.273 2.438 | 1,734,576.57 | 530.292 | 747.2 71.0%




3.3 Danh gia

Qua trinh danh giad tan s6 dao dong cua cap xién cau Binh sau khi xay ra sy ¢6 cho
thay:

Déi voi cac day xay ra su cd diy 23A, 24A sai 1éch 16n nhat do duogc 1a -3.64%, tan sd
dao dong day co su cb va day lan can cd xu hudéng giam ching t6 diy co thé co hién
turong chung nhung nam trong sai so cho phép cia s tay duy tuy bao dudng (5%). Sau sy
¢6 1 nam(2011) tan sb c6 xu hudng giam vé gan gia tri do dugc trudce su cb.

Sai léch céc tan sb dao dong thay doi tir -6.42% dén 7.67%, sai s6 10n nhat 13 -6.42%
va 7.67% xay ra trong cap 31A va 21A 16n hon gia tri cho phép trong s6 tay bao dudng
(5%). Tuy nhién ciing can xét dén sai s6 trong do dac véi gid tri 16n nhat khoang 2-3% do
vay theo tu van danh gia két hop véi sai 1éch cua lan do trude thi so véi ndm 2009 chénh
khoang 8% la chép nhan duoc.

Sy cb da anh huong rd rét dén luc cang trong cac ddy xién trong mit phang day ha luu
cau(xay ra su cd), mit phang day phia thuong luu cau c6 bién dong tri sé do d6i voi cac
day khu vuc xay ra su ¢6 do anh hudng cia cac ddy xay ra sy cd dan dén su phan bd lai

luc trong cac mat phang day xién.

Tri sb gia trji img suit xac dinh duogc trong cac diy vang déu nho hon gia tri (mg suét
cho phép véi ty 1¢ bang 61% dén 91,80% ddi véi mat phang day A va tir 60% dén
92,40% dbi v6i mat phang day B. Két qua nay c6 thé két luan tmg suat trong cac bo cap

van nam trong gidi han cho phép.

Két hop danh gia cac gia tri ing suit trong cac cap c6 thé thiy kha niang chiu luc cia
cac cap day xién dd quan tric tai thoi diém quan tric 1a dam bao véi diéu kién han ché
khai thac ctia ciu sau su cb (tai trong dudi 3,5 tén) tuy nhién vi¢c tiép tuc quan tric 1a can
thiét.

4. Két luan

Su ¢6 thang 7 nam 2010 d3 anh huéng nghiém trong dén két cau chiu lyc ctia cdu Binh
tai khu vuc xay ra va cham: doan dam chinh(véi chiéu dai khoang 25m) sau va cham bi
hu hong ning v6i phan suon dam, ban canh dudi, phan suon ting cudng bi cong vénh va
bién dang vuot qua gidi han dan hoi cua két cdu thép hién dang chd sira chita thay thé;
mdt doan lan can hu hong, mit cau sut v& can thay thé; day cap vang C23 va C24 phia ha
luu cau Binh, vo boc trén bi rach mot doan dai khoang 8m (C24) va 5m(C23) lam 16 cac
bé cép bén trong, tuy nhién cac bé cap thép nay chi bi xudc nhe hién tai da dugc nha thau
IHI boc bao vé chéng sy xam hai cia moi trudong). Hu hong cap xién theo danh gia 1a
khong giy anh huong nguy hiém dén kha niang chiu lyc tic thdi cta cap tuy nhién anh
huéng do va cham, kéo khi xay ra sy cb 1a rat kho danh gia vi vay can tiép tuc quan tric
trong thoi gian t6i do luc cing trong cac ddy dd c6 bién dong 16n hon tri s6 cho phép cua



sO tay bao dudng.

Két qua quan tric luc cing ddy xién cung voi két qua danh gia cac bd phan két ciu
khéc thé hién két cdu cdu Binh lam viéc 6n dinh tai thoi diém khao sat trong giai doan
khai thac tam thoi véi tai trong han ché sau su ¢6 tuy nhién qué trinh quan tric cau sau su
¢ van phai tiép tuc tién hanh lién tuc dé theo ddi cac bat thudng c6 thé xay.

Vi¢ce su dung cac thiét bi do dao dong va dau do hién co tai Viét Nam(dﬁu do gia tbe,
may do laser) két hop voi viée xur 1y s6 liéu bang cong cu 1ap trinh Mathlab, Excel 1a dam
bao d6 tin ciy va hoan toan c6 thé danh gia cac dic trung dong tir d6 xac dinh luc cing
day xién trong céac két cAu cau 16n da xay dung tai Vi¢t Nam dac biét la cau treo day xién

va cau treo day vong.
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Abstract

DYNAMIC ANALYSIS OF STAYED-CABLE IN BINH BRIDGE AFTER THE
COLLISION INCIDENT IN 2010 BY VIBRATION MEASUREMENT

Due to impacts of Conson typhoon to Hai phong area in July 2010, 3 large vessels
broke anchor rope and were moved, then crashed straight into the Binh Cable-Stayed
Bridge, causing heavy damage. Binh Bridge in Hai Phong City of Vietnam is a stayed
cable bridge with total length is 1280 m (bridge arrangement:
50+6x60+100+260+100+6x60+50m) continuous, includes 2 towers.

Due to modern structures, the Binh Bridge can still survive after this collision incident,
but it could not meet the carrying capacity as designed (now only allow truck under 3.5
tons). In this paper we present the result of dynamic analysis of Binh Bridge after the
incident by experimental method: vibration of stayed cables in comparison with the
monitoring results before the incident.

Keywords: Dynamic analysis; cable-stayed bridge; Bridge Structural Health
Monitoring.



