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UNG DUNG THIET LAP HE THONG QUAN TRAC SHMS
CHO CAU CAN GIO

Lé Thi Bich Thay

Truong Bai hoc Van Lang

Bui Thanh Bao

Ban QLDA DTXD cac cong trinh giao thong
Nguyén Ba Cao

Vién Ky thudt Bién

Tom tat He¢ thong SHMS (Structural Health Monitoring System) dwge lap dat trén mot s6 b phén
trén cau tir lic bdt dau xdy dung va hoat dong lién tuc theo suot vong doi cua cau (vmh cuu - 100
nam). Qua cac dir liéu dwoc truyen tr bo phdn cam biéen vé trung tam phan tich dit li¢u, cac nha quan
Iy khai thac va cac chuyen gia co the phdn tich va canh bao cac nguy co co thé sdp dién ra hodc da
xay ra (vi du mirc do qua tai trén cau (over load), cac vét nut, do lun, mirc do dao dong khi xay ra
dong dat, ...). Tir d6, dé ra cdc gidi phap xit 1y dé hé thong cau cé tudi tho cao nhdt co the, dong thoi
danh gia dwoc tinh hiéu qua theo cac muc tieu dat ra, tw day la mot trong cac co so dé nghlen ctru va
hoan thi¢n két cdu cau dat chdt lwong khai thdc tot nhat, hé théng quan trac SHMS gidi quyét 3 vin
de Iém, nhw sau:

Quan trdc tac dong ciia moi truong lén két cau: do gio, do nhi¢t do khong khi, do do am twong doi
cua khong khi, do ZLrO'ng mua, do chan dong dia chan;

- Quan trac phan img cuia két ciu: Do nhiét dp cdc bé phdn ciia két cau, do vmg sudt - bién dang, do anh huong
tinh, do chqyen Vi, do lyc cang cua day cap, do do nghleng cua tru thap, do dao dong, do do an mon,

- Quan trac tai trong va luu lwong giao thong trén cau: trong luong xe, camera.
Tuy nhién o Viet Nam co rat it cac tai lieu chi dan thiét ké cu thé, trong pham vi bai bdo ndy tdc gid
trinh bay thiét ké hé thong quan trdac SHMS cho cau ddy vang.

Summary: Structural health monitoring system (SHMS) is installated on the some structures from the
beginning of construction and over the life of the bridge (abiding 100 years). Datas are tranfered from
sensor to process center data, the managerment and frofessional can be analysis and warning about
risks can happen. (ex: overload , crack, settlement,...). From there, propose solutions to the bridge
system with the longest life expectancy, and evaluate the effectiveness according to the set targets.
From here, it’s one of the bases for researching and perfecting the structure to achieve the best
exploitation quality. SHMS is solve three problems, such as:

- Observe the impact of the environment on the structure: Measure wind, temperature air, relative
humidity of the air, seismic vibration,

- Observe the impact of structure: Measure temperature on the parts of the structure, stress and
deformation, displacement , tension of cable, tilt of the tower, oscillation and corrosion,

- Observe the impact of the live load and vehicle traffic on the bridge: weight of vehicle, camera.
However, there are very few specific design instructon documents in Viet Nam, scope of article the
author design SMHS for cable stayed bridges.
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Hinh 1: Phoi canh cau Can Gio
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Hinh 2: B6 tri chung cau Can Gio
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Hinh 3: Mt cdt ngang cau chinh

Hinh 4: Mt bang cau Can Gio

< Quy mé:

- S0 dd cAu: 0.52m + 39.15m + 26x40m +
43.2m+ (150m + 350m + 150m) + 43.2m +
26x40m + 39.15m + 0.52m;

- Chiéu dai toan cau tinh dén 2 dudi md khoang
2895.74m;

- Chiéu dai doan dudng dau cau 551 m trong d6
246m dudng dau cau cod tuong chin va 305m
doan vudt ndi vao duong hién hiru;

- Cau chinh: Dang ciu day ving dam thép I lién
hop b tri theo so d6: (150m+350.0m+150m);
- Cau dan: Dung dam Super-T, ban mat cau lién
tuc nhiét;

- Tru thap: B4 tri 2 try thap bang BTCT DUL fc
=50 MPa, chiéu cao H= 125.4m tinh tir dinh bé,
mong coc khoan nhdi dudng kinh D= 2.5m;

- Tru neo: Bang BTCT DUL d6 tai chd, mong

coc khoan nhoi D= 2.5m;

- Tru cu dan, mb: Béng BTCT db tai chd,
moéng coc khoan nhdi D=1.5m;

- Tai trong: HL93; Nguoi di bd: 3kN/m?;

- Do tinh khong thong thuyén: H=55m,
B=250m;

- B9 cao thap tru: 125.4m;

- Cap dong dat: cip 7 thang MSK - 64

< Mat cat ngang cau chinh

-BérOnglandt6  4x3.7 =15.00m

(m) 5

- Dai an toan (m) 4x0.5 =2.00m
0

- DPC gilfa (m) =0.50m

- Lan can cau (m) 2x0.5 =1.00m

- Bé rtOng phadnneo 2x1.5 =3.00m

cap day vang

T6ng bé réng (m) =21.50m

2. THIET LAP HE THONG QUAN TRAC
SHMS

2.1 Muc tiéu quan tric cau Can Gio:

Céc myc tiéu cta hé thong quan tric SHMS cho
cau Can Gio 14 dé bao dam do chinh x4c va quy
trinh thi cong an toan véi viéc cung cip céc dir
liu do dac trong giai doan thi cong, thiét lap
cac phuong phép quan 1y co hé thong va khoa
hoc dé danh gia g xir két cu va tinh bén virng
clia cau trong giai doan khai thac, déng thoi kip
dua ra céc canh bao trong cac trudng hop khan
cap. Cin cr vao muc tiéu trén va dic diém cia
két cau thi ndi dung chinh can dugc tién hanh
la:

+ Thu thap cac s6 liéu thoi tiét nhu: luong mua,
tdc do gi0, huong gio, ...;

+ Thu thap cac thong s6 dia chin;

+ Céc sb liéu vé luu luong xe, tai trong luu
thong qua cau;

+ Cac thong sb dic trung cac bd phan cua két
cau chinh 14 tru thap, cap chi, dam thép chu:



v’ Bién dang, do nghiéng, ....;

v Do luc cang trong cap chu;

v Po tmg suét, dao dong ciia dim thép va anh
huong nhiét 1én dam thép.

Cac hang muc do dac trong qua trinh thi cong
va khai thac dugc thé hién trong bang 1, 2 va
cac hinh 5, 6, 9, 10.

2.2 Xiac dinh cac vi tri c¢in quan tric:

Cau Can Gio 1a mot cau day vang thép lién hop
nhip dai va cc thanh phan két cau chinh cua
cau 1a try thap, cap va dam. Vi vay, hau hét cac
bo cam bién dugc bd tri trong tru thap, cap va
dam.

2.2.1 Truy thap:

Céc cam bién trong tru thap dugc lap dat trong
ca giai doan thi cong va khai thac. Ban v& b tri
duogc dinh kém theo ¢ phan dudi.

- Po bién dang:

+ Noi dung do: bién dang (g suat) trong thap
gy ra bdi cac luc kéo cap;

+ Vi tri lap dat: b tri 4 thiét bi do bién dang,
trong do bao gém 2 vi tri tai canh b¢ thap ctua
thap PY1 va 2 vi tri tai canh bé thap cua thap
PY2;

+ Thiét bi do: sir dung loai khang dién hoic loai
day rung.

- Po nghiéng:

+ Noi dung do: GPS danh gia d¢ thang dimg va
hinh dang cua thép;

+ Vitri lép dat: bo tri 4 vi tri, trong do6 bao gém:

1 tai dinh thap PY1;

1 tai dinh thap PY2;

1 tai trung diém mat cau nhip gitra;

1 tai vi tri co s& (dé so sanh);

Thiét bi do: sir dung may RTK.

- Panh gi hinh dang tong thé:

+ Noi dung do: May cam bién hinh dang da
chidu (MDS) dugc cai dit dé danh gia hinh
dang cua thap;

+ Vitri lép dat: 1 vi tri bén trong thap PY1;

+ Thiét bi do: sir dung loai phan tan dya trén
cam bién trong myc MEMS,

- Po dao dong:

+ Noi dung do: Gia tbe ké 2 truc duoc cai dat
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dé danh gia cac dic tinh dao dong gy ra boi
hoat tai va tai trong gio

+ Vitri lép dat: b tri tai 2 vi tri, bao gém;

1 tai dinh thap PY1;

1 tai dinh thap PY2;

+ Thiét bi do: str dung loai can béng.

- Do nhiét do khong khi:

+ Noi dung do: Nhiét ké duoc cai dat dé danh
gia g xtr do nhiét cta thap

+ Vitri lép dat: b tri tai 6 vi tri, bao gémz

2 vi tri trong thép PY1;

4 vi tri tai thap PY2.

+ Thiét bi do: sir dung nhiét ké loai RTD.

- Do luc cap tru neo:

+ Noi dung do: do lyc cap tru neo

+ Vitri lép dat: bd tri 2 vi tri tai cap tru neo

+ Thiét bi do: str dung loai dién tro.

2.2.2 Cap:

- Do luc cap:

+ Noi dung do: gia toc ké duoc cai dat dé tinh
toan lyc cap mot cap gian tiép, va danh gia cac
dac tinh dong hoc cua cép;

+ Vi tri 1ap dat: b tri tai 8 vi tri c6 chidu dai
day cap dai nhit ;

+ Thiét bj do: st dung loai lyc can béng hoic
loai ICP;

Néu can thiét, cac thiét bj do luc cap cim tay s&
duogc st dung.

2.2.3 Dam thép va bian mit cau:

- Po chuyén vi:

+ No6i dung do: GPS dugc cai dat dé do dac
chuyén vi cia dam thép

+ Vi tri lép dat: 1 trung diém mat cau nhip gilra

- Po bién dang:

+ Noi dung do: Bién dang ké s& duoc cai dat dé
do (g sut cia dam thép va tng suat cia mit

cau;

+ Vitri lép dat: b tri tai 6 vi tri, bao gémz

2 tai canh b¢ thap cua thap PY1;

2 tai canh b¢ thap cua thap PY2;

2 tai diém gitra trén dim nhip giita.

+ Thiét bi do: sir dung loai khang dién hoic loai
day rung.

- Po dao ddng clia dam thép:
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+ Noi dung do: gia toc ké 1 truc duoc cai dat dé
danh gi4 cac dic tinh dao dong ctia dam thép;

+ Vi tri lép dat: b tri tai 2 vi tri trung diém cua
dam nhip gitra;

2.2.4 Diéu ki¢n giao thong/ khi hiu:

- Camera thong minh:

+ No6i dung do: camera thong minh dugc cai dat
dé ty dong ghi nhan luu luong giao thong va su
cb sir dung cong nghé xir 1y hinh anh;

+ Vitri lép dat: b tri tai 4 vi tri, bao gém:

2 tai dam ngang dinh thap PY1;

2 tai dam ngang dinh thap PY1.

+ Thiét bj do: str dung mdy quay hdng ngoai
loai CDS, DSS.

- Camera muc nudc:

+ NOi dung do: mdy quan sat myc nudc phai
duogc lap ddt dé danh gia muc nudc trong thoi
gian thi cong thyuc bang cach sir dung cong nghé
xu 1y hinh anh;

+ Vitri lép dat: b tri tai 1 vi tri canh thap PY1
va PY2 tiy vio thoi diém thi cong;

+ Thiét bj do: str dung mdy quay hdng ngoai
loai CDS, DSS.

+ Thiét bi do: sir dung loai can béng luc.

- Po nhiét d9 dam thép:

+ Noi dung do: nhiét ké phai dugc cai dat dé
danh gia anh huong nhiét 1én dim thép;

+ Vi tri lép dat: b tri tai 1 vi tri trung diém cua
dam nhip gitra;

+ Thiét bi do: str dung loai RTD.

- Po vén toc dong nwéc:

Cau Can gid nam trong khu vire ¢6 muc nudc
thily tridu 1én xuéng hang ngay. Khi thuy triéu
1én xudng, van tdc dong chay thudng kha 1om.
Hon nita, vao céc thang mua mua, luu luong
nudc mua tir thugng ngudn chay do ra bién
ciing khé 16n. Cau Can Gio lai ¢ vi tri tru thap
va céc try cua nhip dan dat tai ¢ long song. Do
d6, kha ning gay xo6i 16 long séng dan dén anh
huong dén kha ning chiu Iyc ciia try thap va tru
dan la kha 16n. Bic biét 1a x6i 1o trong qua trinh
thi cong v6i 16p dat yéu day & day long song.
Do d6, viéc phai lip thém cac thiét bi do van tdc
dong chay 1a can thiét. Cac thiét bi do van toc
dong nudce sé duge lap dit ¢ dudi hé coc khoan

nhdi & cac try thap PY 1. Nén nhé rang, Tru thap
PY1 1a noi c6 ddy séng sau nhat. Can tdi thiéu
14 hai thiét bi do van téc dong nudc. Mot thiét
bi dat ¢ vi tri muc nudc thép nhat. Mot thiét bi
dat ¢ vi tri khoang gitra tinh tir vi tri myc nudce
thip nhat dén day song.

2.2.5 Diéu kign tdi trong moi truong

- Po toc dd va huéng gié:

+ Noi dung do: phong ké s& duoc lip dat dé do
tdc do va hudng gio

+ Vitri lép dat: b tri tai 2 vi tri bao gémz

1 tai dinh thap PY2;

1 tai mat cau trén bé thap PY?2.

+ Thiét bj do: st dung loai séng siéu am hodc
loai canh quat.

- Do lwgng mwa:

+ Noi dung do: may do lugng mua dugc cai dat
dé do lwrong mua;

+ Vitri lép dat: b tri tai 1 vi tri trung diém mat
cau nhip gitra;

+ Thiét bi do: sir dung loai thung 1at nghiéng/
chuyén mach cong tir.

- Po dia chén:

+ Noi dung do: may do dia chin s& duoc lap dt
dé do gia tde dong dat;

+ Vitrl lép dat: bo tri tai 1 vi tri chan thap PY2;

+ Thiét bi do: st dung loai can béng luc (gia tde
ké 3 truc);

Va mot sb cac hang myc quan trac khac duoc
thé hién chi tiét trong bang 3.1 va 3.2

2.2.6 So db ciu tao hé thong SHMS cau Can Gior
M&i cam bién phai dugc két ndi voi may ghi
dir liéu qua cap va may ghi dir liéu duogc lip
dit bén trong thap. Trong sudt thoi gian thi
cong, may ghi dit liéu dugc két ndi vai thiét
bi truyén thong khong day va dir liéu do dac
dugc truyén dén van phong cong truong (xem
hinh 7). Trong giai doan khai théac, cadc may
ghi dit liéu trong mdi thap dugc két ndi véi
nhau bang cap quang va may chii quan tric
ciu v&i phan mém xir 1y dit liéu phi hop duoc
lip dat trong phong cho cong tac bao tri. Sau
khi két ndi mang internet, h¢ théng quan tric
cdu Can Gid dugc thiét 1ap dé nguoi dung c6
thé tiép can hé théng (xem hinh 8).
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2.2.7 Tan sudt do dac va thoi gian lip dit cong.

Do dac trong giai doan thi cong ¢ thé dya trén  Tén sudt do dac s& dugc quyét dinh khi xem xét
cac thiét bi tu dong da lép dat tam thoi. Cdc cdm  cac muc tiéu va loai do dac (tinh/dong). (xem
bién va thiét bi do dac tu dong s& duoc lip dat  bang 3).

tai thoi diém pht hop khi xem xét qua trinh thi

Bang 1. Cac hang muc do dac trong giai doan thi cong

K phucng an chon
Stt Cam bién Ay Hang muc do S6 .
hieu VI tri
luUGng
: van toc Binh thap PY2
1 | Phong ké 4'|'q -, B 2 . pA AL
/hudng gio Mat cau trén be thap PY2
2 | GiatOc ké cap & |Luccap 2 Cap dai nhat
Thiét bi do luc ) L
3 ) 4 |Luccap 1 Thiet bl di dOng
cap
2-canh bé thap cla thap
. . Y PY1
4 | Bien dang ke © | Ung sudt cla thap 4 s .
2-canh beé thap cua thap
PY2
Camera théng N, 2-dam ngang dinh thap PY1
5 _ B | Diéukién cua cau 4 " , ]
minh 2-dam ngang dinh thap PY2
Camera muc , )
6 i I MUc nUGc 1 Canh thap PY2
nucc
Dinh thap PY2
. Nhiét dd khoéng khi Mat cdu trén bé thap PY2
7 | Nhiét ké e . A 6 . ,
Nhiet dO thap 2-bén trong thap PY1
2-bén trong thap PY2
Gia tOc k€ 2 Dao dbng cla Dinh thap PY1
8 L 2 |
truc thap Dinh thap PY2
Muc nUGc thap nhat tai tru
5 Van t&c dong van t&c dong , thap PY1
nudc nudc Db sau trung binh clia muc
nudc dudi tru thap PY1
T6ng s6 Iugng: 24
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1- Camera thing mink
Tim ngang din thap

1 Gia v i clp

Thide b e dp e 4

TILAr chr Fv

Somae e 5

= &
8w _

Hinh 6: B6 tri cam bién giai doan thi céng
(tiep theo)

Hinh 7: Cau tao hé thong quan trdc cdu trong
giai dogn thi cong

Hinh 8: Cau tao hé thong quan trdc cdu trong
giai doan khai thac

Bang 2: Cac hang muc do dac trong giai doan khai thac

« phuong an chon
Stt Cam bién Ay Hangmucdo | SO .
hieu V| tri
lugng
1-BDinh thap PY1
Nhiéy dang 1-Binh thap PY2
1| GPS - chuyén vi 4 1-Trung diém mat cau nhip gilia
1-Vi tri cd s3 (mOc so sanh)
x van tOc/ 1-Dinh thap PY2
2 | Phong k& T hudng gid 2 1-Trung di€m mat cau nhip gilta
3 mf}é do ludng A LUGNng mua 1 Trung di€ém mat cau nhip gifa
4 | GiatOc ké cap & | Luccap 8 Cap dai nhat
5 | ot Pt g T Lyccsp 1| Thiét bi di d6ng
) ) h{gg sudt cua 2-canh bé thap cUa thap PY1
6 | Bién dang ké © | psuat i 6 2-canh bé thap cla thap PY2
ma?cau 2- diém gilfa trén dam nhip gilra
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May quay thong Dleu klen 2-dam ngang dinh thap PY1

! minh B | clacau 4 2-dam ngang dinh thap PY2
May quay cos
8 nUSc 0 | Muc nudc 1 Canh thap PY2
9 | Dia chan ké L Iﬁ;fong dia | 4| Chan thap PY2
May do khGp Gian nd do n
10 s - nhiét 2 Khe co gian (P28, P29)
Nhiét do 1-Dinh thap PY2
o khong khi, 1-Trung di€m mat cau nhip gilta
11 | Nhiét ké @ |thapcay, 6 2- Bén trong thap PY1
trong mat 1-Bén trong thap PY2
A cau 1-Trung di€ém cla dam nhip gilfa
1 Luc ke cap tru s LUc cap tru 5 Cép trU neo
neo neo
N N Dao dOng I D
13 | Gia tOc ke 1truc < | clia dim thép 2 Trung diem cua dam nhip giUa
Dao dOng
Gia t6c k& 2 mat cau 1-Trung di€m clia dam nhip gilra
0 Bl € DS 3 | 1-Dinh thap PY1
i thap N9 1-Dinh thap PY2
Cam bién hinh Hinh dang ) ,
15 dang da chiéu ® thép 1 Bén trong thap PY1
o - Muc nuGc thap nhat tai tru thap
16 | Van tOc dong Van tOc dong 5 PY1 ’ )
nucoc nuoc DO sau trung binh cua muc nUGc

dudi tru thap PY1

TONng sO IUgng: 45

Thist p b rau

{:}g‘%!?*‘?&ﬂgEh l I i
] LW+ ’ ’

Hinh 10: Bo tri cam bién giai doan khai thac
Hinh 9: B6 tri cam bién giai doan khai théc (tiép theo)

Bang 3: Thoi gian lip dit va tan suit do dac

Stt Tan suit do dac
D . Loai do S % ax
Cam bién VI tri : ThGi gian lap dat | Giai doan |Giai doan khai
ac
) thi cong thac
1 GPS Thap Pdong | Sau khithi cong thap - 20Hz
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Mat cdu Sau khi thi cong mat
Vi tri chuén cau
Sau khi hoan tat thi
cong
Sau khi thi cong truy
o Tha . tha
2 | Phongke 5 pA Tinh/POng P S y 10 phut 10Hz
Mat cau Sau khi thi cong mat
cau
) - Sau khi thi cobng mat )
3 |Mdydomua| Matcau Tinh . - 30 phat
cau
Giatdcké | .| Bbng/ | Sau khicang cap muc ) )
4 ) Cap dai nhat . n 10 phut 10 phut
cap tinh tieu
Thiét bido | Thiét bi di . .
5 ) . Pong TruGc khi cang cap - -
IUc cap dong
My dodd |  Thap o , ,
6 5 " ) Tinh Sau khi thi cong thap | 10 phut 30 phat
cang Dam thep
May quay . o , 30 S
7 . . Thap - Sau khi thi cong thap | | 30 hinh/giay
théng minh hinh/giay
May quay . L , 30 S
8 ) Thap - Sau khi thi cong thap | | 30 hinh/giay
muc nUOC hinh/giay
e . Sau khi hoan tat thi
9 | Diachanké Thap Pong X - 100 Hz
cébng
May do khép N Sau khi hoan tat thi )
10 Khe co gian Tinh i - 30 phut
NnOi cébng
Sau khi thi cong thap
) Sau khi thi cobng mat
Thap “
c cau
A Mat cau S , )
11| Nhiet ké o Tinh Sau khi lap day vang | 10 phut 30 phat
Day cap tam
- , tam
Dam thep e
Sau khi hoan tat thi
cong
Luc ké cap tru| Sau khi hoan tat thi )
12 Cép tru neo Tinh - 30 phut

neo

cong
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Gia tOc ké 1 . ) . Sau khi hoan tat thi
13 Dam thép PoOng X - 100 Hz
truc cébng
Gia tOc k& 2 . ) . Sau khi hoan tat thi
14 Dam thép PoOng i - 100 Hz
truc cébng
Cam bién .
X Nén dat e A , . .
15 |hinh dang da y Tinh Sau khi thi cong thap | 10 phuat 30 phut
" a
chieu P
3. KET LUAN ting bd phan két cau, phai du doan dwgc pham

Nbi dung bai viét 4p dung phuong phap ludn va
co s6 1y thuyét cta hé thong quan tric dé thiét
lap va xay dung hé thong quan tric cho trudng
hop ciu day ving cu thé 1a cau Can Gio. Thong
qua viéc thiét 1ap hé thong quan tric cho cau
Can Gio cho ta thdy mot sd van dé sau day can
dugc quan tam:

- Phai ¢6 muc ti€u rd rang khi xdy dung hé
thdng quan tric;

- Cac vi tri duoc lép cdc cam bién 1a cac vi tri
quan trong va co sy thay ddi vé ndi lue, dao
dong, chuyén vianh hudng truc tiép dén tinh 6n
dinh ctia cong trinh;

- Céc thong sb do can phai dugc xac dinh rd cho

TAI LIEU THAM KHAO

Tiéng Viét

vi dao dong cua timg thong s6 dé thuan loi cho
viéc lua chon cac cam bién;

- Viéc lwra chon va bd tri cac cam bién phu thudc
vao cong nghé, da sb cac cam bién hién nay la
mdi loai do mot ndi dung riéng va c6 phin mém
xir Iy danh gia doc lap. Tuy nhién, dé tang mirc
d6 chinh xac va xem xét anh hudng tong thé ctia
nodi dung do dén toan bo két cau thi can phai xay
dung mdt chuong trinh xtr Iy thong nhit va cap
nhat vao mo hinh tinh toan;

- Hé théng quan tric ciu Can Gid duoc xdy
dung ¢ day moi chi la nghién ctru ap dung ly
thuyét, chua duge kiém nghiém ngoai thuc té,
can ¢ cac nghién ctru tiép theo dé dénh gia hiéu
qué cua hé théng quan tric nay.
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