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Tap chi Khoa hoc cdng nghé Giao théng van tai Tap 10-Sé6 4

Kiém tra hién tweng tham cong trinh ham Tha Thiém
bang phwong phap sir dung camera hong ngoai

Detection of water leakage of Thu Thiem tunnel using the
Infrared thermography method

Nguyén Tuin Anh”, Nguyén Tién Thity

Trudng Dai hoc Giao thdng van tai Thanh phd H6 Chi Minh
“Email lién hé: tuananh.nguyen@ut.edu.vn

Tom tat:

Bai béo trinh bay cach xac dinh vét thim hiam Thu Thiém bing phuong phap dém giot thi cdng va phuong
phép sir dung camera hong ngoai. Két qua phan tich cho thiy, phuong phap str dung camera hdng ngoai cé thé
phét hién chinh xac toan bg cac vi tri tham da phat hién bai phuong phap dém giot tha céng, ngoai ra con xac
dinh duoc céc vi tri thim méi ma phuong phap dém giot thi céng khong thiy dwoc. Tir két qua nghién cau,
nhom tac gia kién nghi sir dung két hop hai phuong phap dé xac dinh triét dé cac vét tham trong nhitng cong
trinh ham dim.

Tir khoa: Hién twong thim; camera hong ngoai; phuong phap dém giot; him giao théng.

Abstract:

This paper presents the methods to detect the water seepages at Thu Thiem Tunnel including manual droplet
counting method and infrared thermography method. It is found that the latter not only can spot all the seepages
that has been detected using the former method but it also can identify new defects that the manual method
cannnot reveal. The authors suggest that both methods to be used collectively in order to thoroughly identifly
the water seepages in submerged tunnels.

Keywords: Water seepage; infrared thermography method; manual methods; traffic tunnels.
1. Giéi thiéu va tién hanh lién tuc dé dam bao cho viéc van

DBuong ham Thi Thiém (hay con goi dudng Ham hanh ham mat cach an toan.

séng Sai Gon) 1a cong trinh ham giao thong vuot Phuong phap sir dung camera hong ngoai da
song dau tién duoc xay dung tai Viét Nam, duoc  duoc thir nghiém tai nhiéu cdng trinh ham trén
xem la mot trong cac cdng trinh ham giao thong  thé giGi, mot trong nhiing tac dung cua phuong
hién dai bac nhat khu vic Pong Nam A. Him  phép do nhiét 1a ¢6 thé phat hién va danh gia hién
Thua Thiém duoc thdng xe vao ngay 20 thang 11 twong tham cdng trinh [1], [2], [3]. Muc tiéu cuaa
nam 2011. nghién ctru la danh gia hiéu qua cua viéc sir dung
phuong phap camera hong ngoai trong cong tac

Theo kinh nghiém van hanh caa cac ham dim L T Y . >
kiém tra tham cong trinh ham ngam Thua Thiém.

bé tong cét thép trén thé gidi, hién tuong tham
thuong phat sinh tai cac vi tri hu hong, hon nira
thidm nuée ciing s& din dén viéc day nhanh tdc . )
d6 hu hong cia két ciu bé tong him [1]. Do vay, Tai cong trinh ham Thﬁ Thiém,,hié‘n tuong thé‘m
cong tac kiém tra, thu thap dit lidu phai duoc thuc duoc ghi‘ nhan chu yéu tai cac @o6t ham dim. Phan
hién ngay sau khi dua cong trinh vao khai thac ~ tWOng ham dugc bao vé boi mot lop vat ligu

2. Phwong phap nghién ciru
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chbng chay, do dé, cdng tac kiém tra thim dugc
thuc hién tai tran cia 04 dét ham dim (hinh 1).

Tran ham dim

Hinh 1. B tri thiét bi & cac d6t hAm dim.

Ham dim dai 370.8 m bao gém 04 dbt ham ndi
két lai voi nhau, tr Km 1349592 dén Km
14+330, mit cat ngang dang hop d6i, rong 33.3
m, cao 8.9 m, tinh khong thong xe 5.3 m. bao
gom hai duong xe chay riéng biét. Bé kiém tra
danh gi4 hién twong tham, hai phuong phéap duoc

sir dung 1a phuong phap dém giot truyén thong
va phuong phap sir dung camera hong ngoai.

Phuwong phap dém giot

Kiém tra thim bang phuong phap dém giot 13
phuong phép truyén théng va dang duoc &p dung
rong rai. Phuong phap nay xac dinh cac vi tri
thAm bang mat thuong hozc théng qua dung cu
bng nhom tir xa trong diéu kién tuan tra kiém tra
hang ngay hay vi tri nuéc nhé giot hodc am. Tinh
trang tham duoc xac dinh bang cach dém sb giot
nuéc hay su xuit hién thach nhu tai cac vi tri
thim. S tay van hanh va bao dudng duong him
Tha Thiém quy dinh tinh trang hu hai, xudng cap
hoic thay doi cia cac bo phan két cau ham duoc
chia thanh 05 cap A, B, C, D, E dua trén két qua
kiém tra bang phuong phap dém giot (bang 1).

Phuong phap dém giot duoc thyuc hién theo
hai huéng véi hai chiéu luu thong ham.

Bang 1.Tiéu chi danh gia mirc d6 tham.

Tiéu chi

Murc do

cho thim nwéc

Xir Iy

A Lén hon 30 giot/phut.

Stra chira

Nho hon hodc biang 30 giot/phit.
Ngoai ra khi phat hién ra céc tinh trang

Sau:

tham nudc;

o Nudc co ri sat chay ra tai vi tri tham.

e B¢ mit bé tong bi u6t nhung nude

khong nho giot;

e Co6 thach nhii xuat hién tai vi tri

Quan tric hang
ngay va
Kiém tra hang
nam

e B¢ miat tuong him bi u6t nhung

C nude khong chay xudng téi chan tuong
nén khong thé thu gom bing tAm mut

x0p;

e C6 hién tugng phan hoa hay 6 mau.

D Khong c6 van dé gi xdy ra

Kiém tra

Kho thyc hién kiém tra bang mat

thudong ma khdng cé gian gido.
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Phwong phap sir dung camera héng ngoai

Tai cac vi tri xay ra hién tugng thim, su xuét hién
ctia nu6e & 1am cho nhiét d6 cua bé tdng ham
giam hon so vai cac vi tri bé tong kho [1]. Nhu
vy ban d6 nhiét s& 1a mét trong nhitng co s cho
viéc xac dinh vi tri ciing nhu mérc 6 tham cua
bé téng vo ham. Céc thiét bi dwoc st dung trong
cong tac kiém tra: (1) camera hong ngoai FLIR
A325; (2) camera thuong c6 do phan giai cao; (3)
thiét bi dinh vi GPS dung dé xac dinh vi tri trong
ham; (4) phan mém TD Doctor Road dé xir Iy s6
liéu do. Cac thiét bj do dwoc gan cb dinh trén xe
chuyén dung chay véi van tc déu 5 km/h (hinh
2). Nguyén ly hoat dong cua camera hong ngoai
1a str dung birc xa hong ngoai dé tao nén cac hinh
anh nhiét. Tuong tu nhu nguyén ly hoat dong cua
camera thuong dé 13 sir dung 4nh sang dé tao anh

[4].

Hinh 2. Céc thiét bi duoc lap dat
trén xe chuyén dung.
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Cong tac quét camera hdng ngoai duoc thyc hién
theo chiéu Iuu théng hai hudng. Pham vi quét
ctia camera duoc tinh toan 1a 1.5 m mdi lan quét.
Do d6, & dam bao viéc quét hét khau do tran
ham, mdi hudng di chuyén duogc thuc hién 08 lan
quét theo so @6 thé hién & hinh 3. Dit liéu duoc
thu thap théng qua mdi lan quét va duoc luu vé
thiét bj may tinh.
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Hinh 3. So d6 quan trac thim bang hé thong camera
hong ngoai hudng quan tric tir Quan 2 sang Quan 1.

3. Két qua va thao luan

Két qua quan tric bang phwong phap dém
giot

S6 lugng giot ghi nhan tai hau hét cac diém xuat
hién hién twong tham déu nho, do d6 dé dam bao
cho do chinh xac, thoi gian thuc hién mdi lan
kiém tra 1a 5 phat/ vi tri do.

Theo hudng tir Quan 2 vé Quan 1, cac vj tri
thAm duogc danh sb thi tu bit dau tir 1 va tinh tir
d6t ham dim thir nhat (d6t 1) tinh theo huéng luu
thdng. Lan kiém tra theo huéng nay ghi nhan 11
Vi tri tham, trong d6 ¢6 07 vi tri mirc 6 tham B
& cac dbt 2, a6t 3 va dbt 4; 04 vi tri c6 muc do
tham C nam & cac d6t 2 va dbt 3. Bt 1 khdng
xuét hién vi tri tham.



Nguyén Tuén Anh, Nguy&n Tién Thay

Béng 2. Bang két qua kiém tra danh gia mtc d thim cac d6t ham dim huéng Quan 2 sang Quan 1.

Tinh trang/ hién

Mirc do thAm
tuwong

Dot him S6 hiéu Giot nwéc/ 5 phit

Dot 1 Khong phat hién vi tri tham
Am u6t
Am u6t
Dot 2 Am uét

Xuat hién nhu thach

Xuét hién nhi thach

oo oo 0O O O o

Xuét hién nhu thach
bét 3 11 Xuét hién nhu thach

Am ué6t

© 00 N o O B~ wWw N e

Xuét hién nhu thach

bét 4

=
o

Nho giot (vi tri stra
chira)

w ~ b~ O
o W W O 0 W o ®™ O O O

(B
=

Theo hudng nguoc lai (hudng kiém tra tir Quan  vi tri thdm, trong d6 04 vi tri ¢6 mic d6 thim B
1 qua Quan 2), cc vi tri thim dwgc danh sé theo  nam & cac dbt sb 2, @6t 3 va dét 4; 06 vi tri ghi
thar tu bat dau tir 12 va tinh tir ddt hAm dim th@  nhan mac do thAm C nam & cac ddt 2, d6t 3 va
thir tu (d6t 4) theo hudng luu théng. Tatcaco 10 d6t 4. Bt 1 khong xuat hién vi tri tham.

Béng 3. Bang két qua kiém tra danh gia mtrc do thim cac d6t hdm dim huéng Quan 1 sang Quan 2.

Pot ham S6 hi¢u Gigt nwéc/ 5 phit  Tinh trang/ hién twogng ~ Mike d9 thim

12 0 Am uot C

Dét 4 13 0 Am uét C

14 3 Xuét hién nhu thach B

15 0 Am uét C

) 16 0 Am u6t C
D6t 3 .

17 12 Xuat hién nhu thach B

18 0 Am uét C

19 7 Xuét hién nhi thach B

D6t 2 20 8 Xuat hién nhu thach B

21 0 Am ué6t, 6 mau C

Dbt 1 Khéng xuét hién vi tri thAm
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Két qua kiém tra théng qua camera héng
ngoai

Hinh anh ban do nhiét do cho phép chan doan
cac vi tri bat thuong cua két ciu. Dac biét, tai cac
vi tri thAm, do cd sy xuét hién ctia nudc nén lam
nhiét d6 cac ving tham nho hon cac viing bé tong
khd. Tuy nhién, mot sé yéu té khac cd thé 1am
thay ddi dai nhiét trén hinh anh nhu: Vj tri cac
thiét bi, duong déay dién, éng nudc; vi tri 6 cac
tam chéng chay, cap quang bao chay: vi tri cé
anh sang den chiéu sang ham; vi tri bui bam bé
mat theo cac khe ranh... Cac hinh anh camera

thuong duoc sir dung song song voi muc dich
phat hién va loai trir nhirng vi tri dac biét do.

M3i lan quét ghi nhan sb liéu céc gia tri cua
nhiét o theo dai gom 319 diém quét, 1a khau do
clia camera tuong tng véi do rong thuc té tai
hién truong 1a 1.5 m (hinh 4).

Két qua phan tich hinh anh nhiét va hinh anh
camera thuong phat hién ra 07 vj tri tham tring
theo binh d6 kiém tra thim cua phuong phap thi
cong, 1a cac diém 2, 4,5, 7, 9, 10, 11. Ngoai ra
con xac dinh dugc thém 09 vi tri bat thuong méi
nam ngoai binh d6 thim da dugc kiém tra bang
phuong phap dém giot thii cong trudce do.

Khoang cach (m)

320
300 PSS

250

200

520 540 560

300
250
200
150
100

50 #

M

4

o e o )

340 360 380 400

580 600

420

B
B

620 640

440 460 480 500

660 680

32 [T T a3
Hinh 4. Hinh anh nhiét lan 1 sau khi xi ly di liéu bang phan mém chuyén dung.

Két qua tir hinh anh nhiét khdng ghi nhan céc vi
tri diém tham 1, 3, 8 (thim cip d6 C) va diém
tham 6 (tham cap d6 B) nhu két qua caa cong tac
kiém tra dém giot dugc thuc hién trude do.
Nhiing vi tri nay di duoc kiém tra lai bang
phuong phap thu cong va dugc xac dinh tai thoi
diém kiém tra, c&c vi tri nay da kho va khong con
xuat hién hién twong 4m w6t trén bé mat. 09 vi tri
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bat thuong méi ciing da duoc kiém tra lai bang
mét thuong va két qua ciing khang dinh, tai 09 vi
tri 6 c6 xuét hién hién tuong tham & cac muac do
khéc nhau.

C6 thé thay rang phuong phap st dung camera
hong ngoai t6 ra hiéu qua ¢ viéc phat hién khé
chinh x&c va hiéu qua cac vi tri thim. Tuy nhién,
thiét bi con bi han ché boi dai quét tuong doi
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thap, can phai quét nhiéu Ian, viéc tinh toan pham
vi quét ciing nhu toa do quét ciing gap nhiéu kho
khan. Hon ntta, viéc phan tich cac diém bét
thuong ciing can so sanh véi hinh anh camera
thuong ton khé nhiéu thoi gian cong tac.

4. Két luan va kién nghi

Cong tac dém giot thi cong to ra c6 vu thé trong
viéc xac dinh chinh xac muc d6 tham. Tuy nhién,
s6 diém thim con bi bo s6t do viéc thuc hign
kiém tra tham bang mat thuong trong diéu kién
anh sang duong ham han ché. Hon nira cong tac
do tim vj tri thAm bang phuong phap nay con c6
nhugce diém 13 ton nhan lec va thoi gian thuc
hién. Vi viéc khai thac thuong xuyén Iuu lugng
I6n nhu ham Thu Thiém, phuong phap nay gap
nhiéu kho khin trong qué trinh thuc hién do phai
chin dong xe, anh hudng dén hoat dong giao
thdng qua ham. Cong tic nay do d6 ciing chi
dugc thyuc hién vao ban dém va phai tién hanh
lién tuc nhiéu ngay.

Phuong phap sir dung camera hdng ngoai

mang lai hiéu qua tét trong cong tac phat hién vi
tri thAm. Co6 thé thiy phuong phéap nay phat hién
ra 100% cac diém tham xac dinh thong qua
phuong phap thu cong va ngoai ra con xac dinh
duoc nhiéu diém thAm mai ma phuong phép thi
cdng bo sét. Thoi gian thuc hién nhanh gon va
khong lam anh hudng dén viéc luu thong cua cac
phuong tién giao thong di qua ham.
Tuy nhién, viéc xac dinh mirc d6 thim con gap
phai nhiéu khé khin do hién nay chua co quy
dinh 1am co s& cho viéc phan tich mtc do tham
theo hinh anh nhiét. Do d6, sau khi xac dinh cac
diém nghi ngo bang hinh anh nhiét, can xac dinh
lai mac d6 thdm bing phuong phap thi cong dé
dam bao cho viéc theo doi va danh gia tinh trang
tham cbng trinh him dung theo quy dinh.
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