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TOM TAT

Phuong phap phén tich hinh anh (Digital Image Correlation, DIC) duoc biét dén tir nhirg nam 80 cua thé
ky truéc va hién dang dugc sir dung rong rai trong cac nghién ciru vé co hoc vat ran. DIC 1a mét phuong
phép do khong tiép xuc, duoc str dung trong xir Iy anh va phan tich hinh anh dé so sanh va tim ra sy tuong
dong gitra hai hinh anh hozc cac vang trong mét hinh anh, tir d6 cho phép xac dinh chuyén vi, bién dang
va do mé rong vét nit. Muc dich cia nghién ctru nay 1a xac dinh (ng xir ciia dam bé téng niit mdi ¢é kich
thudc 100x100x400 mm chiu uén bén diém theo chiéu sau khe nut moi. Ap dung dung ki thuat Tuong
quan hinh anh dwoc 4p dung trén bé mat cua dam bé tong dé xac dinh quan hé luc — d6 véng va luc — do
maé rong vét nut.

Tir khéa: dam nat moi; thi nghiém udn dam bon diém; phuong phéap twong quan hinh anh

1. Pit véan dé

Hién nay, trén thé gidi viéc nghién ctru ap dung cac thiét bi cong nghé cao dé do dac, quan tric chuyén
vi va bién dang cuia cau kién bé tong 1a xu huéng méi dang rat duoc quan tdm nghién ctru, dac biét trong
cong tac quan trac, du bao sy phét trién vét nut bé tong va danh gia tinh on dinh cua cong trinh xay dung.
Trén thyc té, su phat trién vét nut cua bé tdng c6 mdi lién hé chit ché vai su bién dbi vi cau trac cua loai
vat lidu nay va can dugc phan tich ¢ nhiéu cap do. Cac thiét bi do dac truyén théng phd bién hién nay nhu
ten so mét (tensometer) hay LVDT (Linear Variable Differential Transformer) chi cho phép do cac gia tri
tai b& mat ma khong theo déi truc quan dugc cac vi vét nit, viing pha hay cuc bd va cac ving phan b wng
sut (kéo, nén, trugt...) cua cau kién bé tong ciing nhu khong do duoc su phat trién cua vét nit theo thoi
gian. Ngoai ra, khi nhiét d6 qué cao (hoic qua thip) cac thiét bi cac thiét bi truyén thdng cho két qua khong
chinh xac, vé6i cac cu kién bé tong c6 hinh dang phtc tap thi viéc lap dat 1a hét sirc kho khan.

Cong nghé phan tich hinh anh duoc biét dén tir nhimg nam 80 cua thé ky trude va dwoc sir dung rong réi
trong cc nghién ctru vé co hoc vat ran trong viéc xac dinh mé dun dan hoi, hé sé Poisson trong thi nghiém
ép ché Brazil (Frangois HILD et al., 2008). Tuy nhién gan day viéc nghién ctiru &p dung cong nghé nay
trong linh vuc xay dung méi dugc gisi khoa hoc danh nhiéu sy quan tam, dac biét 1a &p dung trong viéc
nghién ctru nut cua vat lidu, pha hay cua dam thép khi chiu tai trong dong hay do dong dat gay ra, xac dinh
cac thong sb lién quan dén sy pha hity cua vat liéu Réthoré et al., 2007. Trong d6, cong nghé phan tich hinh
anh DIC 1a cong nghé rét pht hop phuc vu cho céc nghién ctru vé theo ddi bién dang va chuyén vi ciing
nhu su phét trién cua vét nirt cua bé tong. Dit liéu do duoc tir phuong phéap nay s& 1am co s& cho viéc xay
dung md hinh du béo tinh 6n dinh cua ciu kién bé tong.

2. Nguyén ly co ban cia phwong phap DIC

Cong nghé nay duoc thuc hién dua trén viéc bd tri mot hay nhidu may anh co dé phan giai cao dé chup
mot chudi lién tuc cac hinh anh cua cau kién bé tong khi chiu tai trong (Error! Reference source not
found.). Chudi hinh anh nay s& dugc xir Iy bang céc thuat toan vé téi wu héa twong quan hinh anh trong
phan mém chuyén dung UFreckles dé tir d6 xac dinh dugc chuyén vi, bién dang va su phat trién cua cac
khe nut bé tong.

Truong chuyén vi duoc xac dinh duya trén viéc phan tich hinh anh cua 2 thoi diém. Chuyén vi tai 1 diém
tuong tng vai gia tri chuyén vi trung binh caa 1 phan tir ¢6 kich thuge M x N pixel (Hinh ). Viéc xac dinh
truong chuyén vi duoc thyuc hién theo 3 budc:

1. Dinh nghia mién nghién ctru, khdng can thiét phai la toan bo hinh anh;
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2. Chia mién nghién ctru thanh cac phan tir ¢6 kich thuéc M x N pixel;

3. Tim lai vi tri caa cac phan tir caa hinh anh khi bién dang giéng nhat véi mai phan tir twong Gng cua
hinh anh ban dau. K¥ thuat nay duoc goi 1a ki thuat téi wu héa tuong quan hinh anh.

Thuat toan t6i wu hoa twong quan hinh anh dugc phét trién boi Réthoré et al., 2007. Viéc tinh toan tdi
vu hoa tuong quan hinh anh duoc thuc hién trén tap hop pixel giita hinh anh ban dau va hinh anh bién dang.
Thuat toan nay dugc trinh bay chi tiét sau day:

Cho f(x,y) va f*(x*,y*) la nhitng ham roi rac miéu ta hinh anh ban dau (thoi diém to) o kich thuéc M x
N pixel va hinh anh sau (thoi diém ty). (x, y) va (x*,y*) la toa do cua tam cua hinh anh ban dau va bién dang.
Trudng chuyén vi u, v cia hinh anh ban dau théa man méi quan hé sau:

O+ y) = F(xHu(x, ),y +v(x, ) =0 @

Phuong trinh (1) dugc giai gan dung bang cach t6i thiéu hoa phuong trinh giam yéu:
2
772 — IJQ®2dXdy ( )

* * * 2
0 day, @ :[f (X +y) = f(x+u(x,y),y+Vv(x y))]
Dé xac dinh gan dung truong chuyén vi, ta ¢ thé sir dung phuong phap phan tir hiru han dé xir ly céc

dir liéu cung cap boi su twong quan hinh anh, chinh vi thé ma mién nghién ctru phai dugc roi rac thanh cac
phan tir ludi.

Hinh inh ban diu Hinh inh khi bién dang

Hinh 1. So do tiong quan hinh anh

3. Ung dung cdng nghé DIC trong thi nghi¢m tir bién ciia uén dam 4 diém
3.1. Thuc nghiém ché tgo dam bé tong

Thanh phan cap phdi ciia bé tong duoc thiét ké theo tiéu chuan ACI211.1-91 va dugc trinh bay trong
Bang 1. Hn hop bé tong sir dung soi thép dau c6 méc c6 chiéu dai 30mm va duong kinh 0,38mm (Dramix
3D80 [30/0.38].

Bang 1. Thanh phan cdp phdi cia bé tong

Loai bé tong Xi mang Cét (kg) Cot lieu 16n Nudc N/X Soi thép
(kg) (kg) (kg) (kg)
C50 530 750 720 265 0.5 80

Su phan bo ¢& hat cua cot lidu va cat dugc sir dung cho hdn hop bé tong dugc thé hién trong Hinh 2. Xi
ming st dung 1a loai hn hop chira 10% silica fume. Cac mau bé tong dugc thao khudn sau 24 gio va duoc
bao dudng trong nudc 28 ngay trudc khi lam thi nghiém. Thi nghiém cudong d6 chiu nén va mé dun dan
hdi duoc tién hanh trén mau hinh try c6 duong kinh 100mm va chiéu cao 200mm, theo tiéu chuan ASTM.
Bang 2 trinh bay mot s6 dic trung co hoc cua vat ligu ¢ 28 ngay, bao gom gia tri trung binh va do léch
chuan ctia mé dun Young E va cudng do nén fc.

Bang 2. Tinh chdt co hoc cia bé tong

A MBS dun dan hdi E Cuong do chiu nén f,
Cap bé tong [GPa] [MPa]
C50 34.2+2.0 46.5+1.0
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Hinh 2. Puong cong cdp phéi cua cot lidu
3.2. Unhg dung cong nghé DIC trong thi nghiém tar bién cia uén dam 4 diém
Trong thi nghiém nay, dam nat moi chiu udn 4 diém, dudi tac dung ciia tai trong khong d6i. Dam dugc
chiu tai trong den khi pha hoai hoan toan, qua trinh gia tdi dugc kiem soat boi chuyén vi. Do mo rong cua
veét nit cia khe nirt moi va do vong tai gitra dam duoc do theo thoi gian va theo tai trong tac dung. Hé thong

ding dé do dugc trinh bay nhu trong Hinh 2a. May dnh Nikon 1100D dugc bd tri dé chup lién tuc bé mat
ctia dam bé tdng (Hinh 2b), cir mdi 20 phut hinh anh duoc luu lai dé xir ly do chuyén vi.

a) b)
Hinh 3. a) Cac thiét bj diing d@é do chuyén bang DIC; b) Dam chju udn 4 diém

Céc hinh anh thu dugc dugc xtr ly trong phan mém Ufreckles. Viéc chia ludi chi thyc hién ¢ gitra dam
dé giam thoi gian tinh toan. Hai kich thudc cua ludi dugc str dung laL=16 pixel (Hinh 1a) va L = 24 pixel
(Hinh 1b). Chuyen vi cling dugc biéu dién bang pixel, sau do quy doi pixel bang don vi do dai twong duong.
b6 ma rong cua vét nut duge xac dinh bang chuyén vi twong dbi cua 2 diém bén phai va trai cua vét nut
moi.

a) b)
Hinh 1. Chia he6i mién nghién ciu; a) L = 16 pixel; b) L = 24 pixel
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Do mo rong vét nit va do véng ¢ giita dam theo thoi gian duoc thé hién trong Error! Reference source
not found.a va Error! Reference source not found.b. C4 thé nhan thay do ma rong vét nut va do vong
tang nhanh trong thoi gian 4 ngay dau, sau d6 téc do ting khong déi. Hién tugng nay cé thé giai thich do
su phan bé lai tng suat sau khi chét tai trong 1&n dim. Két qua so sanh anh huéng cua chiéu dai phan tu
ciing cho thdy anh huong cua chiéu dai ¢ thé bo qua.

4. Két qua va thao luan

Biéu d6 quan hé giira tai trong va d6 ma rong vét nirt cia cac mau dam bé tong thi nghiém xac dinh theo
hai phwong phap do duogc trinh bay & Hinh 4a. Két qua do cho thay sb liéu do chuyén vi bing phuong phap
DIC va bing dung cu do LVDT c¢6 su tuong dong va déu phan anh dwoc céi giai doan lam viéc chinh cua
dam duéi tac dung cua tai trong tang dan dén khi pha hoai. C6 sy sai léch két qua do trong giai doan pha
hiy, tuy nhién két qua sai léch khong dang ké, khoang 5% Hinh 4b thé hién truong chuyén vi do dwoc bang
DIC, phuong phap nay ngoai do md rong nit, do vong con cé thé cho phép xac dinh chinh xac vi tri vét
nirt ciing nhu sy hinh thanh va phat trién nut.
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Hinh 2. a) Luc — d6 mé réng vét nizt; b) Truong chuyeén vi

Hinh 5 thé hién (g xur cua dam chju udn cho céac trudng hop chiéu sdu nit moéi 3cm (dam D3), 5cm
(dam D2) va 7cm (dam D1). Khi chiéu sau nirt moi tang tir 3 ¢én 7cm thi luc giam tir 8.5 kN dén 3.8kN.
Két qua cho thay chiéu sau vét nit moi c6 anh huong Ion dén tmg xir Luc — d6 vng va Luc- d6 mo rong
ntit. Nhin chung phuong phap DIC cho phép do kha tét do vong va d6 mé rong nt.
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Hinh 3. @) Luc — dg mé réng vét niit; b) Luc — dé vong
4. Két luan

Noi dung bai bao trinh bay két qua nghién cuu thuc nghiém st dung phuong phép tuong quan hinh anh
DIC dé x4c dinh tng xt cia dim bé téng nirt mdi chiu udn 4 diém . Ung xt chiu udn thdng qua mdi quan
hé Luc — d6 mé rong vét nit cua cua phuong phép nay nay duoc so sanh vét két qua do duoc bing dung
cu do LVDT. Tir cc kétqua thu duoc, cd thé rat ra mot sé nhitng két luan chinh sau:

- Phuong phap tuong quan hinh anh DIC ¢6 thé do chinh x4c d6 vdng va do mé rong vét nit ciia dam
bé tong chiu udn 4 diém, chénh léch két qua do do ma rong vét nit bang LVDT va bang phuong phap DIC
khong dang ké va nho hon 5% & giai doan pha huy.

- Phuong phap tuong quan hinh anh DIC cho phép quan sét su hinh thanh va phat trién nut va cac vi vét
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niit phét trién quanh vét nut I6n, diéu nay do sy khong dong nhét trong bé tong va gitip giai thich su gia
tang tinh tham. Ket qua nghién ctu nay cho phép ap dung Phuong phap DIC trong dicu Kién phuc tap (nhiét
d6, @6 am cao) ma cac thiét bi truyéen thong ko thé do dugc.
Tai ligu tham khao

Francois HILD, Nicolas MALESYS, Julien RETHORE, Stéphane ROUX. Application de la corrélation
d’images : identification de paramétres élastiques, 2007. ENS. Paris-Saclay - éduscol STI.

Réthoré, J., Hild, F., Roux, S. Shear-band capturing using a multiscale extended digital image correlation
technique. Comput. Methods Appl. Mech. Eng, 2007. 196, 5016-5030.

Réthoré, J., Roux, S., Hild, F., 2007. From pictures to extended finite elements: extended digital image
correlation (X-DIC). Comptes Rendus Mécanique 335, 131-137.

ABSTRACT

Application of Digital Image Correlation (DIC)
in studying the bending behavior of concrete beams

Pham Duc Tho?
1Geotechnical engineering, Construction Materials and Sustainability Research Group,
Hanoi University of Mining and Geology, VietNam

Image analysis techniques have been known since the 1980s and are now widely used in solid mechanics
research. Digital Image Correlation (DIC) is a non-contact measurement method used in image processing
and analysis to compare and identify similarities between two images or regions within an image. This
allows the determination of displacement, strain, and crack propagation. The aim of this study is to
determine the behavior of pre-cracked concrete beams with dimensions of 100x100x400mm subjected to
four-point bending, focusing on the crack depth. The Image Correlation technique is applied to the surface
of the concrete beam to establish the force-deflection and force-crack propagation relationships.

Keywords: notched beam; four point bending test; DIC
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