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Application of Digital Image Correlation Method to Strain Measurement
of Mortar Specimen under Uniaxial Compression

Yasutaka SAGAWA, Kouzou ONOUE, Masakazu UCHINO and Hiromichi MATSUSHITA

The applicability of the digital image correlation method (DICM) to the fields of civil engineering and
architecture was investigated through analyzing the strain distribution of mortar specimen under uniaxial compression.
As a result, it was proved that the strain of mortar specimen under uniaxial compression was well measured by digital
image correlation method with the same precision as strain gauges. Digital image correlation method makes it possible
to obtain the strain distribution on the surface of an object easily, and can be a powerful tool for the tracking of the

local deformation of structures.

Key words: Digital Image Correlation Method, Strain Distribution, Mortar Specimen, Uniaxial Compresison, Size of
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Fig. 1  Conversion from displacement to strain

Table 1 Mortar mixtures

Cevrr\::::rF:Ztio Watesr Cemeralt Sand3
o) | kem) | kgm) | (kgim?)
35 357 1020 816
50 284 568 1365
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2000

pixels
Fig. 3 Example of taken image
Subset size for rough search = 21x21 pixels
3000
—~ —e— \ertical strain 16
=t —o— Relative analysis time ; g
X 1 =
= 2500 2
= g
3 13 ¢
S 2000 | B
p3 12 3
14
11
1500 0
0 50 100

Length on a side of subset for minute search (pixel)

Fig. 4 Effect of subset size for minute search on vertical
strain and analysis time

BB 22972y bERET D, £7, HIREAY 7 &
v hE2X2LEFRE L, BREEAT 72y hOKE SE2E
(LERTBEICHOWTHE L. BRI, RRMED



3000 2
Subset size for minute search

=51x51 pixels

Vertical strain (x10)
Relative analysis time

2500 | —e— Vertical strain 11
—0— Relative analysis time
2000 ‘ ‘ 0
15 25 35 45

Length on a side of subset for rough search (pixel)

Fig. 5 Effect of subset size for rough search on vertical
strain and analysis time

5003 117 i D LA AR HP UL BRI 35 U DU MEIRIN. (9 5 X
5mm (YY) TIIFAEOTHMTITFE LV E VI RED B

&, 225 HiROMEOT HOWEME, FHERZER X O
ICE LR AT, el B2 OTHRICERT ST
¥ DR fIREIEIE 400 [ 3% CEE L7z,

FRATRER % Fig. 4 \TRT. $AEOTHDIEBOE AN E
<, ORI B T D 51 K A ol R A A Y
Ty POKREIELTGRIRLZ. 7ok, AT 71
v FOKREZEEZTHRBEOEREZ5.

W, FEHEMY 7'y % 51X51 @iFE L L, HEEE
AV 7y FEZESEEGAEIC OV TRKOBRF 21T -
7-. Fig. 5 &0, HiEEMNY 7y hoRE s Z28{bsw
e8e, EOTHOFEEEB L RETL 2T —ETHD
2, FHERRICEBT LN anb. &Y, FHER
MR Tl o7 21X21 BHR & R HEER Y7 & >
FORESELTEIRLE.

FREOBRFHERT, HEREHER LOBRE L~ (Okk
AU R BB DGEICOWTHRIEECTH -T2, Lo T,
AT CTIEHBEE Y 7 > % 21X 21 3%, HEEaEH
Tk R BLX5L & LT 21T o7z,

4. 2 ERBEEIAVTAHEICRIZTEZE

OB OMPTEITRE SRR (5 —VR) ICk-oTHRE
KEpD 70, ERAEHENNEOT 2O FHES KL O
TR RIET B DWW TR~ T2, #R% Fig. 6~Fig. 8 1T
TR DTS SRR ER D 50% AT oD HE R T 1T
B AWUNMEEA (]9 5X5mm I2fY) TIESHEOTFHN
FESELVEWVWIRED S &, 225 HimOME T HIZD
WCHARZHOTHD. 37y hOKEXF4. 1 TR
DI B E & L.

F 97, 100X 100X 100mm 34 (Fig. 6) 35 L U 100 X 100
X 200mm H#EEE (Fig. 7) I2OWTR S &, $WEOTH0
RS L OMEERZE & bR R IR OB A2 R Z T 5
25, BEREREEDS 400 BEU ETIORL, OFRr —Yoff
EIEIF—BHLTWD 2 ERnDd. BRIZOT ARG EZRD
DIZHTY, X0 IRFIPHEE A AT D 72 DIiE, AR

5000
—e— Average value
—o— Standard deviation
~~ 4000
)
—
RS
< 3000 - -
K Vertical strain by gauge (1883y,)
3 \
E 2000 —— oo }k‘_—;.;;.:—-.i:.
5
> i
1000
0 ;&LMZQZM
0 200 400 600 800 1000

Gauge length (pixel)
Fig. 6 Effect of gauge length on average value and standard
deviation of vertical strain (100 X 100 X 100 mm
specimen, Water to cement ratio = 35%)

5000
—e— Average value

—o— Standard deviation
4000 +

Vertical strain by gauge (1876y)
3000

2000

Vertical strain (x10)

1000

0 200 400 600 800
Gauge length (pixel)
Fig. 7 Effect of gauge length on average value and standard
deviation of vertical strain (100 X 100 X 200 mm
specimen, Water to cement ratio = 35%)

3000

—e— Average value

- —o— Standard deviation
o
X 2000
e — o _____
[+
5 . :
El Vertical strain by gauge (1797)
T 1000
>

0 O\O\‘O—O-O— O o)

0 100 200 300 400 500

Gauge length (pixel)
Fig. 8 Effect of gauge length on average value and standard
deviation of vertical strain (100 X 100 X 400 mm
specimen, Water to cement ratio = 35%)



100 oo 100 oo 100_L _______ R
1 Horizontal |+ u\/_e[t_lgal' .Ho_rlz_opt_a_l' : Vertical ! i Horizontal! | \Vertical |

& : SR : o

£ 80 B & T g | 4 £ 80 5 e

E [ <IN oe— E Pl o8 E . ow

£ K = £ © o £ o on

3 60 SHF ow- g 60 o P g %00 on

7 o tee 3 [ oI oo 7 o -

(5] - (] - ()

Z 40 ot g Z 40 1 Sad Z 40 © of »

g NS g wo e g o »

S Pt e S o e S

§ 2 o £ 20 o) E 20 o

o G m e DICM ') Iq - e DICM o g @ e DICM

o Gauge o Gauge " o Gauge

0 €] 0 L2 ! 0 % g
-2000 0 2000 4000 -2000 0 2000 4000 -2000 0 2000 4000

Strain (x107F) Strain (x107F) Strain (x10°)

(a) 100100100 mm (c) 100 <100 X 400 mm specimen

specimen (b) 100X 100X 200 mm specimen
Fig. 9 Comparison of compressive stress - strain relationship by digital image correlation method (DICM) and strain gauge

(Water to cement ratio = 35%)

100_ 100 coomomy oo 10 F———3y 7=
1 Horizontal! 1 Vertical ! 1 Horizontal| ' V_e[t_lc_al. i Horizontal! | Vertical !
T 80 T 80 T80 L
E |om o,  E £
Z om oo 3 3
% 60 - a © g 60 - " mo g 60 —pp cp\‘"
B ® i 3 of mo 3 a ™
(5]
2> 40 | @ 1a 24 @ I Z 40 | o o
g L o g Q o 4 © on
=1 o = Q w = [ @
E 20 E 20 E 20t
8 ™ leDIiCM 8 *  lebDicM S @ ° e DICM
o G q % o Gauge 4w O Gauge
0 o Gauge 0 0 o
2000 0 2000 4000 -2000 0 2000 4000 -2000 0 2000 4000

Strain (x10®) Strain (x10°) Strain (x10°)

(a) 100100 X 100 mm specimen

(b) 100 < 100 X 200 mm specimen (c) 100 X100 X 400 mm specimen

Fig. 10 Comparison of compressive stress - strain relationship by digital image correlation method (DICM) and strain gauge
(Water to cement ratio = 50%)

BEXIE S D& O/ SWHEIPH CHKRD TZ /NS SRET D
FENRH D, Lo T 100X 100X 100mm fEL A J 1100 X 100
X 200mm HEERAE D AT IZ ISV CId, A UEEEA 400 3 &

4. 3 Fﬁh%%ﬁé%»awwmﬁ—ufﬁﬁﬁ
Fig. 9 B8 LUV Fig. 10 (1T, —HhEMEH&2= T 2B/ 04k
NN bS] Téﬁm%pﬁﬁﬂ@?ﬁ(mﬁoﬁﬁ)

L CHgdT L7z, BRI MOT A GrEOTH) O, 7 VX /G
Fig. 8 12 100X 100 X 400mm Btik R DIGE& O R 2 FBNEIC X 205 E (@ DICM) BLUOUOTH7—VIC
3. 723, 100X100X400mm A OGA, 1 AHEE X BRERR (O Gauge) Z/~"3. T VX /VEBRMHBIEIC
400 LU TIHRIT SE BB E A DIZAH L, =5 KA OTHRITERIL, OF s — ORI B ET

— LB, FENTEIT - TR0,
F CTOHPHT

R AR 400 38
(FRE O A O P —E IR T S

D& HRE L, 30X30mm ([ZFE Y9 5 FEI PN O 25 AT oW

THOTHOFH R L OERERAELZ KD, KLY, 7
IR BRV. Tk, IR E D AT L OREEA R UFOVEREBNEIC K DITRERIE, 20060 I3FR

ELRDZ LWL VMBENMIET LD EEZOND.

L2aL, SRE O Z OREHER 221 34% S FEBEDS 200 #iF 2L 1
fﬂﬁfé@ﬁu%@,é%;mo WFELL ETHIEOT
BT =V DEEIZERSOMEERTZ D, TR

OOENDHEDOD, OTHAT =X HHIERT EMia—%
LCRY, FUXVEGMHEEEC X2 0T HRIET I
I 2 DEABFE LTS VRS, F—TEOfE
KTHE L~V (kA ML) BRRZHE, KAV

HEREME L TA00HFELZHANSLZ L L. EEROME
IZENZNLDKE AL NEERE0WNDHEAIZHFEEETH - 7.

kEE 35% D A — 2 D5 NT V2 VEHEFEEREIC L B O A
ENTFERDIX LS E NEDREVHAIZH DD, ZOFKA



-100
g
5 -300
- -500
g
k3} -700
g
2 -900
g
5 -1100
g
= -1300
<
= -1500
(a) 30% of maximum load (b) 75% of maximum load (c) 90% of maximum load
Fig. 11 Maximum principal strain distribution of 100 < 100X 100 mm specimen (Water to cement ratio = 35 %)
-100
=)
s -300
= -500
g
3 -700
g
2, -900
g 1100
5 .
g
g -1300
<
= -1500
(a) 30% of maximum load (b) 75% of maximum load (c) 90% of maximum load
Fig. 12 Maximum principal strain distribution of 100 X 100 X 100 mm specimen (Water to cement ratio = 50 %)
\
\4
(@) 30% of maximum load (b) 75% of maximum load (a) 30% of maximum load (b) 75% of maximum load
-100 0
g 5
K -300 E 200
K 500 z
S 2 -400
23] -700 g
=] o= -
E -900 A 600
g -1100 g -800
2 -1300 g -1000
=
= -1500 1200
(c) 90% of maximum load (c) 90% of maximum load
Fig. 13 Maximum principal strain distribution of Fig. 14 Maximum principal strain distribution of
100100 X 200 mm specimen 100 X 100X 200 mm specimen

(Water to cement ratio = 35 %) (Water to cement ratio = 50 %)



X X
( Yv ( Yy
1400 1400
pixels pixels
— 1400 pixels _J 450 pixels
(a) 100 <100 X 100mm (b) 100X 100X 200mm
specimen specimen

Fig. 15 Analyzed area in mortar specimen, gray mesh
indicates the area for full-field strain measurement

WENZIVOMEHEECTH D D0, EREZIIMITICE D
AT H D ONEIARMROMHNTIEIW S TET, 5%D
EHTH D.
4. 4 EBHEZITBHELZILERAREBOVTH5H
a7 U— h ORI O OFII 0O 5 AR E R
THDHH, WHOVEIZa 7 V) — MOERT 55135
ARz U — OBIERE XY b KE L 2o M TR
AR EZONS. FIT, ~#MEHIEZTHELER
NAGRIR R IR D K EOT B0 OfEPTRE R % Fig.
11~Fig. 14 |25 SHR TRT. fRTIE, S HRE 0%
B\ 7= AR (Fig. 15) 1238 T 50 iz I & (& M8 o
Him &R E L TITRo72. 728, 100X100 X 400mm {3 {4k
WCDWTHE, S HERES 200 3R & L2 G, MATcIgs
DPHERIEE D O IE A L, BT 2175 2 L3 k7205
7272, 100 X 100 X 100mm #3433 I O 100 X 100 X 200mm
HEREIZOWTORERDOHRT . Tk, RRKEOT B
FRATRE BT, BeRAFED 30%, 75%35 X OF 90% D1 B S
MENTZREEICBIT 2O THD.
ENENGREREICBIT DRAREOT ML, Kk
ff B D 30% AL RFIZ BN T T TIZ—RETII AR <L Z &1
BioTRY, MEL-ARELRDIFE, THMEUED
B SEAL (HD) AREVIEE, ZOMENEFICRD
BT RAFABns. £72, MEE E RIS O ENT Tl
BRFOTRITNEND, a7 ) — MERE LT
il & HATRBRAR O L ORMIZA U EENICL Y, it

RIEDEFERHHKEIND Z L ERLTVD LD EEbh 5.

100X 100 X 100mm KD K FEOFAH54 (Fig. 11,

Fig. 12) IZE BT 5 &, RAEOFTHORE O
REROICHWNTT 2 X5 IcRNTEBY, MELSLBHEK
T HIHE S TEDOMEMMNBEIC /2D Z L mAInsG. —
frryrr a2 U — MK OERERER TIE, #o o
UFINBER L, SRR ER & 72 o T 5 R Bl
BENDD, KNG RIIZOBREEZLLLZTWVWEIHEDL
EZbND.

5. #&m

TV A VG FRBEVE B s EARARE ) O R - R B
WISHT 272008854 LT, RFTEICLY —ERT
BT D BN Z BB EE O OT RN 21TV, #EkD
OFT BT —VEEDOREITS 2 & T, oK - BT~
DA OV TN EIT 72, T OREE, T/ 3T A—
A —=ThHHrV 7y FEB L UM EUIC R ET D 2
LT, FYURNVEBHBEEC IV EROOTARS —T LR
HLOREE T IEN %% T BN AREOOT B % fiF
MTCEXDIERHALNE RS-, £z, OTHF—TUTIE
K C b o 7o s R R 1 O O 20070 & LLERI S 5 I RS
TEDIEND, WEYO R ER B OBHZEICE
Iy — eI 05 Z LRI ENS.

L, SRIOBRFIENRRICBIT AR O EET
TolbDThHY, FEEM~OEMITOWTIE, AEX
BHEPFAORE, WEBRRESLMN, WEREREIZOVWTHL
DT REABELIFEIN TN D EEZLND.

HEE - AWPFTIE, REUTRRAE M IENIE (B) (WFFEMR
FFH RWRT VG, EE S 17360217) O—BRE L
TT-72bDOTH Y, BRESMICHEEZELET.

2 & XM

1) Fujita, K., Sueyoshi, Y. and Matsushita, H. : The Present State and
Prospects of Measuring Instruments (in Japanese), Concrete Journal,
44-5(2006), 13-17.

2) He, Z. H., Sutton, M. A, Ranson, W. F. and W. H. Peters :
Two-dimensional fluid-velocity measurements by use of digital-
speckle correlation techniques, Exp. Mech., 24 (1984), 117-121.

3) Sutton, M. A., McNeill, S. R., Helm, J. D. and Chao. Y. J. :
Advances in Two-Dimensional and Three-Dimensional Computer
Vision, Springert-Verlag, (2000), 323-372.

4) Noh, S. and Yamaguchi, I. : Automatic Analysis of Strain
Distribution by Two-dimensional Speckle Pattern Correlation,
Non-Destructive Inspection, 47-8 (1992), 473-478.

5) Kato, A. and Wate, H. : Deformation Measurement using Digital
Image Correlation, Proc. APCFS & ATEM’01, (2001), 840-845.

6) Murata, K., Masuda, M. and Ukyo, S. : Analysis of Strain
Distribution of Wood Using Digital Image Correlation Method,
Transactions of the Visualization Society of Japan, 25-9(2005),
57-63



