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Application of DIC Pattern and Deformation Analysis of Steel Dampers
Using Film-Free Water Decal Method
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Abstract — This study aimed to analyze the nonlinear hysteretic behavior of steel dampers using the Digital Image Correlation
(DIC) technique and to evaluate the effectiveness of deformation measurements employing a Film-Free Water Decal pattern.
The displacements and strains obtained via DIC were compared with results from a universal testing machine (UTM), LVDT,
and strain gauges. The differences between spray-patterned and film-free decal-patterned specimens were also investigated. The
experimental results demonstrated that DIC-based deformation measurements accurately reproduced UTM outcomes with an
error margin below 5.91 %, showing similar strain distributions to those from strain gauges. Particularly, the film-free decal
pattern provided high contrast and durability, making it advantageous for detailed deformation analysis.
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Fig. 1. Subset for digital image correlation!'"?
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Fig. 2. Details of test specimen and strain gauge location
(Unit: mm)

Fig. 3. Specimen of spray speckle pattern

Fig. 4. Specimen of film-free speckle pattern

=

1o >~ mx

AR 7FH L KDS 41 1700 : 2019 A=
A 712" 2 ASCE 7-16!"°10| A] A At 7+
2519t} Fig. 69} Zro] A3 W& F 371
StepO & o]F o] glowH, Step 104 ZFX] X chH Y
9] 0.3351 2 103], Step 20]| 4] 0.67¥ = 53], Step 3°f A
1.ov 2 33] HZWY utErtEe APkt oju,

=
EREW

=zt = Aed Ao (Sd A1932) 2024 1249 359



Displacement[mm]

Displacement[mm]

360

40

AAAE 283 345 9] DICHE 48 0 g B4

71Zo2 YA 55

= el

+ 830l Fste | %= A
o =

“

Ao S s

9] 70 % A Fste] B4 0}%13}
% #9%Y-2 GOM ARAMIS 2D A| A8 0 2 %15

n ight

Lt T-shape zig

] PR

3 1 E «| [+
i foe oolii] W
11 123 R jiii==
oo [gee] fl
) e B ¥

VDT

Cycles

Fig. 6. Incremental displacement loading protocol

30

20

10

-10

-20

-30

N A A

AN

\/V\/\/

Cycles

Fig. 7. Constant displacement loading protocol

=g o] = A6 A2 (F

A A1933) 20244 12¥

Az, 7 Fl2(850), =
e USB A2 S 53l A

%3t} 2D-DICO| A =9}
H ojm|A] o] 9ol WAYstER
BYo| Hrex FolA +PAE L&A Fig. 82
oA Ad ] Aol fl=oF A 9] #¥= FOV
(Field of view)2k A @A 2] 2t o= W fjof St5=of &
ool 49§52 A 2] Ram &3] v|st2
2 &F old A Azt mEt &g S8 A5
T} Table 1] FOVEL & 972, 295 =E HEFH I

g
=
=
A&

=

o o |o

_a

F GOM ARAMIS
2D System

Laser Level

Fig. 8. Camera setup for DIC

Table 1. Information of camera setup for DIC

FOV Distance Speed
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