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SUMMARY

Purpose & Development of DIC-based static stress measurement system
Contents for improved load carrying capacity of concrete bridges
1. Static stress measurement algorithm for concrete bridges
o Uniaxial stress measurement algorithm by means of 2D displacement field
o Biaxial stress measurement algorithm by means of 2D displacement field
o Numerical and experimental validation
o Parameter study on optimal hole size
2. Static stress measurement system with the improved field applicability
o Field applicable imaging system for the DIC-based displacement field
measurement
o Stress estimation tailored to field application in disregard of error induced by
Results the camera motion during hole—drilling
o Numerical and experimental validation
3. Load carrying capacity assessment method by using the static stress
o Improved load carrying capacity evaluation method by using live
load—induced stress and static stress (performance improvement:38%)
< Research achievement >
Project ) Technical
Category Journal | Patent Equipment Software
report report
Achievement 5 2 1 - - 2
o Field application of the Static stress measurement method for the
structural health monitoring
o Improved field applicability by providing camera movement during the
hole—drilling
Expected o Improved load capacity evaluation technology to increase the reliability of

Contribution

maintenance of concrete bridges, which account for 80% of domestic

bridges
o Expected to promote the development of maintenance technology through
fixed stress in various civil structures such as railway and steel composite

Keywords

bridge
Load carrying ) Digital image Concrete .
) Static stress ) ) Hole—drilling
capacity correlation bridge
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E= HX2 olzi 2t 20| element H X2t x,yF HRAESZ LIEHS

@ Programmer's Notepad - [1. wo300x300.rpt]

o7 File Edit Search View Tools Window Help

Do Belal2e|d Db Pkt = | & Find ~

1. Wo300x300.rpt

Probe Values Report, written on Thu Sep 27 15:54:16 2018

0DB: C:/Users/SHM-JUNA/Desktop/2018.89.17 Check per hold depth/DepthTest/DepthTest.odb
step: Load

Frame: Increment 6: Step Time =  1.000

Variable: U, All direct

Probe values reported at nodes

Part Instance Node ID oOrig. Coords Def. Coards
H X W z X ' 2
€ 106x160x150-1 2 . ) 1 1 3.015 1
C 1eexieexise-1 ERX 1 1. 4.50011000E-013 1.00840000E-002 1.50008000E-001
€ 106x160x150-1 25 0. -1 1 -a. a7
C 1eexieexise-1 26 o. i i 92,015 1
€ 106x160x156-1 29 6. -3 1 8. SR 4l
C 1eex1eex1se-1 EEREN o. 1 3. 9.015 1y
€ 106x160x156-1 37 o. 3 1 1.48357600E-612 3.50687000E-002 1.50805000E-001
C 1e6x100%150-1 511 -1 o. 1 -1. 9.015 1
€ 1e@x100x150-1 551 9.96917600E-003 7. 1 9.9 5. 1
C 1e6x100%150-1 552 9.8 ds 1. 9.87 1 1
€ 1e@x100x150-1 553 9.723 2. 1 B 2.42317000E-003  1.50005000E-001
C 186x100x150-1 554 9.51857000E-683 3.69017000E-003 1. 9.51 3.1 1
€ 1e@x100x150-1 555 9. 3 1 9.239 EX 1
C 186x100x150-1 556 8.9 4 1. 8.9 2.62 1
€ 1eex100x150-1 557 5. s 1 8.527: 5.311¢ 1
C 186x100x150-1 558 8.09017000E-803 5.87 1. 8. 5. 1
€ 1eex100x150-1 ss9 7. 6 1 i 5. 1
C 186x160x150-1 S68 7.67: 7.87: 1 7.071 7.15687600E-003 1.50805080E-001
€ 1eex100x150-1 561 6. 7: 1 6.49511000E-@03 7.55953000E-003 1.50805000E-001
C 186x160x150-1 562 5.577850B0E-683 B.69017000E-003 1 5.8 8.1 1
C 1eexieexise-1 563 5. 8.5. 1 s 5.611310006-003  1.50005000E-001
€ 106x160x150-1 564 4.53991000E-683 5.9 1 a. 5.994° E-03 1 -0p1

maon o
[1:1] 110103 ANS| CR-LF INS Ready

1253, ABAQUSE Soll F&=&= H{IE HlolH
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- test 11-200{ A= -20MPaoll M 20MPaZ y=
- test 21-300{ A= -20MPaoll Al 20MPa= T Ch

- test 31-500 M= -20MPa ~ 20MPa Atole| ZHH

ey =
ol gt

Stress (MPa)

x5

P o A5

FrgdE2 v
A % A3
TxX4dE52 T
P o A3
TxdE2 T
Ho =z ALZSHod

1-10 [-20, 20] 0 0
11-20 0 [-20, 20] 0
21-30 0 0 [-20, 20]
31-50 unlf(—ZO, 20)
E 4. FXHES AL

% stress estimation

% input

mepxl = 100; % pizel/mm <—Manually selected

nu = 0.3: % Poison ratio

rO = G+m2pxl; % hole radius (pizel)
E = 206+1e9; % Elastic modulus (Pa)

% estimate
tics:
[SIG{i,. 1), SIGLI,2), SIG(I,3)] = stress_est4(X4, ¥4, r0, E, nul;
toc:
% 63. TxHE ZE
-2 ZEOA & = A0l HZE (X4, Y4)2F = AlO|=(r0),
Poisson’ s ratio(nu)Z stress_est40| 223tH 2= 232 A Mgt
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O AlAt=l 238 o| 28 Ysig A
- ZExo=z WEHo| o= HOLt LhE HOo Atd, 3led, PSC ZM, S2l2oAM 2 st
MAZHAM FEIZ|AEA HOE XS0 ost 238, £2t2 XS0l ost 23, FU}
AlstE(E2 ZZ S)dl 2|s 33, &stzo st 33(F54 118{)2 0| Ssto] ListE
= MYSIUS
LH3I-§- RF fa_fd' fa fp_fb_'fs fn,d
fr(1+4) fr(1+4)

07| A, f, = TREIEE[AERAA S0 25t S

f, = A AEoll 23t 28 f, = g2 XS0l 2st S

foa = F7F ASEEOl 2st 831 f, = #3F0 2ot S

i = E2W ZEAGMe MAH FSHASF
HO StAMM J1E EfEol g8 28 F UAUSEZE HO stAHolAl ZH AlL2|E =2

o

AlLtE ListEE B

otz et Zo| MAIZHA UstE2 3.284, AU AHAE ALtE|2 12 UstE2 3.706,

MW AF ALzl 29 Wste2 5.3412 eSS

MAEZHA =HE 0|85t0] Wstegs MYsIRS o, AN UHsts2Zct ot ZF2 gte
2 "otsl= Zot Eel=EAuS

HetEl DMStE SHAES ol8stod AM N™EIEe SHS AFE A, AU AL
2|2 10lME= 11.39%, MW AlLl2|2 20| = 38.52%2] WstE HIF MET &Alo|
7|t &

S =5 A(MPa)
7+ = fp fb fs fad fL
MAEH 15.97 -6.73 -6.22 -0.35 -1.48

AmEF AlLE|2 1 15.84 -6.73 -5 -0.37 -3.73
AMmEF AlLE|2 2 15.78 -5 -4.67 -0.3 -1.4
= fa fd fL(1+i) RF (H3tH2)
MAEH -3.162 2.67 -1.776 3.284
AmEF ALz 1 -3.162 3.42 -1.776 3.706
AMmEF AlLE|2 2 -3.162 5.81 -1.68 5.341
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o.to o.—0

u= (=) A+ (=) Beosl, +,,Bsin20,

. 0, — Gy .
v= (T) Csin20,—t,,Ceos20,

%7 o]
0, X directional normal stress
o, Y directional normal stress
Try Shear stress
A BC Stress—independent constants at (x,y)

2Fr
B= azrz(l—l-ug)—az
2Er
azrz(l—u)—aZ
C= 3
2Er
7] ojm]
a < W4 E
AXtE = A A9 radius FHE
g (& FAlo1A9 A)
E Young's modulus
. Poisson ratio

24) Baldi, A. (2014). Residual stress measurement using hole drilling and integrated digital image correlation techniques.
Experimental Mechanics, 54(3), 379-391.
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ulz,y) =Po,+Qo,+Rr,,

v(z,y) =Ppo,+Qp,+Rr,,

7] 2jw]

P, 0,9 urole] A4
Q, 0,9 urkolel 4
R, £, urkolel A4
P, 0,9k vatele] A4
Q, 0,9 vAbolel 4
R, 7,,% vAbole] A

- 9lo| M%(P, @, R,, P, @, R)= otehet Zg

P,=[A+(B+ O)cos(20) — Clcos(6)

Q, = [A— Bros(26)]cos(0) + Csin(26)sin ()

R,=2[(B+ C)cos(26) + Blsin(6)

P, =[A+(B+ C)oos(26) + Clsin ()

Q, = [A— (B+ C)cos(26) — Clsin(0)

R, =—2[(B+ C)cos(26) — Blcos(6)

0 angle in Polar coordinate system
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Dpen source 20-01C MATLAB saftware:
RBDIC - Coniguaus Circular Subsets - Biquintic B-Splin Iterpolation -
Inverse Compositiona Image Alignment - Mex - pen

4P
being maintained on

for patter applicaton and
fable i the DIC algorithms secton for an

7122116 9:29 PW

Z o[ X|(ncorr.com)

(=13

sl FE22 DIC AZ0| 7Is¥

"An improved method of digital image correlation,"

25) Keating, T.J., Wolf, P.R., and Scarpace, F.L. (1975)
Photogrammetric Engineering and Remote Sensing 41(8): 993-1002
26) Pritchard, R.H., Lava, P., Debruyne, D., and Terentjev, E. M. (2013). “Precise determination of the Poisson ratio in

soft materials with 2D digital image correlation,” Soft Matter, 9(26): 60376045
27) Kim, S.W., and Kim, N.S. (2011) “Multi-point displacement response measurement of civil infrastructures using digital

image processing,” Procedia Engineering, 14: 195-203
28) Correlated Solutions (2018) VIC-3D System Specifications, available at: http://correlatedsolutions.com/vic—3d/
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