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ABSTRACT

Concrete is deformed by load and subjected to micro damage under allowable deformation because of
non-homogeneous property. When micro damage is accumulated, it is cracked and finally fractured. Characterization
of AE can be demonstrated the micro damage which it is not discovered from visual observation, and it become
known to an advantage that was clearly discriminated from the existing NDT method.

This study was carried out the analysis and evaluation of concrete damage by acoustic emission technique. As a
results of damage analysis, it was found out that the more concrete strength has increased, the more concrete has
subjected to micro damage at lower stress ratio for chylinder specimen, and this is possible only AE method which
could be described the brittle properties. Also It was revealed that the kaiser effect and felicity effect were existed
in reinforced concrete bending specimens and it is found out that the onset of interface debonding between concrete
and steel could be conformed in comparison with felicity ratio, AE activity and load history. From the resuits of this
study, it was conformed that the deteriorative degree of reinforced concrete structure should be evaluated using
felicity ratios.
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Table 1 Mixing proportions of concrete

Unit weight(kg/m’)
AD(Cx%)
ADI'|AD2"”
MC1 | 135 {4.0| 71 | 52 [205[289] 920|853 ]| 0.15 -
MC2 | 145 |38] 50 | 47 [204|410{ 788 |889| 0.15| -
MC3 | 140 (4.2] 33 | 41 [172|521|658 |973]| 0.25 | 05
CB1 | 145 | 45| 57 | 47 |195[340| 821 |937] 0.15 -
CB2 | 165 |38| 45 | 44 |201{441|730{930| 0.15| -
CB3 | 135 |44| 38 | 42 |209|553| 653|895 | 0.25| 05

Slump| Air|W/C| S/a

Series| (emy | 96)] %) |90)| w| ¢ | s | @

*AD]  Lignosulphonate AE water reducer
*xAD2  Sulphonated naphthalene formaldedyde(SNF)
high range AE reducer

Table 2 Properties of aggregate

Specific gravity [Absorption| FM. | Unit weight
Sand 2.60 1.25 2.65 1.560
Gravel 267 1.18 6.75 1.550

Table 3 Index and number of specimen under the
monotonic loading

Series Cyhpder Sqqare Number of specimen
specimen | specimen

MC1 CY1 CP1 CY1(3)+CP1(2) = 5

MC2 CY2 CP2 CY2(3)+CP2(2) = 5

MC3 CY3 CP3 CY3(3)+CP3(2) = 5

g=232|EslE| =2 M43 52(2002)
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Table 4 Threshold and gain for specimen

Gain
Threshold Pre-amplifier | Main-amplifier
CY and CP 40 dB 40 dB 20 dB

CB 48 dB 40 dB 20 dB

Specimen

Table 5 Failure stress by concrete strength level

MC Series | CY1 | CY2CY3 | CP1 | CP2 | CP3
Failure strength] 170 | 247 | 347 | 157 | 308 | 430

71

Load(x10* kgf)

" 1

0 el A i 1 L 1 . 1

0 0.50 1.00 1.50 2.00 250 3.00

Displacement (mm)

Fig. 4 Load-displacement for CP series

Table 6 The strengths for specimen CB series

Specimen Compressive strength” | Flexural strength’
3 days | 7 days | 28 days 28 days
CBl1 161 255 343 37
CB2 218 343 452 43
CB3 308 430 540 45

* unit © kef/cm®

Load(tonf)

| T S N S R |

0 1 Il
0 5 10 15 20 25

Displacement (mm)

Fig. 5 Load-displacement for CB3 specimen
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Table 7 Nonlinear regression expression of stress ratio versus hits number

MC Series Nonlinear regression p Experimental CC()CfflCIGHt 7 SE” R™
! V=aN + cln(l +¢N) -1.814x10 ° 0.241 0.013 0.036 0992
Cy?2 V=aN+ cln(l+qN) -2.989x10°° 0.224 0.007 0.041 0.991
CY3 V=aN+ cln(1+gN 1.240x10 ° 0.211 0.002 0.041 0.988
CP1 V=aN + cin(1 + ¢N) 1.403x10 ¢ 0.253 0.002 0.035 0.994
CP2 V=2aN+ cln(l+qN) 2308x10°° 0.057 0.021 0.041 0.992
CP3 V=aN+ cn(l+qN) 3.167x10 ° 0.250 0.001 0.025 0.997

*) SE ! Standard error
*%) R . Correlation coefficient
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43 HE|AE[H|E 0| 8% &AL HIIEY Table 8 FR(felicity ratio) of specimen CB1

Pmax PAE N
HYAEH|(FR)E 0|43t 4% Hrlol ARRE AlEA) SED | (tonf) | (tonf) | T Note
= CBAlE|2Y B2ZadE AP o) ASZIARE 1 0.5 0.28
3 NHAE ZIYE e BAYo] HIEe = 2 1.0 0.83 1.66 Kaiser effect
B _ e 3 15 1.39 1.39 Kaiser effect
A it AR shslE s TAYES FRTie 4 20 | 144 | 0% Felicity effect
S7Fel wet ozt ke 4TS vehon, st 5 25 155 | 0.78 Felicity effect
Zo Ao E e AujE uty] wFo] ARA A9 6 30 | 165 | 066 Felicity effect
A ekt T30 T 200 [ o5 T ol i
= = = 3] T = 3 3 : .
LYAEWIE A7) fls) ARE 282 x5l Al 9 | 45 | 227 | 057 Felicity effect

olg e Uehln, yEol AEFIE BEAT AekabEe
EASET £, A gl AsaFel ek 2

Table 9 FR(felicity ratio) of specimen CB2
g AEH| Y] AS BAlslgon E38E 7}54@& 2

R Pmax PAE
3= Fig. 8~Fig 113 2o} 212e) A3l g Step | (onf) | (tonp) | T Note
S Ag A= Table 8 ~ Table 100t} 5—417—‘—_34'— 1 0.5 030
ol 7+ 2 10 0.77 154 Kaiser effect
e 2 3 15 108 108 Kaiser effect
N 4 20 1.15 0.77 Felicity effect
J L5 E 3A o) % o ) A
L= \_E]L:E]_——é _]]_Uiﬂoﬂ]l ZhlA & % e 5 25 1.46 0.73 Felicity effect
AE &3 BFE BRI 3T 6 | 30 175 070 | Felicity effect
. i i 7 35 1.87 0.62 Felicity effect
) FtolA g3t EAE die §5S AANT AEZ 8 40 2.05 059 Felicity effect
EA0] YeRR| ggton} gloA aapr) B4l & A 9 45 1.94 049 Felicity effect
AE Z37) Yelde AlVE S AlAskE Bel®
AE &3 Alo] YelgtiFig. 8 ~ Fig. 119] HAFE). ° Table 10 FR{felicity ratio) of specimen CB3
SHAl(step) ol AstEHA Hardo] WAE Al7|o] Step | Pmer | Pae FR Note
w(§RRel o) g, A B2 gazet ——-{tond) | ftond)
RIS Aol £elsL sheg AASHAN dET e 2 0 | 105 | 200 | Kaiser offect
g 248 o&) £5 AT ZAYEE B LY 3 15 1.37 1.37 Kaiser effect
o] WAlElA] Q= BAE Fow ZagEY Ao v 4 20 150 1.00 Kaiser effect
He whaHfriction)o] EEle] AEBEA0] UERY AO 0 ;g 13; 8;‘9‘ f,e}idw ege“
_ 6 X . . elicity effect
B 2 o) HEA S juz] ]
S =5 A5 ol EAR MRsgs de 1 gl 7| 35 | 148 | 049 | Felicity effect
T A AE 7|Higho] Z+e Folth 3 40 150 0.43 Felicity effect
9 45 1.58 0.40 Felicity effect
3) AAE] g3} UeRd A7) CB13F CB29 A5
= AdstEo] 20tonf o)Fol| VEREAF CB3S M35} 0o —~
o] 25tonf °]Fo] YEN} DRE FANEYFE 24 5
FES] F7T} a7] wie] vepd a2 & 4 9tk ; s
| 2
B = A7 FAS deEas ) A9AE 22 a0 car o
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