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Abstract

In order to evaluate a stress state of concrete according to the change of tensile force of prestressed beam, improved nonlinear

resonant ultrasonic spectroscopy(NRUS) method is proposed. This technique is advantageous to evaluate the stress state in initial

state because the method shows much higher sensitivity than existing linear ultrasonic methods. The NRUS technique measure a

nonlinearity parameter, which is calculated from the resonant frequency shift of ultrasonic wave related to the medium state, and the

result is also closely related to the stress state of concrete. In this study, the nonlinearity parameter was measured with the change

of tensile force to verify the close relationship between the two factors, and the effect of repetitive load cycle on the change of

nonlinearity parameter was analyzed. In addition, sensitivity comparison with the linear ultrasonic pulse velocity method was

performed. Through the experimental results, the possibility of NRUS technique for the evaluation of stress state in prestressed beam

was confirmed.

Keywords ' prestressed beam, concrete stress state evaluation, nonlinear resonant ultrasonic spectroscopy,

sensitivity

.M B o A7NAEH HEg o ok wmEel wWE Y ATt
AR dFE vk dElz, ZYXEYAE FARES

W' ZAES; A7t ] we ZAEYAE ARG A wEre a7 dAEE A Bon, 4 w&
FAYE 729 ARgo] S8k v 53], EAE 'Y o W &4, 2L T A mE vk Ao Qg 22 A
P B AF )%l AHAN WY, 9 TEE 5 A% 5 50| Fo nelAge] B ANE aBd 0 58
W7l WolAn oM, G messdse 2aeles] W uel §7149 dAE Fa) Pelsl S gout St 7
Y92 US g soR Bltk(Lee, 2013). ol8d 2= Abel el Aol o&Este Wl rE 27| AU E gele]
AAAe] ool el o) F-elsel ofs) TAshE ZAYE 7F HA &2 AAoItHKCI, 1993). E3h, 7|&Ee] A2 23
o] & EX S ve] 2 5 9, Hop A2 duAeR 2|E FxE Hg) Hud w2 9F a2 T e 2E
2e mae] Agtes SUAE F Jlong AA|A el g A REHAE ZAE FXEL 3 T T &4 89l
olghe A4S 7HAa 9ith(Naaman, 1982). wE5E A 2ert f 37 gadchis 9de 2k 9k
ey FEREL AR At el mE AeE, Ax 55 (Yi et al., 2012; Atienza and Elices, 2009). &g+ 4
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Gl Z53HE o83 v AALE T AdEe] vt
o] oA A E<] #e|7h B} £95H o] Fo1d Aot}
25k 7Ike] wlaka] A 71 v el zgﬂr—e— &2
A71E 2B, WA el met S vt 54
a I dE B0l 25 xd\“ Sl

wel 9 EE ARt} she F9lelA %JJrE A7)

3 Al7he 27 oP~t%1

QrEE 494 Frel v 1342 7}6}&1 1RE 249
A7 glopd, ols] Aut ol thelAlE et Hel, WY,
22} A5 S2, WA 2831 /1Y 5ol gk o 3 4
2398 Vo2 S 283t e 2aTE vy
Wl 1hE 24 HHE 2 Nt 33 WA AAE

H Itk (Aparicio et al., 20005 Chen et al., 2010; Rabbat
and Sowlat, 1990; Warnemuende and Wu, 2004). ¥
HAE SFaF 70k vmta] AL 7'M whe] 2R mlH
@] #ES ST < 7] W2l skse] 7RI ARk
z7] A ®gtE e ¢ S xS WHEE Zdett
(Jhang, 2009). ¥14¥ Z&3 71HL 19659 AKIRA
HIKATA®] olaf w4 mjdl dFnlgell tigk B7p7t o] Fo1
A(Hikata et al., 1965)< AIFo2, 2000 tiel| o|2¥
T4, AME 9 FA2E 59 Evd 54 Bt =YE 1
2TtHVan Den Abeele et al., 2000; Shah and Ribakov,
2009). Hod= o &4 ozel-dels}l ue = ik
& 8Ll tigk Frh gE s glom, o] F H|AY 259
71 7'M (NRUS: nonlinear resonant ultrasonic spect-
roscopy)< ZAYES g Fo I3 Fup Wyt njd
ZFeil we} Mol BHE o] dote o, Te1EYXIE
Ho| 3 FHE Hrlelrlel Age WgolAnt ¥ A7t
SEA A1 e Aot (Park et al., 2012; Kim et
al., 2016).
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Ho| ZAE 38 FeHE vHE 259 37 7Y =Y
B Br} 2o iy £Fow Wrletnat skt AES
3] AZet Y 1EY2E B 427 Yo 1S AFY,
e HEE o] g3t S ke AelM 9 R
2 Fopre] ¥sts S0t 27 dE 2 ot ¥t
ue AY A9 EYR oR skt 7Y 58 At A
A7 52 GRlsigleon, o] W AF 259 Aot S5
24 9 vlaste] A 7PHe] RIAEE A3t 4
o2 wHEAQ 3% o] HASlu A g3l odt 3%
ojgo] &4 A wAe JFS A, o] AN
ZAYEA TAEE $8 719 ZAE AT F AT
HEAoR o sx(U4deE) % 34 A%E EdR ALt
B 48 Qlzle] BAE Blgo e HIHE 283 2A 7S
A8 LY AEYAE B FAE 3 A 7t tiek
7FeE BRI & A

S
el JALEE FHAZS Wl
Zo] 7123 2 EAo] Yl A4S =3tH(Buck et

al., 1978; Zumpano and Meo, 2008). &=
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Ele(t),e(t)) = B[1 —/J’e(t) (2)
—a{Ae-l—e(t) o sign(e }-i—
A7A, B wde] AFedAFoeln ge £49] 23 v E
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FuE 233619t Holcomb, 1984: Guyer and Johnson,
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1999; Donskoy et al., 2001).
—OC(x * Ae (3)

9 AelA fe A TR Foa HeR B AddMe
Ha AZY] A EEI 2o 389 3 Fe
gow Adala, fe 54 IF FRdA SAHe 3
Fure]  gholth, iabgte] ZFo] FrlS] wheh F
Fore W W3R s HH, 3 Fu 3t
2ot HAE Q1AF oo BAE A (3)dl EAH]
e 4 FAYES] FF WiF vAgER Qs 2537t
Agshe FellA SAste] o] LA HH, X
Fa e A7F G AKX o] W, o] FelA LA
HE Y] Ul Ael UHEER HMF QA Lokl ks
T7E  slon o= ELE]E«1 £ =g Yehdth(Van
Den Abeele et al., 2001).
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Table 1 Mixing proportion and compressive strength
of specimen

w/C Unit Weight (kg/m®) Strength
(%) W C S G (MPa)
0.5 180 360 837 970 30.0

240
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Transducer
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Transducer
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Hoop bar
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920

Fig. 1 Section description of test specimen

Fig. 2 Hydraulic jacking machine for 8 tendons
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Fig. 3 Experimental description of NRUS test
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Fig. 4 Experimental results in initial load level
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Fig. 5 Resonant frequency shift in various load level
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Table 2 Result of UPV measurement in each load

Step | Load level(%) UPV(m/s) Sensitivity (%)

1 0 4183 -

2 7.5 4190 0.17
3 15 4195 0.29
4 22.5 4201 0.43
5 30 4210 0.65
6 37.5 4218 0.84
7 45 4227 1.05

ol W, rEAd 4 % x 48 ¥z (1) 2]
5% Fholrt. old whet hEA dt FEollA e WHE At
AZE Table 20 YERITHASTM International, 2009).
271 34 #2 4183m/sE V1o 25ute] An 27
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Fig. 6 Repetitive load cycle

shEMATAEEE =228 H30H HM3=(2017.6) 219

it



ZYXEYAE B FAYE §Y FF HUHE 9% HAY

2100

-®-Nonlinearity parameter

1900

1700

1500

1300

Nonlinearity parameter

1100

9200

700

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Step

Fig. 7 Result of experiment
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