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Detection of Fracture Signals of Low Prestressed Steel Wires in a 10 m
PSC Beam by Continuous Acoustic Monitoring Techniques

Seok-Goo Youn"* and Changno Lee”
"School of Civil Engineering, Seoul National University of Technology, Seoul 139-743, Korea

ABSTRACT Corrosion of prestressing tendons and wire fractures in grouted post-tensioned prestressed concrete bridges have
been considered as a serious safety problem. In bridge evaluation the condition of prestressing tendons should be inspected, and
if corroded tendons are found, the loss of tendon area should be included when we calculate the ultimate strength. In the previous
study, it was evaluated that continuous acoustic monitoring techniques could be considered as a reliable non-destructive method
for detecting wire fractures of fully grouted post-tensioned prestressing tendons. In the present study, an experimental test was per-
formed for detecting wire fractures of post-tensioned prestressing tendons which are prestressed lower than current design level.
A 10 m prestressed concrete beam was fabricated, which included two tendons prestressed 66 percentage and 40 percentage of ten-
sile strength, respectively. The corrosion of two tendons was induced by an accelerated corrosion equipment and the test beam was
monitored by using seven acoustic sensors and a continuous acoustic monitoring system. From each prestressing tendon, two acous-
tic signals of wire fractures were successfully detected and source locations were estimated within 20 mm error. Based on the test
results, it is considered that continuous acoustic monitoring techniques can be applied to detect low-prestressed wire fracture in
fully grouted post-tensioned prestressed concrete beams.

Keywords : prestressed concrete, corrosion, wire fracture, non-destructive method, acoustic emission
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1. Survey the details and the location profiles
of prestressing tendons in PSC bridge

v

2. Determine the location of acoustic sensors
- select reasonable acoustic sensors

—» - low frequency acoustic sensor
- one—dimensional or two—dimensional sensor
network

v

3. Install acousitic sensors and continuous
acoustic monitoring system

4. Calibration Test

- Impact test; Schmidt hammer

- calculate the velocity of impact signals

- evaluate mean errors of source locations

- triggering level

5. Run continuous acoustic monitoring system

Fig. 1 Application procedure for continuous acoustic monitoring
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(b) Two-dimensional sensors network

Fig. 2 Examples of acoustic sensor network for PSC bridges
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(a) End view

(b) Top view

Fig. 4 View of test beam before prestressing
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Table 1 Material properties
Material Property
Concrete average compressive strength, /., =35 MPa
Rebar longitudinal rebar : (SD40) D19
transverse rebar : (SD40) D13
Sheeth ¢ 50 mm stainless steel
SWPC7B strand, diameter 15.2 mr2n
P S | o by ST
0.2% yield strength, Py=226 kN or high

Table 2 Initial prestress
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Location of Initial design jacking Jacking force Measured Initial prestress
PS strand force (kN) (kN) strain and prestress (kN)
. 0.5 P, Jacking : strain = 3,870 pm/m 0.40 P,
A-A section 133 130 after anchoring : strain = 3,170 um/m 106
Ist jacking Jacking : strain = 6,500 pm/m
. 07 P 186 after anchoring : strain = 5,580 pm/m 0.66 P
B-B section “ —— !
186 2nd jacking 176
205 No measurement
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Fig. 7 View of 10 m test beam during the accelerated
corrosion test
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2% YepTh AA AN SHE S0he] 3
FEEE 3,923 m/seco| oM, o] X& 5m PSC HF
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IH 248 95T 3,964 m/sece PSC HEA]e] ZHo
F23E SRAA (A1~AS)lA] SA = ~J4~L1£ 3,859 m/sec
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Table 3 Average velocity of impact signals obtained from
calibration test

Average velocity (m/sec)
Sensors - -
Constant Linear function
A0~A6 @ 3922.6 @ V=3896.0+297 D
A0, A6 @ 3963.7 ® V=4069.7-8.01 D
Al1~A5 @ 3858.8 ® V=4131.6-3549 D
A0 3921.7 @ V=4088.4—17.38 D*
Al 3815.9 V=4119.5-3827 D
A2 3878.0 V =4025.7-13.20 D
A3 3922.1 @ V =4070.8 —23.82 D
A4 3895.0 @ V =4206.1-39.22 D
A5 3885.3 @ V=4067.0-0.62 D
A6 4022.2 @ V=4243.6-5572 D

B3 S-3FAIM (A0, A6)2F PSC HAEA] Lol 1

3}31Th. CASE3¥} CASE49] 739 PSC HYE-A|9] < &
2 TIEEE S

] b
3 SFAAM(AI~ASE TE5HS
5 YEeRdTh
CASEl1 = AA] AlAM o] 5= S0&E
gt 739 Table 3914 @
CASE2=A] AlMo] EeHEe 3&E=E Agdd o
3 AP 7P 73-$-; Table 394 @
CASE3 =AlA 7292 2polE sty &=
BrE 78 7% Table 3914 @), @
CASE4 =AlA F-29]12] 2ol5 st Fo&EEE
Ager=E 7 e A9 Table 3914 ®, ®
CASE5 =7t AlME S3&es AQgssE /e 4
<-; Table 394 @D~
Table 40| S3&% 7Y Wyo w2 S99x9 H
oA 2 XH(root mean square error)?} H 2XH(mean
error)E YERASITE A3 23 RMSEE 2] (1)
webA] Absl =], S7HA A9 EF oF 54 mm A=

oL B 4z op
92

e
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N
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mlm
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2 H|gk FAE BAh
CTC
RMSE = J; ()

A7 e A S9o] xFEOA AME S99 X3
FARZ px1 WEH, n& HA EAF(18 %3
=54)°|t}.
B Oj}: AHA
QﬂlﬂﬁﬁPHﬂﬂ&I%&g
9=
H

=1
= W

oMM - 7ze 59 ¥4
AHT f2d S-S on
ATE 71—
= 1=

CASE57} 3. 6mmi 7+
ot ol A TAATEES Il &

R 27 AYe HA AFREe] 66%E g

Table 4 RMSEs and mean errors of the source locations of
impact signals

Assumed velocities of RMSE* Mean error
impact signals (mm) (mm)
CASEI (D in Table 3) 54.0 33.7
CASE2 (@ in Table 3) 53.2 -17.0
CASE3 (3, @ in Table 3) 53.5 -16.7
CASE4 (®, ® in Table 3) 56.1 -18.2
CASES (D ~ @ in Table 3) 55.5 3.6

* . D is the path length of acoustic signal
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* 1 root mean square error
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Fig. 8 Acoustic signals obtained from the 1st wire fracture of
66% prestressed PS strand

(b) 2nd wire fracture

Fig. 9 Close view of disconnected wires prestressed 66% of
tensile strength (B-B section)
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Fig. 10 Acoustic signals obtained from the 1st wire fracture of
40% prestressed PS strand
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(b) 2nd wire fracture

Fig. 11 Close view of disconnected wires prestressed 40% of
tensile strength (A-A section)
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Table 5 Errors of the source locations of wire fracture signals
calculated by using the velocities obtained from the
calibration tests(unit: mm)

Assumed | PS strand prestressed | PS strand prestressed
velocities | 0.66 P, (B-B section) | 0.4 P, (A-A section)
of impact | st wire | 2nd wire | 1st wire | 2nd wire
signals fracture fracture fracture fracture
CASEl1 -10.7 -19.8 -13.5 -17.5
CASE2 —-10.1 -19.3 -13.6 -17.6
CASE3 -10.6 -19.8 -13.5 -17.6
CASE4 -15.6 —24.1 —-13.1 -17.1
CASE5 0.8 -7.7 4.0 -0.2




Table 6 Errors of source locations of wire fracture signals
calculated by using the velocities obtained from the
accelerated corrosion tests (unit: mm)

Assumed | PS strand prestressed | PS strand prestressed
velocities off 0.66 P, (B-B section) | 0.4 P, (A-A section)
wire fracturd 1st wire | 2nd wire | Ist wire | 2nd wire

signals fracture fracture fracture fracture

CASE1 -15.8 —24.2 -13.0 -17.0

CASE2 -20.6 -28.4 -12.4 —-16.0

CASE3 —-16.0 -24.5 -13.0 -16.9

CASEA4(*) - - - -
CASES5(**) - - - -

* : From each wire fracture event, calculating six unknowns
from seven arrival times is no practical meaning
** . Unknowns are greater than measured data

2 oM mAF@NY S3&EE AF, S DA A7
+49 AAE Tl AL U7t glow, CASES(Z Al
A £ 2 AP vEee 499 Ag nAS
7b B3 Rt @] o) Abgo] Brbssitt” uiat
Al o] T 7HA Aol tiE SuEEs A SHA 282
t}. TabledlH o2 A71E Aurw 12} s Rk
22F Al 29 91A] e&7F A FrE AN & 9
2 A} AN 7] FA IR E VEeE HIe]
w2l A PS 7FAe] et $1x] Wsle ZHER %
ottt weEbd AA vgEE PS A $1x)7F PS
A 52 W oA WskE 4 7] wiEed 22 A7)
7 MstE 4 9le Zlolg wdEd SRR expe] A
o FHx]7F 28.4 mmo] 7] Wil PS ZAle] wek £
H7A 8 JIEE M Vel AE5E 848 &
Avkar FtETh T3 SU9A A A3 B-B @A

o
N

N

A ollZ FAY F s Zo= AddEn
54 g

o] =& PS Al =9jE 11 el 277t AANA
e AT A EYE A4S e 2] =9€E =
B REY RS aige] 2 FolE PS Aol F2d
sl watay ghgto] WA eh=A], 3 PS 74l shdA
TR = FoE SEAATE AA G 2HE SLHA
7b A gRkel 32 7He Felshy] 9 A A
FYBHATE o5 fet] AFAE] 66%St 40%= 7t
zb 20749 PS 7F91Ade]l & 10 m PSC BE A3 %
PS 73S Q91Fem sea]7]7] S8 F4 £1 AY
& rAstElon, saea gX= PSC we FAE
Fel 3 7he SFAAE ol &3ttt o) 2
< AW AF A5 B o 22 Z4ES ATk

A=SHZR|HE 018

PS 7Fddel digh H2 3 48

A F 43]9] PS 7P AHSIE ASSFAA7IE

S olgstd AT F AU

AAEL] 66% Too=2 114E PS

Faeh 2"l oa Anker FFo] U
ol PS 7 oAl WEEE 9] A7)k &

ko] A &A|Zko] w9 AA A = At

3) AFAEL 40% FFOE 71FE PS A A

2)

4) 10

735

9 Y9AEZREH o 5m o X Yol B3}
I AT 40%=2 FAZ] PS AFAe] ke
s S8 gAY 5 AT oy A A
ZHE] A 7HF0] 2F 10 mQ] A5-elx= PS
7o) agas A & dS Flolgt wtE

5) 10m PSC EHA& A& o= FAYE ¥H F
ZAyule]l Hi AE £ 3,920m/lsec FEE FH7H

°F 4,132 m/secE ZIYE XA F=AvET 9 5%
A= 3A B7FE A

6) 10m PSC E5A<] PS 744l wtatA] A== 53}
9o &4 #1A+= W= 20mm

1. The Concrete Society, “Durable Bonded Post-tensioned
Concrete Bridges,” Concrete Society Technical Report 47,
TRO047, 1996, 64 pp.

2. Woodward, R. J. and Williams, F. W., “Collapse of Ynys-s-
Gwas Bridge,” Proceedings of Institute of Civil Engineers,
Part 1, Vol. 84, 1988, pp. 635~669.

3. Mathy, B., Demars, P., Roisin, F., and Wouters, M., “Inves-
tigation and Strengthening Study of Twenty Damaged Bridges:
A Belgium Case History,” Bridge Management : Inspec-
tion, Maintenance and Repair, Proceedings of the 3rd Inter-
national Conference, University of Surrey, 1996, pp. 658~666.

4. Halsall, A. P., Welch, W. E., and Trepanier, S. M., “Acoustic
Monitoring Technology for Post-tensioned Concrete Struc-
tures,” FIP Symposium 1996 on Post-tensioned Concrete
Structures, The Concrete Society, 1996, pp. 483~491.

5. Cullington, D. W., MacNeil, D., Paulson, P., and Elliot, J.,
“Continuous Acoustic Monitoring of Grouted Post-ten-
sioned Concrete Bridges,” NDT&E International, Vol. 34,
2001, pp. 95~105.

6. Youn, S. G, Cho, S. K., and Kim, E. K., “Acoustic Emis-
sion Technique for Detection of Corrosion-induced Wire
Fracture,” Key Engineering Materials, Vols. 297-300, 2005,

5 ZIE20| ZA% 10 m PSCE2| PS &M mietamtb 24X | 121



pp- 2040~2045.

7. Fricker, S. and Vogel, T., “Site Installation and Testing of a
Continuous Acoustic Monitoring,” Construction and Build-
ing Materials, Vol. 21, Issue 3, 2007, pp. 501~510.

8. Yuyama, S., Yokoyama, K., Niitani, K., Ohtsu, M., and
Uomoto, T., “Detection and Evaluation of Failure in High-
strength Tendon of Prestressed Concrete Bridges by Acous-

10.

tic Emission,” Construction and Building Materials, Vol.
21, Issue 3, 2007, pp. 491~500.

AT, o], LA, “AE7IME o]8% PSC el &
et S X A W, RESSEERY, 26
A, 5A%, 2006, pp. 917~925.

Mikhail, E. M., Observations and Least Squares, University

Press of America, New York, 1976, 497 pp.

ngo+ et o) A8 ol
PSC BE Aztsldt. F24
g3kl AP
A s om,

% 7149 PSC HolA

|

= ]

= -

o= 6‘]— o=

ATk FE T

AEYAE BJP|E, 24, 2N I

122 | et=232|E5lE| =2% M223 H15 (2010)

XL PN

o HIZ2ASE

6

pud

%71] =% PS A sl
2E# 29| A7} 2
7 A5 o] g3sle 7

UE sk

=3
=4

A}oHOk o, ‘:‘”%1 bs Aot
LAY AT E A% %Wﬂ

H g HApE 0 2 g rtsigiTh o
210 «1
A= 66%S} 40%E

1A E A9H ez

o). B4 %21 49

% 20mm °J3tZ S HAAE

Mo
jins
i
o
wn

YA EE PS A shee AAske ASSFEA W

f=3
=

HiZs
g3z



