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Attenuation of Ultrasonic Waves in Prestressing Strands
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Abstract

It is well understood that initial prestressing forces applied to prestressing strands undergo
a progressive process of reduction over many years of their service lives. Tn many cases, losses
of tensile forces in prestressing strands have caused catastrophic failures of prestressed concrete
structures. For this reasom, it is essential to periodically measure the prestressing forces in

the strands so that structural integrity of the existing concrete members can be evaluated. This
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tesearch is a part of an effort to develop a nondestructive testing method using ultrasonic
waves to measure tensile forces in the popular seven-wire strands. By using this method, cne
can measure the ultrasonic wave velocity inside a particular strand and then back-calculate its
existing tensile force. Development of such method has to overcome many difficulties including
attenuation of the waves propagating inside the strands. Hence, the wave energy (or amplitude)
will be reduced as it propagates further. For post-tensioned concrete structures, attenuation
may occur inside the strand’s material. Severe attenuation can be expected in pre-tensioned concrete
structures where the strands are bonded with concrete, a highly attenuative material. From the
above reasons, the monitoring range of this method would be limited since the waves may
“not be able to propagate over a distance in the strands. In order to investigate this effect, the
strands of different lengths were tested under two different setups so as to compare the attenuation
- rate of ultrasonic waves between pretensioning and post-tensioning systems. The results obtained

from this research would help us determine an appropriate set of ultrasonic equipment for different

“lengths and boundary conditions of the prestressing strands.

UM
msnesauuU s sfamsesegey
enmudaussonrmunwiasgesiaalas i i
Wamsgayitedstlestlfraaviafionsulaou
waennEnfvesian HEatue vBawdaslia
. 4 omod A a
hamesay  afudsndnilundais lums
dsriugoin andtlsaany wavanulinalalu
84 P 2
malfnurasisetiu q Mellanoaiintgadn
g leunauiviue diasnanaunwsas
mEl‘luLﬁa"]f’a'QLmﬂdNﬁiﬁLﬁﬂﬂ’ﬂN‘Lﬂﬂﬂﬂﬂﬁﬂiu
¥ . .
Mg minessuuuulivhateazdielu
1 1 §
nIaTRdeLiae  WWaiiawsiadwhTasuudng
A 2 24 =l o [ 2 1 =
Tarnmaldnuldaniasuiiudasdonwanvie
wWaswlww

A e ‘[ o o o oA
afufanslsfindundumaiulmfs
emadigafiundiangsierldiudshetussrm
dl.‘d a -dlg ] 1=]I 1_= =
Sastlenadsuddasmilusaudatuni (20 kHz)

i y . o
auld Tuifaatuldfimslfefudoalatinashs

ansnaenfiaaamamn LREAZIFOUAIIH
UNWIBgta9iEe maamu‘lﬁi@qmayﬁﬁﬁuyu
Winsuunasaiznauvasradndauazraamran
MressLERe S MEnMTh WEFANTINMT Fulwn
rosnauaeldFunansamulaeareanndanasd
AU [ Wemasy woAnTamsEklnes
ﬂﬁuamﬁna‘%mm‘[é\’lugﬂﬂnmmm%ﬂunﬁmﬁauﬁ

(traveling speed) MIAAFUWIIMU (absorption)

NTINTEAANIZAE (scattering) LALENALTYNOLIE4

E A Y e oA o
AMHD (frequency component) FaleFuavitwa
samemsnifivawinan wu lugiadavey

AMHAHILLL f,l,a::‘[@'i&a%'wwamﬁa’iﬁﬂm

[V 2 =1 2 e A
Farina1? ludn ludtasduitemide i

4 e . v A . A e o
Hendasfiuns e dusaas lsindaTausass i
r=3 w o 2r ﬂd:{"
aanamdansandadu lnenmmegauisi
2 1
SvugesnanemadiiutrheesE e

(2.3)

Farslainiumiaussesluatanien Laz

AMNANNUTTEInNERLaNNEan AL

53 RIS




msithowavuopaRuseasfuaXNAREIOMSY

Faorlmiintuaneunar™ feflemavanalaems

1 =1 A T = = X f
TANHZIVEINAUDAET ‘ﬁuﬂlﬂﬂQ(ﬂLﬂﬁﬂq‘ﬂua%

HUa B TasAARLAEIELTAT MA2eINEED
8
WS TR AR ITREENAN TOR A0,
E) = = ar LY dl
meugsasluanaindmsauss lmnmsdindu
Sanmleandn W inanend s fivaudnanils
L a w o A - R A i
W seTRduafuitmebnInvie msuda
FpmpueauiiduashlifaanaSmosaiui
arnElaemsdwitstaaussi umeniedonss
Eavdmnnddnemudniuissna

NSO EELEIAINREIETE © Wil
Tress e A LR HETINN WATEIAHNEEN
:Ld “S dl [ 74 = 2 =
AinsBawilaafunounia ulassaiaaunia
FausauuUfamannan puhMEaTIRTuaRnY
Saematniullldenn damnmnennugeas

IR - V17
s -
- infostumninim
uduwin

A . | & H
el (amplitude) aeaaehavImEauluLned
T -

aaunaadt il iensnsnifiumeaunaaaaiae

= % a 23 £ o

gasenenaenld i immmedauaNmann
aﬂnmmﬁmﬁmwamﬂaummﬁmqamwamnaﬂ
a@mmﬂmmaawmﬂauaa@m‘[eﬁunﬁkum@mau
5@1LL‘NNL‘IJH?;G\H%BL’Q‘IIEINWWJQEJ“L%

nisnNaany
Sogyahsnlflumeindanmainem.
Jasaividaeslaiin 1dsumsnanmsmaseu
manAmdausmm N naundai
wasdulutamaasnarlassadanaunialy
AW es Imasl,w,l.ma.,mummﬂmwmi
LLE"L\‘JEMVLT‘HN‘HB‘LIL‘HGI (boundary condmon) 11
ghatiu U7 1 sdmamsfadaeasflanasey

Twﬂl.[ﬂ‘ix‘lﬂi'l\‘lﬁauﬂiiﬂﬁ]ﬂ bLT LL'U‘U@]\‘] manwm

)
ATUADHNTA

¥ T

Yoain

- 7 o s
miRsasvmwoflnzdnzed
Futhiavoniamie

L aanfmsanTauy 7

indosiufin
iy

d -
anaiuindoygm

r o o e s M . o
qUA 1 n'rmmausmﬂnmmmmwmnauswmfﬁunTuﬁ7mnﬁ'mn"fygnﬂmﬂummmauﬂ?ﬁ

[T ¢




" dd ..
amguae i wsaarhiiadyno

afudanT rinasdidyanlwisnfivawes
(pulser) BraevwiviAendanalwinifiunfu
Sl dnidluaadunanmaiaianden an
tuedudaamlafinfasivme e lUeflae
o A A A G 4 A o oAl
anthanfle Faazlweaes (sensor) Feazihmelih
amadudygaeduudidisellduefasueny
o sazessatuindyuioudaims
hzanang Tawaigasuandwaediamat (sen-
sitivity) GlBMIIALAUBIANND LT 100 kHz
F-3 ﬁ;’ B =3 [

fie 1 MHz lumameaasih denenfendauss

msinnpansepRauaRaSIInTUeKINELISWSD

wwndadummadudeudnms o5 H dem
Br [] 2 =]
4 L usiaziEudianaent 100 Wa 40.5 W
712 We uaz 2754 W Sdedunehidyhe
aanamdiameasay bidudaiusaunia dmws
& 1
nafasaesailavesaudwilassasunaunde
[ A [=3 1 .d. =l 3/ A
ammtmummaﬂﬂaﬂugﬂw 2 Hanuedwuais
Fumstadaeiaada wuuusn  andumshane
INREHAUARSNNENUARUNTA A INENIYOY
menAefismedwitiy 100 Wousd sceziam
~ s ¥ ar = F:
mﬁmﬂmaﬂuﬂauﬂﬁngmﬂaammm‘lﬂ o
mMavidanaunFaAsiiugg ¢

10  (Raf}——

a P a )
la—szmfnamndn fulmiurounTs mlnuuuﬂm)——-l

'y

!

AUABUNTRA

namnRmfansu 7idu

EEme

&

- & . 2 % r
mIARATROIIBTIRYR USROS
fnthdnvoanaminiity

£

ad .
INFOINTAGYTY I

o o o z‘ n? o oA = o
31’" 2 ¢ MFPNARALERTINIZILILNAYHESARKARS LU CUR WILNR L INGNEIPLH LI IR ILRBUNTE

ARNISNARDULAINITILASIEY

U 3 Ay 4 L PINEMSYIARaR 18R IN
mnedaulassaiueauniaiausauuuaaman
o v A e A e o a4
il UA 3 Dushathindusans Einiiama
v 4 a A a a
Hldwdnniedauitluseeema 405 vﬂcﬂrlumm
Andenilaifimsduriatunaunie mnaemgTns

adudarsei idavgniudnlifaman e
Faluplit 4 sfnldrhemuguasedusanslein
farraivlgarasaauiianiafnnupinniu
nmmmaawmﬂé’;mﬁmmﬂm’:@m%’u WaENS
ﬂi::ﬁmﬂismamaawé‘aamﬂﬁﬂuﬁaiﬁq UANIIN
SufiuAennmauwizaseduwanaadunans fUg

2 s




msununearoLARuaNS InTuAKINGUIS ST

2L

m@ﬁﬂwnLﬁuﬁé’amauaQv‘iﬂﬁqﬁytﬁuwﬁmmﬁ'u A = 350
Yhnadw AnmEeTEiaiRenaEus .
SENERTIHETTAIA IR (L) TLAHETE Benendinlsy e 0.02 TEATMILILM
paudaslain(A) asrsndlafennsiil  qansiu (attenuation rate)

0.15

0.1+
Amplitude(a)

_JA“AAAA“AA
"VUUW\

-0.051

P
viamgeventu (Taad)

-0.11

.0.15
2400 %107 2450 x10°° 2500 x10°° 2550 %10°®

a
ryan (3} [

ol 3 oatndusann ledinfinsniuld

yurpAansgvednty (Fiad

100 150

anusTesnnde (Wn)

P : P I‘ - f = d\ll = o e =
?ﬂ" 4 ¢ MISIWUIHNRITDIARUEANTTITHN HAIRIAALYIN Ngﬂyﬁiﬂﬂﬂ?ﬂgﬂﬁﬂunfﬁ

[ 56




msanasvesRaLssasTsInfursanaeasansy

a
wwTugaveanay ((and)

3 4

seeefanndriiufaiuneunds ()

T

5 &

iﬂﬁ;Sr
“

TRt [ Tara—
leserFonaurBndousaundandnrion s
ehenugsnasniussemlsinfomaiuldnead
ash\mmL%’.;Lflaﬁi"avﬁmmLﬂé‘mﬁuﬁaﬁmaun%@:
NN nmmmaawaqﬂaummmﬂmwmu
wiuadulnsraunEar R wazan
IYIETIEIIET R arediuE TR e
YaaTAmanAn e (B) fYuay

: T - v
- Pusndudaenlatinmansndeunldifuamns
1

L]
NP

TInmInBLifeuehdn s inireninsas
: aumﬁwud'lm-amu@%uwﬁaomaﬁ'uhaﬂaum’%‘ﬂ
~ {Bvdwasiadaninmewnuasasedudanlein
S ANTMIQeILAYMSRSEAAN T LB IWE S
: ﬂﬁﬂhﬁ@ﬁﬁ@

nswwNssesniusans lniin tumamniefigniaumiiradrensunda

ﬂﬁﬂwﬁﬁ“lﬁmﬂmwwaaafd’amsl,uﬂﬁﬂizmm%
mmmmﬁmaam'%'mﬁwLﬁmﬁmmmméuﬁamﬁ
Triinasiirdsdenduidanulglnamosle
anaraniadiumTlsuananasansg wneldesy
warmIRdUdL AL sRAe T uauSuees
s dasnuafifesifuninm
(noisc) annﬂmwwmé’amaeimaaﬂnm syl
waammfmmuuuavmmuawmﬁmimmmmﬁa
?Jamammqamu‘lmnummmmamﬂuaamamumu
fiflenann (high signal-to-noise ratio) 1908184
TwmmesaumandeulnseeaauEaie
uandntnds sun@iraugaaietasaa
sunadididwii 107 Trad ua:ﬁmumstﬁ@h
signal-to-noise ratio W 10 muummﬁaﬂm
ﬂammﬂwﬂ@mia“umrmﬁmmﬂu 107 Taadl
AMNFENNT (1) ﬁmﬁnmmmmmﬂnmﬁmaa
aainduifasnaaaulddn 295 el mmmaa
furdsssanedasfindunmiedn nraean

57 [EEC




msunnvapuepadudsasonluasminigoansy

el lumseumiodetenaiicne 7 994
fa o 3 [ € d\l Qrar
awaasIasiuaaTeng Hah lesuINNTTMAAD
=9 1 t23 r L di p=| =
audidutae insvawipnnsasiianedaiitin
lnshatils e Bn B mAUALIANNEEN LI GA TIHET)
LastawlirnaauIaTada AN REIIALTY

unasu

iR meseuw e Teld
ausanlEinmaTansel atenRedans
=t ‘ﬂ‘ ) Lv) = ‘ﬁ‘ :: 22
favaTiand mymmmmmaawawauﬂ‘ﬁ

yosay  wasidunalwaainiendasm
LM nsasTBInERIsengsnntaIRN&REY 3mT
& o w a A P9 o
Sawiiensueaundadenld ulaTsennunia

2 ] K
Kausauuufamantion ehematafusaemlain
2 sanuuns st e mimenEe
Sausaianuauastounlvrasauweisniu
s eEaLF T LA annsEINa N Tmesay

é r=1 ﬁi‘ 2 é 1 2 55 o
yasgantasiiold Seawtelifhmmesay

o 1 o A A ] &

YALFTUNLATDINDT LﬁN'I‘dﬁéﬂlLLL@lﬂﬁﬁﬂ'l%ﬂTim
2

sy O




mstrnranvaoaRudsessInfuasanazodosn

usswaunsa

Achenbach, J.D. (1980), “Wave Propagation in Elastic Solids”, 3™ Edition, North Holland
Publishing Co.,USA.

Murnaghan, FD. (1951), “Finite Deformation of an Elastic Solid”, John Wiley & Sons.
USA.

Wissawapaisal, K. (2001), “Nondestructive Testing of Reinforced and Prestressed Concrete
Structures Using Acoustic Wavegnides”, Dissertation, Department of Civil and

Environmental Engineering, West Virginia University, USA.

Folk, R.. G. Fox, C.A. Shook, and C.W. Curtis. (1958}, “Elastic Strain Produced by Sudden
Application of Pressure to One End of a Cylindrical Bar: 1. Theory”, The Joumal of
the Acoustical Society of America, Vol.30, P.552.

Chen, HL., Y. He, and H.V.S, GangaRao. (1998), "Measurement of Prestress Force in
the Rods of Stressed Timber Bridges Using Stress Waves”, Materials Evaluation, Vol.56,
No.s, P.977






