ARREFHEER ¢ LEA LT EARRE

ERBR AR L EBBRBRITZHE
“xtE

Development of Inspection Techniques of Concrete Structures
Subjected to Earthquakes
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ABSTRACT

Keywords: concrete, elastic constant, crack, elastic wave

Under the corrosive environments, fatigue loading and aging effects in
concrete structures, strength of the materials may be reduced, cracks may
propagate, and unexpected catastrophic failure of such structures may happen. To
monitor the integrity and avoid such a catastrophic failure of a particular concrete

. structure, reliable Non-Destructive Evaluation techniques are needed.

The purpose of this project is to design an experimental process for the
damage of a full size concrete beam and then detect the degree of damage using
NDT methods. In the first phase, a full size reinforced beam has been designed
and fabricated. In the second phase, quasi-static loading experiments on the
concrete beams will be performed. Both ultrasonic and transient elastic wave
velocity measurement techniques were utilized to evaluate the reinforced concrete
beam with damages. Results show that the damaged induced wave velocity
variations measured by these two methods are well correlated to those of the

damage areas in the beam.
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Development of inspection techniques of
concrete structures subjected to earthquakes
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Abstract

Under the
fatigue loading and aging effects in concrete

corrosive  environments,

structures, strength of the materials may be
reduced, may propagate, and
unexpected catastrophic failure of such

cracks

structures may happen. Toe monitor the
integrity and avoid such a catastrophic failure
of a particular concrete structure, reliable
Non-Destructive Evaluation techniques are
needed.

The purpose of this project is to

integrate the existing and newly
developed NDT methods for the
evaluation of damaged concrete structures.
Wu and Liu developed a NDT method,
which is based on the elastic wave
velocity measurement, for the quality and
damage estimation on concrete beam.
Experiments on a full size concrete beam
were conducted to evaluate the feasibility
of the newly developed NDT method.
Wang developed a CT method for the
defects image scanning in concrete
material. Preliminary demonstration of
the method was performed on a specimen
with artificial defects. Liao developed a
NDT method for pile inspection, the
result has been applied to the evaluation
of bridge damage by the Ji-Ji earthquake.

Keywords: Elastic wave, Nondestructive
evaluation, Concrete
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ERMRBRFABES  WERYX HARESR SHWHWE
BHREENAEBRDHELBRMNEBEZIAFRET BEHES - %E
FA2%  EREDAVL TN RORBRGHARARINOKLITH » T
ABBTRBHRAEHRE - ARRBREBE2RARITS - B4
AR BAETHERGRE RETHEMLA - BAAGSMBETEZIEYS -
AP EASBIEORBAATRFRAES S A HREZ M7
AREES I HEFRATREZ-E -BERAHLIAIELTR
REWHER  FRIBIIZEBRMHMB L THALEEM - B
RAEFORGRIEEAEASRIE  FETHAREEEHE2 225
RAVEEHAR LY ERET  FTTHREARIRLARELSERS
N e BB ESEREARR LERFTRAMMBELR K
RIBERIBEEIRA TAHEIABERBLE - £ - 548
FALRRTHETEASEILIEMRRAAE YL EHR
AREZEZH  RETERISHERLT - REXKE > FTHOHAR
AR AFEI/E BLRGHEE - BRAAFEEL 82—
E2R RAERGBHEILEZ -BARSIRBB-LAZHR £46
RE2ZEDN - ERUVEZHZFRAA - RSZIHBREEL K - M
BRERAGHENRBEFHFEARA T LHZ s RAAMBMARZ
R BRAERATREHSBRERIEAPBAHE - BREPEA KL F
RREHLRAEASK - FENL ARFBMLAIRZINEREDE
Al > BAKBI BEBIEAPBRARE > FHERARELLTREHEY
ZHE EARLTMN BB EELFERATREMALOALE
TrEARARFREBBARR -+ FR FABRBESR 28004
B ZHBHERABERASH > BHNESHIBFCERDR
B mBANASFRARFLRIAFZBRIAABABRAERAZ S
BE¥S > EEBRUBELIAGTES EARLE -



BRRREZEBEANRAANL  BRTELRISBIARLAR
SURERNTREH  ALBRLEERARIRAZI N LAS RS
ROEL - EAMARLEREANRRT  ARLEHSUBTRAES
THRGRABERFEAM  RALABASTRLEBED - FEHRIE
BRAREBREER ST HRSE S FROBEER TS EHES
FOHERAAN - BECENIAEERIHBENA LR LSRG
YARRBIEY  TRAUARIEHZI SRR -
 REAERBNESMB AR AN A RN AR IR BE 2
BBR AL RATH A - Williams[1]4£ 1936 4 5 5% 32 5% 4 (Testing
Pistol)’ LASAZk £ AL 3R & B A% 04 IR R SR45 R L 28 B 4% & Frank
M Rk A % % 4% (Spring Hammer) & Einbeck # 4% 4§ 4% (Pendulum
Hammer) - 24 SRR A BB EH ORB RS HHEE R4 s
B FRRBLIARBELR B HHERIRE - 1948 32 LT 267
Ernst Schmidt 2% i} § AR L& K 2 R ¥k > X 4 54 4&(Schmidt
Hammer) 5% 4 $#(Swiss Hammer)[2] » & 5348 422 38 + & T R o

FARAKRE - BFR > ZEAFNRYEBHEARE » 8 24aH
W IR RIEAR A AT ERRR L BRI - AR ERB[4]
BREBERBEMFEES] - s Carino BALFN B Y ERME - H
HBRET[6,7] #HRk L b4 EaRR R -
AEHRIEP  AET B AHENRR I 4E 0 TR#
CHRATRTZRBRIER R LEIANRBE R F[8IREERM &
A (1018 AR B L AR e 4L MR A T 0 BP0 L4 A e i3y
GEE-LAARENE > ERNBANLRERRTRA DY S8
BX% ERBRIBIINEHNTARERLEHE 0 L L BB
T mEGRRERAN RO BIERBAZERY LIRS AR
TORRH SRR TE RROSRTUEE > AR E A
RYEBRAZHFUEE  HELATRAALRLBENIE
EREERBEBELNH N A EBEY > ARV BRBEFLLE R



B2 ER - Bk > FHAHBZIRR ) TRANNERARLERE
R - bt AFRITRERMNER - AU EEEH LT
RRERLERGZ  ARBBRERLREZID AERYE > Tk
ol 38 L R 3R 45 AR -



¥ -E B RrRRABr R aEk

AN EHANERCEF LB NEB P RBAMAE L AW
BT EGRRELERFBRRE - B HAHERZLERE - W%
RRELEGHEZZE -

RRIUBILHRARS  BEAFHEXIZREHERH T REHS
BEH L2z BIR— R aaRR R AR - ¥ E P RB 2B
SRR A AN YRR BEAMR RBFIEMFRA T HGHAR -

2-1 st AR

ARBBRBEEIEToANBET - RHXHE - sRoBIAR
=3y wB— AT -RBELERBENMEEIARL >
RNBHEEERZEIE - RRBLUKE-EE AsRAIBHEA
ARz EEHETHRELE - R XHEERSRELRILURERE
ERBRARKRLE AUXEMEEEIZIRS - 35 HEH LT

1w KX -

B— MTS 2 HEHBRHGE  ARANWEAN 961KN ~ 2+
500mm - # & 40gpm >+ R+ 4o B A7 I B2 S35 3 AR s
BAORBRZIBERTENBIZMAEBRE -

2B RiER

& & & H350X350X12X9 » & 5500 mm =z f& & @ —
H400X400X13X21 » & 1510 mmz 4% R Ara i Z PR - AR RS
HEZ-BUBEALES  EHHSRBRZ wRAHFRE  RAD
HMHARLIERIEEMRE  wBWATT » BRERSF AREE
ERNRBIGZ AN EEZE B EHT -



3B EME

# R B — H414X405X18X28 » & 3500 mn= 49 3R » 4o B 55 FF5F -
HGBAERAZEEFAIBRGLMBRIRETHARRLIE > 81
THHAXMRETHF IR E I ALHMNERTRIEHNGAZ RN
FEORWEZ SR RE-—SEMNEAHEBL -

2-2 Az st 4k

ARBTERTARBEM > ARRABA S HNAT RS ER
B o BESGHEL - FALRH - A8 R8> AREBHHN
EHAS TR ARG ERRZIHK -

B NSRRI B R AN BRELARAERE
NEBARAFEEH - HEPERBENL2R-BHETONH -~ RIELRE
B £, =280 kg/om’~ 48 8 b b 3 & £,=4200 kg/om®~ B iR 36 & £,=4200
kg/cm?® o

22.1 33 A (WhsEA):
2 RMFEZBG
1. EEHE:
BREBRE %ﬁﬁﬁﬁ
 HOBREMSRRELIRZIYE M, =2Tt-m
HHREASRAREFIIEE M =525t-m
WWE M =552t-m
BAH A V,, =368m

2. 4SAME:



(D)-F-Hamsh oo,

857 _
085f, 4 & _08Sx280 ... = 6120
7, e +e, 4200 6120 + 4200

w2 X
?SpﬁO.?Spb =0.0218

¥

B p=0.018

=0.029

Py =

QR ERIER

m= 7, - =17.65

0.85f,
R, =pf, x(1-05x% pm)=63.6

bd’ =M,, N 55.2x10°
R 63.6

Bd =50cm - b=-8-§—?%—34.7’ Bb=35m

0

= 86792cm’

O EE )
5
R =55.2><1(3 —6
35% 50

p=l (- [_2mR.|_ 1 1_\/1_2>':1’f.¢'>5><153 _0.018
m £, 17.65 4200

A = pbd = 0.018x 35 50 = 31.5cm”
FRARIORSAR, » A, =32.8cm’

— W@z R R
BEZYABHANGZNEMN  AENG LRI NRES LTS
S5 - BIAESR2 Bk A5 = 16.4cm’



1L£% (h)

h=%+d+db+i=%+50+1.27+4=56.8

B h=60cm - B d=53 » d’=6.87

2-3%&?& (S;,):
S, =%(b——tlD-2i—2db)=i—(35—5x3.2—2><4-2><1.27)=3.9

=~ hzE
w, =0.6x0.35x2.4=05 1/ (0.6 /' (ok)

V. = 0.53\]2 bd = 0.53x 280 x35x 53 = 1645 lkg

V. =V, -V.=36.8x10° —16451 =2034%%kg < l.OéJf_;bd =39022kg

WA RRARMAR - A4 =128cm’

Afd

S= =28

| A
s.maxS = min(;f"-,%J = min(38.2,26.5)

ﬁmﬁﬁﬁrﬂiﬁs:ZSC?ﬂ
WA R R RS X AR EME@25cm 3 9X2=18 4] » fv
B -t AT e

v9? ~check M & V, :



RSB R H
L& AR MRS - X 8 2 BB A,
6120
’ " 6120 - 4200
C.=085f. B, X b=153647
C, =16.4x (4200 — 0.85 x 280) = 64977
_ C.+C,

x6.8=21.7cm

A =52.1em’

Log

¥

o 4, =32.8(4,

LERBRIREIEY XAHCRER  BEASSBRRER
2R X

C. = 0.85f, fXb=0.85x 280 x 0.85X x 35="T08LX

C5=A:(X_d X-68

E. x0.003—0.85/. )=16.4x ( x 6120 238)

=39112

T =Af =32.8x4200=137760
wC +C =T

X =132

3IM RV, :

M =C.(d —%) +C . (d —d'y=93469% (53 —w) +44291x (53 — 6.8)

=64.8t—m

A f,d ,
V,=V,+V, = g L 4053y 7. bd =392t

222 B (#EHOEH K )
R Bzt A%Easiss > AR/ GEREBAFTER TR

—(REH (WEAMT) MARBLERRBY N5 AE



AR B BRI

1R P MY

& BT 4] T 404, =52.1

r A, =16.4(4,

LERBIAME THAHCERK EEASERER
C.=0.85f. AXb=0.85x280x 0.85X x 35=T081X

C A'(X—Xf‘f—E %0.003—0.85f )=16.4x (228

x 6120 — 238)

=39112
T = Af =16.4x 4200=137760

wC +C =T

X =81

2AEBYEBRAEM REBTHRAEYV,

M, =cc(d-%)+c,(d-d')=5?356x(53-

4-0534 bd 39.2¢

0.85x 8.1

}+11524x(53-6.8)
=338 -m

V. V+V—
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TEngitw 1 KB WD G

AT W FE %Y Saiv STETEN PRETRURE
APPROIHATE WRICHT) 0T LS. LIS RS

B

94 it e

Ll
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B> v & roms 0 ase LaFr s e,
B> e & o T WP 03

> uooate men vz AT Aremox LOCATEN 0N,
DAL MO TAR Y-20 UC-20 N A 0P, G

£ umc & TOE 10 FW OBET ST W,
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FEF R L RIS SR T

AXBEY BREMEARIBEN ARTHRITER IR 28
Fo B LARAE R AR AT B Lo T B ER Rk F
AR BEFRAAREZH % - AEXRT AR FRHSHER B4
WRETEFIRAEABFROYGERB B AR FAERITERN 5 9)
HAR AR AL OB RBILER -

3-1 BB EFMERER

RRIEBEBLAR NEARDE -5 - LR -EE2HYE -
b RERNGONE TS BRAEHERA LHEERLE
BABEENBRARAY CHRRKRVEANNGESTRYBHES
REE - AAGHEAAIR T SRREERBE RN EE LB A
AmARRRLERER  MNEEARBRBAZAL LT RER -

REREREMERERBBSTAKRGOT S B Z4[1] 0| 3-1
Aok o H 34848 ik (direct transmission)3k HEF X » B HEE L £
REGEESHBREBEGHEAT BUBALBKIGRELEEIRS
MEBFR  LRBBRERTAR EREEAN KB EL HET
TREGER - R ERFNOAEZ AR 2ANRBE— 2%
(corner)=T 44 & Rl » RI4% M ¥ B 1% 34 7k (semi-direct transmission) - %
i BBRKERLERHSHOER® SRR R S ME L
HiE AN E I BRMKAEREN  FEASN R RALE
B RS BEERRE )R T - 3k 5 81838 52 (indirect
transmission) A A A R AR L — B B ER] > BW B RS
e Bl R AERLT S AR -

EARBLEGHUET S  FLXABTRBEAFTHE RO T AN -
—HRmE > BERRHGONEBREE BB ABRESRR LS
B RARBMATAEERGERE - osh > RBWEF A EFR 2
BRERBELER TR NEBERENE Z TRk -

BRRBELIHERRN BB B AR AN YT MBER
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ETHENPARFLEEHREARA - AERANEERRRKAERELE
Fo AR ARBLRESANRE XM BBOR I EERRE
ARBRBERBRRD FEFCHTEHZBR - —RERREL
HEFHAR ML 20-150kHz : B A ALK ERSFHAAGRERR -
{22 & AN R BE 2 IEEUR MR - RIAA B ARSRIR SR 3 B ARMA
2H%E - |

AFRIMGE AR BARERRRER  RADZRUINNE
8E 0k AT 0 A FU AT o4 2 3 5% &) (arrival time) » B340
Tk A RBEE R -

AAEAEROBEAERENAS RAU—RAF AR NEE
43 ik B (digital oscilloscope) & 3% # & 4 % (function generator) R 4F
ANMEEEL - BUAE L SWHTAS D —RET(bust):R - &
hEHK K S(power amplifier) L AM B TR - RERBRALS
(transducer A) £ 4 A8 & H 3 - 8 b 18 ¥ #9484 Rl (couplant)if B /1 i
AR AR —BIERE GBI SRR R K
% (transducer B3 i3k » MEMMA TR S RAKRER - AR 2
F X B 3-2 AioF o

HRMEENHREAHEEREHTRARY (HERY) &
B E L RHAREEET BHRBRARRE 25 BB
SRAEDUBERAAR - AL AKREBRBELZSZI AL
FRRBEATEMR -

EHAMRMEMERELR ARAHRBMOAREETEAT £
FAMMBRIELAT AR FE KBRS RBAEHRENTTRE
#t o 42 B R A ik (pressure wave) @ — SR BT H BT RK
BB 3 71 i (shear wave) & RIFHFHBBRAZNE RAELBERERLZ
EoH -

— # AR B R IR SR F LA 5T 45 B (pulser receiver)R & £ 2 F
o R SRM E A M i(pulse) R BB IR IR X B EHH
BEARAETZHYE Bt TAMAVELSRABRHERS
CAE BB IESEAT R ZAREEF  RAME A RIEFHAEERF MMM -
sh o R PNEE K KR B RIEE - BEE X BRATIIR AT K A 0 dosb i E
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18 EEFAE B IR SE B4 & BT 2 e 7 5% B (rising time)#t 4 > A RS MILE)
B %1 of I 7 -

A EEAREEFHEN  TRRK S RER  HA AT
B e BB aE o 1355k 48 M 48 M (random noise)E FR o B A
B Bl B Z K - tbik £ F 8 A #) 3R Bu(signal-noise ration)
ZHBHARHER -

AATURTRBEETRBREFFRALL L Ao B
BhABELBEERINE  BBHBRAXBERA  BEEHERY
k- A BRETPEFHFMERARS  LAERERT B EHEHH
REMAR -HMEEHERIZRANEHANREH BRI PHZ
BRI REFR o sbsh o ERNYARLEEFRIAFRE - REUR
R TR R OUERT BRI R P R R W AR HURIRE Y
o BE BN UELKER | REERER RN
FRNE THEHSOHRLEY FRABEMEARR #FRE
AHEEHE - ERTR B ERN RAER B R  RTEH
BT A Bk

32 MERHARREANLL

ERLEREANELRBADMELNEBBAKET  H
3-3 AR RR HHENERTRE - WPELE-—RRRLE
Bl ARRRSHABRIRET > Hbie AR DHERAT
Bl Al emils) AR EBRY R ASERREZ AR BB
AERREXMEEEE R L REDE-

B 3-4 583553 A4E @AM ERREIERRAIRERK
BOABDEAMBHEFOABHERRR[T) B FARERBRB R
ety h RAEZABR IS X+ Cradisgk « H5H -
rAERBRERSZMOBER v ATHIHB  QOBERAHRKRE -
HE3-4EH3-SEAERETITEHER > ARSI HIMBMKEK
AEROMBNE - Bt AYERFMEZN MM A B ERHER
B FRIMAEENZADROUBMETIREZIRAR -

Wl 36 7 SRS HREKREORBERS > BF n Bk
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RE-EBUBEE - dARBRKSIRAEE - RRELNHR
BREARERBUSHE > BB SRBE A ERZFHETHEAES
fo} » AS B B oY SEARER LAHAS AT R Bp T R SRR o

wE YRG0 R A KB E(linear elastic)fTAHRK > £FH
(isotropic) ~ #4 & (homogeneous)#) 1+ H F » Sk KR A AT #l 14

v@ (1) -

E P k=0-v)(t+o)i(t-20) " Ed BEHREBRHE pHER v H
Poisson’s ratio » Bl bk &R MEHM B Z F AR A ELL o EAEZ
FHFRARE + 2R ACI318 HH, - 25 £ BB R FR 3% A
FHARAREL DR RRRERESRFTRALELL » £TRRE
THRBRBEESw BRI THMWERS -

EREBAARIER T - RADEIARMYE R E L KB
A ADSEZEANRABFRE  AALAELDRR SAEKR
MEP > Ry AR DRI AR 2HiEEH - mA
FRREZNGE - BASEERER K AT HED I -

o 3-7 HAMRR LSRR EMBEL T RRANE  BRT
FAEE | RSB AFN  BEEG THEANRR LN
S AEA B R BB R AT B4R R R E B4R 2 IS
HREL-RERESRLSLRIADRISHARRID G- -ALE
A EER ORI LAEF BROBE 2 RN ESB] -

AR R RACHERRAFEHT AN ERRE
RFAL B ERANERFEENLHMEY  BRFEERHNEARYE
BASREZNHAE  MHAL MBROFEUR TR R
BRFRGFRHA AT ESERLEHARE -

HRERASBITHABBOMBRRL A FH RESHAM
BAXRERT FEAFTAHRMABEGELS  MBME P HER
AR S AXHEARGFLAOYE - ERARNALEMN TGO LER
HERAEHNETEA TREABARR LR BMH > AT Y
R PR A MREARENESETIFRTPE ATESER
PREERRBR -

UM B EFETATHRSAAN G B T8 ok ik B oml o
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TREERAFAETARMBHA TG EHRBLIFAT OSSR
ReomERBINNEAFEEKASG > iR TUESRAHE
HEHFHBRTERN BEFUFATELKAFLNELS - FEFE 4
EANBEEL AT R R ARALHMBFEZIL Enit
BIEREE  ALRERANER  FITHHELASRRIERR - &
BABRRLANBRK B2 AHIAXEIE 3-8 47T -

HBEYERMERR TESH - STEARRLEARA A &
(B 3-9) BARNRGZERN - WY ERMEIEERALLRY R —
ek BETER AERLBETRAEHETARIE - RalH
# .35 © T 4% X & Bi(portable computer) ~ &AM LB AL R F(AD
card) ~ o # & B & ~ AT B & K F (pre-amplifier) ~ HRAE L SR
LabVIEW (Laboratory Virtual Instrument Engineering Workbench)#k##

TEXERAK T ERZHABRBT LhEREMEH
ZHELAE  BRABEAK BEHIATH FPRARE - KA &K
FRGRLE IRt - £ E45:8 (single channel)# X T X HEUR3A %
%% % SOMSPS + ¥4 (dual chamne) X TR RHMEE®H S
25MSPS - MK ERI6F - LURBR LK AR 4000 mis - AT H A
SIE Ak 0.1m H4p) - BORAR B SRR R AT I AR IR AT B oY PR
Bl 6mis Wb BARARIEREFNFLERESH -

BRABRTBERBEZRIBEAROUBRR B[] LE4ATE
EABSHACBREETHERA - HHBBH LB R TR
ERRERELS L2 R HE—FHEA 04 & B H#3H (backing)
WIS R BRK  ERMBERGRAEE RENEERK
BfelAn R AD2 TR - b REARBZPESEEZRT
e ERRBIERGIRE -

R A A B AR A MR A A ORI sin® P (m/T) -
R 7. 5B - £RTHRATRE  BATEGREATEER
®o BN EEAR AR IABG EARAREFES
g BhE i RAMIMTERANER - R HIMFEL(EN ratio) * &
ER R B BHGROTRBRE -

A4 # 1 LabVIEW $ 88 47 B MR R H - R B MAAE
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ZHHERABRABRHAEALE PR EHEH > A EBEZES
T H#AXTEGEIGAARNT OB REETNASL -

ATERFEATREAM S EAGBEHAEX T > HAMEL
T ARBECBCERTR] A BRI - SR RN TR L ENE Ly
% B LA RN TR - SRR PR 88 3 B (linear phase
finite impulse filter)sE 32 2 - #7131 K4 o483k » TR 40 B o9 0k k-
PREEREGE  HHBRRABMAEMERIZIRIEE - AidR
Ye TR 4o B 3-10 AT o

33 Km&ER

331 WHARZERH

ARFRARIBEUNIBERBBERRB 22 ELB 4R
BREIBERZA ABTHTRRYEREEARNER - SAHES
MAEEBEAREFRNER B @Y T BAm A B42
B BAEREARDBLEF - MAREELIBEMDLS R 325 &
TSEESR  ZIEITERRER -

Yo 3-11 B 3-12 R AMBMZ B LR RR YRR &
REFE N ERBIIRS  BIWE LR BRBLAERY L
BRDURFEAFXET RERFRAFUERYERRLS - i
FRERFANFELRS AN ERGFPERUAEE - SRRTH
BoB8FTRARTRAYERLERENG SN HL  RAEL AR L
B AFHERRENFAFT AR RBRORE BT RIERR
BRARGBEREFZRUEATRBEAPEHBET HYERR
BERRBERBU B2 A GREHALE - Kot - f2 R
W RBRIBTERRSARMILEFERROFH - T2 dy g
U R EHOHE - B FHARERMEAN > G EH R
RITRE  ARRZ A GBS - FLBEF YRR %k B
BROBETHRERIBEISEBRB LTS -

AFHRRIBELIHSNEAL BB B M HEE RO
F-ARRIBPRERINBLET OB EHHARTS > 0B 3-13 &
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3-14 BT AN EBMRERIGE BN A #REFRE
B - MBEEREIREAELEHNGBZRN RIS T4
AR+ RBAL ol AR FRBLAB - RFRABAAAREH
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Cycla Loading: (10 cycles)

Frequency = 0,05 Hz
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Force (KN)

_1mb!lllllllll
0 4 8 12 16 20 24 28 32 36 40

Displacement {(mm)

Bl 3-19 RERBEX®BRER

3-20 RN (L HEIW: F P 2ER)

37



Relative Amplitude

M 3-22 ARSIk R ERMER (ADELLRK)

38



Wi
I

T /;r. 77

£ A 4‘;‘ .’.‘ £ ."‘. )'r

-/ s

Iy

3-23 BB ARENCEAER (ROAHRMB)

Relative Amplitude

n

|

!

|

III
I /

1

o
|
Do Receiver 1
| Receiver 2 IJ
e
20,00 40,00 80.00 80.00 100.60 120.00

Time (4c)

B3-24 i AR ERNRE (A0F68:0%)

39



B 3-25 BT ARERSHE

B 3-26 B Y REBEERRASHE

40



1)

|<— 5.65m »I

B 3-27 HABMBEEXRFEH

4400mis
4500ms
4200mi
4100mm
4000/
! 3emmss

B 3-28 MEkikkoHE (ARKE)

41



4lahm/s

3300m/s

3500mys

3100ms

B 3-29 WARMKELSAER (B4RKE)

3-30 MARARE (b A3 T HE2)

42



B33l dn ke ERITE (E—PR)

“1l%

-T%
x
?é.:: 1%

B3-R2B8EREARERIAR (B_FR)

43



B 3-33 BEREEERSAE (B=r&)

B33 YEREEARERIPE (F PR

44



B 3-35 WEMMEERERSHPE (F—F5&)

B 3-36 WAFBHREERERSAE (F=m8)

45



FwmELAREAREY

AERBMEELBI——ER  EwERARLRLEM ML TG
MEZN  HEFRRAGBRAARRDETATRENAL - ARt
BF KRt EARLR NEU AL BEETARER
DEFREBAEARKETOREEROTEN  BHGEEEYY
BOE - HEF > FRIBAREER  UERARIBRER ST
REBPFR > LR ERRINE > ARSI ERYERER
HEEREFBARLIBOERIARY > EHELE R R E K
Ao BERER RACRRAPHE R - BAR K AR TRNE
AR TUBRFRAARLBHOBBIAEN - 8872 KitEs
RARRESRWT

LR RRLRIPRS AL RER B ERE R - 488
HAEEN N BRSSO R AR X A AR AR 3
BB A RHARZA -

2RBRLIEMIMAZRRIAERNE R TRAASRER LB #
Uz g - PR TR 8RRk MBI MG H T 8 R

R B Bk ERE AR RSN BN - TH &Y
BATRBHG TR BHHARAURANER  RITHR
B ERANREBENAONR  MEBRSEREETRAELHE -
ot THERKMOEMBREZFERAE -

3. MAMENTRERTURE  ARIBLSIIAARE &
ARG AL BHALRRINSMSOBESHYS . &
RMEERTH BERARSYHER HARTABRELAA -
Bt AR BANE S 2 BRI kR RN LS
B AR RER A SBANES -

LEXRRET MEAGYERHEERENAL N EEE~
RO THRATERA BN ERA T AR LBHZ AR - B

46



B HRAE - SRR ERVRR LMY B/ AWy~ Bk
B ERAGRERNTE B LREENE R ERHRER
FIRRAAEBEAREEREHH LT ERAFLRAEF
-RE

AR RSHRBER TR LB BITIORRR T Z2 W%
BEARMEERFANEEINARIMHI A LS AREABRRET
HEBEZBRBESN BN RRAWARZIERD T !

LR RRERt DEMERZRARIBGRDBTERT
B BhMoREE  BTRBRERE  URFRMERE LM
REERBMRRRZ AN R -

2 HHRBREZNA N ARKBHERERBICZ WA TRTUAER
LR e R X B AT - $HR R SR AT A RBR B it
SRR R 2 BT SR R F) A A AR A R
BEZEFRHE -

3. ANYRERHRAEZIAEFHRESMOHHRT TRARAER
ANARBAEFEBREX (K -REORE) RYERERMH
1‘%._ o

47



%
A BRREPRAZ ARTRES  ARE LT oRAES

W RBMARSRIHUBM A Bt 28 EEXRER
VAF] 7R, 0 AT SRR o

48



%7 R

1. V. M. Malhotra and N. J. Carino, “CRC Handbook on Nondestructive Testing
of Concrete “, CRC Press, USA, (1991)

2.7 R 2 WA AR KB Z sk, CNS 1232,

3.T. T. Wu, J. 8. Fang, GY. Liu, and M.K. Kuo, “Determination of Elastic
Constants of a Concrete Specimen Using Transient Elastic Waves”, J. Acoust.
Soc. Am., 98 (3), 2142-2148, (1995).

4.T. T. Wu and J. H. Gong, “Application of Transient Elastic Wave to the NDE of
Plate Structure with Cavity or Inclusion”, J. Acoust. Soc. Am., 94, 1453-1460,
(1993).

55T T. Wu, J. S. Fang, and P. L. Liu, “Detection of the Depth of a
Surface-breaking Crack Using Transient Elastic Waves”, J. Acoust. Soc. Am.,
97, 1678-1686, (1995).

6.N.J. Carino, M. Sansalone, and N.N. Hsu, “A Point Source-Point Receiver
Pulse-Echo Technique for Flaw Detection in Concrete,” ACI Journal,
proceeding, 83, 199-208 (1986).

7.N.L Carino and M. Sansalone, “Detection of Voids in Grouted Ducts Using the
Impact-Echo Method,” ACT Materials Journal, 89, (3), 296-303 (1992).

8. Ahmed E. Ben-Zeitun, “Use of Pulse Velocity to Predict Compressive Strength
of Concrete,” International Journal of Cement Composites and Light Weight
Concrete, 8, No. 1, 51-59, (1986).

9. “Standard Test Method for Pulse Velocity Through Concrete,” ASTMC597-71
(1979).

10. T.-T. Wu, J.-H. Tong and P.-L. Liu “Measurements of In-situ Wave Velocity

of Concrete Using Transient Elastic Waves,” Progress of Quantitative

Nondestructive Evaluation, Montreal, Canada {(1999).

49



M &k

1. E ¥4 A% L BB Rl Sa Z i
wird (REE - BRS - £EE)
2.RBEIRZ HSAREREBNAR
FiE— (EHF)
3. BA S Ak 3 4 B B A e e s B e 2 BT BRI
FiE=— (BliE - ZE)

50



