PATHH A E R AEFT RS SRR

S SRR SR E Y AR A Y
Crack Detection for RC Structures Using Impact-Echo Method
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Abstract

Impact-Echo is an acoustic method based on the use of transient stress waves
generated by an elastic impact and is used for non-destructive testing of concrete
structures. In practical applications, the signals obtained are often superimposed by
further mechanical vibrations and the so-called geometry effects, which are mainly
caused by surface waves. Due to the absorption of the concrete as well as the
divergence of the acoustical waves, impact-echo signals are transient. As a result, the
frequency content changes over time. Normally, the analysis is carried out on the
Fourier power spectrum of the signal. However, the Fourier spectrum is still affected
by the above-mentioned effects and has well-known deficiencies for short transient
signals within longer time sweeps.
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BER D R

fo B AN o B
R BRI PR PR > B - B BT R
Cp

P

R T A EE o B AeETE TR R AL FadERF At 0 HERIG SRR E

P-jkd BRI - B FAEFORPFRFZ(A) BHTAL S 2 i {7

fad Pk g [6]
C, = L/At 23 6)
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242 WAL RS

ImpactDemo

Software for Impact-Echo

Impact-Echo Testing Cannot be Performed

Main Menu

Describe Stucture

Open Test Data File
Measure Wave Speed

Set Data Acquisition
Parameters
Begin Impact-Echo Test |

Measure Depth of Surfacef ‘
Opening Crack

Eile Utilities

Structure Name:

Distance L

Dynamic
Poisson's k. ~tio:

Help Cancel Begin Test

12 # Measure Wave

Speed

R A AL
300mm > & >t 0.18)

Untarnal.

n L]
Poisson's

Flaie

“warvetiod From fl-wave.
Wavespd From Blalave

(1 2T IIE P E TP -

i i_chmpact £ AT estilesh 060 ecO7. dat

i » .r Ims e ~
\wiaveSpd From Piwiave

mpli

Save to Data File
Not Saved

20071245 0719.26

From B-vave

Wave speed fd

and columns

I
EEE

BT
WaveSpdFromP-Wav
e

b
7
pd

=
¥

¥

~

I
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* 4-3 i’é% HE /?'J/ﬂ» e 'F'H}f%

PROGEQRET N

3. 3BTRS 3 MENU:E » 1 | 4. Distance 4% RESE £ 3% T 3% #3848 2
i) LR, BFRFLEND v I iEH
& 4% START

TICO

5. i&%‘ z,_a‘“ﬁ“‘ﬁi s *]ﬂ: AL E R |6, F
RIBEL B A X154 START #74 £ 4 gg%*
ENEREGp IR

N
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42 2R

IR B TR R R4 T
RIRHET A EP DAL =AY PR ORT D ReT BT P B

FRF A BEIERER(L,,L,)

"Q ® _ {l) fi= 1t {c)
AN S :
T 4 4‘\ e
::. -ﬂ:
0 048 0 ' ' W
Titne, ps Prequetwy, KHz
Q (d) =
¢ @ 0 £, = 1i, M
v d o, - =1 ﬁg [
. £ 4l !
& _5 |
|
1] 2048 0 I I 40
Titne, ps FPrequercy, kHz

Bl 4-4 P IR AT BT X B

@)} 2952 F BRIl L B R0F BR (b)eF G EHT g NG R
BB R &t, pFE L EE (c)(f)H(b)(e)it {7 FFT thigt m 17 [2]
BN FORR AT AT P TR F R Y RO f i F A BARRRERT R R 2

i 5 (DB ) » e iaig 4 D/B v 5 1(150mm/150mm) o
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3 4-4 B

%,
e

Aspect Fundamental

Ratio Mode Mode Mode Mode Mode Mode
(D/B) f = pC, /2D 2 3 4 5 6
0.60 $=0.84 1.07 f, 1.43 fl# 1.48 f, 1.86 f, 1.91 f,
0.75 £=0.87 1.19 f, 1.60 fl# 1.66 f, 1.98 f, 2.02 f,
0.80 B=0.75" 1.45 f, 1.96 f, 2.01f, 241, 2.46 f,
0.83 B=0.77" 1.44 f, 1.94 f, 1.98 f, 2.38 1, 244 1,
0.87 £=0.80 1.43 f, 1.93 f, 1.95 f, 236 f, 241 f,
0.91 £ =082 1.42 f, 1.92 f, 1.92f, | 234f, | 247f
1.00 p=0.87 1.41 f, 1.90 f, 245 f, 2.83 f, 2.34 1,
1.10 £=0.90 1.43 f, 1.92 f, 2.34 1, 2.52 1, 2.69 f,
1.20 £ =092 1.45 f, 1.94 f, 238 f, 2.58 f, 2.73 f,
1.33 £=0.94 1.49 f, 19.8 f, 2.02 f, 245 f, 2.62 f,
1.67 £=0.95 1.66 f, 2111, 232 f, 2.74 f, 2.74 f,
2.00 £=0.96 1.81 f, 2.06 f, 223 f, 2.56 f, 292 f,

PRI £ 7 R R PR

BAEREERE T iiﬁ%lf\ﬁz#;u’i Bic@ FEOR {7 T4 e B2

HEHB > BLHEE A E T APTR FF 5T 52 P MBEREHRE S -
7

31




4-3 % % %] ¥ (Surface-Opening Cracks)

m B AT - BT AR DAL TR A & 5 B R (B 4-5)
a Huia s 847
b. A 45 & “an”

c. Bl i gk W am

(a) (b) ()

B 4-5 2 o B oA o L B

FlA4 ARME AT 20 A2 Rt 46 BRI & 7FERRICR (4-6a)
LRSS RS PRAAIA Y (4-6b)Pc i Pk D5 WE #(4-6 c)(4-6
d)p,p E_PPcit BET| B B A ) A F Pl ihs PR iE 0 A E A
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(a) (b)

(c)

Bl 4-6 &4 A 7 SRR T X E

B FLEATAEAL pyp P Pehd AR FEL G A EFERR A L5 A
WP iElJijﬁ{B&ji‘_%?ifﬁ BEREE(AT ) rud o7 02 § A Ld 26~

EAw o~ B SRR R PR 6 B SRR R

Transducer

B 4-7 % 5 2 %8 P73 B
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A R ALK 0 G R BB 4ot (B 4T) 4 A
Hi 5 %0 A Agh2 jedt
Hy s 25 A C gz el
) LG R EGR)
5 A bR
+ CHLIERRE

D 5 %z BORAEFER

hedk ® Silid C o @AERFTAT ~ Hy ~ H, 0 & Pk @ikaed s AB+BC

PIA SR D ¥ 1k £8 o 4o
(AB)’ =H/ + D’
(BC)’ =H; +D°’
AB +BC =Cx AT

;’\ff\."ﬁi:?:» AB ~ BC ff'D o ¥k Hl:H2 ) EIIJ AB=BC » #*1m1 D¥# J‘I%\»ﬂ: 7‘%

CxAT
4

~-H? (234 8)

A TPk BT AT o R T AR5 A 4 R edes
'&}EEE',&,&‘-['M ﬁ’;/i_—», E 4o T (%4—8 a),&: ’i%_%_ (@4—8 b)%}{? 4 - A

Bl ot 5 wEFS A2 AR pE R - [2]
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»
s
Voltage

5

¢ _t - Hs
1 0 C
AT:tz—tO J" ?%\ /’ ;;.
AT =(t, —-t)+— (23 9)
4-3-1 B FE v 3 £ R L0 A4
H1 H=

T

Bl 4-9 e B4 o HEERZT L F

35



- RRBEERERE
R L2 ¥
F o ERRIAE
(F o )f ~ LA~
# ~ H1 ~ H2 ~ H3

1
Y=

Structure Name.

Wave Speed:
Distance H1
Distance H2:

Distance H3:

B
.

mm

.

B

SR k#HEY - BR
foihiRe bt v A
Mpegr H1
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&w#&’]’ *F§Fﬁm
it ey e A &
fra B

Upper Vert
Scale

i Lower Vert

cale

Distance H1.
mm

Distance H2,

Distance H3.

4 PWave
Speed m/s
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NO.4 7 BliFR llem (X 3+ 6¢cm)
Bl 4-10 % 6 2 SRR % E T & B
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432 ZF A TR E 0 N

FloALH km BTN T FF N AR ERAL Rl R
EME NN FHHBRIC ) RBATR T OFRF > Rd T HEL RS TE
FoofIr A SR LR R LT R RR

254 10)

B 4-11 423 i % o B P57 & B

b= mm
tl = us
2= us
c= mm

- ADAEEER
“Crack Depth”
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SR EdBELEE A
FEE R 4w A
B RIEESE b #
“START” # 43| £
t1

W e 3
o :
R g Mt it
. v % e st A s ]
. @artl 2P A o i

A FI2b S B A
“PRINT” + # 12

. tl 2 BIEFZ (SR

[ER

# “PRINT” ¥ % ¢
[

Bl 4-12 423 sk 2 % o 2§

&
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AR = A ’
I X BEFELT

5-1 4% £ B2 Vb fi

2S5 1w#Fw 3 23 i

=L i L2 I Az SERE
1 3461.008 3530 68.992
2 3588.302 3604 15.698
3 3216.958 3603 386.042
4 3691.225 3604 87.225
5 3811.119 3735.5 78.619
7 3696.416 3527 169.419
8 3555.626 3370 185.626
9 3363.364 3612 248.636
10 3446.633 3522.5 75.867
11 3294.936 3495.5 200.564
12 3602.806 3528.5 74.306
S1 3879.1 3806.333 72.767
S2 3774.015 3358.667 415.348
Beam - 3734.25 -
A - 3550 -
B - 3473 -
C - 3520 -
D - 3472 -
E - 3370 -
WP A R BT L APRT A A 2R

D= % (=547
¥ f=11.2khz

C1=3774 D1=168.5mm

C2=3358 D2=150mm

D1-D2=18.5mm iz& # * jE £ 2 A $ 8 H|e gL E o




5-2 PRI BRI 2 R

R No.l P IRIBR A 45
E < 4 0 50cmx15cmx15cm
M Hc BIRES > P ok E(2~5 8)

Thickness, 150 mm
Wave Speed, 4034 m/s
First mode Freguency, 11.7khz

i
[m]

SO0
No. 1 2 3 4 5 6
Normal mode,khz 11.7 16.4 22.2 28.1 32.8 39.8
5% mode,khz 11.7 16.1 22.5 27.3 33.7 -
FEE% 0 -0.01829 [ 0.013514 | -0.02847 | 0.027439 -
Displ.
0
0 800 1200 1600 2000
Time, u-sec

File-01.dat-09

40 50 60
Freq, kHz
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NO.1 ¥ B & +7 -
L6 =45 W(Disp) § X% § ¥ - BuLE(L) > 7 A Z R PRI

2;};;7;% B ¢ —-j{j’vz? g e‘@ﬁr‘ r‘f’lr‘f’l‘? 41 Normal mode —'75%‘5‘55 mode ;517}‘; 7 +0.028
R LATHE Y < DI 2 B

R b e

14.2khz 14.2cm FiT RN F
24khz 8.1cm B i

w4k

K

d

WA EET0.028 4G BB B L RER
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A8 No.5 P IR & 7

FEE = <1 ¢ 50cmx15cmx15cm

| e AR (5 16mm)ie K RS £
® 75mm

Thickness, 150 mm

1 [

Wave Speed, 3207 m/s ann
First mode Freguency, 9.3khz
No. 1 2 3 4 5 6
Normal mode,khz 93 11.0 17.7 22.3 26 31.6
# 5% mode,khz 9.3 - - - - .
FAEE% 0 - - - - -
File: g:\TestFiles\ ! #\no5.dat: Record: 17/17: 1024 Points @@ 2 u-sec
Date: 2007/12/13 06:04:42 T4
Square Beamy/Col: width 150 mm, Wave Speed 3207 nv/s, 1st Mode Freq, 9.3 kHz
Descr: ANS 7.5CM
Displ. ﬂ A
0 .L_ A !\- A._nﬁ ﬂn.r"nﬁnhnﬁﬂnfﬂlr
VVU W/ UUUV"U VUU VVVEVY
0 800 1600 2000
Time, u-sec
Ampl. 100
0 1 1 l 1 1
0 10 20 30 40 50 60
Freq, kHz
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F) A v G R R

NO.5 ¥ Bl & +7 -
19KHZ # %1 % Normal mode

1.4 & =45 Bl(Disp) = X 3R> (]
2%@';3&%]:‘ IR " A enen :F% a4

w4l

o
R AE(FR )0 I9KHZ % iR A 8.4CM o
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A8 No.7 P IR & 7

48 2 ¢ 50cmx15cmx15cm H Fﬁ
mar gl R A 4 5 (34mm) 0 FEAE A 6 [fj E
50mm 150

Thickness, 150 mm
Wave Speed, 3696 m/s Il
First mode Freguency, 10.7khz

File: g\ TestFiles\ 8 \no7 dat:  Record: 12/12: 1024 Points @ 2 n-sec

Date: 2007/12/13 06:56:57 4~

Equare Beamy/'Col: width 130 mm., Wave Speed 3696 m/s, st Mode Freq. 10.7 kHe
Deser: Tem

Displ.(D

] 1 ] ] 1
0 400 800 1200 1600 2000

Time, u-sec

Ampl.

U Il 1 L 1 |
0 10 20 30 40 50 60
Freq. kHz

File-07.dat-13

NO.7 # |~ 47 :

s B RAGT NG 2BREFEE T OBRR G OBR Y e B
¢ Bgor 0y 15khz £ 17khz # - BBRT & @ RERE A B 5 12cm 2 10cm o & %
REAPRAIER T KN LZGERFA Sem) ©
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A8 No.8 P TR & 7

FA 2+ 0 50cmx15cmx16.5cm
B R AT E M
Thickness, 165 mm

Wave Speed, 3555 m/s

First mode Freguency, 9.3khz

No. 1 2

Normal mode,khz 93 13.1

17.8

22.5

31.9

Displ.

800

1200

1600 2000
Time, u-sec

Ampl.

File-08.dat-03

50 60
Freq, kHz
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NO.8 # B 4 47 :
# & 4 Bl(Disp) it 9 % MR EEAR § 0% B 0 538 FFT &3 1 i Bl v
I R AT g G

Khz D

18.6 96mm
25.4 70mm
30.3 59mm
39.1 46mm

md EGER VLB IR 90mm F_ P AT Fi0 o H 8 5970mm > 59mm ~ 46mm

o IR

48




248 No.9 P RIBR A 7
FEH 2+ 0 50cmx15cmx15cm

B FH SRR L 5 S0mm !
|
& g7 58 6 52(19.1mm) I 7 A B —a
Thickness, 150 mm
Wave Speed, 3363 m/s =t
First mode Freguency, 11.7khz
No. 1 2 3 4 5 6
Normal mode,khz 11.7 16.4 22.2 28.1 32.8 39.8
Displ.
0 “nunuﬂvﬂ
400 800 1200 1600 2000
Time, u-sec
i)
Ampl. Sl P
O | 1 1 1 [
10 20 30 40 50 60
Freq, kHz

File-09.dat-15
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NO.9 &Rl ~ +7 -

P Sd 2 w0 R B B4 4 ) d I RIT 5 R (21~25khz) }

S N RNt A

H ¥ s 225khz R L 75mm B L OPAR o

EEAETS R & SR
O EREALND P MOV E AT

2 .EV”

5
fi
3

&
§
Ar
ey
g
&
L

C
fope
b440

i3 1 %l (=-0.6(d/c)+1.5
d/c>0.3 4k 5% 4 Fc A% R
d =45 E T

C & ¥Eixy
AR TR N 0 @ f =213khz A& 3 80mm

oL 2
< §m

dOEH R R R L G Ap ok E pi(75~80mm) 0§ B2 ER
50mm F 4p§ hE L o

50



#F48 No.10 p IR & 47
A < < 0 50cmx15cmx15cm ﬁ D
WK FH R E B EER A & 50mm |
o o 50
K F E AL 35mm 150 | l IE
Thickness, 150 mm
Wave Speed, 3499 m/s 200
First mode Freguency, 11.7khz
No. 1 2 3 4 5 6
Normal mode,khz 11.7 16.4 22.2 28.1 32.8 39.8
Displ.
0
0 400 800 1200 1600 2000
Time, u-sec
x15.6
Ampl.

File-10.dat-10
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NO.10 t& B~ #7 -

15.6khz D=112mm (& ¥ it)

32.2khz D=54mm (= 4%3iT Normal mode 32.8khz)
42khz  D=42mm  (}&¥ it)

52




4 No. 11 P SRR 4 47
A < < 0 50cmx15cmx15cm
PR EYNRREIE AT > A

EL iR ..‘sﬁﬁ
Thickness, 150 mm

Wave Speed, 4034 m/s
First mode Freguency, 11.7khz

File-11.dat-11

Displ.
0
1 1 1 1 1
0 400 800 1200 1600 2000
Time, u-sec
x15.(’)
Ampl.
O 1 1 1 1 1
0 10 20 30 40 50 60
Freq, kHz
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NO.11 #4147 :
2B AT UE N BB F o @ AT E P 15.6khz d=105mm
AR P B MR 2 P EF
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ERE No.12 P SRIBOR A 45
FEE T < @ 50cmx15cmx15cm

Thickness, 150 mm
Wave Speed, 3862 m/s

MR R BIRES P P EHI(6~11 5)

First mode Freguency, 11.2khz 500
No. 1 2 3 4 5 6
Normal mode,khz 11.2 15.7 21.3 26.9 314 38.1
# % mode,khz 11.2 15.6 - 26.9 - -
A E,% 0 -0.6 - 0 - -
Displ.
0
0 400 800 1200 1600 2000
Time, u-sec
x2'5.‘)
11.2 % 5.0
Ampl. '
O 1 1 1 1 1
0 10 20 30 40 50 60
Freq, kHz

File-12.dat-21
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NO.12 #& B~ 47 ¢
Normal mode ¥ :#% mode v & B 8 ¥ f3ff 5 1175 B
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258 No.S1 p RIBop A 7
FEE T < 0 100cmx50x15cm

BARPE A HES(Ewv - L KT L

100

7.5

15

File-s1.dat-17

Thickness, 150 mm I ]
Wave Speed, 3879 m/s * — '% "Q
First mode Freguency, 12.9khz
Displ.
0
0 400 800 1200 1600 2000
Time, u-sec
Ampl.
Y 1 L 1 L L
0 10 20 30 40 50 60
Freq, kHz

NO.S1 # B~ #7 -
I HR T il 5 Bop

57




258 No.S2 P RIBp A 7
FEE T < 0 100cmx50x15cm

BASE A BSE L e T 2

100

7.5

15

Thickness, 150 mm
Wave Speed, 3774 m/s

=
— ]

First mode Freguency, 12.7khz

File-s2.dat-13

Displ.
0 .
1 1 1 1 1
0 400 800 1200 1600 2000
Time, u-sec
le.?
Ampl.
O [l | 1 [l 1
0 10 20 30 40 50 60
Freq, kHz

NO.S2 # il & 47 :
L B F & 12.7khz 5 RAE o
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3E4 No.A P R A 47

A 2 < 0 25cmx15cmx15cm .
WK FH R d=10.5cm
Thickness, 150 mm )
Wave Speed, 3396 m/s —— ="
First mode Freguency, 11.7khz
No. 1 2 3 4 5 6
Normal mode,khz 11.7 16.4 22.2 28.1 32.8 39.8
Displ. H
0 i ||}[“Ll]|hli|llnllx'llll“.llil‘lll.'lLi‘l'
W D e
0 400 800 1200 1600 2000 2400 2800 3200 3600 4000
Time, u-sec
xl().()
Ampl.
0 1 1 1 1 [
0 10 20 30 40 50 60
Freq, kHz

File-a.dat-14
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NO.A # B~ 47 ¢
F=16.6khz
C=3396m/s
D=10.2cm

g =¥ kg d=10.5cm = & -




3F48 No.B p 3R R A 49

400

A 2 < 0 25cmx15cmx15cm
WX FH kK E d=9cm "

Thickness, 150 mm s

Wave Speed, 3358 m/s
First mode Freguency, 9.7khz

Displ.
0
1 1 1 1
0 1000 2000 3000 4000 5000
Time, u-sec
_,l(.\.4
Ampl.
0 1 1 1 1 [l
0 10 20 30 40 50 60
Freq, kHz

File-B.dat-11

NO.B # |4 17
16.4khz o =% 10.2cm £ ¥ d=9cm 4p % 4217 -
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L AR N
R

Thickness, 150 mm

3FE8 No.C p RER A 47

25cmx15cmx15cm a0

4% 55 d=9cm

D ) S |
Wave Speed, 3532 m/s
First mode Freguency, 11.7khz
No. 1 2 3 4 5 6
Normal mode,khz 10.2 14.3 19.5 24.6 28.7 34.8
Displ. h M A
0 j J\ | A
0 400 800 1200 1600 2000

Time, u-sec

14.6

Ampl.

1 1 1 [
20 30 40 50 60
Freq, kHz

File-c.dat-2
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NO.C # ip] A 45

e g

44

14.6khz 12.1cm

£3 14.3khz Normal mode = i@ 4piT #t “,% ¥ i

21khz 8.4cm

B ¥ A

29.3khz 6cm

B i

W ook

“Q

8.4cm, 6cm H_P A IR R

s e . FFAE % 5 9cm, 2 84cm L I FE o

63




3E4 No.D p R A 47
A < 0 25cmx15ecmx15cm

400

WX FHE S d=Tem
Thickness, 150 mm g
Wave Speed, 3500m/s _——

First mode Freguency, 10khz

Displ.
0
1 1 1 1 1
0 400 800 1200 1600 2000
Time, u-sec
Ampl.
0 1 1 1 1 [l
0 10 20 30 40 50 60
Freq, kHz
File-d.dat-7

NO.D # B & 37 :
14.6khz d=12cm
b 43323 Tem
LN B
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3E 48 No.E P 2RIBOR A 45

400

FEE 2 40cmx15cmx15cm
AR FH D FAlFe d=7.5cm

Thickness, 150 mm
__________ —

Wave Speed, 3502 m/s
First mode Freguency, 10.3khz

Displ.

0 400 800 1200 1600 2000
Time, u-sec

249

Ampl.

Freq, kHz
File-E.dat-02

NO.E ¥ B & #7 -
24 .9khz D=70mm
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5-3 % o 2 Mgk By

#FH No.2 % & 2 iy

2-1
b=80mm
T1=89.7 us
T2=152.7 us
C=61mm

2-2
b=80mm
T1=89.7 us
T2=152.9 us
C=61mm

2-3
b=80mm
T1=91.8 us
T2=154.2 us
C=64mm

66




@ No3 4 o 2 dlicdy
3-1

b=80mm

T1=132.6 us

T2=185.1 us

C=118mm

3-2
b=80mm
T1=124.5 us
T2=185.0 us
C=97 mm
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#4 No3 4 o 4 slicdy ()
3-3
b=80mm
T1=93.8 us
T2=122.9 us
C=143 mm

3-4
b=80mm
T1=90.7 us
T2=124.7 us
C=123

68



@ Nod % & 2 Wiy
4-1

b=80mm

T1=90.7 us

T2=123.8 us

C=126 mm

4-2
b=80mm
T1=92.7us
T2=122.7 us
C=138 mm

69




4-3
b=80mm
T1=90.7 us
T2=123.9 us
C=126 mm
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Behp b 2 AT LR T eyt

F 52 M No2 w3 2dg 3 Bl i i

#F4 2 | D=50mm
REvS | FL%) | "I | FL%)
54 8 53 6
66 32 61 77
46 -8 61 77
55 10 64 78

£ 53 M No3#F w3 w4z i A it i

#F43  |D=110mm
WEwg | FL(%) | Lak | FL(%)
106 6 118 73
116 16 97 -11.8
102 2 143 30.0
123 11.8

% 5-4 34 Nod ## v

B eded o N Al R

#FH 4 |D=110mm
REvH | FL(O) | TR | FL)
115 45 126 14.5
113 27 138 25.5
109 -0.9 126 145
116 55

71




N E j\—‘"K{ e PR A2 1:#,, PRt 3 @ 3N P R R ehE BhA Y

Z o kB RRIAE PRIV~
(alzgk= f{
Lo aql* g
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#E e

b

L oAl AR RIAER > A PFRIIGEY F PERR
h KRS

B RPN P AP e T A

2\ p mzi%{mifz"fem,&’l;\. ,,ﬂé;{(w—; g

APRIE g R LR BOR 0 F1 S B A K

PR g I B A IR L o T AP R T

fo _§ A7 pEen
W%’i%ﬂW¢#%?Eﬁﬁﬁwﬁé%{ﬁﬁﬁ%ﬁi&ﬁﬁﬁo
B)m F Afrr L - FHY o APRIEF SR AL G BR g R EPE
P ERS o REREOEE RERIAPEL S
BHi F4 fod L3 > APRENEE TR RS A EAPF 4R
PR R E L VREAG A/ E R 2N LR
ABCD = 348 & pls g % A28 4 cndd > L 0§ 505 $R AL 7 % o
B AU B3 AR R BRI A B AP S

SEFRIIWE Y G oAl g ik
BldR AT G P R OREL 0 2 FRIWF Y G § AL R kvt )i
G S e LY B
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MR RHEERLA LS B RFREF E F TG B R A0 2 H
THR L OF F RS - A B PR
Lo 3t APl £ o] o T § £ IR b i A T it
RALTS R TABERHK DA > T BB A X R RS D
Bl {4i 7l e BoAPEER L FEWTas ] A PEEDY
SRy BRA R EM R RS P AR RIS P R
2. Bt ERERAERRKSA o LITEMPF B LEERP L R -
ROt AP (TRMOE% > - Bieb b AR EE R f 8o

BlAea 85~ R E s AR S B R B BT ol R B

el
bl
w

I8 as (=) RigiRIFREE -
3. R ez o PR ERBOURTIP LR EFEP L gﬁ—g;jf;;u i
FEPLE S SRR RO AN R RGO T ERE T NP B
FH T FRIAD BAF S F DI RB R F 0 G S e R R
AR AR KR EN Phoe 5 Bl o 35 DEH Y R AL -
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k- REI BRERG
SR
EAMELT | SEL(FHAE) | m/is | fe kg/em? | Bk gF | #3L
p g £
96/7/10 | B1-1 4070 255.92 20100
96/7/10 | B1-2 4030 242.55 19050 | #MW7F & F
96/7/11 | bl-1 3980 192.09 15150
96/7/11 | bl-2 3810 218.36 17150 | M MRA > 7
FAM
96/7/11 <7 3660 173.16 13600 | M IEA > 7
T AM
96/7/11 ol s 3620 283.29 22250
96/7/10 | S1-1 3960 269.29 21150
96/7/10 | S1-2 3920 226.64 17800
HiE
EX ] £ R i P FE AR A ik m/s
##EM sl | L=50cm | 30cm 3780m/s
50cm 3780m/s
#EMs2 | L=50cm | 30cm 3810m/s
50cm 3840m/s
S1 L=100cm | 25cm 3740m/s
S2 L=100cm | 25cm 3760m/s
EX ] A iE
<
(24F) 3720m/s
(FF13¢)
10*10 3820m/s
19%25 3710m/s
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55.5us

Displ.

. .
0 100 200
Time, u-sec

Displ.

0 100

200
Time, u-sec

File: ¢:\TestFiles\nol.dat; Record: 3/3; 460 Points @ .5 u-sec

Date: 2007/12/7 10:50:52 -4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\nol.dat; Record: 4/4; 460 Points @ .5 u-sec

Date: 2007/12/7 10:51:16 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr:

56.5us

Displ.

1dud

. A
0 100 200
Time, u-sec

File: c:\TestFiles\nol.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 10:51:23 £~

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:
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A BLA R E R

N2 A N . 4 >
RIEE I REFT
59.5u-s
Displ.
113.5 u-s|
0 100 200

Time, u-sec

o
@
=

Displ.

109 u-S

. .
0 100 200
Time, u-sec

File: c:\TestFiles\no2.dat; Record: 1/1; 460 Points @ .5 u-sec

Date: 2007/12/7 10:47:25 _FF

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c\TestFiles\no2.dat; Record: 2/2; 460 Points @ .5 u-sec

Date: 2007/12/7 10:47:36 F4+

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

Displ.

107 u-g

0 [\

0 100
Time, u-sec

54.5 ufs] v

Displ.

110 u-

. L
0 100 200
Time, u-sec

File: c:\TestFiles\ino2.dat; Record: 3/3; 460 Points (@ .5 u-sec

Date: 2007/12/7 10:47:48 -4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\no2.dat; Record: 4/4; 460 Points @ .5 u-sec
Date: 2007/12/7 10:47:57 4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Displ.

108 u|

T\ [\

0 100 200
Time. u-sec

i

Displ.

Descr:
108 u| /\
. . /\

0 100 200
Time, u-sec

File: ¢:\TestFiles\no2.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 10:48:05 L4~

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr.

File: c:\TestFiles\no2.dat; Record: 6/6; 460 Points @ .5 u-sec

Date: 2007/12/7 10:48:05 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr
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N2 A N . 4 >
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62 s
v 58u-s
Displ.
Displ.
12445 u-}
0 100 200
. . .
Time, u-sec 0 100 200
Time, u-sec

File: c:\TestFiles\no3.dat; Record: 6/6; 460 Points @ .5 u-sec

Date: 2007/12/7 11:11:20 £4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr: OK

File: ¢:\TestFiles\no3.dat; Record: 7/7, 460 Points @ .5 u-sec

Date: 2007/12/7 11:12:55 F24F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr: OK

60.5 §-

Displ.

12105 u-f

0 100 200
Time, u-sec

60 u- \l
Displ.
121 §s
. .
0 100 200
Time, u-sec

File: ¢:\TestFilesino3.dat; Record: 8/8; 460 Points @ .5 u-sec

Date: 2007/12/711:13:05 R4+

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr: OK

File: c:\TestFiles\no3.dat; Record: 9/9; 460 Points @ .5 u-sec

Date: 2007/12/7 11:13:14 R4+

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr: OK

58.5 u \/
Displ.
1205
. .
0 100 200
Time, u-sec

File: c:\TestFiles\no3.dat, Record: 10/10; 460 Points @ .5 u-sec

Date: 2007/12/7 11:13:21 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr: OK
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Displ.

L
200
Time, u-sec

.
0 100

S575u-s

Displ.

110.5pu-s

. .
0 100 200
Time, u-sec

File: c:\TestFiles\no4.dat; Record: 1/1; 460 Points @ .5 u-sec

Date: 2007/12/7 11:08:51 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr!

File: c:\TestFiles\no4.dat; Record: 2/2; 460 Points @ .5 u-sec
Date: 2007/12/7 11:09:22 4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr:

Displ.

.
200
Time, u-sec

.
0 100

S8u-s

Displ.

112u-s

. .
0 100 200
Time, u-sec

File: c\TestFiles\no4.dat; Record: 3/3; 460 Points @ .5 u-sec

Date: 2007/12/7 11:09:35 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\no4.dat; Record: 4/4; 460 Points @ .5 u-sec

Date: 2007/12/7 11:09:54 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

58u-s
Displ.
11 s
. .
0 100 200

Time, u-sec

File: c:\TestFiles\no4.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 11:10:12 L-4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr
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| EL = 0k o X} =
/E'J T > E L W 5
45uss
465 u-s
. 1
Displ.
Displ.
12550
28 u-s
A
N N . . N
0 100 200 300 400 500
. L .
0 100 200 Time, u-sec
Time, u-sec
File: c:\TestFiles\noS5.dat; Record: 3/3; 460 Points @ .5 u-sec File: c:\TestFiles\no5.dat; Record: 4/4; 1024 Points @ .5 u-sec

Date: 2007/12/6 04:50:32 T4~
Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

Date: 2007/12/6 05:42:05 T4
Wave Speed measurement. Dist. between sensors = 300 mm; 1024 Points @ .5 u-sec
Descr:

Displ.

. .
0 100 200
Time, u-sec

= | T

Displ.

0 100 200
Time, u-sec

File: c:\TestFiles\noS.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/6 05:42:05 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\no5.dat; Record: 6/6; 460 Points @ .5 u-sec

Date: 2007/12/6 05:43:19 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

52u-s

Displ.

. .
0 100 200
Time, u-sec

50 u-s

Displ.

0 u-s

.
200
Time, u-sec

.
0 100

File: c:\TestFiles\noS.dat; Record: 7/7; 460 Points @ .5 u-sec

Date: 2007/12/6 05:43:34 F4F

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\no5.dat; Record: 8/8; 460 Points @ .5 u-sec

Date: 2007/12/6 05:43:47 F4F

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:
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cpl B ook e b 2
BIEE D REFYF
65 u-s 64u-s
Displ. Displ.
2 Yfu-s 1\7 ps
. . . .
0 100 200 0 100 200

Time, u-sec

Time, u-sec

File: c\TestFilesno7.dat; Record: 1/1; 460 Points @ .5 u-sec

Date: 2007/12/7 10:26:39 _[4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c\TestFiles\no7.dat; Record: 2/2; 460 Points @ .5 u-sec

Date: 2007/12/7 10:26:50 -4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

65.5 u-s

Displ.

1215us

0 100 200
Time, u-sec

625 u-s

Displ.

.
0 100 200
Time, u-sec

File: c:\TestFiles\no7.dat; Record: 3/3; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:01 4~

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c\TestFiles\no7.dat; Record: 4/4; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:09 4+

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

65.5us

Displ.

Y

0 100 200
Time, u-sec

61 u-s

Displ.

. .
0 100 200
Time, u-sec

File: c:\TestFiles\no7.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:17 =4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\ino7.dat; Record: 6/6; 460 Points @ .5 u-sec

Date: 2007/12/710:27:23 4

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr

Displ.

0 100 200
Time, u-sec

64 u-s.

Displ.

\1f.5u-s

. .
0 100 200
Time, u-sec

File: c:\TestFiles\no7.dat; Record: 7/7; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:30 E4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\no7.dat, Record: 8/8; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:37 L4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:
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63us

Displ.

I\7h-s

0 100

200
Time, u-sec

63.5u-s

Displ.

.
0 100

200
Time, u-sec

File: c:\TestFiles\no7.dat; Record: 9/9; 460 Points @ .5 u-sec

Date: 2007/12/7 10:27:44 |47

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points (@ .5 u-sec

Descr:

File: c:\TestFiles\ino7.dat; Record: 10/10; 460 Points (@ .5 u-sec
Date: 2007/12/7 10:27:51 b4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr
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p
s

BIE I*Fﬂ’t‘r—q

68.5 u-s

Displ.

V

.
0 100 200
Time, u-sec

File: ¢c:\TestFilesino8.dat; Record: 1/1, 460 Points @ .5 u-sec

Date: 2007/12/7 10:31:23 |4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

T0u-s
Displ.
s s
0 100 200
Time, u-sec
File: c:\TestFilesno8.dat; Record: 2/2; 460 Points @ .5 u-sec
Date: 2007/12/7 10:33:07 F4
‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

575U \/

53.5 us
Displ. Displ.
115F u-s 115 ¢-s
\ . A . A
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: c:\TestFiles\no9.dat; Record: 2/2; 460 Points @ .5 u-sec

Date: 2007/12/7 10:37:39 -4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

File: ¢c:\TestFiles\no9.dat; Record: 3/3; 460 Points @ .5 u-sec
Date: 2007/12/7 10:39:20 -4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr: Descr:
S50 u-s.
Displ. Displ.
11 ZM 110 u-s
. . . .
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: ¢c:\TestFilesino9.dat; Record: 4/4, 460 Points @ .5 u-sec

Date: 2007/12/7 10:39:26 _|-4f

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\no9.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 10:39:35 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:
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N = A A =
BIEE I REYF
455 us
47 u-s
Displ.
Displ.
103 u-s
103.5u-s
. )
. 0 100 200
0 100 200 Time, u-sec
Time, u-sec

File: c:\TestFiles\nol0.dat; Record: 1/1; 460 Points @ .5 u-sec
Date: 2007/12/7 10:41:31 £
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

File: c:\TestFilesnol0.dat; Record: 2/2; 460 Points @ .5 u-sec
Date: 2007/12/7 10:41:46 |4
‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr: Descr:
45 u-s N
545us
Displ.
Displ.
101 u-s
1N2u-s
. " 0 100 200
0 100 200 Time, u-sec
Time, u-sec

File: c:\TestFilesnolO.dat; Record: 3/3; 460 Points @ .5 u-sec

Date: 2007/12/7 10:41:53 R4

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr.

File: c:\TestFiles\no10.dat; Record: 4/4; 460 Points (@ .5 u-sec

Date: 2007/12/7 10:42:10 -4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

S3us

Displ.

£

0 100 200

Time, u-sec

Displ.

53u-s

. {
0 100 200
Time, u-sec

File: ¢:\TestFiles\no10.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/7 10:43:25 47

Wave Speed measurement. Dist. between sensors = 100 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\nol0.dat; Record: 6/6; 460 Points @ .5 u-sec

Date: 2007/12/7 10:43:25 4

Wave Speed measurement. Dist. between sensors = 100 mm; 460 Points @ .5 u-sec
Descr:
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S
e
ol
g
5
ol

Displ.

W

.

.
0 100 200
Time, u-sec

Displ.

.
0 100 200
Time, u-sec

File: c\TestFilesnoll.dat; Record: 1/1; 460 Points @ .5 u-sec
Date: 2007/12/7 10:18:12 F4F
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

File: c:\TestFiles\nol1.dat; Record: 2/2; 460 Points @ .5 u-sec
Date: 2007/12/7 10:20:06 L4
‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr Descr:
705 u-s
Displ. )
Displ.
T0u-s
1315us
Vv
" L
0 100 200 , ,
Time, u-sec 0 100 200

Time, u-sec

File: c:\TestFiles\noll.dat; Record: 3/3; 460 Points @ .5 u-sec
Date: 2007/12/7 10:2
‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

File: c:\TestFiles\nol1.dat; Record: 4/4; 460 Points @ .5 u-sec
Date: 2007/12/7 10:21:46 =4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points (@ .5 u-sec

Descr Descr:
62.5fs
66fAs
Displ.
Displ.
12f u-s
J/V\/\ \} . |
; . 0 100 200
0 100 200 Time, u-sec

Time, u-sec

File: c:\TestFiles\noll.dat; Record: 5/5; 460 Points @ .5 u-sec
Date: 2007/12/7 10:22:08 |-7F
‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

File: c:\TestFiles\nol1.dat; Record: 6/6; 460 Points @ .5 u-sec
Date: 2007/12/7 10:22:08 4
Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec

Descr: Descr:
67 s
Displ.
1h5us

. .
0 100 200
Time, u-sec

File: c:\TestFiles\noll.dat; Record: 7/7, 460 Points @ .5 u-sec

Date: 2007/12/7 10:24:11 R4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:
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ok | R0 SR b )

cml B & ok o x) =
BIE I%R?‘}" G|
55u-s
S4us
Displ.
Displ.
133 u-s
1375us
A\
. . v
0 100 200 ) )
Time, u-sec 0 100 200

Time, u-sec

File: c:\TestFiles\nol2.dat; Record: 1/1; 460 Points @ .5 u-sec

Date: 2007/12/6 05:46:11 F 4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: ¢c:\TestFiles\nol2.dat; Record: 2/2; 460 Points @ .5 u-sec

Date: 2007/12/6 05:47:20 T4+

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

52u-s

Displ.

. . . . .
0 100 200 300 400 500
Time, u-sec

71 u-s

Displ.

.
0 100 200
Time, u-sec

File: c:\TestFiles\nol2.dat, Record: 3/3; 1024 Points @ .5 u-sec
Date: 2007/12/6 05:49:35 4

Wave Speed measurement. Dist. between sensors = 300 mm;
Descr:

1024 Points (@ .5 u-sec

File: c:\TestFiles\nol2.dat; Record: 4/4; 460 Points @ .5 u-sec

Date: 2007/12/6 05:51:04 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

Displ.

.
300 400 500 60!

700 800 900  100(
Time, u-sec

L .
0 100 200

49 u-s

Displ.

. .
0 100 200
Time, u-sec

File: ¢:\TestFiles\nol2.dat; Record: 5/5; 2048 Points @ .5 u-sec

Date: 2007/12/6 05:55:23 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 2048 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\nol2.dat; Record: 6/6; 460 Points (@ .5 u-sec

Date: 2007/12/6 05:55:23 R4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

50.50p-s

Displ. “

147 9

. . . . .
0 100 200 300 400 500 600 700 800 900 1000
Time, u-sec

49u-s

Displ.

1425 u-s

. .
0 100 200
Time, u-sec

File: ¢:\TestFiles\nol2.dat; Record: 7/7, 2048 Points @ .5 u-sec

Date: 2007/12/6 05:58:46 T4~

‘Wave Speed measurement. Dist. between sensors = 300 mm; 2048 Points @ .5 u-sec
Descr:

File: c:\TestFiles\nol2.dat; Record: 8/8; 460 Points @ .5 u-sec

Date: 2007/12/6 06:00:29 R4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:
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61 u-s

Displ.

139us /_/\

. .
0 100 200
Time, u-sec

60.5 u-s

Displ.

1385 u-s /_/\

. .
0 100 200
Time, u-sec

File: c:\TestFiles\nol2.dat; Record: 9/9; 460 Points @ .5 u-sec
Date: 2007/12/6 06:03:42 T4
Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec

File: c:\TestFiles\nol2.dat; Record: 10/10; 460 Points @ .5 u-sec
Date: 2007/12/6 06:03:42 T4
Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec

Descr: Descr:
S5u-s HSus \/
Displ. Displ.
0.5 u- 97 u-s
\ . Y . \j. A
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: c:\TestFiles\nol2.dat; Record: 11/11; 460 Points (@ .5 u-sec

Date: 2007/12/7 09:47:48 |47

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\nol2.dat; Record: 12/12; 460 Points @ .5 u-sec

Date: 2007/12/7 10:09:26 F2F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

4lus

Displ.

0 100 200
Time, u-sec

S4.5u-s

Displ.

110 u-s

. .
0 100 200
Time, u-sec

File: c:\TestFiles\nol2.dat; Record: 13/13; 460 Points @ .5 u-sec

Date: 2007/12/7 10:14:51 E4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\nol2.dat; Record: 14/14; 460 Points @ .5 u-sec

Date: 2007/12/7 10:16:45 _£4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

Displ.

106.5 ¥s

. .
0 100 200
Time, u-sec

515us

Displ.

107 u-\

. .
0 100 200
Time, u-sec

File: c:\TestFiles\no12.dat; Record: 15/15; 460 Points @ .5 u-sec

Date: 2007/12/7 10:17:07 F24F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\nol2.dat; Record: 16/16; 460 Points @ .5 u-sec

Date: 2007/12/7 10:17:07 4

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

87




Displ.
111 u-s
. .
0 100 200
Time, u-sec

Displ.

.
200
Time, u-sec

.
0 100

File: ¢:\TestFilesnol2.dat; Record: 17/17; 460 Points @ .5 u-sec
Date: 2007/12/7 10:25:18 47

‘Wave Speed measurement. Dist. between sensors = 200 mm;
Descr:

460 Points @ .5 u-sec

File: c:\TestFiles\nol2.dat; Record: 18/18; 460 Points @ .5 u-sec

Date: 2007/12/7 10:25:29 F2F

‘Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

585us

Displ.

1145u-s

. L
0 100 200
Time, u-sec

Displ.

v

.
200
Time, u-sec

.
0 100

File: ¢c:\TestFiles\nol2.dat; Record: 19/19;
Date: 2007/12/7 10:25:40 _F24F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr:

460 Points @ .5 u-sec

File: c:\TestFiles\nol2.dat; Record: 20/20; 460 Points (@ .5 u-sec

Date: 2007/12/7 10:25:53 F4F

Wave Speed measurement. Dist. between sensors = 200 mm; 460 Points @ .5 u-sec
Descr

88
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N2 A N . 4 >
RIEE I REFT
29 u-s
29 u-s.
Displ.
Displ.
, 0 100 200
0 100 200

Time, u-sec

Time, u-sec

File: c:\TestFiles\S1.dat; Record: 1/01; 460 Points @ .5 u-sec

Date: 2007/12/5 07:16:09 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\S1.dat; Record: 2/02; 460 Points @ .5 u-sec

Date: 2007/12/5 07:16:09 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr!

29us

Y

Displ.

4
0 100 200

Time, u-sec

23 us

Displ.

99.5 u-

1
200
Time, u-sec

0 100

File: c:\TestFiles\S1.dat; Record: 3/03; 460 Points @ .5 u-sec

Date: 2007/12/5 07:16:40 F 4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c:\TestFiles\S1.dat; Record: 4/04; 460 Points @ .5 u-sec
Date: 2007/12/5 07:18:25 4F

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

25us Wus Y -
Displ. Displ.
1005 ¢-s 10654
' L I
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: c:\TestFiles\S1.dat; Record: 5/05; 460 Points @ .5 u-sec

Date: 2007/12/5 07:18:25 F2F

‘Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\S1.dat; Record: 6/06; 460 Points @ .5 u-sec
Date: 2007/12/5 07:18:40 4
Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec

29u-s

Displ.

0 100 200
Time, u-sec

Displ.

1065

Descr
1
s
W
200

Time, u-sec

s
0 100
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File: c:\TestFiles\S1.dat; Record: 7/07; 460 Points @ .5 u-sec

Date: 2007/12/5 07:19:01 F4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\S1.dat; Record: 8/08; 460 Points @ .5 u-sec
Date: 2007/12/5 07:19:26 T4
‘Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec

20 u-s

Displ.

. .
0 100 200
Time, u-sec

315us

Descr:

Displ.

106.5 u-s.

.
0 100 200
Time, u-sec

File: c:\TestFiles\S1.dat; Record: 9/09; 460 Points @ .5 u-sec

Date: 2007/12/5 07:19:26 4

‘Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: c\TestFiles\S1.dat; Record: 10/10; 460 Points @ .5 u-sec

Date: 2007/12/5 07:19:56 T4+

‘Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:
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cml B 3 ok o) >
BEE W 3]
225us 225 u-s
Displ. Displ.
100.5 u-s 101 u-s
A .
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: c:\TestFiles\S2.dat; Record: 1/1; 2048 Points @ .5 u-sec
Date: 2007/12/12 03:26:02 T4~

File: c:\TestFiles\S2.dat; Record: 2/2; 460 Points @ .5 u-sec

Date: 2007/12/12 03:26:02 4+

Wave Speed measurement. Dist. between sensors = 300 mm; 2048 Points @ .5 u-sec Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr: Descr:
31us 145u-s
Displ. Displ.
1095 u-s [l u-s
. . . .
0 100 200 0 100 200
Time, u-sec Time, u-sec

File: c:\TestFiles\S2.dat; Record: 3/3; 460 Points @ .5 u-sec

Date: 2007/12/12 03:26:23 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:

File: ¢:\TestFiles\S2.dat; Record: 4/4; 460 Points @ .5 u-sec

Date: 2007/12/12 03:27:18 F4F

‘Wave Speed measurement. Dist. between sensor:

Descr:

300 mm; 460 Points @ .5 u-sec

145u-s

Displ.

qi5u-s

0 100 200
Time, u-sec

File: ¢:\TestFiles\S2.dat; Record: 5/5; 460 Points @ .5 u-sec

Date: 2007/12/12 03:27:18 T4

Wave Speed measurement. Dist. between sensors = 300 mm; 460 Points @ .5 u-sec
Descr:
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Weékz WY 2 Rl
L
No Tlus [ T2 us |[AT us| L, mm P-wave
1 55.5 115.5 60 200 3333.333
2 59 115 56 200 3571.429
56.5 114 57.5 200 3478.261
T 32 P-wave| 3461.008
w2
No Tlus [ T2 us |[AT us| L, mm P-wave
1 59.5 113.5 54 200 3703.704
2 53 109 56 200 3571.429
3 50.5 107 56.5 200 3539.823
4 54.5 110 55.5 200 3603.604
5 51.5 108 56.5 200 3539.823
6 52 108 56 200 3571.429
T 2 P-wave| 3588.302
i3
No Tlus | T2 u-s |[AT us| L,mm P-wave
1 62 126.5 64.5 200 3100.775
2 58 119.5 61.5 200 3252.033
3 60.5 121.5 61 200 3278.689
4 60 121 61 200 3278.689
5 58.5 121.5 63 200 3174.603
I ¥aP-wave| 3216.958
w4
No Tlu-s | T2 u-s |AT u-s| L,mm P-wave
1 56.5 112.5 56 200 3571.429
2 57.5 110.5 53 200 3773.585
3 58 112 54 200 3703.704
4 58 112 54 200 3703.704
5 58 112 54 200 3703.704
T }aP-wave| 3691.225
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S

No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
1 46.5 128 81.5 300 3680.982
2 55 125.5 70.5 300 4255.319
3 45 125.5 80.5 300 3726.708
4 45 125 80 300 3750
5 52 133 81 300 3703.704
6 50 130 80 300 3750

T 32 P-wave| 3811.119
w7

No Tlus [ T2 us |[AT us| L, mm P-wave
1 65 121 56 200 3571.429
2 64 117 53 200 3773.585
3 65.5 121.5 56 200 3571.429
4 62.5 116 53.5 200 3738.318
5 65.5 118.5 53 200 3773.585
6 61 117 56 200 3571.429
7 61.5 117 55.5 200 3603.604
8 64 115.5 51.5 200 3883.495
9 63 117 54 200 3703.704
10 63.5 116.5 53 200 3773.585

I 12 P-wave| 3696.416

#AE 8
No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
68.5 124.5 56 200 3571.429
2 70 126.5 56.5 200 3539.823

I ¥aP-wave

3555.626
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L

No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
1 53.5 115 61.5 200 3252.033
2 57.5 115 57.5 200 3478.261
3 53 112 59 200 3389.831
4 50 110 60 200 3333.333

T }aP-wavel| 3363.364
10

No Tlu-s | T2 u-s |AT u-s| L,mm P-wave
1 47 103.5 56.5 200 3539.823
2 45.5 103 57.5 200 3478.261
3 54.5 112 57.5 200 3478.261
4 45 101 56 200 3571.429
5 53 83 30 100 3333.333
6 53 83.5 30.5 100 3278.689

T 12 P-wave| 3446.633
w11

No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
1 14 79 65 200 3076.923
2 14.5 77 62.5 200 3200
3 62.5 121 58.5 200 3418.803
4 66 125 59 200 3389.831
5 70.5 131.5 61 200 3278.689
6 12 70 58 200 3448.276
7 67 128.5 61.5 200 3252.033

T ¥3P-wave| 3294.936
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A 12

No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
1 55 133 78 300 3846.154
2 54 137.5 83.5 300 3592.814
3 52 132 80 300 3750
4 71 153 82 300 3658.537
5 52 131.5 79.5 300 3773.585
6 49 137 88 300 3409.091
7 50.5 147.5 97 300 3092.784
8 49 142.5 93.5 300 3208.556
9 61 139 78 300 3846.154
10 60.5 138.5 78 300 3846.154
11 55 140.5 85.5 300 3508.772
12 45 97 52 200 3846.154
13 41 99.5 58.5 200 3418.803
14 54.5 110 55.5 200 3603.604
15 51.5 106.5 55 200 3636.364
16 51.5 107 55.5 200 3603.604
17 56 111 55 200 3636.364
18 58 113.5 55.5 200 3603.604
19 58.5 114.5 56 200 3571.429
20 59.5 115 55.5 200 3603.604

I ¥aP-wave

3602.806
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sl

No Tlu-s | T2 u-s |AT u-s| L, mm P-wave
1 29 106.5 77.5 300 3870.968
2 29 106.5 77.5 300 3870.968
3 29 106.5 77.5 300 3870.968
4 23 99.5 76.5 300 3921.569
5 22.5 100.5 78 300 3846.154
6 29 106.5 77.5 300 3870.968
7 29 106.5 77.5 300 3870.968
8 27.5 106.5 79 300 3797.468
9 29 106.5 77.5 300 3870.968
10 31.5 106.5 75 300 4000

T 32 P-wave| 3879.1
s2

No Tlu-s | T2 u-s |AT u-s| L,mm P-wave
1 22.5 110.5 88 300 3409.091
2 22.5 101 78.5 300 3821.656
3 31 109.5 78.5 300 3821.656
4 14.5 91 76.5 300 3921.569
5 14.5 91.5 77 300 3896.104

I ¥aP-wave| 3774.015
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e AL b2 i B Rl

g -
- ol
ERIRE A2 kiR i tm/s
A P
B
1| 35100 3510
2| 35200 3520
3l 3s40] 3520
4 3540 3510
5| 3s40] 3520
6| 3550 3520
71 3550 3520
8|  3560] 3520
of 3550 3520
100 3560 3520
EyE 3542]  3518] 3530
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AR -

AR = P

BRRE A& AKPR H = tm/s
% - BR[| %= PRI
1| 3600 3510
2 3630 3530
3l 3650 3540
4 3670 3540
5/ 3680 3550
6| 3680 3540
71 3680 3560
8| 3690 3560
9 3670 3560
10l 3670 3570
Ty i 3662 3546 3604
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Jit

i £
ERIRE AT kR ¥ m/s
EE | —
13
1 3620 3470
2 3610 3560
3 3620 3590
4 3620 3590
5 3630 3590
6 3630 3600
7 3630 3600
8 3630 3600
9 3630 3600
10 3640 3600
T 3o ik 3626 3580 3603
B L
HE B R
ERIRE AT Ak twR ¥ m/s
EE P—
2L
1 3440 3700
2 3440 3710
3 3450 3720
4 3460 3720
5 3460 3720
6 3460 3770
7 3470 3780
8 3480 3770
9 3490 3770
10 3490 3780
k=l €1 3464 3744 3604

99




BAL L

%]

kit 2R

BRRE A& AKPR H i m/s
5% — il P
2t

1 3740 3670
2 3770 3680
3 3770 3680
4 3770 3690
5 3770 3690
6 3770 3710
7 3780 3710
8 3780 3720
9 3780 3720
10 3790 3720
T pa i 3772 3699| 37355
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B

AR = P

ERRE AT RPR H = m/s
A P
13
1| 3460 3520
2| 3500 3530
3 3500 3550
4 3510 3550
51 3510 3550
6| 3510 3560
7| 3510 3560
8| 3510 3560
of 3510 3560
10| 3520 3560
T yn 3504 3550 3527
AR LA
S
ERIRE &S kR H = m/s
A P
13
1| 3310
2| 3370f-
3| 3370|-
4 3370f-
5| 3370|-
6|  3380|-
7| 3380|
8| 3380|
of  3380|-
10 3390|-
T o 3370|- 3370
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HA LA

AR £ P

ERRE AT RPR H = m/s
R P
13
1| 3590 3600
2| 3600 3610
3l 3610 3610
4 3610 3610
5| 3610 3610
6| 3620 3610
7| 3620 3610
8| 3620 3620
of 3620 3620
10| 3620 3620
T o i 3612 3612 3612
U
S
ERIRE AT AP H = tm/s
A P
13
1| 3460 3510
2| 3460 3530
3| 3490 3540
4 3510 3550
5| 3510 3550
6| 3510 3550
7| 3510 3550
8| 3510 3560
of 3520 3560
10| 3510 3560
T o id 3499 3546 3522.5
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LA -

AR = P

ERIRE A2 kiR i tm/s
A P
2
1| 355 3370
2| 3560 3390
3| 3560 3430
4 3580 3430
5| 3560 3430
6| 3570 3430
71 3s60| 3430
8| 3500 3430
of 3500 3430
100 3500 3430
EE 3571)  3420] 34955
R
kit 2R
ERIRE AL iR i tm/s
A P
2
1| 3500 3430
2| 3600 3430
3] 3600 3440
4 36100 3440
5| 3610 3450
6| 3610 3460
71 3610 3460
8| 3610 3460
of 36200 3460
100 3620 3460
B 3608)  3449]  3528.5

103




A8 LA 0 SI

AE B R

ERRE AT AR H = m/s

50cm 30cm 25¢cm

1 3830 3750 3620
2 3860 3770 3690
3 3860 3800 3720
4 3870 3820 3730
5 3880 3830 3750
6 3860 3830 3770
7 3890 3850 3800
8 3830 3860 3820
9 3860 3740 3820
10 3890 3770 3820

I 3o @ 3863 3802 3754 3806.333

A LA S2

kit 2R

ERIRE D AZT AP H i m/s

50cm 30cm 25cm

1 3630 3660 2720
2 3660 3680 2730
3 3660 3690 2730
4 3660 3690 2730
5 3660 3690 2730
6 3660 3690 2730
7 3660 3690 2730
8 3660 3690 2730
9 3660 3690 2730
10 3680 3710 2730

T Ia ig 3659 3688 2729| 3358.667
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/\w
F

AE B R
TRIRE A&F ARl H = m/s
26cm 75cm 116cm 185cm
1 3600 3690 3550 3720
2 3620 3760 3600 3800
3 3670 3760 3640 3820
4 3700 3820 3650 3650
5 3710 3830 3650 3720
6 3720 3850 3660 3750
7 3720 3870 3660 3770
8 3740 3890 3670 3800
9 3750 3910 3670 3820
10 3750 3920 3670 3820( 3734.25
=l 14 3698 3830 3642 3767
LA
Ak 2R
BRIk E 42D LRl # i m/s
A P,
2L
1 3810 3390
2 3790 3390
3 3660 3400
4 3610 3400
5 3650 3400
=l 3704 3396 3550
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DAL KRR ¥~ m/s
A P
g
1| 3680 3350
2| 3280 3360
3 3690 3360
4 3670 3360
5| 3620 3360
T o g 3588 3358 3473
PHOHC
ik £ R
ERIRE AL iR i tm/s
A P
g
1| 3520 3490
2| 3540 3510
3l 3520 3510
4 3540 3510
5| 3540 3520
T o @ 3532 3508 3520
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DAL KRR H i m/s
¥ - il m——
13
1 3470 3430
2| 3510 3440
3 3510 3440
4 3510 3440
51 3520 3450
] 3504 3440 3472
R LA E
AE B R
ERIRE 425 AR H = m/s
¥ - il ——
13
1 3450 3230
2| 3510 3280
3 3510 3220
4 3520 3230
51 3520 3230
T 3o i@ 3502 3238 3370
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