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A study on the Factors Affected on the P- and S-wave Velocity Measurement
of the Acrylic and Stainless Steel Core

Sang-Kyu Lee and Tae Jong Lee*
Korea Institute of Geoscience and Mineral Resources (KIGAM)
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Abstract: A total of 864 measurements for P- and S- wave velocity of acrylic and stainless steel core samples have
been performed with respect to their lengths and axial load applied. S-wave velocity measurement was much harder than
P-wave velocity, so that it showed higher deviation in measured S-wave velocity with respect to repeated measurement,
length of the cores, and the axial load applied. Velocity measurements for acrylic cores showed more stable and less
than half of the variation between the measurements than the stainless steel cores. This seems to be come from better
coupling between the transducers and acrylic cores than stainless cores, and from larger value of the first arrival time
in a similar system noise environments. From the analysis of the 864 measurements, it is recommended that the length
of the core be 60 ~90 mm, axial load between 20 kg (27.7 N/em?) and 30 kg (41.6 N/cm?) for measurement of wave
velocity of the acrylic and stainless steel cores. Especially for measuring S-wave velocity of stainless steel core, core
length should be less than 50 mm, otherwise it will be affected by mode conversion or others. These results can be
used in measurement and correction for system delay in wave velocity measurement for rock cores.
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M 2 uel oM 718 B AFAFEl <8l 471 v Al

28 S-S Bl T S A7t ol FolA sk

dA sl v AUl B9} Lre] A 22 Ak cheldt &, 2010; AAHHE, 2010; ARHE 5, 2000; AT}

ke e WA A dSsiy s S & 512], 1988; AT} 2184, 1987; AYs} 5, 1997; A9t
45 A5e M-S A8l vl¢- FaEit) ol2d T84 o} T3, 1990; A43}, 1983).

oluf, = BTl = P2 BN B EE

2011 99 269 ;2011 109 24 5=4; 2011 109 30 A=, Ao IFFaEet QAR RO R} Z7), Hoje] Ao B

*Corresponding author

E-mail: megi@kigam.re.kr

Address: KIGAM, 124 Gwahang-no, Yuseong-gu,
Daejeon 305-350, Korea

305

273, 2] i 9t ol ol QAE gelehAl Hw gk Fo
o Al EMATAZHY] WA o mel gepx|A €t
(ASTM D-2845-08; ISRM, 1977; $H=data-8ls], 2005).



306 o+t - olElF

Hol= Estal 7129] A Aske Fojalge] 27, del,
ARERE AR Sl tel ARt Z1EEo] o] 3
uigee] s ASe] ofee At Wk &3

A AT AvE Ag Fots

N

rr
N
i
rg

9
>
=
i3
it
uu)
ox
&
0%
b
)
ol
e
I
Ay
o
O
T
ox
o
2
o,
q

o)
X
g 0
o
N
N
2
il
)
it
o
1y
-
Y
[
o)
o
b
o
@
=
5
(¢']
4
[72]
2
(<R

AlEH

Ao AREE A FHL o}a )t 2H|QE]27ke] 2714] A
EF 2 o7} 30, 40, 50, 60, 70, 80, 90, 100 mm<) A7
o= Y3 Zolth. Y Fol @] ol we] e
H2R AR olet B4 ARI7HA 53] SA S & Fetste] &

(a) first arrival picking (Lee et al (2010))
gn:

Time [us]

(b) first arrival picking (this study)
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Fig. 1. Two different methods for picking the first arrival (a & b) and comparison of their results (c).
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Fig. 2. Examples of recorded waveform with axial load of (a) 4.91
kg (b) 5 kg, and (c) 80 kg. Note that the first arrival differs signif-

icantly between (b) and (c).
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(b) Direct contact between transducers

Fig. 3. First arrival time and displacement change with respect to axial load applied.

Table 1. Per-cent deviation of S-wave first arrival picks for acrylic
specimen when measured three times in the same condition and
procedure.

Table 2. Per-cent deviation of P-wave first arrival picks for acrylic
specimen when measured three times in the same condition and
procedure.

Length (mm) Length (mm)
40 50 60 70 80 90 100 40 50 60 70 8 90 100
Load (kg) Load (kg)

5 0.63 139 033 033 026 048 051 030 5 032 043 072 0.17 053 065 0.16 035
10 0.64 212 020 045 029 040 034 0.17 10 0.12 0.0l 059 045 039 052 0.19 03
20 0.63 2.06 029 0.12 029 026 042 0.19 20 0.13 005 04 035 038 055 0.14 0.14
30 0.83 1.71 040 0.14 022 0.08 042 040 30 0.08 0.1 045 043 032 062 0.13 0.13
40 0.73 1.50 046 027 020 022 051 057 40 022 023 062 045 037 060 0.12 0.11
50 025 149 056 041 0.14 0.19 0.68 0.76 50 0.16 0.14 0.62 046 039 057 0.10 0.09
60 021 1.62 070 039 0.11 0.16 0.81 0.86 60 0.11 021 058 046 042 055 0.07 0.07
70 0.63 1.80 065 027 0.14 0.19 1.07 0.87 70 0.14 024 053 052 043 050 0.06 0.14
80 1.19 186 058 021 0.14 016 130 0.88 80 0.18 0.18 048 047 047 054 0.07 0.12
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Fig. 4. Repeatability test for S-wave first arrival picks for the acrylic

best and the worst repeatability, respectively.
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specimen of lengths (a) 70 mm and (b) 40 mm, which showed the

Table 3. List of parameters for total of 864 experiments.

Parameter Number of Remarks

parameters
1. seismic velocity 2 P- or S-wave
2. type of core 2 acrylic or stainless steel
3. core length 8 30, 40, 50, 60, 70, 80, 90, 100 mm
4. axial load 9 5, 10, 20, 30, 40, 50, 60, 70, 80 kg
5. repeat measurement 3

2% FAIZHE A2 AAg w HAPFAIZ AP A
S 4ol Wro] 42 BT £ 8 HH, ofad AFEHe]
Aolg} Falgo]l BF M o 33 SA9] HfolA P-u=
2787 ~ 2810 m/sec, S-TH= 1353 ~ 1400 m/sec®] &== e}
Wol 2zt 0.83%, 3.47%, ZHIA21 27 Alg 3ol 9] P-vk=

1400 /

Aol S_vel
{Length of cor)

S-wave velocity (m/sec)

1350 ;

0 80

40 B
Axial load (kg)

(b)

Fig. 5. Measured P- and S-wave velocity for acrylic cores of various length with respect to the axial load applied.
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5623 ~ 5740 m/sec, S-TF= 2849 ~ 3376 m/sec®] £EE U}
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Z5t50|
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*Eﬂolal“bl S-¥h= A1 Zol7t 70 mm o) dolH A
A T2 S HEE AAGHA] E3HL 30 ~ 60 mm7FA] ]
Aol X% S-v= 3l Wslol webx] HAPF a9 (FHd): 50
mm ® 16%), 3tz°] T71drS do] ¥l mE &= Hx}
Z7k8l= A 1ol E}(Flg 6b Z%). 2g|olg| 27} A8
W] p-ut, S-u} B of=Y AP KUk £Eo] AP} -
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sko] 20 kg ol’dolA p-3t

mm)
.]

o] A
AT
R =
of H

=y
s

Table 4. P-wave velocity for acrylic specimen with various axial loads and core lengths at first trial.

Length (mm) Velocity change
30 40 50 60 70 80 90 100 due to length
Load (kg) change
5 2782 2782 2799 2790 2795 2794 2792 2785 0.61
10 2780 2787 2796 2793 2791 2791 2791 2786 0.58
20 2788 2789 2798 2796 2794 2792 2794 2791 0.36
30 2787 2790 2798 2796 2793 2794 2793 2792 0.39
40 2788 2787 2800 2796 2794 2795 2793 2792 0.47
50 2790 2788 2800 2797 2796 2794 2795 2793 0.11
60 2790 2792 2801 2798 2796 2795 2797 2793 0.29
70 2789 2792 2799 2798 2796 2795 2795 2793 0.36
80 2792 2792 2800 2799 2797 2795 2797 2794 0.29
Velocity change due 0~ 80 0.43 0.36 0.18 032 021 0.14 021 0.32
to axial load change 0~ g0 0.18 0.18 0.11 0.11 0.14 0.1 0.14 0.1
Table 5. S-wave velocity for acrylic specimen with various axial loads and core lengths at first trial.
Length (mm) Velocity change
30 40 50 60 70 80 90 100 due to length
Load (kg) change
5 1400 1367 1387 1372 1366 1374 1378 1385 1.54
10 1388 1358 1374 1364 1359 1366 1369 1373 1.18
20 1383 1358 1372 1367 1362 1365 1368 1372 1.03
30 1384 1365 1375 1373 1367 1369 1372 1376 0.81
40 1387 1373 1381 1378 1372 1376 1378 1381 0.66
50 1392 1379 1386 1383 1377 1380 1382 1387 0.73
60 1393 1383 1391 1386 1380 1382 1385 1391 0.80
70 1393 1386 1394 1388 1380 1383 1385 1394 1.01
80 1393 1389 1396 1388 1379 1384 1387 1395 1.23
Velocity change due 3~ 80 123 228 175 176 1.55 1.39 139 1.68
to axial load change 20 ~ g9 0.72 228 1.75 1.54 1.32 1.39 1.39 1.68
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Fig. 6. Measured P- and S-wave velocity for stainless steel cores of various length with respect to the axial load applied.
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Table 6. P-, S-wave velocity and system delay derived from linear fitting of the first arrivals for the 8 acrylic cores of different length.

Load (kg)
10 20 30 40 50 60 70 80

Velocity

P velocity (m/sec) 2790 2790 2793 2793 2794 2794 2796 2795 2796

system delay (usec) 0.386 0.336 0.332 0315 0.303 0.302 0.303 0.292 0.296

S velocity (m/sec) 1378 1368 1368 1372 1378 1383 1386 1388 1389

system delay (usec) 2.633 1.804 1.295 1.092 1.012 0.972 0.898 0.799 0.7
P/S ratio 2.025 2.039 2.042 2.036 2.028 2.020 2.017 2.014 2.013

Table 7. P-, S-wave velocity and system delay from 8 stainless steel cores of different length (30 ~ 100 mm). (stainless steel p-3rd/s-3rd)

Load (kg)
5 10 20 30 40 50 60 70 80
Velocity
P velocity(m/sec) 5705 5699 5707 5698 5703 5700 5701 5703 5704
system delay (usec) 0.609 0.564 0.535 0.505 0.505 0.491 0.489 0.492 0.484
S velocity (m/sec) 3120 3062 3024 3000 3057 3152 3190 3177 3157
system delay (usec) 3.762 3.134 2.762 2.399 2416 2.679 2.674 2.445 2.159
P/S ratio 1.829 1.861 1.887 1.899 1.866 1.808 1.787 1.795 1.807
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Fig. 10. Velocity and system delay for acrylic cores under various axial loads. Measurements are repeated three times in a same condition

and two better results and their average are displayed.
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