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P wave Velocity Variation of the Pochon Granite
due to the Cyclic Loadings

Yeong Hwa Kim*, Bo-An Jang*, Jae Dong Kim**, Chan Goo Rhee*** and Byeung Kwan Moon*

ABSTRACT : The behavior of rocks and microcrack development due to fatigue stresses are investigated using cyclic load-
ing tests and ultrasonic velocity measurements. Twenty six medium-grained granite samples from the Pochon area are
selected for measurements. Ultrasonic velocities are measured for samples before fatigue test to characterize the pre-ex-
isting microcracks. Then, thirteen different cycles of loadings with 70% and 80% dynamic strength are applied to the sam-
ples. The ultrasonic velocities are measured again to compare velocities after applications of fatigue stress with those be-
fore applications of fatigue stress. The results show that most microcracks are developed along the direction parallel to the
axis of loading and that the amount of microcracks increases, as loading levels and numbers of cycle increase.
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Fig. 1. Triangular diagram of modal composition for the Po-
chon granite (Quartz-Alkali feldspar-Plagioclase/The TUGS cla-
ssification). 1; Quartz-rich Granitoid, 2; Alkali feldspar granite,
3; Granite, 4; Granodiorite, 5; Tonalite, 6; Alkali feldspar syen-
ite, 7; Syenite, 8; Monzonite, 9; Monzodiorite, 10; Diorite.
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Table 1. Loading levels and numbers of loading cycles ap-
plied to the samples for velocity measurements

Number of Loading Cycles

70% dynamic 2 4 8 16 32 200 400
loading 600 800 1000 2521 2930 3116

80% dynamic 2 4 8 16 20 32 40
loading 60 80 100 110 121 134

Loading Level




5920 o TAARLY PISE Bg 54 233

Fig. 2. Outline of sample preparation for ultrasonic measure-
ment.
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Fig. 3. Ultrasonic velocity measurement system used in the
study.
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Fig. 4. An ultrasonic wave form obtained from the Pochon
granite.
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Fig. 5. Result of calibration test for the end-cap transducer.
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Table 2. Physical properties of the samples.

Density  Porosity Density  Porosity

Sample (g/em’) (%) Sample (gfem’) (%)

70-2 2.604 1.09 80-2 2.596 1.06
70-4 2.598 1.06 80-4 2.594 1.04
70-8 2.598 1.05 80-8 2.594 1.09
70-16 2.598 1.02 80-16 2.593 1.09
70-32 2.593 1.08 80-20 2,619 0.90
70-200 2.621 0.86 80-32 2.598 1.07
70-400 2.623 0.91 80-40 2,618 0.95
70-600 2.621 0.90 80-80 2.631 0.90
70-800 2.620 0.85 80-100  2.623 0.88
70-1000  2.621 0.93 80-110 2598 1.04
70-2520  2.597 0.97 80-111  2.595 1.02
70-2930  2.5% 0.97 80-121  2.594 1.07
70-3116  2.597 1.03 80-134 2597 1.04
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Fig. 6. A typical stress-strain curve for the Pochon granite

under uniaxial cyclic compression.
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Fig. 7. Permanent strain versus numbers of cyclic loading
for the Pochon granite.
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Fig. &. A typical stress-strain curve for the Pochon granite
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Table 3. Velocities measured
cation of fatigue stress.

from samples before appli-

Samplc Vo Vio Vo Va Vixn Viso Va
70-2 3442 3662 3730 3775 3739 3567 3322
70-4 3538 3720 3850 3839 3735 3611 3380
70-8 3688 3591 3585 3814 3859 3849 3383
70-16 3845 3586 3591 3603 3833 3921 3435
70-32 3948 3783 3630 3496 3607 3869 3379
70200 3897 3951 3866 3785 3735 3729 3555
70400 3825 3887 3935 3890 3722 3677 3482
70-600 3709 3760 3935 3828 3762 3641 3473
70-800 3600 3838 4000 3964 3803 3644 3443
70-1000 3667 3987 3957 3767 3570 3583 3495
70-2520 3799 3731 3630 3762 3927 3957 3309
70-2930 3923 3879 3649 3626 3578 3868 3446
70-3116 3931 3731 3567 3462 3610 3912 3314
80-2 4014 3867 3731 3661 3604 3822 3284
80-4 3870 3868 3672 3605 3600 3810 3406
80-8 3491 3563 3718 3696 3558 3515 3273
80-16 3585 3514 3593 3798 3841 3741 3404
80-20 3868 3572 3645 3789 3821 3890 3484
80-32 3827 3738 3613 3651 3831 3961 3391
80-40 3292 3006 3043 3318 3477 3466 3244
80-80 3634 3776 3941 3830 3630 3535 3472
80-100 3798 3674 3774 3810 4001 3989 3580
80-110 3619 3846 3855 3764 3714 3534 3406
80-111 3470 3564 3762 3831 3808 3555 3328
80-121 3807 3948 3926 3701 3557 3593 3458
80-134 3573 3621 3830 3940 3798 3592 3318
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Fig. 8. Dry P wave mean velocity versus porosity for the
Pochon granite.

27N 89 Hx P &E& 89 23] ula}
G SEEEE Hola don 80~40A 59 VyollAl
2 412k 3006 m/sE Eo|x 80-20A1 8.9 Vel A Huigt
4014 m/sE Holx Jith. B2 AAE 27|A 89 &
AL A5 R &% 2o vag A4 stxAled 5
U3t Hod Ao 53 ek #4 «lUl“ 2
th 7 AlRolA 9] Az P3l £EE &%
g} 2A gl Jdehda Qlemg 7} 4
SAolv 712 EATe ARAE ) ole
At WetA Fig. 8 4wk 2 &
A7) YAt BREEEE F8ln o] B
o TAIE Aot} 1 A3} FFE) Z7l
o] e Aol AXEH 1 oy iAol AX
iS4 EE g2y 2 o Tk

20|14 EAIE 8lZEe] Vi, Vi, Ve, Ve, Vi, Visy Z
! 1 ! beree] ° 30_ % 90_ 1o 110 _}‘ SVmean:(V0+V30+V6{)+V90+V120+V150)/ 34V
Wk 4o A4S Sdste AT £ (radial
velocity) & 742715 V,.& $48 ££2 Uehic), A Wl el mhe Sgkel WgtEe ¢4 2%
70-2 70 - 1000 80-8 80-121
4200 4200 r 4200 [ 4200 ,
4000 4000 4000 4000
/A y '\1\
9 3800 3800 3800
3 [
g ),/"/ ’\“\ ‘/ ) A 3 /
z 3800 / v 3600 3800 Y 4 > 3600
8 o bkt p e B RRNREE
T 3400 3400 3400 3400
3200 32m Sm P e e e s s e pae 3200
3000

0 30 60 90 120 150 180

DIRECTION

3000
0 30 60 90 120 150 180

DIRECTION

3000 3000
0 30 60 90 120 150 180 0 30 60 90 120 150 180
DIRECTION DIRECTION

Fig. 9. Dry P wave velocity before the application of the cyclic loading (circle; lateral, dotted; axial).
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Fig. 10. Dry P wave velocity after the application of the cyclic loading (circle; lateral, dotted; axial).
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Fig. 11. P wave velocity difference between before and after the cyclic loading (circle; lateral, dotted; axial).
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Fig. 13. Dry P wave lateral velocity variation before (circle) and after (square) the cyclic loading.
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