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ABSTRACT ARTICLE INFO
In this paper, alterations of vertical acceleration of the near-field earthquakes Receive Date: 18 June 2023
have been studied using 41 strong ground motions from 20 earthquakes with 3.9 Revise Date: 12 November 2023

< M < 7.3, which have been extracted from KiK-net seismograph network (In Accept Date: 19 February 2024
Japan country). In this respect, the study of the vertical has been conducted in
two cases. In the first case, by considering several strong earthquakes, the effect

of the vertical acceleration of the near-field earthquakes was investigated to have Keywords:

an insight about the location effects. In the second case, the stations and Vertical Acceleration Borehole
earthquakes were considered constant and subsequently, the effect of the soil was Seismic Data Near-Field
evaluated. Accordingly, the transfer functions for the acceleration and velocity Ground Motion Transfer
frequency amplification factors as well as spectral amplification factors were Function

extracted for the velocity and acceleration spectra. In order to calculate the Spectral Amplification
transfer functions, the ratio of the frequency contents of Time History recorded at

the surface and depth was used, and for the spectral amplification coefficients,

the ratio of the response spectrum of the surface to the depth with 5% attenuation

was used. The most important finding is that soil layers amplify the seismic waves

and vertical acceleration. Soil performance depends on factors such as source

and direction of release. On the other hand, the presence of one or two layers of

soil with completely limited thicknesses on the surface causes a completely

different behavior of the construction. In general, the functions of frequency

amplification and spectral amplification are similar in a wide range of

frequencies. The magnitude of the earthquake could not cause drastic changes in

the vertical acceleration transfer function. But soil magnification with the

transfer function obtained under different input frequencies could have

completely different performance. Major amplification of frequencies in the near

field is observed in the range of 3 to 18 Hz.
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Site class Description Vs(Vsz0,m/s)
A Hard rock >5,000 fps (1500 m/s)
B Rock >2,500 to 5,000 fps
(760—1500 m/s)
C Very dense soil and soft rock >1,200 to 2,500 fps
(360-760 m/s)
D Stiff soil 600 to 1,200 fps
(180-360 m/s)
E soil <600 fps (<180 m/s)
F Soils requiring site-specific evaluations (liquefiable soils, quick and highly
sensitive
clays, and collapsible weakly cemented soils)
[\V] Fa ees) ty C)‘\-J‘ g \ JJ.\»
Site Mapped Risk-Targeted Maximum Considered Earthquake (MCER) Spectral Response Acceleration
Class parameter at Short Period
S¢<0.25¢g Ss=050g Ss=0.75¢g Ss=10g S¢s=125¢g S¢=>15g
A 0.8 0.8 0.8 0.8 0.8 0.8
B 0.9 0.9 0.9 0.9 0.9 0.9
C 1.3 1.3 1.2 1.2 1.2 1.2
D 1.6 1.4 1.2 1.1 1.0 1.0
E 2.4 1.7 1.3 * * *
F * * * * * *
g8 aloul  Sealus geal Julos 5 Sliwe (SeiS5655 Slalllae wil colio polie cpsd sl
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Mapped MCER Spectral
Response Parameter at
Short Periods™ Site Class A, B Site Class C Site Class D, E, F
Ss = 2.0 0.9 1.3 1.5
Ss=1.0 0.9 1.1 1.3
Ss=0.6 0.9 1.0 1.1
Ss=0.3 0.8 0.8 0.9
S5 <0.2 0.7 0.7 0.7
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[Ya] KMMH16 a\.{'ma“‘ 9 ek Ol slad )y - g

-y Ok syl sl | KmsiS (3¢ | My | Intensity,ua U alald Max.acc Rd Max.acc

kmeKia bot(gal) top(gal)

1 2016/04/14-21:26 | KMMH16 11 6.5 6.4 6 126.95 13.53 1579.7
2 2016/04/14-22:07 | KMMH16 8 5.8 5.7 4 83.55 6.31 709.7
3 2016/04/14-23:28 | KMMH16 13 4.4 4.8 3 -27.67 7.04 303.0
4 2016/04/14-23:29 | KMMH16 13 4.6 4.8 3 28.33 6.40 263.9
5 2016/04/15-00:03 KMMH16 7 6.4 5.7 11 26.01 8.75 606.3
6 2016/04/15-00:34 | KMMH16 13 4.5 4.2 13 491 14.07 205.2
7 2016/04/16-01:25 | KMMH16 12 7.3 6.5 7 -195.53 6.98 1362.1
8 2016/04/16-01:46 | KMMH16 11 5.9 5.6 10 -65.31 6.53 420.6
9 2016/04/16-07:23 KMMH16 12 4.8 4.7 5 17.29 8.71 245.1
10 2016/04/16-09:48 | KMMH16 16 5.4 4.6 6 37.11 7.13 244.8
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[Va] IWTH25 oK 53 o Ol sladd ) —£J gt

-y bl oyl ol | kmAsiS 34 | Myya | Intensity wa U 4alald Max.acc Rd Max.acc

km o&iwyl | bot(gal) top(gal)

1 2008/06/14-08:43 IWTH25 8 7.2 6.3 3 -680.76 6.03 4022.1
2 2008/06/14-09:06 IWTH25 11 3.9 4.8 3 -44.70 7.80 1004.0
3 2008/06/14-11:35 IWTH25 10 4.3 5.2 2 -34.92 6.76 823.7
4 2008/06/14-23:42 IWTH25 10 4.8 3.9 3 -67.08 6.20 429.2
5 2008/06/16-23:14 IWTH25 11 5.3 4.3 6 -134.74 7.39 410.6
6 2008/06/18-16:55 IWTH25 12 4.5 4.3 3 29.35 6.95 403.5
7 2008/07/29-16:35 IWTH25 10 4.6 3.9 1 -35.97 7.07 351.0

[H] KMMH14 a\g.:.w._ﬂ PR RS ;'al:'r.b" 6\.&43))' —OJ}.\?

Y ol syl sl | kmAsiS 34 | My | Intensity wa U 4lald Max.acc Rd | Maxacc
kme&iugl | bot(gal) top(gal)
1 2016/04/14-21:26 KMMH14 11 6.5 5.4 13 49.97 4,93 357.4
2 2016/04/15-00:03 KMMH14 7 6.4 5.7 8 72.75 7.76 559.7
3 2016/04/16-01:25 KMMH14 12 7.3 5.7 13 127.26 4.81 612.3
4 2016/04/16-14:27 KMMH14 8 4.6 4.2 2 -16.87 7.59 194.5
5 2016/04/16-16:02 KMMH14 12 5.4 4.5 8 20.18 9.98 191.1

[14] 2016/04/16-01:25 J3; gl ol e glaoKzmy| —1J polom

1y Ol o8l ol | kKmAsilS (3¢ | Mya | Intensity s | U4lald Max.acc Rd | Maxacc

kmeie | bot(gal) top(gal)
1 2016/04/16-01:25 KMMHO01 12 7.3 4.5 40 31.03 3.00 251.5
2 2016/04/16-01:25 KMMHO02 12 7.3 5.5 50 -71.92 5.36 687.0
3 2016/04/16-01:25 KMMHO3 12 7.3 6.1 28 47.87 9.52 800.5
4 2016/04/16-01:25 KMMHO09 12 7.3 5.0 32 29.03 411 245.5
5 2016/04/16-01:25 KMMH10 12 7.3 4.5 73 -14.88 4.22 1949
6 2016/04/16-01:25 KMMH12 12 7.3 4.6 61 -29.25 3.05 217.8
7 2016/04/16-01:25 KMMH14 12 7.3 5.7 13 127.26 4.81 612.3
8* 2016/04/16-01:25 KMMH16 12 7.3 6.5 7 -195.53 6.98 1362.1

[14] 2008/06/14-08:43 435 (sl o el losl&am| ~V k>

Y ok syl sl | kmAsiS 34 | My | Intensity wa U dlald Max.acc Rd | Maxacc

kmeiw! | bot(gal) top(gal)

1 2008/06/14-08:43 AKTHO04 8 7.2 6.4 22 138.42 9.48 2599.9
2¥* 2008/06/14-08:43 IWTH25 8 7.2 6.3 3 -680.76 6.03 4022.1
3 2008/06/14-08:43 IWTH24 8 7.2 5.5 22 -120.87 2.94 538.5
4 2008/06/14-08:43 IWTH26 8 7.2 6 12 -167.28 5.78 1372.1
5 2008/06/14-08:43 MYGHO02 8 7.2 5.0 27 53.81 5.53 288.8

[14] 2008/07/24-00:26 435 (sl o sl losl&a| ~AJ s>

i o) oyl pli | kmSslS (3ae | Mys | Intensity wa U aluald Max.acc Rd | Max.acc

kmoBiw) | bot(gal) top(gal)

1 2008/07/24-00:26 IWTHO02 108 6.8 5.8 24 21.44 31.24 | 1185.9
2 2008/07/24-00:26 IWTHO03 108 6.8 4.9 8 49.30 17.39 736.1
3 2008/07/24-00:26 IWTHO09 108 6.8 4.9 40 55.13 7.36 540
4 2008/07/24-00:26 IWTH13 108 6.8 4.2 24 39.90 3.52 236.2
5 2008/07/24-00:26 IWTH14 108 6.8 4.9 23 -48.00 9.48 548.1
6 2008/07/24-00:26 IWTH17 108 6.8 4.5 10 -62.72 4.66 426.8
7 2008/07/24-00:26 IWTH18 108 6.8 4.8 30 -46.38 9.59 518.7
8 2008/07/24-00:26 IWTH21 108 6.8 5.2 38 -50.57 9.28 553.9
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KMMHO01(Vs30=575m/s) KMMHO02(Vs30=577m/s) KMMHO03(Vs30=421m/s) | KMMHO09(Vs30=400m/s)

Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s)

1.00 200 150 2.00 240 120 2.00 280 150 4.00 300 150
9.00 1500 380 4.00 720 370 16.00 800 430 6.00 700 350
12.00 2400 790 16.00 2700 1100 12.00 1500 580 12.00 1100 530
16.00 3300 1200 20.00 2700 800 26.00 2500 720 18.00 1800 930
--- 4200 1900 --- 1900 630 24.00 2100 460 24.00 1700 670
48.00 2800 1300 12.00 2300 960

4100 2000 3300 1600

KMMH10(Vs30=463m/s) KMMH12(Vs30=410m/s) KMMH14(Vs30=248m/s) | KMMH16(Vs30=280m/s)

Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s)

5.00 530 220 4.00 470 210 4.00 210 110 3.00 240 110
5.00 1000 340 50.00 1600 480 6.00 320 180 12.00 380 240
35.00 2400 730 38.00 1900 600 10.00 1580 330 18.00 1180 500
35.00 3600 1000 --- 2100 1000 38.00 1580 480 8.00 1180 400
60.00 3200 1000 30.00 1870 480 28.00 1950 760

--- 3400 1600 12.00 2580 690 32.00 2300 820

--- 3280 1540 32.00 2800 1470

10.00 2800 700

26.00 2800 1380

32.00 2300 840

32.00 2300 1470

4800 2700
IWTHO02(Vs30=390m/s) IWTHO03(Vs30=733m/s) IWTHO09(Vs30=967m/s) IWTH13(Vs30=621m/s)
Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s)

5.00 300 150 5.00 400 200 6.00 880 440 2.00 550 100
14.00 1800 450 17.00 2400 1400 10.00 3150 1040 2.00 550 200
8.00 2300 780 44.00 4800 2100 14.00 3150 1800 14.00 3930 1280
15.00 3400 1300 4800 2800 28.00 4120 2210 22.00 3930 1620
17.00 4000 1900 5700 2610 20.00 3930 2110
4500 2300 4190 2180

IWTH14(Vs30=816m/s) IWTH17(Vs30=1270m/s) IWTH18(Vs30=892m/s) IWTH21(Vs30=521m/s)

Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s)

2.00 550 170 2.00 580 240 2.00 450 180 2.00 330 150
4.00 1500 460 8.00 3000 1500 6.00 2410 680 6.00 1500 320
14.00 3010 1240 16.00 4960 1900 8.00 2410 1060 4.00 2080 400
26.00 4420 2000 44.00 4960 2600 44.00 5280 2270 8.00 3200 990
5300 2790 4960 2960 5860 2630 20.00 4540 1350
30.00 4740 2000
4980 2460
IWTH24(Vs30=486m/s) IWTH25(Vs30=506m/s) IWTH26(Vs30=371m/s) AKTHO04(Vs30=459m/s)
Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s) | Thick.(m) | Vp(m/s) | Vs(m/s)
2.00 480 180 6.00 850 430 4.00 450 130 2.00 300 150
8.00 1770 480 28.00 1770 530 6.00 1660 460 18.00 880 430
38.00 1960 590 30.00 2310 680 26.00 1660 540 12.00 3000 980
8.00 1570 300 48.00 2310 1120 1830 680 38.00 3000 1150
34.00 1570 550 64.00 4010 1780 3000 1500
28.00 1930 600 28.00 2620 1380
1930 540 3180 1810
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