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PREDICTION OF SEISMIC GROUND MOTION IN OSAKA
BY QUANTIFICATION THEORY

By Kenzo Toki and Takayuki TOHAYA

Synopsis

This study presents the predicted values of peak acceleration and velocity in Osaka by applying
the Quantification theory to a number of calculated ground responses. The responses of ground at
surface were calculated by the multi-reflection theory considering the strain-dependent properties of
soil. Model ground were constructed from the data base for the dynamic ground properties, which
incorporates the P-S wave velocity data performed to actual ground at about 100 sites in Osaka
area.

Items considered in the analyses are the shear wave velocity of surficial layer, that of the base
ground, the depth of the base ground, the lowest shear wave velocity in the layers and its associated
depth and the peak acceleration of incident wave. Most governing item was the depth of the layer
of which the shear wave velocity is the lowest in the layers.
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Fig. 1 Examples of ground model treated in the analyses.
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Table 2 Effect of thickness of the dis-
cretised soil layer with the
same property.
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Fig. 2 Histogram of peak response accelera-
tion for Taft (1952) accelerogram.
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Fig. 3 Histogram of peak response velocity for Taft (1952) velocity.
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Fig. 4 Histogram of peak response accelera- Fig. 5 Histogram of peak response velocity
tion for Kaihoku (1968) accelerogram. for Kaihoku (1968) velocity.
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Table 3 Combination of items to be treated in the analysis.
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Fig. 6 Comparison of histograms of the ratio of the calculated peak response acceleration to the
predicted value for different combination of items corresponding to Table 3.
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Table 4 Result of analysis for the first combination of category; response acceleration for
Taft (1952) accelerogram.

Category I:)I;xr;lzzr Category value Range Par;?elﬂ(‘: ort.

Vs of 70~120 57 1732

s acial 120~150 51 151.7 499 0.349
surtacl 150~250 45 1233
layer (m/s) 250~ 30 156.0
Ve of 250~ 350 2 0.0

; 350~400 36 7.1 48.7 0.429
ase 400~450 36 203
ground (m/s) 450~ 69 48.7
6~ 20 33 0.0

Dbep'h of 20~ 35 54 ~108 76.6 0.557
ase 35~ 50 54 —51.6
ground (m) 50~ 2 —76.6
60~ 100 45 0.0

Lowest value 100~120 s1 17.5 4717 0.369
of Vs (m/s) 120~ 150 54 47.7
150~ 33 362
0~ 4 66 0.0

Depth of 4 7 45 514 902 0.597
layer with 7. 2 33 516
lowest Vs (m/s) 12~ 39 _90'2
Incident 50 ol 0.0

! 100 61 90.3 173.2 0.860
amplitude (gal) 150 61 1732
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Table 5 Result of analysis for the second combination of category; response acceleration
for Taft (1952) accelerogram.

Category I:;xgx;;r Category value Range Par;giéﬁ(forr.

Vs of T0~110 42 184.4

o eacial 110~140 45 151.4 43.5 0.266
140~ 200 45 147.5
layer (m/s) 200~ 51 140.9
Ve of 350~ 360 60 0.0

base 360~410 4 15.4 55.6 0418
410~ 500 2 26.6
ground (m/s) 500~ 39 55.6
6~ 20 33 0.0

leaps? of 20~ 35 54 —14.5 74.0 0.515
35~ 50 54 —452
ground (m) 50~ 4 —74.0
60~100 45 0.0

Lowest value 100~120 51 13.5 469 0.305
of Vs (m/s) 120~ 140 39 31.8
140~ 48 469
0~ 4 6 00

Depth of 4 7 45 —49.6 92.3 0.573
layer with 7~ 12 33 —48.7
lowest Vs (m/s) 12 3 B 92‘3
) 50 61 0.0

Incident 100 61 90.3 1732 0.857
amplitude (gal) 150 61 1732

Table 6 Result of analysis for the third combination of category; response acceleration
for Taft (1952) accelerogram.

Category 1:;;:;3? Category value Range Par;f;;.orn
Vs of 70~110 ry) 207.045
e cial 110~140 45 183.140 47.578 0.297
140~ 200 45 168.027
layer (m/s) 200~ 51 159.467
Vs of 250~ 360 60 0.0
e 360~410 4 4797 55.577 0.454
410~ 500 4 10.626
ground (m/s) 500~ 39 55.577
6~ 22 39 0.0
D:a‘;h of 2~ 35 48 —31.294 70.207 0.477
ound () 35~ 50 54 ~36.536
B 50~ 4 —70.208
60~100 ry 0.0
Lowest value 100~120 51 13.440 50.988 0.340
of Vs (m/s) 120~ 140 39 30.271
140~ 48 50.988
0~ 3 a3 0.0
I?:sgr‘ fvgth 3~ 6 42 —65.766 98.431 0.602
6~ 11 45 —69.235
lowest Vs (m/s) 1~ 48 _98.431
) 50 61 0.0
Incident 100 61 90.279 173.256 0.872
amplitude (gal 150 61 173.256
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50 - Correlation 50 Correlation
coefficient coefficient
0.9070 0.9046
40 - a0+
? 30+ g 3
g ]
=3 ]
2 g
[re) S
2 20
10 10 [
o L. 1 . AL
0.20.40.60.81.01.21.41.61.82.0 0 0.20.40.60.81.01.21.41.61.82.0
calculated/predicted calculated/predicted
Fig. 7 Histogram of the ratio of the calculated Fig. 8 Histogram of the ratio of the calculated
peak response acceleration to the pre- peak response acceleration to the pre-
dicted value for the first combination dicted value for the second combination
of category shown in Table 4; response of category shown in Table 5; response
acceleration for Taft (1952) accelerogram. acceleration for Taft (1952) accelerogram.,
50 r Correlation
coefficient
0.9175
40
30
1~
3
S
4
L. 20 =
10

6.20.40.60.81.01.21.41.6
calculated/predicted

Fig. 9 Histogram of the ratio of the calculated peak response acceleration to the
predicted value for the third combination of category shown in Table 6;
response acceleration for Taft (1952) accelerogram.
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VYOI T —HOBRKEERMEDOETHY, ChRET A T LOHMOEEHA TOLELLIC
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D & & QI DIREAHITH T B4R Table 7 U8, & 50 Correlation
B L FAMED K Fig. 10 K hid, BEMIKEZ B coefficient
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BAEWEE, MAEREEICESLZHLBNEETHS the predicted value for the combi-

nation shown in Table 7; response
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OEXDOETHENIEL, BIAHBOXXINIRVOUEL HEDTHWELLLERIN S, Thid,
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Table 7 Result of analysis for the third combination of category; response acceleration
for Kaihoku (1968) accelerogram.

Category 1:?::;? Category value Range Par;feli;:’.o"‘
Ve of 70~110 a2 221.157
) 110~140 45 209.302 68.454 0433
surfacial 140~200 45 158.738
layer (m/s) 200~
Ve of 250~ 360 0 0.0
o 360~410 4 —5.810 55.595 0.382
410~500 4 8.468
ground (m/s) 500~ 39 49.785
6~ 22 39 0.0
le;‘eh of 2~ 35 48 _31.422 66.246 0.433
35~ 50 54 —14.066
ground (m) 50~ 4 —66.246
60~100 15 0.0
Lowest value 100~120 51 26.252 76.274 0.405
of Vs (m/s) 120~ 140 39 38.091
140~ 48 76.274
0~ 3 48 0.0
Dlzgg‘ \:fth 3~ 42 —99.561 108.776 0.657
6~ 11 45 —94.758
lowest Vs (m/s) 1~ 48 —108.776
Incident 50 61 0.0
' 100 61 91.656 162.901 0.812
amplitude (gal) 150 61 162.901

Table 8 Result of analysis for the third combination of category; response velocity for

Taft (1952) accelerogram.
Category No;,lglal:? Category value Range Par:::lelﬁcon.
Ve of 70~110 2 13.897
acial 110~140 45 12.037 3.826 0.503
surlacia 140~200 45 11.127
layer (m/s) 200~ 51 10.072
Ve of 250~360 60 0.0
base 360~410 42 1.147 3.953 0.564
410~500 4 1.474
ground (m/s) 500~ 39 3.953
T 6~ 22 39 0.0
T;’s‘eh of 2~ 35 48 0.831 1.685 0.283
35~ 50 54 1.335
ground (m) 50~ 2 1.685
60~ 100 45 0.0
Lowest value 100~120 51 0.563 1.879 0.306
of Vs (m/s) 120~140 39 —0.272
140~ 48 —1.316
1~ 3 48 0.0
Depth of 3~ 42 0.311 1713 0.265
layer with 6~ 1 45 0.688
lowest Vs (m/s) 1~ 48 _1:0 45
Incident 50 o1 0.0
! 100 61 13.309 26.242 0.984
amplitude (gal) 150 61 26.242
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Table 9 Result of analysis for the third combination of category; response velocity for
Kaihoku (1968) accelerogram.

0702 0.4 0.6 0.8 1.0 1.2 1A 16

calculated/predicted

Number Partial corr.
Category of data Category value Range coeff,
70~110 42 0.949
Vs 110~ 140 45 8.403 1.964 0.316
140~200 45 7.551
layer (m/s) 200~
250~360 60 0.0
V]:a(;: 360~410 42 —0.001 2.215 0.425
ground (mJs) 410~500 42 0.514
500~ 39 2.215
6~ 22 39 0.0
D'fa‘;:‘ of 2~ 35 48 —1.359 2.315 0.413
ground (m) 35~ 50 54 —0.589
50~ 42 —2.315
60~100 45 0.0
Lowest value 100~120 51 0.547 1.461 0.257
of Vs (m/s) 120~140 39 1.286
140~ 48 1.461
0~ 3 48 0.0
Depth of 3~ 0 ~3.393 4234 0.661
layer with
lowest Vs (m/s) 6~ 11 45 —3.818
11~ 48 —4.234
. 50 61 0.0
Incident 100 61 4203 7.926 0.878
amplitude (gal) 150 6l 7.927
. 50 F Correlation
coefficient
, T 0.9149
o
(13
M
[11g M [
Correlation o) Jof
coefficient £
0.9845 2
501
£ wf
>
g
3 40
o 10}
£
3ok =
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
caiculated/predicted
wr Fig. 12 Histogram of the ratio of the calculated
peak response velocity to the predicted
value for the combination shown in
1ol Table 9; response velocity for Kaihoku
(1968) accelerogram.
Fig. 11 Histogram of the ratio of the calculated

peak response velocity to the predicted
value for the combination shown in
Table 8; response velocity for Taft (1952)

accelerogram.
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