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Synopsis :

Earthquake measurements have been taken since 1977 in order to investigate the
dynamic behavior of No.6 blast furnace and its surrounding soft ground at Chiba Works.
Two severe earthquakes of the so-called "directly under" type, hit the Kanto districts on
September 24 and 25, 1980, registering Richter magnitudes of 6.0 and 6.1, respectively
Their epicenters were located near Chiba Works, and maximum response acceleration
at the super-and sub-structures of No.6 blast furnace and its surrounding soft ground is
the largest of all the earthquakes ever observed. In this report, the results of
earthquake observations are discussed in comparison with those of theoretical
approaches, namely, analytical simulations using lumped mass idealization. The
following conclusions may be drawn from the observation and analysis of actual
earthquakes. (1) Judging from the response spectrum, the structure is more liable to
resonate with the so-called "long-distance" type earthquake than with the "directly
under" type, and yet in the latter type earthquake, the structure is strongly affected by
the vertical motion of the earthquake. Further study in this aspect is required to be
expedited. (2) Story shear coefficient at the sub-structure calculated from response

acceleration of actual earthquakes approximate to the design values, but those at the



super-structure exceed them. (3) It is predicted that if earthquakes occur that have
substratum acceleration a little less than eleven times that in the biggest "directly
under" type earthquake (Junel2,1978), or twice that in the biggest "long-distance" type
(Sept.24,1980), the story shear coefficient at the tip story will exceed the design value.
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Synopsis:

Earthquake measurements have been taken since 1977 in order to investigate the dynamic behavior of No. 6
blast furnace and its surrounding soft ground at Chiba Works.

Two severe sarthquakes of the so-called “directly under” type, hit the Kanto districts on September 24 and
25, 1980, reqgistering Richter magnitudes of 6.0 and 6.}, respectively. Their epicenters were located near Chiba
Works, and maximum response acceleration at the super-and sub-structures of No. 6 blast furmace and its sur-
rounding soft ground is the largest of all the earthquakes ever observed.

In this report, the results of earthquake observations are discussed in comparison with those of theoretical
approaches, namely, analytical simulations using lumped mass idealization.

The following conclusions may be drawn from the observation and analysis of actual earthquakes.
(1) Tudging from the response spectrum, the structure is more lLable to resonate with the so-called “long-
distance” type earthquake than with the “directly under” type, and yet in the latter type earthquake, the struc-
ture is strongly affected by the vertical motion of the earthquake. Further study in this aspect is required to be
expedited.
(2) Story shear coefficient at the sub-structure calculated from response acceleration of actual earthquakes ap-
proximate to the design values, but those at the super-structure exceed them.
(3) Itis predicted that if earthquakes occur that have substratum acceleration a little less than eleven times that
in the biggest “directly under” type earthquake (June 12, 1978}, or twice that in the biggest "long-distance" type
(Sept. 24, 1980), the story shear coefficient at the top story will exceed the design value.
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Ki : Stiffness of pile

Ksi: Shear spring between additive masses
Ks : Stiffress of soil column

K :Lateral spring

ij :Ground motion

Analytical model of soil-structure coupled
system

Fig. 18
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Story shear coefficient
Fig. 19 Story shear coefficient calculated from

analytical model
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Story shear coefficient

Fig. 20 Story shear coefficient calculated from max-
imum response acceleration shown in Table 3
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Table 3 Maximum acceleration of No.6 blast
furnace at the points shown in
Fig.1 against observed earthquakes

Response maximum acceleration{Gal)

Location
June 12,1978 | Sept. 24, 1580 | Sept. 25, 15980

Pl X--X 38.8 27.8 114.5*
Y-y 45,0 30.0 123.6"
Pl Z-2Z 8.5 13.0 30.0
Pz X-—-X 149.9% 64.4 265.3*
Pz v-Y 96.3" 58.0 238.9*
P2 7 -7 22.5 19.4 75.9°
P3 X-X 135.9* 40.0 925
P3 vy 72.8* 306 126.1*
Pz z- 2 15.3 10.0 46,3
P4 X X 142.9* - -
P4 Y-Y 45.0 22.8 94.0
P4 Z-2 11.0 8.5 47.5
P5 X-X 21.5 10.0 26.3
P5 Y-Y 19.0 7.8 30.6
Ps 77 9.3 6.0 143
P§ X- X 15.0 -
P$ Y-Y 14.5 6.7 27.6"
P9 Z-7 1.6 7.0 13.0
P13 X-X 10.2 - -
F13 Y-Y 10.2 12.0 46.4°
P13 27 9.2 5.9 18.0
P11 X-X 9.0 10.0 41.2*
PIl Y—Y 8.8 8.0 33.0°
P11 2-2 6.4 5.0 17.2
Pls x—x 7.8 8.0 18.5
Pis yy 6.8 5.5 19.0
Flsz-z 4.1 1.0 10.8

* Estimated values
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