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Synopsis:

“The Western Nagano Prefecture Earthquake, 1984” occurred near Ohtaki village, Nagano
Prefecture at 8:48 a.m. September 14, 1984. Makio Dam was located about S km from the
epicenter. In addition to Makio Dam, there were several high dams within the epicentral distance
of 100 km and the earthquake motions were recorded at some of them.

In Makio Dam, a few cracks were found at crest, but the dam body suffered no major casual-
ties. Satisfactory behaviours of dams during the earthquake indicate that the dams can withstand
near-field earthquakes very well.
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1. Introduction

“The Western Nagano Prefecture Earthquake, 1984 occurred near Ohtaki village, Nagano Prefecture at
8:48 a.m. September 14, 1984, Makio Dam was located near the epiceter (about 5 km from) and there were
also several high dams within the epicentral distance of 100 km. Earthquake motions were recorded at some of
their dam sites. A few cracks were found at the crest of Makio Dam, but the dam body suffered no major
damages. Satisfactory behaviours of the dams during the earthquake indicate that the dams can withstand
near-field earthquakes very well.

Figures of acceleration time history for Makio Dam, Nagawado Dam and Takane Dam in this report are by
the courtesy of the following organizations, respectively,

® Water Resources Development Corporation
® Tokyo Electric Power Company
® Chubu Electric Power Company

2. General Description of the Earthquake

The earthquake of the magnitude of 6.8 on the Richter scale occurred in the Western Nagano Prefecture at
8:48 a.m. on September 14, 1984, The location of the epicenter of the earthquake was lat. 35°49'N. and long.
137°33'E., and the depth was 2 km. It was named *‘The Western Ngano Prefecture Earthquake, 1984 by the
Japan Meteorological Agency. In this earthquake, there were 28 persons killed or missing, 8 injured, 51 houses
completely destroyed, 363 houses' partially destroyed, 190 destroyed locations in roads, one bridge made
unusable and 51 landslides.

Many aftershocks occurred after the main earthquake. Strong motions due to these shocks were recorded
at several dams. '

Table 2.1 gives a general description of the main earthquake and aftershocks.

Figure 2.1 illustrates the distributions of epicenters of the majn earthquake and aftershocks, while Figure

Table 2.1 Description of main-shock and aftershocks
(after Meteorological Agency)

Location
Date Depth Magnitude
: N E (km)
8:48 am, _
Sep. 14,1984 | 35°49’ 137°33" 1 2 6.8
12:49 p.m, :
Sep. 14, 1984 35°48' 137°29’ 8 5.0
7:14 a,m,
Sep. 15, 1984 35°47' 137°28' 6 6.2
9:12 a.m,
Oct. 3,1984 35°49' 137°37' 5 5.3
9:,.1,8 a.m, | R :
Oct. 9, 1984 35°s51’ 137°37' 8 4.2
N 1 —_—



2.1(a) shows the main shock and major aftershocks which were observed by Meteorological Agency, and Figure
2.1(b) shows the locations of aftershocks including micro-earthquakes observed by the Science Faculty of

Nagoya University using micro-seismographs.
3. Observed Earthquake Motions

The characteristics of the earthquake motions recorded at the dams are described in this chapter.

Figure 3.1 shows the location of dams where the earthquake motions of the main shock were recorded, the
monitored maximum acceleration and the epicentral distance from the dams. The location of dams where the
motions of aftershocks were recorded are shown in Figure 3,2, From Figure 3.1, the peak horizontal acceler-
ation at rock foundations ranges from 11 to 72 gal within the epicentral distance of 50 km,

Figure 3.3 shows the relationship between the maximum acceleration at rock foundations and the epicen-
tral distance for the Western Nagano Earthquake (The Western Nagano Prefecture Earthquake, 1984). In this
figure, the plotted empirical formulae by Okamoto and Kanai giving the peak acceleration from epicentral dis-
tance are also shown for reference, while the monitored motions are generally smaller than the values given by

Okamoto and Kanai.
Figure 3.4 shows the relationship between the magnitude and the duration of the motion. The duration

T is defined as the term (in second) between the first time that 20 % of the maximum acceleration appears, and
the last time it appears. The duration of the Western Nagano Earthquake was thus 5~10 seconds according to
this definition. ‘

The estimated curve in Figure 3.4 was drawn basegl on the formula obtained by the Fill Type Dam Division

by collecting and arranging the observed earthquake motions of the dam foundations.

3.1 The Observed Earthquake Motxons at Makio Dam
The general description of Makio Dam is given in Table 4.1, and Figure 4.3 shows the maximum cross sec-

tion of the dam, o _

Seismographs of Makio Dam ceased to function probably due to the power failure after they had monitored
the high frequency motions for 1 second from the begining of the main motion. Fortunately, the aftershock
motions were recorded. The installed posmons of accelerometers and dlsplacement transducers are shown in
Figure 3.5, Figures 3.6 to 3. 13 are the accelerograms of aftershocks except that Figure 3.9 is the recorded
velocity.

The Fill Type Dam Division installed the strong-motion seismographs at the left abutment and the crest of
Makio Dam(on October 8: after the date of main shock) by these strong motion seismographs. Figures 3,12
to 3.13 are the earthquake motions recorded on October 11 to 21, 1984, The recorded accelerations were digi-
tized for every 0.01 seconds. Figure 3.12 shows the accelerograms at the left abutment. The recorded maxi-
mum accelerations are 57 gal in the up/downstream direction, 84 gal in the dam axis direction and 27 galin the
vertical direction. Figures 3.14 to 3.15 are the power spectral of the accelerations in Figures 3.12t03.13,

3.2 Earthquake motions observed at other dams
Earthquake motions were recorded at several dams other than Makxo Dam, The following three records
have been digitized up to now,

(1) Iwaya Dam
Iwaya Dam is a rockfill dam with a central 1mpervious clay core, The general descnptlon is shown in Table

3.1. The seismograph installation is shown in Figure 3,16. Figure 3.17 shows the acceleratlons of the main
carthquake and Figure 3.18 shows those of the aftershocks for September 15,1984,
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Fig. 3.9

Velocity of aftershock of 9:12 a.m. October 3, 1984 at Makio Dam
(Courtesy of Gifu University)
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(2) Takane No.l Dam

This is a 133 m high concrete arch dam. The general description and the installation positions of the seis-
mographs are shown in Table 3.2 and Figure 3.19 respectively. The epicentral distance from Takane No.] Dam
is 27 km and the water level during the earthquake was at an elevation of 1,057.21 m. The scismographs were
placed at the dam crest and the right abutment, and the maximum accelerations are 184 gal (up/downstream
direction) and 72 gal (cross canyon direction), respectively (see Figures 3.20~3.22).

(3) Nagawado Dam

This is a 155 m high concrete arch dam. The gencral description is shown in Table 3.3, The arrangement of
scismographs is shown in Figure 3.23. The seismographs are installed at four positions on the dam foundation
and at four positions on the dam body. The maximum accelerations are 246 gal (E-W component) at the dam
body, E-W component of 28 gal and N-S component of 17 gal, both at the dam foundation (see Figures 3.24~

3.27).

Table 3.1 General description of Iwaya Dam

Engineering

Water Resources Development Corp.

Year of completion

1977

River Mase, tr. Kiso
Nearest city Minokamo
Type Rockfill
Height 128 m

Crest length 368 m

Volume content of dam

5,600,000 m®

Gross capacity of resevoir

173,500,000 m?

Purpose

Flood control, Water supply,
Irrigation, Hydroelectric

Table 3.2 General description of Takane No.l1 Dam

Year of completion

1969

River

Hida, tr. Kiso

Nearest city

Takayama

Type Concrete Arch
Height 133 m

Crest length 277 m
Volume content of dam 330,000 m*

Gross capacity of reservoir 43,600,000 m?

Purpose

Hydroelectric

Engineering

"Chube Electric Power Co.




Table 3.3 General description of Nagawado Dam and Midono Dam

Nagawado Dam

Midono Dam

Year of completion

1969

1969

River

Azumi, tr, Shinano

Azumi, tr, Shinano

Nearest ciyt

Matsumoto

Matsumoto

Concrete Arch

Type Concrete .Arch

Height 155 m 96 m

Crest length 356 m 343 m

Volume content of dam 672,000 m* 302,000 m?

Gross capacity of reservoir 123,000,000 m3 15,100,000 m3

Purpose Hydroelectric Hydroelectric
Engineéring Tokyo Electric Power Co, Tokyo Electric Power Co.
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Table 3,5 Lists of the maximum acceleration of
the aftershock of September 15, 1984
(Nagawado Dam, Courtesy of Tokyo

Table 3.4 Lists of the maximum acceleration of
the Western Nagano Earthquake
(Nagawado Dam, Courtesy of Tokyo

Electric Power Co,)

Electric Power Co.)

After Correction .| After Correction
NO. Component | of sensitivity NO. Component | of sensitivity

Acceleration: gal Acceleration: gal
594 R 39.9 (2.80) 594 R 119 (2.22)
595 R 246.4 (3.14) 595 R 97.0 (2.36)
596 | R 55.2 (3.25) 596 R 18.7 (2.21)
597 R 1993 (3.02) 597 R 58.1 (2.62)
598 R 68.4 (3.07) 598 R 25.9 (2.79)
599 R 36.2 (3.17) | 599 R 9.9 (2.08)
936 N-S 21.7 (2.85) 936 N-S 8.7 (2.22)
938 N-S 20.3 (2.80) 938) N-S 8.3 (2.17)
939 E-W 24.1 (3.02) 939 E-W . 8.3 (2.36)
940 N-S 16.8 (3.17) 940 N-S 6.6 (2.20)
941 E-W 28.3 (3.00) 941 E-W 9.0 (2.36)
942 N-S 396 (3.39) 942 N-S 10.6 (2:36)
943 E-W 30.8 (3.43) | 943 E-W 12.9 (1.63)
944 N-S 28.5 (3.15) 944 N-S 8.0 (2.03)
946 N-S 27.3 (3.16) 946 N-S 7.3 (2.03)
947 E-W 22.7 (2.69) 947 EW 9.6 (2.09)
948 N-S 23.7 (3.69) 948 [ N-s 7.6 (2.47)
949 E-W 23.7 (3.02) 949 EW 111 (2.36)
950 N-S 21.6 (2.67) 950 | ‘N-S 8.1 (2.39)
951 E-W 22.4 (3.36) 951 | - BE-W 6.8 (2.07)
1114 U-D 134 (3.19) 1114 “U-b - 6.1 (2.15)
1115 N-S 26.8 (3.26) 1115 | 'N-§ . 9.1 (2.16)
1116 E-W 224 (2.80) 1116 EW 6.1 (3.09)
1117 | NS 28.1 (2.85) 1117 N-S 114 (213)
1118 | EBW 284 (3.81) 18 | Ew 9.5 (3.06)
1119 N-S 25.6 (3.08) 1119 N-S 5.3 (1.98)
1120 E-W 16.2 (2.95) 1120 EW 8.9 (2.04)

Table 3.6 Lists of the maximum acceleration of ‘ the ‘aftershock of
September 15, 1984 :
(Midono Dam, Courtesy of Tokyo Eléctric Power Co,)

After Correction
‘of sensitivity

NO. Component B
’ Accelération: gal

475 E-W 10.2 (0.10)
473 U-D. 7.4 (0.41)
474 R 7.0 (0.63)
472 R « )
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4. Behiviours of Dams during Earthquake

The locations of the major dams (dam height is more than 15 m) within the epicentral distance of 200 km
is shown in Figure 4.1. Of these dams, the location of Makio Dam is the closest to the epicenter of the earth-
quake of September 14. This dam, however, had only very slight damage, and hence we will mainly describe the
behaviour of Makio Dam.

4,1 Makio Dam »

Construction work for Makio Dam begail in November, 1957 and the dam was completed as a rockfill dam
in March, 1961 by the Aichi Irrigation Public Corporation. The general description is given in Table 4.1 and the
maximum cross section is shown in Figure 4.2,

(1) Estimation of the earthquake motion at Makio Dam

Accelerometers and drsplacement transducers have geen installed at Makio Dam as previously stated in
Figure 3.5. ' The accelerometer placed in the tunnel of right abutment, however, did not work well, and hence
no accurate earthquake motions were observed at the dam foundation. Of the accelerometers in good order, the
nearest ones to the foundation werc No.8 and No.9. Accelerometers at dam crest, stopped monitoring probably
due to the power ‘failure when they were recording the high frequency motions (10~15 Hz) for the first 1.2
seconds. Some of the peaks of amplitudes were scaling off from the recording paper in the first 1.2 seconds
record and therefore the motions recorded at this dam during the main earthquake are incomplete.

It is necessary to estimate the motions at the dam foundation during the main shock for the evaluation of
the behaviour of dams which had only slight damage, against the big near-field event. The followings are the
estimated reproduction of the main shock motions at Makio Dam foundation by using the motions recorded at
other dams and the fmonitored aftershock motions at Makio Dam.

a. Duration

It seems to be reasonable to preslrme the duration of the motion at Makio Dam from the recorded motions
at other dams. The considerations about the length of the earthquake fault, moving speed of fracture, transfer-
ence velocity of elastic wav‘es (P, S Wave, etc) and relative position between the above-mentioned fault and mon-
itoring points should be taken into account, but duration was assunted from the records for the neighboring
dams. From the motions recorded at Takane No.l Dam and Nagawado Dam, the main motion lasted about 4
seconds after the arrival of S-wave and subsequently the earthquake wave continued about 8 seconds from the
end of the main motion. It is then assumed that the duration of the motion at the foundation of Makio Dam is
also 12~15 seconds. '

b. Frequency characteristics

It is possible tc ahai}'ze an initial short portion of the records at Makio Dam. The frequency of this part
was 10 to 15 Hz. The predominant frequencies appeared in the wide range of frequencies of 0 to 6 Hz for
Nagawado Dam, and as for Takane No:l-Dam the predominant frequency was 2.5 Hz in the main motion.

At Makio Dam, the comparatrvely large aftershocks were recorded at 12:51 p.m. on September 14, 7:14
a.m. on September ]S 7:16 a.m. on September 15, 9:12 a.m. on October 3 and 9:19 a.m. on October 9.
The predominant frequencies of these motions were 15, 12, 9, 10 Hz respectively. The velocity of the earth-
quake recorded by Gifd University on October 3 had'a predominant frequency of 8 Hz and the acceleration
monitored by Fill Type Dam Division had a predominant frequency of about 20 Hz. Therefore, aftershocks
had the predominant frequency of 10 Hz or higher. When we assume that the earthquake had the same pre-
dominant frequency with aftershocks, the estimated motions at the foundation of Makio Dam comes to have a
higher predominant frequency than the motions at Nagawado Dam and Takane No.l Dam. An earthquake
motion having such a high frequency is probable because Makio Dam was located near the epicenter, and the S
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and P-wave reached the site almost at the same time. The earthquake motions recorded at other dam sites
within the epicentral distance of 100 km during the Western Nagano Earthquake, were collected and analyzed
by the Fill Type Dam Division, and some of them appear to have a predominant frequency of 10 Hz from the
results of analyses,

The resonant frequency of Makio Dam was then assumed to be 2,0~2.1 Hz from the acceleration wave at
the dam crest,

¢.  Maximuim acceleration
There are not good grounds to estimate the maximum acceleration, as it is different in nature from the case

of the time duration and the frequency characteristics. It is difficult to estimate the maximum acceleration
from extrapolating the relationship between the maximum acceleration and the epicentral distance, evén if that
relationship was obtained from dams adjacent to Makio Dam. The records of the aftershocks monitored at
Makio Dam are the miost reliable, but the peak value of the motion is unreadable. As for the aftershock of
October 9, the seismograph of P.W.R.I. indicated a maximum acceleration of 57 gal in the up/downstream, 84
gal in the dam axis direction and 27 gal in the vertical direction. An aftershock of the magnitude of 5.5 on the
Richter scale occurred near Makio Dam on October 3. Although the magnitude of this aftershock was smaller
than the main shock, the epicentral distance from the dam was closer than the main shock. According to the
caretaker of the dam, this aftershock had almost the same shaking as the main earthquake at the dam control
office. Moreover, the fact that the subsidence of the dam due to this aftershock was almost the same due to the
main shock suggests the peak acceleration of the main motion would have been as the nearly same level as the
aftershock. In the above description, seismographs of P.W.R.1. were installed on the crest of Ié'ﬂ:abutmem, and
so the acceleration might be smaller at the lower level (50 %~ 70 % of accelerations at left abutment). Sub-
sequently the maximum acceleration of the Western Nagano Earthquake at the site of Makio Dam was assumed
to be 390~490 gul under the existing circumstances. o

d. Vertical motion
As for the vertical component, we had to assume it from the acceleration recorded at Takane No. 1 Dam

or the measurement of aftershocks at Makio Dam because the accelerographs at Makio Dam did not have a ver-
tical component. The predominant frequency would be of about 10 Hz and the maximum acceleration would
be 200~245 gal, as half of the horizontal component.

[Conclusions]
The horizontal motions of the Western Nagano Earthquake at the foundation of Makio Dam seems to have

had a wide range of frequency (0 to 15 Hz), and especially high predominant frequencies of 8 to 10 Hz with the
maximum acceleration of 0.4 to 0.5 g. The time duration was assumed to be 4 seconds during the main motion
and about 15 scconds in total. As for the vertical component, the motion appearqd to have the narrow range of
frequency characteristics (8 to 12 Hz) and a prcdomihant frequency of about 10 Hz with the maximum acceler-
ationof 0,2 to 0.25 g.

(2) The behaviour of Makio Dam

Makio Dam suffered slight damage as shown in Figure 4.3, which indicates the cracks parallel to the dam
axis at the crest, the settlement at the top of downstream slope, and the looseness and movement of the surface
of the downstream slope. The dam was investigated by Water Resources Development Corporation and has
been completely repaired. (Photo 1 to 4)

A crack such as that at crest is likely to be seen at carthfjll dams subjected to héavy earthquakes and proba-
bly caused by extensional stresses during shaking. The settlement and loosening of downstream slope, were
caused by the partial steep slope of the banking for the access road at downstream slope.

From the results of the survey, the maximum depth of the crack was 1.5 m, but there was no problem for
the seepage because the cracks did not reach the designed upper level of the impervious core zone, Generally,
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the displacements of dam body including the movement of surface were about 50 mm toward the upstream
direction and a settlement of 50~100 mm at the survey point of the upstream slope, and a settlement of about
50 mm at the downstream slope (horizontal movement is indistinet).

Survey points which were fixed at the center of crest just after the carthquake subsided about 10~15 mm
due to the aftershock. Horizontal displacement was not found due to this aftershock according to the survey of
October 3, but a downward movement of about 5 mm was surveyed on October 7. However, the error of 5
mim js considered to be unavoidable.

The reservoir water Ievel during the earthquake was 850.0 m (N.W.L. is 880 m), and the reservoir level had
been lowered for investigation and repairing. Re-filling of the reservoir have been planned with safety monito-

ring (especially leakage and deformation) when the repairing is completed.

4.2 The behaviour of other dams
Miure Dam, Ohtakigawa Dam, Narai Dam, Takane No.l Dam, Takane No.2 Dam, Nagawado Dam (Midono

Dam, Inakoki Dam) and Iwaya Dam are Jocated near the epicenter of the Western Nagano Earthquake, and suf-
fered no damage from the results according to an investigation by the Chubu Regional Construction Bureau,
Ministry of Construcion. In the Takane No.t Dam, the uplift pressure at the drainage holes of the foundation
and the quantity of leakage increased by about 20 percent due to the main carthquake, This type of phenome-
non js liable to appear at concrete dams during earthquakes. The increased leakage and uplift pressure usually
decrease gradually and retum to the former value after several months, In Narai Dam, the scepage flow from
observation holes increased slightly but the amount js decreasing little by little,
The fllowing are the results of investigation of other dams.

(1) Miure Dam
Miure Dam js located just upstream of Makio Dam and Ohtakigawa Dam and js concrete gravity type as

shown in Figure 4.4. The general discription is given in Table 4.2. A shock of intensity 4 on the scale of Mete-
orological Agency (Japan) was felt at Miure Dam during the Western Nagano Earthquake. The reservoir level
was 1,301.6 m (2.5 m below the nomnal water level). Emergency inspections of dam body, abutments and hy-
draulic structure were made immediately after, but nothing unusual was reported. For example, the leakage of
17.75 liters from dam body remained unchanged.

(2) Ohtakigawa Dam

Ohtakigawa Dam is a concrete gravity dam and s located between Miure Dam and Makio Dam. The general
discription and the maximum cross section are given in Table 4.3 and Figure 4.5 respectively. Nothing unusual
was found from the emergency inspection except for a hand-rajl at crest, which sustained slight damage from
waves during the earthquake.

(3) Narai Dam

Narai Dam is a rockfill dam with a central core and was completed in 1982. 1ts height is 60 m as shown in
Figure 4.6, The general description is shown in Table 4.4, The reservoir water level was 1,056.6 m.

The leakage from dam body and uplift pressure have been monitored for safety control and increment in
leakage observed after the main shock, took three days to return to the former quantity. However the leakage
increased slightly due to the aftershock of October 3, but the amount js decreasing. (see Figure 4.7) As for the
uplift pressure, no change was found before and after the main carthquake,

(4) Takane No.l Dam
Leakage before the earthquake increased by 18 liters to about 130 liters, but increment has been gradually

decreasing.




- Table 4.1 General description of Makio Dam

Year of completion 1961

River Kiso

Nearest city Matsumoto
Type - Rockfill
Height 105 m

Crest length 260 m

Volume content of dain 2,616,000 m°
Gross capacity of reservoir 75,000,000 m?

Purpose Irrigation, Hydroelectric Water supply
Engineeriné Aichi Irrigation Public Corp.
Owner Water Resources Development Corp.

Table 4.2 General description of Miure Dam

Year of completion

1943

River

Kiso

Nearest city

Kiso-fukushima

Type Concrete gravity
Height 86 m

Crest length 290 m

Volume content of dam 507,000 m®

Gross capacity of reservoir

61,100,000 m®

Purpose

Hydroelectric

Owner

Kansai Electric Power Co.




Table 4.3 General description of Ohtskigawa Dam

Year of completion 1948
River Kiso
Nearest city Nagano

Type Concrete gravity

Height 23 m

Crest length 75 m

Volume content of dam 9,000 m3

Gross capacity of reservoir 484,000 m?

Purpose Hydroelectric

Owner Kansai Electric Power Co.

Table 4.4 General description of Narai Dam

Year of completion 1982

River Shinano

Nearest city Shiojiri

Type Rockfill

Height 60 m

Crest length 180.8 m

Volume content of dam 952,667 m?

Gross capacity of reservoir 8,000,000 m?

Purpose Flood control Water supply
Engineering & Owner Nagano Prefecture
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Photo 1 Cracks parallel to dam axis (Makio Dam)

Photo 2  Cracks parallel to dam axis (Makio Dam)



Photo 4 Movement of downstream slope (Makio Dam)
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“The Western Nagano Prefecture Earthquake, 1984** occurred near
Ohtaki village, Nagano Prefecture at 8:48 a.m. September 14, 1984,
Makio Dam was located about 5 km from the epicenter. In additon to
Makio Dam, there were several high damis within the epicentral distance
of 100 km and the earthquake motion were recorded at some of them.

In Makio Dam, a few cracks were found at crest, but the dam body
suffered no major casualties. Satisfactory behaviours of dams during
the earthquake indicate that the dams can withstand near-field earth-

quakes very well. O
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