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ANALYSIS OF STRONG-MOTION AND HYDRODYNAMIC PRESSURE RECORDS
OBSERVED ON FILL TYPE BREAKWATER IN DEEP SEA
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By Tatsuo UWABE, Hajime TSUCHIDA and Eiichi KURATA

Strong-motion and hydrodynamic pressure records obtained on the Ofunato breakwa-

ter which consists of rock-fill mound of 19 m high and concrete caissons of 20 m high on

the mound were analyzed. The maximum acceleration ratio of the caisson’s top to the

base rock decreased with the increase of the maximum acceleration of the base rock.

The first-order natural frequency estimated from the transfer function between the cais-

son’s top and the base rock decreased with the increase of the base rock acceleration,

These seismic behaviors were due to the nonlinear characteristics of the mound’s

material. The hydrodynamic pressures observed at vertical surface of the caisson were

a little small compared with those calculated from the Westergaard's formula,
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Table2 Specifications of accelerographs.

SMAC-B2 ERS-C
Component 2 horizontal and | 2 horizontal and
1 vertical 1 vertical
Natural frequency 7.14 Hz 3 Hz
Sensitivity 12.5 Gal/mm 2 or 10 Gal/mm
Damping Critical Damping factor=17
Damping mechanism Air piston Electro-magnetic
Amplitude 1imit 500 Gal 500 Gal
Recording speed 10 mm/s 40 mm/s
Recording medium Waxed paper 198 mm x 30 m
Starter threshhold |5 Gal 5 Gal
Time making 1s 0.1 s
Power supply 4 dry cell Rechargeable battery
Recording duration | 3 min.
Starter Electric contact | ————
made by vertical
motion
Driving mechanisn Hand-wound spring| ————
for recorder motor
Natural freguency 270 Hz
of galvanometer
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Fig.3 Frequency characteristics of accelerographs.

Table 1 Installation outline of strong-motion and hydrodynamic pressure observation.

Brief name Installation Measuring TS;:do;nstr ment Start year [

of station site item measuring system Model of observatlon'
Ofunato-bo-$ on caisson Mechanical SMAC-B2 1967
Ofunato-mound-M| on mound AccelerationiElectro-magnetic {ERS-C 1979
Ofunato-bochi-S| on rock Mechanical SMAC-B2 1968
Ofunato-do-1~3{Side of caisson|Hydrodynamic Strain-gauge DAMS-2006 1982
Ofunato-do-4,5 |Slope of mound pressure [Strain-gauge DAMS-2006 1982
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Table 3 Strong-motion earthquake records (1970-Oct. 1982).

Earthquake data

Stronq motion earthquake records

Location of hypocenter Record InstallationiMax. accelerat1on(es 1)
Jate and time [Epicentral region [Latitude[longitude D?E;? M:SQ;_ number cite - U-D
on1s onm S- 554 on rock 25 66 Al
J??O» 9-14* |t off S Tohoku 38°41 142°40 40 | 6.2 5- 569 on. caisson %0 163 29
angh oont S-1022 | on rock 49 79 38
1977- 6- 8 t off S Tohoku 38928 141°20 | 70| 5.8 5.1021 | on caisson |139 195 6
ong! a1 S-1210| on rock 138 161 60
(1978~ 6-12* | E off S Tohoku 38209 | 142°10 40 | 7.4 111501 | on caisson 1350 |268 |06
0511 ona S-1212 | on rock 4 4 1
1978- 6~14 E off SrTohOku 38°21 142°29 40| 6.3 $-1214 | on caisson 13 39 3
1R nan S-1223 | on rock 10 4 4
1978- 6-21 £ off S Tohaku 38°15 14200 50| 5.8 5-1222 | on caisson (13} (i6) (10)
1978-12- 6% | Near Kunashiri Is. | 44°44' | 146°58' | 100 | 7.7 2:1%;2 o Egﬁzson ]g 23 g
S-1408 | on rock 9 9 5
1981- 1-19* | £ off Mid-Tohoku 38°36" 142°58" 0| 7.0 M- 437 | on mound 24 37 @ 25
{ 3:17) $-1409 | on caisson 5 41 1
S-1412 | on rock 1 1
1981- 1-19 £ off Mid-Tohoku 38936 143°05" 0| 6.0 M- 438 | on mound 3 7 3
(10:14) S-1411 | on caisson 3 11
S-1424 { on rock 8 8 4
1981~ 1-23* | S coast off Hokaido 42°25"' | 142°12' | 130 ) 7.1 M- 449 | on mound 28 25 21
L 5-1422 | on caisson j 20 35 10
S-1456 {on rock 4 4 1
1981-12- 2 E off N Tohoku 40°53' | 142°36" 60 | 6.2 M- 501 | on mound 16 13 16
$-1455 | on caisson {{13) (25) 4
S-1494 | on rock 21 40 9
1982- 6- 1 E off S Tohoku 38°41° | 143°20' | 40| 6.2 |M- 544 |on mound 68 [36{100 8] | 42
$-1493 | on caisson_| 42 173 32
S-1524 | on rock 4 3 4
1982- 7-23 E off Kanto 36°11" 141°57' 30 7.0 M- 570 | on mound 8 10 6
$-1523 | on caisson 5 18 3

* Record digitized for Chapter 5.

++ S of record number : Records of SMAC-B2
M of record number : Records of ERS-C

+*+ Value in [J means SMAC-B2 equivalent acc.
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Table 4 Records of acceleration and hydrodynamic pressure (Nov. 1982-1983).

Hydrodynamic
Earthquake data Strong motion earthquake records Press‘:FES record
: T Location of hypocenter Record |Installation|Max.ac e]eration(ga*l*) }2:?3,‘" V:?:é
Date and time [ Epicentral region [Latitude|Longitude|[Depth|Magni- number site NS EoW U0 Tevel (m)| (gf7cm®
(km) :x98Pa)
2 7
§-1538 { on rock 3 3 1 -7 5
1982-12-27 E off S Tohoku 38°17' | 141°53" 50 M- 594 | on mound 8 8 9 12 9
$-1537 | on caisson | 13 { 6) 4 22.3| 21
28.3| 20
-2 12
S-1584 | on rock 6 6 4 -7 18
1983- 5-26 W off N Tohaku 40°21" 139° 5' 14 M- 637 { on mound 12 16 10 -12 21
$-1583 | on caisson | 25 31 5 -22.3| 25
28.31 24
-2 6
$-1607 | on rock 3 3 1 -7 8
1983- 7- 2 £ off Kanto 36°54' | 141°12! 54 M- 658 | on mound 12 9 9 -12 9
$-1606 | on caisson |( 8) (9 (13} -22.31 10
28.3: 190
-2 4
S-1636 { on rock 6 2 4 -7 6
1983- 9- 6 E off S Tohoku 38°10" 142° 5! 39 M- 686 | on mound 6 7 8 -2 7
$-1635 | on caisson 6 14 6 -22.3| 12
-28.3| 13
-2 7
S-1644 | on rock 16 10 5 -7 12
1983-10-14 E off S Tohoku 38°41' | 142° 3! 63 M- 700 { on mound 36 22 19@ -12 16
$-1633 | on caisson | 16 26 6 -22.3| 19
-28.3| 27
-2 19
$-1658 | on rock 12 21 5 -7 26
1983-11-11 E off S Tohoku 38°53' 142° 6' 47 —— | on mound — — — -12 27
S-1657 | on caisson | 17 56 10 -22.3| 26
-28.3 26
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Table5 Predominant frequency of power spectrum and frequency

of transfer function’s peak,

; Max. |Predominant freq. |Freg. of transfer
Earthquake Instzll:t1on Ss;ggs Acc. jof power spectrum*| function’s peak
(Gal) (Hz) (Hz)
on_rock S-1274 3 13.3, 1.2
1978-12- 6 =0 caisson [S-1275] 37 |1.6, 3.3 1.6, 1.9, 3.1, 4.3
on _rock 5-1424 8 12.7, 4.9, 2.1
1981~ 1-p3 |-on mound M- 3490 19 [1.8 1.4, 1.8, 3.5, 3.9
on _rock S-1424 8 12.7, 4.9, 2.1 1.4, 1.8, 3.3, 3.9
on caisson [S-1422] 35 [1.8, 2.7 e
on rock s-1408 9 12.5, 4.5, 0.6
1981~ 1-19 |on mound M- 237 27 [2.1, 3.5 1.6, 1.9, 3.5, 4.
on rock S-1408 9 2.5, 4.5, 0.6 1.4, 1.9, 3.1, 3.9
on caisson [S-T409] 41 [1.9 o >
ol on rock S- 5541 66 (2.7, 5.8
1970- 9-14 | on caisson [S- 569] T63 (T4 T 9. 2.9 1.2, 1.9, 2.9, 3.5
A on rock S-1210] 161 [2.3,2.7,1.8,3.3
1978- 6712 on caisson [S-1211] 269 [1°6- 1.5, 27 1.0, 1.9, 2.5, 2.9

* put in order of peak value



KAKBET 4 V5 A THEIROMERBRN, BB & £ OISO 389

5000

)

i — 8-588
A - 8-1211
I I - 821278
[ - 3-1408

3000 4000
e

POVER BPECTRUM ( cm’/s’
2000

1000

4 5 B 7 ] 8 10

FREQUENCY (HZ)

Fig.8 Power spectra of acceleration on caisson’s top.
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