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PREDICTION OF EARTHQUAKE DAMAGE TO QUAYWALL
STRUCTURES

by Toru SHiBATA, Tadanobu Sato and Yasunaga Tatum

Synopsis

This paper is concerned with the formulation of a simple and practical method for esti-
mating the earthquake resistant powr of quaywall structures. In the first part, the factor
analysis was made with reference to some reports on damaged quaywalls during the Nigata
Earthquake in 1964 and the Tokachi-oki Earthquake in 1968. The result shows that the
density or shear strength of subsoil is one of the most important factor for the earthquake
damages of structures.

In the second part of this paper, the microtremor of quaywall structures were measured
at the site of Osaka harbour. In an attempt to compare these in-situ measurements with
calculations, the FE-analysis of quaywallsubsoil system was also made. As a result of such
comparisons, it is tentatively concluded that the dynamic behaviour of simpletype quay-
wall structure may be estimated by means of microtremor analysis.
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Table 1. List of references.

Number| Type of structure and

: . Method of sub-soil
Information sources of data site

number of data survey

Report for damages to | 18 |Steel sheet pile wall: 9 | Nigata Port | Standard penetration

harbour structures by Block wall: 2 test
the Nigata Earthquake Concrete sheet pile (8. T.P.)
in 1964 wall: 4

Caisson: 2

Gravity retaining wall: 1

Report for damages to | 30 |Embankment Agano River,| Cone penetration test
river bank by the Ni- Shinano (CP.T)
gata Earthquake in 1964 River
Report for damages to 75 |Steel sheet pile wall: 36| Kamaishi, S.P.T.
harbour structures by Block wall: 11 Hachinohe,
the Tokachi-oki Earth- Concrete sheet pile Aomori,
quake in 1968 wall: 5 Noheji,
Caisson: 2 Ominato,

Hakodate,

Muroran,

Tomakomai,

Ports
Report for damages to 5 |Embankment Tokachi CP.T.
river bank by the River

Tokachi-oki Earth-
quake in 1968
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Table 2. Classification of earthquake damage.

Classification Grade Degree
0 No damage.
1 i No affect on the main structure.
Some damage in the attached structure.
2 II Considerably deformed.
3 I Holding the shape, functionally disorderd.
v Completely destroyed.
Table 3. Factors of earthquake damages.
. Sample No.
Weight P
Item Category H
Coefficient 2 24 46
. 0—5m X1
Sof sl depis 5—0m o|o
- 10— m X13 O
sandy soil 0—10 X21
N value -
Characteristics of @ value) 10—20 *2 o
surface layer Cohesive soil 0—10 s o | o
(Cone resist.) 10—20 o
0—4m X31 O
Height of Structures 4 —8m X32 O O
8— m X33
Steel sheet pile x4
Embankment X43
Type of Structures Block wall *es o
Concrete sheet pile M
Caisson X5 O
Gravity retaining wall X5 O
v X5 O
Earthquake intensity v X5p O (@]
VI X53
Classification earthquake damage 1 3 1
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Wi —VIER ¢ fE (Wil eHL) 280 LT, RBOE R, BELTR N EXTHT20%
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Table 4 Results of the factor analysis.

Number of Sample 128 106 97
Item Num- Num- Num-|
Ran- Ran- Ran-
Categor ber of| x; ber of| x; ber off x;
egory data| | 8 |data| | 8 |dawm| | 8
Soft soil 0—5m 16 |— 6.4 9 |—17.7 . —
depth 5—10m 65 8.4 31.4] 55 6.1 40.4 55 5.1 17.9
(W or ¢.<20) 10— m 47 | 25.0 2 | 2.7 42 | 2.0
sandy soil 0—10| 63 8.4 63 6.1 59 5.1
Character- (N value) 10—20 | 13 |—12.0 — — — —
istics of 38. 6 3.6 4.9
surface layer | Cohesive soil 0—10| 43 6.6 43 2.5 38 0.2
(Cone resist.) |10—20| 9 |[—30.2 - | — — —
Heicht of 0—4m 25 25.7 22 28.3 18 26.3
eight o _
Structures 4 8m 60 8.4 22.0 43 6.1 23.4] 40 5.1 21.2
8— m 43 3.7 41 4.9 39 8.6
Steel sheet pile 45 8.4 40 6.1 35 5.1
Embankment 35 19.7 21 26. 5 19 33.3
Block wall 13 3.1 12 4.9 12 7.8
Type of A 1 .
Structures Concrete sheet pile 9 | 32.5 »7 8 | 36.9 M 8 | 40.4 5.3
Caisson 18 9. 6 17 11.2 17 12.1
Gravity retaining wall 8 2.8 8 2.8 6 | 12.5
Earthauak v 33 |-14.3 32 |-16.2 32 |~15.6
arthquake
intensity v 9 | 84 23.4 6 | 6.1 33.7 65 | 51| 20.7
VI 5 9.1 5 | 17.5 - —
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Fig. 1.

Classification of earthquake damage
and the sum of weight coefficients.
C : Classification of earthquake
damage.
N : Number of data.
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Fig.2. Relationship between the resonant frequency
obtained from microtremor observation and

the sum of weight coefficients.
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Fig.3. Observation points of the microtremor.
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Fig.4. Cross section at G-8 point.
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Table 5. Site and date of microtremor measurements.

Measuring points

Observation day and time

Umemachi
Sakurajima Wharf
G-8 (Fig.4)

Oct., 21, 22, 1976

20.00, 21.00, 22.00, 23.00,
1.00, 3.00, 6.45

South Bank of
Kizugawa Canal

Nov., 19,20, 1976

18.30, 20.00, 21.00, 22.00, 23.00

F-2 (Fig.5) 0.00, 1.00, 2.00, 3.00, 4.00
Left Bank of Nov., 24, 25, 1976
Shirinashi River 19.10, 20.00, 21.00, 22.00, 23.00
D-1 (Fig.6) 0.00, 1.00, 2.00, 3.00, 4.00

West Revetment in
Hokko Honmachi

Nov., 25, 26, 1976

18.00, 20.00, 21.00, 22.00, 23.00

G-2 (Fig.7) 0.00, 1.00
Right Bank of Nov., 26, 27, 1976
Sanjuken River 19.15, 21.00, 22.00, 23.00,
A-21 (Fig.8) 0.00, 1.00, 2.00, 3.00, 4.00

N w
o o
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POWER SPECTRUM

FREQUENCY (Hz)

S
o

POWER SPECTRUM

FREQUENCY (Hz)

Fig.9. Change of power spectrum with time,
(a) at the top of structure(point Ain Fig.4),
(b) on the ground surface(point B in Fig. 4).
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A in Fig.4), A in Fig.5),
(b) on the ground surface (point (b) on the ground surface (point
B in Fig.4). B in Fig.5)
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An average of normalized power

spectrums,

(a) at the top of structure (point
A in Fig.7),

(b) on the ground surface (point
B in Fig.7).
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Fig.15. Frequency response function calcula-
ted by the multiple reflection theory.
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Frequency response function ob-
tained by the microtremor ob-
servation and by the finite ele-
ment analysis (cross section G-8
and model 1).
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Frequency response function ob-
tained by the microtremor obser-
vation (cross section D-1).
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Fig.17. Frequency response function ob- Fig. 18.
tained by the microtremor obser-
vation and by the finite element
analysis (cross section F-2 and
model 2).
6 6
——  MICROTREMR
5F —- FEM 5F
g 4 g
2 3
= 8
53 5
= £
1z 2
1 fadun
0 1 2 3 4 5 0
FREQUENCY (Hz)
Fig.19. Frequency response function ob- Fig. 20.

tained by the microtremor obser-
vation and by the finite element
analysis (cross section G-2 and
model 2).
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Frequency response function ob-
tained by the microtremor obser-
vation and by the finite element
analysis (cross section A-21 and
model 3).
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Fig.21. Finite element idealizations,
(a) model 1: G-8 cross section,
(b) model 2 : F-2 and G-2 cross sections,
(c) model 3 : A-21 cross section.
Table 6. Material constants.

Classification Bulk(t;]rtlalr;)sity Poisson’s ratio Youn%t/mn?gulus
1st layer 1.7 0.49 5.7x10%
2nd layer 1.5 0.49 5.7x108
3rd layer 1.7 0.49 1.9%x10*
4th layer 2.0 0.49 6.5x10*
Fill 1.8 0.48 7.4x10°
Riprap and Block 1.8 0.38 5.9x 10
Steel sheet pile 7.8 0.30 2.1x107
Steel pile 7.8 0.30 2.1x107
Tie Rod 7.8 0.30 2.1x107
Revetment 2.3 0.18 2.1x107
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Fig.23. Frequency response function
for model 1 obtained by the
finite element analysis,

(a) at the top of structure
(point A¥* in Fig. 21a),

(b) on the ground surface
(point B* in Fig. 21b).
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Fig.24. Frequency response function

for model 2 obtained by the

finite element analysis,

(a) at the top of structure
(pnint A* in Fig. 21b),

(b) on the ground surface
(point B* in Fig. 21b).
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Fig.25. Frequency response funcion
for model 3 obtained by the
finite element analysis,

(a) at the top of stucture
(point A* in Fig. 21c),
(b) on the ground surface
(point B* in Fig.21c).
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