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Introduction

@ Fragility assessments and designs of Ead
infrastructures against tsunamis are composed ——..
of evaluations of tsunami impacts and structures’ |
responses to the tsunami impacts.

€ Evaluation methods of structures’ responses to
tsunami impacts should be selected by
considering the types of structures, tsunami
impacts, and damage mode.

Tokyo Electric Power Company, Inc.
@ In this study, we carry out experiments on the “Fukushima Nuclear Accident Analysis

. Report”
responses of concrete and reinforced concrete P

(RC) vertical walls to tsunami wave pressure and
debris collision.

» For investigation of characteristics of the responses of concrete and RC walls to tsunami
impacts.

» For enrichment of experimental data that is useful for V & V of evaluation methods.
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2. Experiment
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Experiments on wall responses

to tsunami impact

Experiments on response of wall
to tsunami wave pressure
to both tsunami wave pressure and debris collision
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Specification of wall models

€ Concrete wall 1000

» Height: 1.5 m 20| D6(SD295) 50  10890=900 50 ]
» Width: 1.0 m " 650255 :
» Thickness: ;
H 0.05 m (N50) . : ;
B 0.1 m(N100) - - :
W 0.15 m (N150) 3
®RC wall (RC100) 2 5 =
» Height: 1.5 m Section [mm] Elevation [mm]
» Width: 1.0 m
-
» Thickness: 0.10 m

45.7 MPa 0.35%
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Flow Type

Rapid Opening

7 o Wall model
— sunami-like bore
Storage tank ;k* Z |
12.8 m Q |
14.4 m 20 m

the test section m]
the test section [m] the storage tank [m]

0 1.3

0 1.7

0.3 2.0
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Specification of debris model
1. Shape

v Column

2. Size
v' Diameter: 0.51 m
v Height: 0.4 m

3. Mass
v 48 kg

4. Surface material

1. Polyethylene foam
2. Steel
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Experiment cases

Flowtype | Debris

Type 1 None

Type 2 None
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Experiment cases

el Rowype S penis

None
N100 Type 3 Polyethylene
Steel

None

Type 3 Polyethylene
Steel
None

RC100 Type 3 Polyethylene

Steel
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Measurement items

B Pressure
» Center line of the upstream face of the wall
» z=0.01, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4, 0.45, 0.5, 0.55, 0.6, 0.7, 0.8, 0.9,
1.0,1.1,1.2,1.3,1.4,1.49m

B Concrete strain
> z=0.039, 0.09, 0.18, 0.27, 0.36, 0.64, 0.92 m

B Reinforcement strain
> z=-0.1,0, 0.09, 0.18, 0.27, 0.36, 0.64, 0.92, 1.2 m

B Acceleration of wall
> z=15m

B \Water depth
> Xx=-7.6,-5.4,-27m

B Velocity (ADV)
» X=-54m
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2.

3. Characteristics of wall response to wave

pressure
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(1) N50 CASES

 Wall____ | Flowtype | Debris

Type 1 None
Type 2 None
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Comparison of two cases of N50
(None debris cases)

1
Water 0.8} — Typel, 1.30m
depth 0.6 — Type2 1.70m;
0.4
m
[ ] 0.2 f//\
0
6 —— Typel, 1.30m
VeIOCI’[y4 Type2 1.70m
[m/s]
2
O
Bending " Typel
. ypel, 1.30mj
moment 2L 2.0kNm__ Type2, 1.70m
at base of | '
the wall ~|
[kNm] OO 10 20
Time [s]

Flow type | Maximum | Damage
bending
moment

Typel 1.3 kNm None

Type2 2.0kNm Collapse
Harmonic

= f.Z = 1.5 kNm

M. Cracking moment [KNm]

fr . Flexural strength of concrete
[N/mm?]

Z : Sectional coefficient [mm?3]
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(2) N100, N150, AND RC100 CASES

RC100

© CRIEPI 2018

Flowtype | Debris

Type 3

Type 3

Type 3

None
Polyethylene
Steel
None
Polyethylene
Steel
None
Polyethylene

Steel
16
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Wave profiles and pressure of Type 3

2

Water | [ T N T vy
depth 4| 1 o t=19sy it=26s]] L 1=3.95]
SN {F o 11 o) _
[m] | kS Y s
0 ' | . Height \ i ‘ i : -
50 ' 1'0 ' 20 [m] ¢ (3,’ 1t Ob 1t QQ
. AF 1 osl S $ 1t 2
Velo;:ltys-_ : ) ; » ; » a;
[m S] 2/',\/\ ] : ‘O\ :_ Qb\ :: Qb\
s ' ] 0_ L '\O | lo 1L ! °
% | ' ' : 0 1 20 1. 20 1
Bending GOJstzndgrd LU Pressure head [m]
moment | P - . .
at base of 2| : Flow |Maximum bending
the wall 2F ] type |moment at the base
- - of the wall [kNm]

[kNm] o, ' '

TII:!-TCI)E [S] 20 Type 3 5.2
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Surface compressive strain at 180 mm height

N100

100t N150 -
Compressive RC100
strain _
(180 mm height)
(1] 0

. 10 20
Time [s]
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4. Characteristics of wall response to both wave

pressure and debris collision
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Damages of walls

Wall type Debris type Damage of wall

None None

N100 Polyethylene None
Steel Collapse

None None

Polyethylene None

Steel Crack

None None

RC100 Polyethylene None

Steel Crack

Collision speed : 0.5 m/s — 2 m/s

For the cases with steel debris, flexural cracks and

failure at the base were observed.
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Surface compressive strain at 180 mm height

Polyethylene foam

| N100
N150 |1q0
RC100

Only wave pressure

100

Compressive

strain [u]
(50Hz low path filter)

20

.10
Time [s]

Oscillation of 15Hz

100¢

Impulsive oscillations with the
fundamental mode just after the debris

16 18 2 292 24 collision were observed.
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Surface compressive strain of RC100

steel M T —0wm
200F ——2z=0.18 m"
| I | _Z:027m_
: 1|1 ——2z=0.36m
Compressive ook il z=0.64 m 1
strain [u] | ‘f
Opety | SERE
!
|
Cu | .
1005 10 20
Time [sl
- T T T —5=009m —000 '
200F 1! —z=0.18 m+ 200r——v Z—=8:?g m N
—z=027m =027 m

z=0.36: m z=0.36 m
100 :
1
o
. |
|
- l-l 1 A 1 L 1 L
1002 2.1 2.2 2.3 24
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5. Summary
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Summary

& Large-scale experiments on the responses of
concrete/RC vertical walls to tsunami wave pressure and
debris collision were carried out.

€ Major results are as follows

» “Only tsunami wave pressure” cases
B Flexural failures at the bases of the walls were observed.

M The capacity for the flexural failure of concrete wall may be able to be
evaluated by its cracking moment.

» “Both tsunami wave pressure and debris impact” cases
B Flexural cracks and failures at the bases of walls were observed.

B impulsive oscillations just after the debris collision whose frequency
depended on the material of debris were observed.
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Evaluation of wall response to both tsunami wave pressure and debris collision.

» All of the cases shown in this study, flexural failures at the bases of walls were
observed, and for those cases beam model can be used for the wall response

evaluation.

» For the other case, oblique flexural failures was observed, and for such a case,

application of FEM is appropriate.

wall

debris

stress

Debris

impact
force

displacemeént

principal tensile stress
solved by FEM

Beam model
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Trace of crack
(experiment)

Shibayama, Miyagawa, Kihara and Kaida, Response characteristics and nonlinear Finite Element Analysis of RC walls
subjected to tsunami wave pressure and driftage collision force, Proc., Int. J. Offshore and Polar Eng., 2018. (in revision)
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