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Fig. 1 Damage to a pile-supported wharf at Kobe Port
during 1995 Hyogoken-Nambu earthquake
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Table 1 Acceptable extent of damage in performance- based
designt

Acceptable | Structural Operational

extent of

damage

Degreel : Minor or no | Little or no loss of
Serviceable | damage serviceability
Degree ll: Controlled Short-term loss of
Repairsble | damage® serviceability®
Degreelll: Extensive Long-term or
Near damage in near | complete loss of
collapse collapse serviceability
Degree|V: Complete loss of | Complete loss of
Collapse? structure serviceability

! Protection of human life and property, functions as an
emergency base for transportation, and protection from
the effects of hazardous materials, if applicable, should
be considered in defining the damage criteria in addition
to those shown in this table.

2 Without significant effects on surroundings

3 With limited inelastic response and/or
deformation

4 Structure out of service for extent of repairs generally of
short to moderate duration

residual
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Table 2 Performance grades S, A, B, and C

Performance | Design earthquake

grade Level 1(L1) Level 2(L2)

Grade S Degreel: Degreel:
Serviceable Serviceable

Grade A Degreel: Degree ll:
Serviceable Repairable

Grade B Degreel: Degreelll:
Serviceable Near collapse

Grade C Degreell: Degree1V:
Repairable Collapse
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Acceptable damage:
| Serviceable Earthquake level :
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11l Near Collapse Level 2 (L2)

IV Collapse |
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Performance grade:
S,A,B,C

Analysis type:
1. Simplified analysis
2. Simplified dynamic analysis
3. Dynamic analysis

Input:

Earthquake motions
Geotechnical conditions
Initial design or existing structure

Damage criteria
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End of performance evaluation

Fig. 2 Flowchart for performance-based design of
geotechnical works
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Table 3 Performance grade based on
category of port structures

the importance

Perfor | Definition based on seismic | Suggested
mance | effectson structures importance
grade category of port
structures  in
Japanese code
Grade | 1) Critica structures that result | Specia Class
S in extensive loss of human
life and property upon
seismic damage
2) Key structures that are
designed serviceable for
recovery from earthquake
disaster
3) Criticd dructures that
handle hazardous materials
4) Critical structures that, if
disrupted, devastate the
economic and socia
activities of the earthquake
damage area
Grade | Primary structures having less | Specia Class or
A serious effects for 1) through 4) | ClassA
than Grade S structures, or
5) Structures that, if damaged,
are difficult to restore.
Grade | Ordinary structures other than | ClassA or B
B those of Grades S, A and C.
Grade | Smal easily restorable | ClassB or C
C structures.
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(a) Deformation due to inertia force at deck

(b) Deformation due to horizontal force from
retaining wall
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(c) Deformation due to lateral displacerﬁent of
loose subsoil

Fig. 3 Deformation/failure modes of pile-supported wharf
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(between Deck and Retaining Wall)
Fall/Collapse of Bridge
Horizontal Displacement
Settlement
Tilting
Differential Displacement
Tilting of Deck

Items to be evaluated

for Retaining Wall:

Refer to those for
Gravity/Sheet Pile Quaywalls

»
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(a) With respect to displacements

Stress in Bridge

Items to be evaluated

for Retaining Wall :

Refer to those for
Gravity/Sheet Pile Quaywalls
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(b) With respect to stresses

Fig. 4 Parameters for specifying damage criteria
for pile-supported wharf
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Table 3 Types of analysis related to performance

grades
Performance Grade
Grade C | Grade | Grade | Grade
B A S

Simplified
analysis

Simplified
dynamic
analysis
Dynamic
analysis

Index:

Standard/final design

Preliminary design or low level
of excitations
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Seismic Performance-Based Design of Geotechnical Works

Susumu Al

Synopsis
An overview of anew design approach based on seismic performance requirements is described with respect to
buried structures, foundations, retaining walls, and soil structures. In this design methodology, deformation of
soil and ground are used as key parameters in design for defining performance criteria of these geotechnical
works. The methodology is evolving and not yet fully established. The paper presents the basic framework aong
this methodology using an example of a pile-supported wharf.

Keywor ds. earthquake, geo-disaster, geotechnical work, performance-based design, seismic design



