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•
Structural 
Detailings

Seismic 
Demand   

Required lateral strength and structural ductility are given at an 
intersection point (performance point) of the demand spectrum at 
building base and the capacity spectrum for superstructure.

Performance based design method 

n ec

Demand spectra for different 
damping values calculated

The keys of design are the

Spectral Displacement
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Determination of Performance Point

S /S =1.5/(1+10h)
h 0 . 0 5

The keys of design are the 
proper evaluation of 
equivalent damping 
factor of a superstructure 
and the reliable estimation 
of input ground motion
at building base. Because 
the standard design 
spectrum (response 
spectrum) is given at the 
engineering bedrock.

Poor Performance
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Poor Performance

Appropriate regions of the primary lateral 
earthquake force resisting structural system 

are chosen and suitably designed and 
detailed for adequate strength and ductility 

for a severe earthquake.

Capacity Design

Capacity Design

Displacement Ductility
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Curvature Ductility

IMPORTANCE OF 
CONCEPTUAL DESIGN
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Beam Dimensions

To prevent lateral instability of beam, 
particularly after a reduction in stiffness 
resulting from cyclic flexure in the post-

elastic range. 
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Beam Design

Location of plastic hinges where special stirrups-ties are required

Beam Design

Contribution of slab reinforcement to beam flexural 
strength

Effective width of tension flanges for cast-
in-situ floor system

Tension Flanges
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Transverse Reinforcement in Beams

Example of stirrup-ties to prevent premature buckling of 
longitudinal bars of beams in potential plastic hinge zones of 

beams
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The Control of Shear Strength

Because of the low and unreliable tensile strength of concrete, 
shear strength in seismic design must be based on mechanisms 

that can be mobilized after the onset of cracking. Such 
mechanisms, relying on the contribution of concrete in diagonal 

compression only, are well established.
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Failure by sliding shear is a feature of inelastic seismic response.

Inelastic flexural response may lead to sliding 
shear failure
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Significant Stages of Development of Plastic Hinge 
During Cyclic Flexure with High Shear

The effect on hysteretic response 
of inelastic shear deformations

Principles of Column Design

A comparison of column patterns due to horizontal static and dynamic forces
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General Direction of Earthquake Loading on Building

Stages of moment 
amplification in a 

column in capacity 
design
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Equilibrium of column and wall sections at flexural strength

Splice details at the end 
region of a column

The length of confinement in columns as 
affected by the overstrength of the base

Alternative tie arrangements
The area of longitudinal reinforcement 

should not be less than 0.8%Ag, nor greater 
than 18Ag/fyg y

Buckling 
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Example of transverse reinforcement required 
for a ductile column
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Circular hoops

Rectangular Hoops

Short Columns

Equivalent diagonal bracing action of 
infill

Unintended interference with structural 
deformations

Beam-Column Joints
A particularly feature of the seismic 

response of reinforced concrete frames 
is that beam-column joints, normally 

not specifically addressed in the 
designed for gravity load resistance, 

may become critical components. Shear 
resistance and the anchorage of both 

beam and column reinforcement 
passing through the joint are of primary 

concern.

Primary force transfer in gravity and moment-
resisting frames
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Primary force transfer in gravity and moment-
resisting frames

To maintain ductile behavior, it is important for the joint zones to have: (1) Sufficient strength to 
sustain the maximum actions that can develop in the plastic hinges (2) Sufficient resistance to 

stiffness degradation 
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Features of columns and joint behavior
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Internal and exterior actions in equilibrium at an interior B-C joint and joint 
shear resisting mechanism

Internal actions in equilibrium at an interior beam-column joint and joint 
shear resisting mechanism

Example of conventional and relocated plastic hinge design for seismic 
dominated reinforced concrete moment resisting frames Typical exterior beam-column joints
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Actions in external beam-column joints

Anchorage of beam bars in beam-column joints

Anchorage of beam bars when 
the critical section of the 
plastic hinge forms at the 

column face

Anchorage of beam bars 
when the critical section 

of the plastic hinge is 
located at sufficient 

distance from the column 
face

Research on Assessment of Existing RC Structural Walls

Introduction

Structural walls can provide structures underStructural walls can provide structures under 
service loading with sufficient stiffness, 

minimizing deformations and damage to non-
structural elements. Under severe seismic 

excitations, they can provide sufficient 
strength, energy absorption and dissipation 

capacities to prevent collapse and loss of life. 
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A perspective reconstruction of the Parthenon  ( 447-432 BC)

The greatest monument of the classical period 
( 650-323 BC) 
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PROBLEMS WITH PRECAST FRAMES

Total Collapse of Precast Industrial Buildings

Precast Concrete Construction

Precast concrete constructionPrecast concrete construction

Precast reinforced concrete buildings are designed 
and constructed that attempt to emulate seismic 
performance of cast-in-place monolithic structures.

Equivalent monolithic structural behaviour is 
generally demonstrated by tests on precast beam-
column sub-assemblages.
Experimentally observed data is compared with 
that of simultaneously constructed pair specimen 
or with past experimental data in view of lateral 
stiffness, lateral strength, structural ductility and 
hysteretic behaviour (energy dissipation).
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AIJ proposal for 
structural equivalence

Beam column arrangement

Beam bar welding

AIJ proposal for structural equivalence (1)
Envelop curve

(1) Lateral strength at yielding should be greater or equal to that of 
emulated monolithic construction

(2) Drift at yielding should be greater than 0.8Ry and not greater than
1.2Ry of emulated monolithic construction

(3) These condition should be satisfied up to 2 % drift

AIJ proposal for structural equivalence (2), (3)
Degradation and Energy dissipation

With regard to the degradation of load carrying capacity during seismic
load cycling, the maximum load in the second cycle should be greater
than 80% of that in the first cycle in the same drift amplitude.

Energy dissipation of a precast system in second loading cycle should 
not be smaller than 80% of that of emulated monolithic construction

Member partitioning and location of joints
(Frame system)

Monolithic pair 
specimen

Precast
specimen

Tests on equivalent monolithic precast 
beam-column assemblage 
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Joint examples of frame system (Ductile connection 1)

Beam hinging

Most popular and well established beam 
column arrangement in Japan

Joint examples of frame system (Ductile connection 2)

Beam hinging

Joint examples of frame system (Ductile connection 3)

Beam hinging

Joint examples of frame system (Ductile connection 4)

Beam hinging

Joint examples of frame system (Ductile connection 4)

Construction Process

Beam Unit

Beam unit is put on column
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Joint examples of frame system (Ductile connection 4)

パネルゾーン部詳細

ﾜｲﾝﾃﾞｲﾝｸﾞｼｰｽ スリーブ継手（ﾓﾙﾀﾙｸﾞﾗｳﾄ）

Detail of Panel Zone

Sleeve JointWinding Sheeth

Innovative Construction Staging Operations
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Joint examples of frame system (Strong connection)

Elastic joint responseElastic joint responseStrong connection with shear keys 
and re-bar welding at beam center

TEST SPECIMENS - UNIT 2
Overlapped Welded Connection

TEST SPECIMENS - UNIT 3
Overlapped 90 o Hooks Connection

TEST SPECIMENS - UNIT 5

Bolted Connection
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Member partitioning and location of joints
(Wall system)

Design example of precast wall system

Wall-beam unit
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Beam reinforcement  8 D25 bars 
+  Slab bars 10 D13 bars

W ll b it

11500wl mm= Design moment, shear  and wall 
axial force for lateral seismic load

75220dM kNm=

2900wh mm= 5660dhV kN=

58810dM kNm=
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8 shear keys

 =length of a shear key at its bottom (200mm)
=width of a shear key (150mm)

ix
iw345y MPaσ =

295y MPaσ =

Wall-beam unit

Vertical reinforcement
22 D25 bars

D25 bar

Horizontal 
reinforcement
28 D13 bars

D13 bar

Concrete ' 36cf MPa=

92850dM kNm=

111500dM kNm=

2900wh mm=

2900wh mm=

6430dhV kN=

6080dhV kN=

2309dN kN=

Horizontal joint

Vertical joint

Design example of precast wall system
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Compression stress field

A h t t

Horizontal component of concrete compression 
is sustained by wall horizontal reinforcement

whV

whV
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uT

ccV

(a) Truss mechanism and induced force to horizontal bars (b) Interstory arch mechanismLateral shear force carried by Truss Mechanism Lateral shear force carried by Arch Mechanism

Arch strut

Horizontal shear Vwh is resisted by shear friction Compressive force of arch is pull back by beam 
bars, a part of wall horizontal bars and slab bars
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Pretensioned hollow core slab units
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Building A

Precast prestressed concrete floor unit with surface roughness
Arrangement of slab reinforcement

Half precast floor unit (reinforced concrete)
Before casting of topping concrete

Top reinforcement:

Enough buckling 
strength is required to 
prevent buckling 

Truss bar:

For slab shear and 
lateral stability of top 
reinforcement

p g
during construction 
process.
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Robert Maillart
Beautiful Historic Bridge in Switzerland
Built in 1930

Good materials, careful detailing and affectionate construction

Robert Maillart

Actual Construction of Precast Concrete
Buildings

Precast reinforced concrete moment frame
Building A

38 storied condominium building, Building height 130.7m

Building A

A device for the alignment of column longitudinal reinforcement
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Building A

Erection of column unit
Mortar injection to mechanical 
coupler and column base gap

Building A

Erection of precast beam unit

Building A

Beam column joint

Building A

Beam joint at outside hinge region: shear keys and bar welding
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Other precast concrete buildings 1

Courtesy of Takenaka Corporation

RFL

Tendon length 55.8 meter
Prestressing

side Anchor end

Other precast concrete buildings 1

6FL

Headed re-bar anchorage 
for strong jointCourtesy of Takenaka Corporation

Other precast concrete buildings 2

Beam bottom face

Beam top faceErectionCourtesy of Takenaka Corporation

Other precast concrete buildings 2

Lap splice of wall horizontal reinforcement
C t i l ll t

Headed wall horizontal bar 
anchorage

protruded from precast column unit Cast in place wall concrete

After casting of slab topping concrete

Courtesy of Takenaka Corporation
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Other precast concrete buildings 3, 4
Detailing

Beam column joint unitBeam unit

High rise apartment building Diagonally reinforced column unit
Courtesy of Takenaka Corporation

Office building in Hokkaido 
(Precast concrete + Damping system)

8 story Office Building

Total height: 34.57 m

Total floor area: 6970 m2

Construction period: 11 months

Courtesy of Taisei Corporation
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8 story Office Building

Total height:        34.57 m
Total floor area: 

6970 m2

Construction period: 
11 months

Half precast wall column
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Damping systems:
* Oil damper
* Ultra low strength steel  

coupling beam

Beam
*  Precast beam unit 

prestressed by ordinary
high strength deformed bar

Architectural building planCourtesy of Taisei Corporation

Precast Prestressed Concrete Beam Unit prestressed 
by Ordinary High strength deformed bar

15
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39.6 m

Half precast wall column

Ultra low yield strength steel coupling beam

Structural planningCourtesy of Taisei Corporation

Precast beam system prestressed by 
ordinary high strength deformed bar

Half precast wall column system coupled 
by ultra low yield strength steel beam

Structural planningCourtesy of Taisei Corporation

Viscous damping 
of wall columns
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Dissipated energy 
by oil damper
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Total input energy during 
a design Earthquake
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Oil damper

Dissipated energy 
By steel coupling
beams

Seismic performance of each membersCourtesy of Taisei Corporation
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Before casting concrete 
(Pretension bed)
Yield strength of re-bar 685 MPa

After the release of 
prestressing force

Production of beam unit
Erection of floor beam units After completion

Courtesy of Taisei Corporation Inside view after completion 1Courtesy of Taisei Corporation

Inside view after completion 2Courtesy of Taisei Corporation

Concentrated damage to coupling steel  
beams during the earthquake

Replaceable

No or slight damage to concrete wall 
columns and precast prestressed beams
during the earthquake
C ti b ildi iContinuous building service

High cost performance due to 
controlled response 

Cost competitive

Realized performances in this building
Courtesy of Taisei Corporation
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NTU Garden Campus
Thank you


