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5.2 Capacity €-> Demand

Demand = Capability which is required to pose in a

structural element or a structure
Capacity = Capability which is posed by a structural
element or a structure

Ductility factor (Capacity)

Ductility factor (Response)
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5.3 Strength and Ductility of Structural Members

v’ Strength Flexural strength and shear strength

v'Ductility capacity: Ductility factor
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5.4 How are strength and ductility capacity

evaluated? _ _
Loading Experiment

Shake table
experiment 1
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5.5 How does a reinforced concrete column
behave under a cyclic loading

(1) Target column

Axial reinforcements
D13(deformed bar with a diameter of
13mm)><16 bars

Tie reinforcements
D6 every 5SO0mm interval

400 mm |

1750 mm

400 mm

400 mm



(2) Depending on loading parameters, we have
different capacity In a cyclic loading

® Amplitude of loading
v'N times yield displacement
v'N times drift '
v

® Number of loading at each step u

vl
V'3
v'10
v

v'Random
v'Equivalent number?




(3) Various Contribution to the Lateral Displacement u

®Displacement resu

elastic deformation of the

column
®Displacement resu

A

p T Udbf

ted from the

ted from the shear

deformation of the column

® Displacement resu

ted from the plastic

deformation of the column at the plastic

hinge

o

® Displacement resulted from the pull-out of rebars

Inside the footing

. PLB effect
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(5) Plastic Hinge
Plastic hinge Is a virtual concept which make easy to
evaluate displacement due to plastic deformation at the
plastic hinge

Averaged curvature at the plastic hinge ¢p

curvature
Up
y 0./ Pp=9plp
h p o
Lp
i | —
Plastic hinge 7 2




Lp
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Plastic hinge
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Uy = 2 d The plastic hinge length

pt jf;;'—p pt(Y)dly Lp and the averaged
=jh_Lp¢pt(y)-y-dy curvature Pp should

|—p be determined so that
— _ | Un =U 20
Up —[h ; j dplp p = Ypt



Distribution of Curvature at the Plastic Hinge
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iNo(y)-y-dy = const
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Plastic Hinge Length

Japan Road Association

Lp = 0.5W

W: Column width
Priestley, Seible and Calvi (1997)

Lp =(0.08H +0.022 fyedbl >0.044 fyedbl

H :Column height (distance from the plastic
hinge to the point of contra flexure)

dp :diameter of axial bars

fye : design yielding strength of axial bars
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Lateral Displacement due to Pull out of Longitudinal
Rebars in the Footing

Udbf

Amount of pull out
1 of rebars

1

debonding I Footing

//'I

Longitudinal rebars




Lateral Force vs. Lateral Displacement
Hysteresis

Reloading directs to the
e largest displacement on
100 the envelop which the
column has ever
experienced Iin the past
loading

Drift sﬁ/og Stiffness deterioration
150 4 -2 0 4

Lateral Force (kN)
o

Ultimate Displacement

150 Flexural strength

80 0 80 Yielding displacement
Lateral Displacement (mm) 24




Initial Yield and Yield

Drift (%
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Initial Yield and Yield (Continued)

Yield Ve
Initial Yield

Initial Yield 4 Yield
Displacement Z Isplacement

Yield Stiffness Ky

It Is convenient to define “yield displacement” in the
bilinear or tri-linear idealization of the hysteresis
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9)Definition of Ultimate

Drift (%
150 4 -2 0 2 4

Lateral Force (kN)
o

-150 | \
-80 -0 80
Lateral Displacement (mm)

® Many definitions are used,
and It depends on researchers
and codes

® Major definitions are

v'The point where restoring
force starts to deteriorate

v'The point where the
restoring force has
deteriorated to 80% of the
strength

v"The point where

significant deterioration of
restoring force starts to
occur 2
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? (1)
10) How damage progress during loading? (Q&'

Tokyo Institute of Technology



? (2)
10) How damage progress during loading? (2)

Local Buckling of Longitudinal Barsz»



11) How the flexural strength deteriorate?

Flexural strength deteriorates when one or several
of the followings occur

® Spalling-off of covering concrete and core concrete

at the compression zone
_oss of lateral confinement by ties
_ocal buckling of longitudinal bars

Rupture of longitudinal bars
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12) Effect of Loading Type on the Deterioration of

Flexure-Dominant Columns

Type Il GMs :g:
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(1) Effect of Number of Loading Cycles
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(2) Effect of Loading History

Type-3 154y
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(3) Effect of Loading History & Number of Loading

Cycles (continued)
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4.3 Effect of Lateral Confinement of Concrete and
Ilts Formulation

1) Capcrete with enough Axial Stress
confmgxgnt Is strong and y :
duct = Confined

— Unconfined
I I Ti¢ bars/ Hoops
Nl — Axial Strain

Compression failure
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2) Stress and Failure Mechanism In the
Compression Zone of Column are not the same
with those of Cylinder

<> Tie bars/ Hoops
N |
% R Z0Nne

The matter Is not so simple!!
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3) Empirical equations based on unilateral
compression tests

® Park, R., Kent, D.C. & Sampson, R.A., 1972

® Mander, J. Priestley, N.M.J. and Park, R., 1988
® Sheikh, S.A. & Uzumeri, 1980

® Muguruma, Watanabe and others, 1980

o...

® Hoshikuma, Kawashima, Nagaya & Taylor, 1997
® Sakal, J. & Kawashima, 2002

o....
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4) Formulation of Lateral Confinement of Concrete

Four parameters required to define a confinement model

/

Axial Stress foc
' E
Strength fec \ fCC
Cu
feu écu
0
0 Ecc écu
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5) Volumetric Tie Reinforcement Ratio

d %
Vg Y /'
: L/
= S s
| | "
N d
| Hoops/Ties
Ps = A 4dAg
2 Ps =5
sazd“ /4 ==
_4AS _4As
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6) Formulation at the early days

flc

Axial Stress

4

/ A

f ~ .
Richardt, F.E., C? /mmd\
Brandezuberg, A. fe ]
& Brown, 1929
a=4.1

Unconfined

fy &
_ C cC
Ecc =0t

fe &c0 Axial Strain




7) Formulation by Kent and Park (1971)

Axilal Stres

- 2\
2& E
' f.=Kf..4 C _ C )
' Confined  'c = ™cc) g ok (0.00ZK >

fec [ ,
\
feu =
0 =
0 Ecc écu
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8) Formulation by John Mander, Nigel Priestley &
Robert Park, 1988

/

foe Xr
r—-1+x ’ ’
foo = fe (2.254 Ju 194N 2N 4 o5ay
& e Tc  Axial Stress
X= — (| Confined
Ecc = 0.00231+5( fCC, -1} fe x
cC ¢ Esec
= E. - ! Unconfined
Ec — Esec / =

“c0 Axial Strain



9) Important points which should be noticed
(1) Effect of Friction at the Top & Bottom of the Cylinder

R SRR S
| QO
t 1 1

If the cylinder is high, the effect of friction is less
at the center part
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Strain along the Height

44




(2) Averaged strain vs. Peak strain
® Average axial strain within a certain helght Increases
as the height decreases

&c,average < €c
fC R

®How can we know the location where extensive
fatlure occurs prior to the test? 45



How should we measure the vertical strain?

Failure of concrete does not occur uniformly along the
cylinder height

AXlal concrete strain

_al

e |

; ®\\/here should we measure
the strain?

®How should | be decided?
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We have to use the existing constitutive models
by knowing that all of them provide only
approximate results

® By knowing the various approximation involved In
the constitutive model, we have to use the model In
analysis. Any models developed from unilateral loading
experiments to cylinders are only approximate.

@ Calibration of the validity of constitutive models
based on an approximate loading experiment for
structural components concerned Is required. In other
word, we can use the constitutive models under the
conditions that they are calibrated. a7



