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Figure 3.4 Test Structure 01. Observed Horizontal Accelerations
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Figure 3.7 Test Structure D1. Observed Crack Patterns



315

-Initial

- Initial, RI,
R2,R3

--- R4

JJ-.......-,. ~

-Initial, RI
--- R2

-Initial, RI,R2,
R3, R4, R5

(b) South viall
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Figure 3.38 Test Structure D5. Observed Horizontal Accelerations
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Figure 5.31 Study of Response Amplitude and Equivalent
Damping Factor. Ratios Among the Lateral
Loads

(a) First Mode
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Figure 5.32 Study of Response Amplitude and Equivalent Damping
Factor. Deflection Schedule
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(a) Hyst eret ic System
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(c) Substitute Structure
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Figure 7.1 Substitute Structure Concept Illustrated by
a Single-Degree-of-Freedom System
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Figure 7.3 Consideration of Rotational Inertia of
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Dynamic Response
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Figure A.22 Steel Cages
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Figure A.22 (continued.) Steel Cages
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Figure A.23 Formwork for Casting



P
ie

r
C

ro
ss

-S
ec

ti
on

Be
am

C
ro

ss
-S

ec
ti

on

p
-

D

..... D D D
·

D D
I

IA,
A1

B.
B1

A.
A1

,-
,-

-
-
'

T
,T

1
_

t-
-

T
.T

1
_

r-

r
-
~
I
-

~

I
,-

T
,T

1
_

r-

T.
T1

-
I-

.....

F 1 F 2 F 3 F 4 F S F 6 F 7 F 1 F 2 F 3 F 4 F S F 6 F 7

E

G

rI
l

HT
t

I

-
-

HB
l

I~
I

.I
G

N
ot

e:
L

et
te

rs
re

fe
r

to
T

ab
le

s
A

.6
th

ro
ug

h
A

.1
1

E

<J
1

+:
>

[,
.,

)

F
ig

ur
e

A
.2

4
Id

en
ti

fi
ca

ti
o

n
of

M
ea

su
re

d
D

im
en

si
on

s
o

f
T

es
t

S
tr

uc
tu

re



S
im

u
la

to
r

P
la

tf
o

rm

L
a

b
o

ra
to

ry
T

e
st

F
lo

or

S
im

u
la

to
r

3
'-

0
"

S
te

el
R

ef
er

en
ce

F
ra

m
e

6
in

.
C

ha
nn

el

4
in

.
C

ha
nn

el

10
in

.
W

id
e

F
la

ng
e

F
ig

ur
e

A
.2

5
O

ve
ra

ll
C

on
fi

gu
ra

ti
on

o
f

D
yn

am
ic

T
es

t
S

et
up

T
es

t
S

tr
u

ct
u

re

-0

I N

c..
n

+::
>

w



(J
1

+:
>

+:
>

to
r

m

47~, 2
4

9
15

H
R l/'TI

--
'f:

Il
lf

n
rf

h
rM

l
IT

'll

~
~.

L
(')

L
(')

d
N

rt
l'

I't
il

"d
'

Y
'W

I
-
~

't:
I'

'H
'

I'i:
!'

~
Irf

to
rI'

Il
r!'

tI
rfh

-1
Ih

)

~
~

In I'
"

IV
'Y

'
'Y

'
'l:

P
'\:

jJ
'l:

f'

IJY
I

'\:
jJ

IA
rA

-o
rA

-o
iA

I
rA-

o
rR

1

n

~
.~

~
J
tt

'
I'W

I
"'"

1"
d'

L
If:

P
lI

:i
'

&
yI

't:P

1
1l1

,li
J
-

I\:
jI

-
T

ra
n

sv
e

rs
e

h,
D

ia
p

h
ra

g
m

~
L

S
im

U
la

".
fA

l]
0

P
la

tf
o

l
.....

-:;
;:;

:PI
?

/'
//

//
//

/
,
/
"
/
/
/
,
/
/
/
/
/
,
,
,

,
/
/
/
/
/
/

S
pe

ci
m

en
,..

W
e

ig
h

t
C

o
n

n
e

ct
io

n

R
es

tr
a

in
t

A
ng

le

r
12

'"

2
4

3
0

~

B
o

lt
s

T
o

S
im

u
la

to
r

It
-

9
x

15
x

IY
2

1
t-

9
x
1

5
x

I

S
ou

th
V

ie
w

E
as

t
V

ie
w

F
ig

ur
e

A
.2

6
T

es
t

S
tr

u
ct

u
re

In
cl

ud
in

g
S

te
el

W
ei

gh
ts



~

N .....
. I N

A A

3

S
e

c
ti

o
n

A
-A

S
p

a
c

e
r

W
a

s
h

e
r

3
/4

B
o

lt

1
/2

B
ol

t
U

1
~ U

1

Fi
gu

re
A

.2
7

D
et

ai
l

o
f

C
on

ne
ct

io
n

B
et

w
ee

n
S

te
el

W
ei

gh
t

an
d

Lv
all



546

Figure A.28 Lateral Diaphragms

Lateral
Diaphragm

Test Weight

Test Specimen

Simulator
Platform



547

Section A-A

West ......----l.~ East

LV DT' S Measure -L._--'

Vertically

LVDT' S Measure
Horizontally

Top View of
Reference Frame

LVDT'S Measure
Horizontally

Steel Reference
Frame

Figure A.29 Dynamic Test Instrumentation

Test Specimen

Accelerometers
Measure
Horizontally

Accelerometers
Measure
Horizonta Ily



548

Figure A.3D Dynamic Test Setup
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Figure A.3D (contd.) Dynamic Test Setup
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Figure A.30 (contd.) Dynamic Test Setup
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Figure A.32 Outline of Dynamic Test Data Reduction
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Figure A.34 Static Test Instrumentation
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Figure A.35 Static Test Setup



556

Figure A.35 (contd.) Static Test Setup
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Figure A.35 (contd.) Static Test Setup



m a:> 1'
0 ... Q
)

"
0 ... 0 (.
)

U
1

Q
)

U
1

0:
::

co

Q
) a. c I-

14 @
D

ig
.

S
ig

n
a

l

@ @
L

V
D

T
#

4

L
V

D
T

H
IO

@
LV

D
T
~

L
V

D
T

#
9

®

LV
D

T
#

a

LV
D

T
""

2

®

LV
D

T
#

7

1
i

LV
D

T
#

6

L
V

D
T

#
5

L
V

D
T

R
am

#
3

LV
D

T

R
am

%I
I

LV
D

T

Q
) a. {:!.... Q
)

~ o (.
)

Q
)

0:
::

(\
J

C
\I

1'
0

9

F
ig

ur
e

A
.3

6
D

at
a

R
ec

or
.d

in
g

Sc
he

m
e

fo
r

S
ta

ti
c

T
es

t



559

Input :
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centroid IEq.4.33)
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2) Stroln Distribution
for Each Paint on
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Fi gure B.l Flowchart for Computer Program to Compute Moment
Axial Load Interaction Relation
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Input:
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2) Steel Stress-Strain Properties
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Compute Moment About Plastic
Centroid (Eq. 4.39)

Output:
I) Moment - Curvature
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2) Strain Distribution
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on Curve.

Figure B.2 Flowchart for Computer Program to Compute
Moment-Curvature Relation
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From Main ProCJram:
I) Applied Axial Load CP)
2) Maximum Concrete Strain C.em)
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Compute Total Concrete Force
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Decrease
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Figure B.3 Flowchart for Calculation Routine to Compute
Neutral Axis Location
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Input vector of Init ial
responses, {Rt}

Input member section
stiffnesses

Input joint loads

Output in it ial responses
and member stiffnesses

Assemble st ructure
stiffness matrix and
vector of external joint
loads

Solve equat ions of
equilibrium. Obtain
unfactored incremen1al
responses, {RR}

Input vectorliof}critical
responses, 1.RC

Output critical responses

Figure C.l Flowchart for Computer Program to Perform
Calculations for Study of Static Hysteresis



Compute modification factor, fmin,
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{Rr} + f min {RR}
is computed, none of the responses
exceed the corr~spond ing critical
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Compute

{R F} = {Rr}+fmin{RR}

Output which of the
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to record the step
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Figure C.l (contd.) Flowchart for Computer Program to Perform
Calculations for Study of Static Hysteresis



Input
I) No. of analyses I N
2) Type of operation

1 = 0

...------e.3

INCRD

Input:

I ) Member section stiffness
2) Viscous dampi ng factors
3) Structure geometry

STIFF

Assemble 18 x 18 stiffness
matrix for structure

CNDNSE

Condense stiffness matrix
to 6 x 6 format

MASS

Assemble 6 x 6 mass
matrix for structure

Fi gure D. 1 Flowchart for Computer Program for
Dynami c Anal'ys is



MODALr-- - - -------,

Unsatisfactory

L
OUTPRT

Modal analysis using
EIGENZ of IBM SSP

-
J =0

J = J + I

Apply eigenanalysis
improvement routine.
Obtain first mode
frequency, fJ

Satisfactory

Output mode shapes,
natural frequencies and
participation factors

_____J

Figure D.l (contd.) Flowchart for Computer Program for
Dynamic Analysis



Step -by - Step Integration of
Single Degree of Freedom
Equation of Motion.

Response Histories for Acceleration
And Displacement for Single
Degree of Freedom System
for Each Response Mode

566
2

I=I+\

Modal
Analysis
Only

Response
PRPG History,-----------,

I Input; I
I Bose Acceleration Record.

I
I
I
I
I
I
I
I
I
I
I
L ' ..J

Figure D.l (contd.) Flowchart for Computer Program
for Dynamic Analysis



567
4

OUTTP

Compute Response History
for Acceleration at Three
Levels for Each of Modes
and 2

OUTTP

Compute Response History for
Displacement at Three Levels
for Each of Modes I and 2

OUTTP

Compute Response History for
Acceleration at Three Levels
for Sum of Modes I and 2

OUTTP

Compute Response History for
Displacement at Three Levels
for Sum of Modes I and 2

No
3

Figure D.l (contd.) Flowchart for Computer Program for
Dynamic Analysis



568

Input:
No. of Analyses, N

Input:
Displacement Response Histories
at Each of Three Levels for
Each of Modes I and 2

In put:

I) Natural Frequencies
2) Lumped Mass Values
3) Structure Geometry

Compute Response History for
Base Shear and Base Moment
for Each of Mode I, Mode 2
and Sum of Modes I and 2

1=1+1

No

Figure 0.2 Flowchart of Computer Program to Compute Base
Shears and Base t10ments for Oynami c Analysis



569

Actuol
Accelerot ion

Time, t

Figure F.l Acceleration Idealization for Numerical
Integration




