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Table 3.7 Spectrum Intensities for Observed

Base Motions

Spectrum Intensity, in.

South Record

North Record

Spec.

Test
Run

0.02 8=0.05 g=0.10 g=0.20 8=0.0 8=0.02 8=0.05 g=0.10 B=0.20

8:

g=0.0

Type
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Figure 3.1 Variation of Spectrum Intemsity with Base Acceleration
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{a) Test Run D1-1. North Wall.

Figure 3.4 Test Structure D1. Observed Horizontal Accelerations
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Figure

3.4 (contd.) Test Structure D1. Observed Horizontal Accelerations
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Figure 3.5 Test Structure D1. Observed Horizontal Displacements
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Figure 3.5 (contd.) Test Structure D1. Observed Horizontal Displacements
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Figure 3.6 Test Structure D1. Observed Base Functions
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Figure 3.16 (contd.) Test Structure D2. Observed Horizontal
Displacements
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(a) Test Run D2-1. North Wall.

Figure 3.17 Test Structure D2. Observed Base Functions
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Figure 3.17 (contd.) Test Structure D2. Observed Base Functions
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(a) Test Run D3-1. North Wall.

Figure 3.20 Test Structure D3. Observed Horizontal Accelerations
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Figure 3.20 (contd.) Test Structure D3. Observed Horizontal Accelerations
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Figure 3.21 Test Structure D3. Observed Horizontal Displacements
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Figure 3.21 {contd.) Test Structure D3. Observed Horizontal

Displacements




342

L.00T BASE ACCELERATION, G

0.00 b | ﬁn l thh L.ll(mhnh AL ‘ “ .-

' it 1 ” ”l I !'”‘I r 1' [1wl‘n”rlfl'”l;lllﬂ!”l!l[ '1,
-1.00-+

.00+ BASE SHEAR, KIPS

U.OU n'/\ A J] rh k

- w | Y'iv

-1,00-+ 4

50.0r BASE BVERTURNING MBMENT, KIP-INCHES
0.00 uﬂqf kjﬂ
_50.DJ_

0.0 1.0 2.0 1.0 4,0 5.0 6.0
TIME, SEC.
(a) Test Run D3-1. North Wall.

Figure

3.22 Test Structure D3. Observed Base Functions
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Figure 3.22 {contd.) Test Structure D3. Observed Base Functions
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Figure 3.22 (contd.)} Test Structure D3. Observed Base Functions
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(a) Test Run D4-1. North Wall.

Figure 3.33 Test Structure D4. Observed Horizontal Accelerations
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Figure 3.33 (contd.} Test Structure D4. Observed Horizontal
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Figure 3.34 Test Structure D4. Observed Horizontal Displacements
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Figure 3.35 Test Structure D4. Observed Base Functions
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Figure 3.38 Test Structure D5. Observed Horizontal Accelerations
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Figure 3.38 (contd.) Test Structure D5. Observed Horizontal
Accelerations
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Figure 3.39 Test Structure D5. Observed Horizontal Displacements
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Figure 3.39 (contd.) Test Structure D5. Observed Horizontal Displacements
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. Figure 3.40 Test Structure D5. Observed Base Functions
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Figure 3.40 (contd.) Test Structure D5. Observed Base Functions
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Figure 3.40 (contd.) Test Structure D5. Observed Base Functions
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Figure 3.49 Static Test. Loading Information
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One-Half of Ram Load, kips
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One-Half of Ram Load, kips
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One-Half of Ram Load, kips
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Figure 4.11 Moment-Axial Load Interaction Relation for
Pier Section Computed from Measured Dimensions.
Test Structure S1
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Figure 4.12 Loading and Definition of Reactions for Computed
Failure Mechanisms
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Figure 5.1 Analytical Model for Static Loading
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Figure 5.3 Idealized Moment-Curvature Relation for Pier Section
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Figure 5.8 Curvature Distribution for Equivalent Uniform
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Figure 5.9 Curvature Distribution for Equivalent Uniform
Pier Member
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Figure 5.10 Outline of Calculations for Static
Analytical Model
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Figure 5.15 General Concept for Behavior Mechanism
of Beams. Hysteresis Model 2
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Figure 5.16 Idealization of Behavior Mechanism of
Beams. Hysteresis Model 2
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Figure 5.19 S1ip Mechanism for Conventional Reinforcement
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Figure 5.21 Calculation of Magnitude of S1ip of Reinforcement
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Figure 5.24 Mechanism of Closure of Cracks at Ends of Beams.
Hysteresis Models 4 and 5



431

3

o ‘uolipjoy

G pue § S|9po}] SLS9U3]SAH
"A3QUIBY © J0) UOLIR[3Y UOLIRIOY JUBWOK GZ'G 34nbLY




432

G I2pOW - 481d 0 Buluayis
(€°6*9‘I‘p'2 'swg)
G |9POIN — swDag jo pIaIA
S 19PON - 421d 4O P|AIA

— t 19POW - Jald JO PpjaIA

G pue § |9pol| SLSaULSAH
"u0L109149(0 |9A91-dOL YILM JUSWOL SSBYG 4O UOLIRLURA 97°G a4nb L4
‘u) ‘uoljos|jeq |9ne dol
g0 90 0 20 0 z0- v'0- 90-
: ! | Eowm;o EIPN Jc:a::m _ ! serd jo Ew;!u_

(2'9'G 'swg) swpag jo Ppjal A —
2 wpoag jo Buiusyjilg —

(€'p 'swg) swpag Jo P|AIA —
(¢'9'G'p 'swg) swpag 30 Buiuayiig —

(1°'2'9'G'e‘p ‘swg)
swpag }Jo pjdl A —

(9'c'I‘p'e'2 swug)
swpag u|
juswop o487

Awome_o.vpm.N .wEmv
sSwDag Uul JUSWOW 0427

A—aNama¢-®rm .mEmv
swoag jo HBuuayjlys

1914 U} JUBWOW o0udZ

—(¢'p'9'c 'swg) swoeg jo Buluayls

/000/7

(9'¢‘G'y "swg) swpag j0 P|BIA

2 woag Jo pjaiA ‘buiuayiils

| woag jo Buiuayus

¥ 19POWN — 421d J0 Butuayig

t 19POW — | WD3g 4O P|AIA

—] ONI

0¢

ot

09

% *juewop 8spg

‘W -di



433

asuodsay apn3L|duy-moT
0} G pue § S|9p0j] SLS9493SAH Jo uotjeoLiddy /z°G @4nbL4

35 ‘uonoioy

1_@ _._Mm _._..__ 19 N“m skg 149 2lg
1y I 2y
1
/
SN
= A
W 1™
— _>s_
W — ﬂ_s_
uolo|ay EcE_._n_lx n W

W ¢ juswopy




P 434

—
I8 in.
06 P 1
—y — Y.
18in, ‘ Mp = (79.2 in.) P
02 P
Mp |I8in.

Figure 5.28 Calculation of Base Moment from Observed
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Figure 5.31 Study of Response Amplitude and Equivalent
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Figure 5.32 Study of Response Amplitude and Equivalent Damping
Factor. Deflection Schedule
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(a) Hysteretic System

X o
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(¢) Substitute Structure

Figure 7.1 Substitute Structure Concept Illustrated by
a Single-Degree-of-Freedom System
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Figure 7.7 Variation of Maximum Calculated Response with

First-Mode Frequency. Test D1-4, g = 0.02
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by Differential Transformers and by Mechanical Dial
Gages Uncorrected for Base Movement
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Compressive Strength, psi
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Modulus of Rupture, psi
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Figure A.5 Relation between Modulus of Rupture of Concrete
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Stress, ksi
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Ratio of Ultimate Stfess to Yield Stress
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Beam Detail

See Fig. A.20

Base Detail
See Fig. A.21

T IIT

D

#11 Wire Vertical
Placed at 1 3/16"
Center to Center

l§-Cover'
32

#11 Wire Horizontal
Placed at 1" Center
to Center

Wire Coil

0.046" Dia. Wire

7/8" Qutside Dia. of Coil

4 Revolutions per Inch
of Coil

Figure A.18 General Reinforcing Scheme of Test Specimen
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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
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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



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

1) Concrete Siress - Strain  Properties

2) Stesl Stress - Sirain Properties

3} Section Dimensions

4) List of Maximum Contrele Strains, ¢gpy,
for Which Interoction Diograms Are
Computed.

1

Compute Position of Pigstic
Cenioid (Eq. 4.33)

<

Compute Tensile and Compressive
Seclion Strength for Zero Applied
Momant,

Compute Axig) Loads, P, for Which
Compuiations Are to be Performad

Compute Nesutral ~ Axis Locotion

(Fig. B.3)

Compute Momant About Plastic
Centroid {Eq. 4.39)

Next vaue
of

Output °
1) Momant ~ Axial Load
Pairs to Define
Inleraction Diagrom.
2) Slmln Distribution
Each Point on
lnmoclm Diogrom,

Figure B.1 Flowchart for Computer Program to Compute Moment-
Axial Load Interaction Relation
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Input |

1) Concrete Stress- Stroin Properties

2) Steel Stress-Strain Properties

3} Section Dimensions

4) List of Maximum Concrete Strains,
Gcm.

6) List of Axial Loads, P

Compute Position of Plastic
Centroid (Eq. 4.33)

Compute Neutral Axis Location
(Fig. B 3)

Compute Curvature (Eq. 4.40)

Compute Moment About Ploslic
Centroid (Eq. 439)

Next
of em " Values, P, Been
Processed 7

Next Value
of P

Qutput
1) Momant - Curvature
Pairs to Define

Relation.
2) Strain Distribution
for Each Point
on Curva.

Figure B.2 Flowchart for Computer Program to Compute
Moment-Curvature Relation
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From Main Progrom,

{) Applied Axial Load (P}

2} Maximum Concrete Stroin (€;m)
3} Concrete Stress - Strain.

4) Sieel Siress- Strgin

%) Section Dimensions

Guess Neutral Axis Depth

Compute Distribution of Strains
Across Section

Compute Total Concrete Force

[ Compute Total Steel Force

[ Obtain Tota! Force {F') B

Increase Decrease
Neutral Axis Neutral Axis
Depth Depth
L e

Exit

Figure B.3 Flowchart for Calculation Routine to Compute
Neutral Axis Location
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{ Start )

| data files

®

Scratch

on disks

|

Diskfile Input vector of |nmal
DATA I responses,

A

Keyboard Input joint toads
on CRT

~

Display
on CRT

Keyboard Input member section
on CRT - stiffnesses

Output initial responses
and member stiffnesses

1

Assemble structure
stiffness matrix and
vector of external joint
loads

)

Solve equations of
equilibrium. Obtain
unfactored incremental
responses, {RR}

Keyboard Input vector_of_critical
on CRT responses, {Rc}

Display \
on CRT

Figure C.1 Flowchart for Computer Program to Perform
Calculations for Study of Static Hysteresis

Output critical responses]
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?

Compute modification factar, fmin,
such that when the total response,

{2+ tmin (79

is computed, none of the responses
exceed the corresponding critical
response in {Rc

Compute

{Re} = {Re}+ fmin {Re}

f

Qutput which of the
critical responses limited
the step size

!

Keyboard Input whether or not
on CRT to record the step

gf_lls;"!‘e | Scratch data

DATAS files

1

Qutput final responses /

Keyboard Input whether or not to
on CRT terminate the program

Figure C.1 (contd.) Flowchart for Computer Program to Perform
Calculations for Study of Static Hysteresis
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Input .

') No. of analyses, N
2) Type of operotion

INCRD

Input !

1) Member section stiffness
2 ) Viscous domping factors
3 ) Structure geometry

STIFF 1

‘Assemble 18 x 18 stiffness
motrix for structure

CNDNSE l

Condense stiffness matrix
to 6 x6 format

MASS . I

Assemble 6 x 6 mass
matrix for structure

Figure D.1

Flowchart for Computer Program for

Dynamic Analysis

Punched
Cards

Punched
Cards
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EIGENZ of

Modal ohalysis using

IBM SSP

L

<
<)

1

Apply eigen
improvement
Obtain first
frequency ,

onalysis
routine.
_mode

f

b AL G — s S T S S— —— G GSmme  — — — — — —— ——— Stvem—

— S S— — e—

QUTPRT

Output mode shapes, Line
natural frequencies and Printer
participation factors

6

Figure D.1 {contd.)
Dynamic Analysis

Flowchart for Computer Program for
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Modal
Analysis

Type of
Operation

| Response
History

r y ]

Input .

Base Acceleration Record,

Magnetic
Tape

!

Step-by - Step Integration of

Single

Equation of Motion.

i

i —— ——— —— i Ay iy P, it mrprire  Am—— r——— ——

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

l
|
I
I
Degree of Freedom |
|
|

Figure D.1 (contd.) Flowchart for Computer Program

for Dynamic Analysis
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OUTTP

Compute Response

History
for

Acceleration at Three Magnetic
Levels for Each of Modes | Tape
and 2

OUTTP l

Combu're Response History for
Displacement at Three Levels

Magnetic

for Each of Modes | and 2 Tape
OUTTP

Compute Response History for

Acceleration at Three Levels

Magnetic
for Sum of Modes | and 2

Tape

OXORO

OUTTP

Compute Response History for .
Displacement at Three Levels ‘ Magnetic
for Sum of Modes | and 2 Tape

4

Figure D.1 (contd.) Flowchart for Computer Program for
Dynamic Analysis
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Hi
1l
O

Input . _ Punched
No. of Apalyses , N Cards

Input.

Displacement Response Histories
at Each of Three Levels for
Each of Modes | and 2 Tape

Magnetic

Input .
1) Natural Frequencies Punched
2) Lumped Mass Values Cards

3) Structure Geometry
Compute Response History for

Base Shear and Base Moment

for Each of Mode |, Mode 2
and Sum of Modes | and 2 Tape

Magnetic

@D D @|@

Y

Figure D.2 Flowchart of Computer Program to Compute Base
Shears and Base Moments for Dynamic Analysis
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IdeaHzed'
Acceleration

(1)

Actual
Acceleration

Figure F.1 Acceleration Idealization for Numerical
Integration






