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» Objetivo: Evaluar si las propiedades estructurales
de una edificacion son capaces de controlar
adecuadamente su nivel de dafo estructural de
acuerdo a sus objetivos de disefio.

 Alcance: Se han llevado una serie de analisis
preliminares que apuntan hacia la necesidad de
hacer una evaluacion mas refinada que permita
establecer la necesidad de rehabilitar (reparar o
reforzar) la edificacion.

Tendenclas actuales del
disefo sismico
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Paradigma (Kuhn/Capra):

Constelacion de logros-conceptos, valores,
percepciones, técnicas y practicas-compartidos
por una comunidad ingenieril, que conforman
una particular vision de la realidad que a su vez,
da lugar a la base que le permite plantear y
definir proyectos y sus soluciones legitimas.

Existe un cambio de paradigma. EIl nuevo
paradigma debe admitir que todos los conceptos
y teorias son limitados y aproximados. Los
Ingenieros nunca tratan con la verdad, sino con
descripciones aproximadas de la realidad. Bajo
este contexto, es necesario atender mas al
aspecto conceptual del problema, y utilizar un
enfoque sistémico.
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Con lo anterior en mente, el disefio sismico
puede plantearse como un problema de
demanda-capacidad:

DEMANDA SISMICA < CAPACIDAD SISMICA

Objetivos de disefio de una estructura de
ocupacion estandar:
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DEMANDA SISMICA < CAPACIDAD SISMICA

de de
Capacidad de Capacidad de
Deformacion Deformacion

El nivel de dafio o de degradacion que sufren los
elementos estructurales, no estructurales y el
contenido dependen de los valores del
desplazamiento lateral (deformacion plastica),
velocidad, aceleracion.

Un menor nivel de respuesta implica menor
nivel de dafio
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Ancho de arigta = 0.5 mm Ancho de arieta = 10 mm Ancho de grieta = mas de 30 mm
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Las caracteristicas mecanicas de la
estructura deben proporcionarse para
controlar (rigidez, resistencia, disipacion de
energia) y acomodar (capacidad de
deformacion), dentro de limites técnicos y
econdmicos aceptables, su respuesta
dinamica durante las excitaciones sismicas de
disefo

Con sistemas estructurales tradicionales es
posible controlar la demanda de
desplazamiento lateral (rigidez y resistencia),
mientras que el control razonable de la
velocidad y la aceleracidon solo es posible por
medio de sistemas innovadores (disipacion
extra de energia, aislamiento).
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Las nuevas tendencias de disefio sismico
demandan del ingeniero estructural el
manejo explicito de las caracteristicas
mecanicas de diferente tipo de sistemas
estructurales con el fin de controlar
adecuadamente la respuesta dinamica de la
estructura.

Conceptos

10
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Considere el anélisis de la siguiente estructura:

|

«— A — > a————>
P

AN

» AE para ambas barras

* Viga rigida
Equilibrio:
" TF ’ et

Rx

—>

«— a4 —— a——»>
P
F,+2F,=P
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Compatibilidad:

u,=2u,
Constitutivas:
Af; A F
f"‘v 77777777 : FY:Af:V 77777777 :
E BA/L
T | R I R
Ey gs u)/ u
Gt «—
Material Barra
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Primera Fluencia: F, =Afy
plastico
restringido

AP %
P, ¢
elastico
uy

v

Formacion de mecanismo: F, = F, = Af,
plastico plastico
restringido % j
AP
Pypc t p%
P, 1
elastico
uy Upec
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Dafo estructural:

» El nivel de dafio estructural que sufre un elemento
depende de su nivel de deformacion plastica.

« Conforme mayor sea la demanda de deformacién
plastica, mayor sera el nivel de dafio.

P/Af,

3.0 -

2.5 -

Diagrama P vs. u:

No
dafio

Elemento 2
dafio moderado

Elemento 1 Elemento 2

Elemento 1
dafio moderado

>

Elemento 2 G
dafio severo

Falla

D elemento 2

u{uy

>
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Conforme crece el nimero de elementos:
‘_P/Afy
N
P%

u/=uy

En el limite:
P A
o
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Observaciones:

 Laresistencia ultima de una estructura puede ser
significativamente mayor que aquella asociada a
la primera fluencia (Pyc> P,).

* Es lafluencia gradual de la estructura, que
depende del grado de indeterminacion estatica, la
que permite el incremento paulatino desde P,
hasta P,z

Observaciones:

» Un elemento estructural que fluye no es capaz de
acomodar un mayor nivel de carga.

 Si los elementos que fluyen son capaces de
deformarse en el rango plastico de
comportamiento, los elementos que permanecen
elasticos contribuyen al incremento de la
capacidad resistente de la estructura.

16



| Curso Alemania-México-Peru
"Reforzamiento de Construcciones Existentes"
CISMID-FIC-UNI (c) 2007

Observaciones:

» El comportamiento plastico en nuestras
estructuras estructuradas con base en marcos
momento-resistentes suele concentrarse como
rotaciones plasticas que tienden a concentrarse en
sus extremos. Para evaluar el dafio bajo estas
circunstancias, suele emplearse el concepto de
articulacion pléastica y de capacidad rotacional.

No agrietada
Agrietada

Seccio Fluencia moderada
Fluencia significativa
Geometria/Acero

M
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Nivel Estructura:

A Vb

Dafio severo Falla

Dafio moderado

0p del i-ésimo elemento ®

ap en i-ésimo
elemento

Dafio

leve o, 6:lz0t

A

para edificaciones sismorresistentes:

« Realizar un analisis estatico no lineal de la
estructura para definir su curva P vs. 6.

(3,4 Que en la estructura induce la excitacion
sismica de interés.

con sus objetivos de disefio.

Evaluacion estructural basada en desplazamientos

» Estimar la maxima demanda de desplazamiento

« En funcion de valor de g,,,,, revisar si el estado de
dafo en los elementos estructurales es consistente

19
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1) Analisis estatico no lineal:

F n ><_é:lzﬂt A V[,
S,
> Vi —X
—
F,
>
n 5'

Vb — Z Fi azot

2) Estimacion de u,,,, (analisis dinamico):

Excitacién sismica
de disefio
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3) Evaluacion de nivel de dafio:

A Vb
Dafio severo Falla
Dafio moderado
6,
ap en i-ésimo
elemento
Dafio
leve é,z,,,

FEMA 306. Evaluation of
Earthquake Damaged Concrete
and Masonry Wall Buildings
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sismicas de interés

Leve
Moderado

Severo
Extremo

Building Performance Levels

Definicién de excitaciones
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Definicion de objetivos de disefio (general):

Building Performance Levels

Immediate
Collapse Prevention | Life Safety Occupancy Operational
Level Level Level Level
Overall Damage Severe Moderate Light Very Light

General

Little residual stiffness
and strength, but load-
bearing columns and
walls function. Large
permanent drifs.
Some exits blocked.
Infills and unbraced
parapets failed or at
incipient failure
Building is near
collapse.

Some residual
strength and stiffness
left in all stories.
Gravity-load-bearing
elements function. No
out-of-plane failure of
walls or tipping of
parapets. Some
permanent drift
Damage to partitions.
Building may be
beyond economical
repair.

No permanent drift.
Structure substantially
retains original
strength and stiffness.
IMinor cracking of
facades, partitions,
and ceilings as well as
structural elements.
Elevators can be
restarted. Fire
protection operable

MNo permanent drift;
structure substantially
retains original
strength and stiffness.
Minor cracking of
facades, partitions,
and ceilings as well as
structural elements. All
systems important to
normal cperation are
functional

Nonstructural
components

Extensive damage.

Falling hazards
mitigated but many
architectural,
mechanical, and
electrical systems are
damaged.

Equipment and
contents are generally
secure, but may not
operate due to
mechanical failure or
lack of utilities.

MNegligible damage
occurs. Power and
other utilities are
available, possibly
from standby sources.

Comparison with
performance intended

for buildings designed,

under the NEHRF
Provisions, for the
Design Earthquake

Significantly more
damage and greater
risk

Somewhat more
damage and slightly
higher risk.

Much less damage
and lower risk.

Much less damage
and lower risk.

Definicion de objetivos de disefio (estructural):

Structural Performance Levels

Collapse Prevention Life Safety

Immediate Occupancy
Elements Type 5-5 5-3 -

Concrete Frames Primary Extensive cracking and Extensive damage to Minor hairline cracking.
hinge formation in ductile | beams. Spalling of cover Limited yielding possible
elements. Limited and shear cracking (< 1/8" | at a few locations. No
cracking and/or splice width) for ductile columns. | crushing (strains below
failure in some nonductile | Minor spalling in 0.003).

columns. Severe damage | nonductile columns. Joint
in short columns. cracks < 1/8" wide.

Secondary Extensive spalling in Extensive cracking and Minor spalling in a few
columns (limited hinge formation in ductile places in ducfile columns
shortening) and beams elements. Limited and beams. Flexural
Severe joint damage. cracking andior splice cracking in beams and
Some reinforcing buckled. | failure in some nonductile | columns. Shear cracking
columns. Severe damage | in joints < 1/16" width.

in short columns.

2% transient
1% permanent

Drift2 4% transient
or permanent

1% transient;
negligible permanent
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Definicidn de objetivos de disefio (no estructural):
Nenstructural Performance Lavals
Hazards Reduced Lite Satety
Compenent Level N-D N-C Qccupancy N-B =4
Cladding Severe damage lo Severe distortion in Conneclions yield, Conneclions yield,
and minor cracks (< 1/16" mings cracks (< 1/16"
cladding. Many panels | Distributed cracking, wigth) or bending in widih} or bending In
e Bending, crushing, and | cladding cladaing
spalling of cladding
ehements. Some
Tracturing of cladding,
but panels do not fall.

Glazing General shallered Cxlensive cracked Some cracked panes, | Some cracked panes,
glass and distorted glass; itke broken none broken. none broken
frames, Widespread qlass
taling hazards.

Partilivns Severe racking and Distributed damage, Cracking Lo aboul Cracking 1o aboul
damage in marny S0me severe cracking, | 17187 width at 116" width at
cases. crushing, and racking | openings. Minor openings. Minor

in S0Mme areas crushing and cracking | crushing and eracking
at comers. at comers.

Cellings Most cellings Fxiensive gamage Minor damage Some | Generally negligitle
damaged Light Dropped suspended suspended celling hles | damage. isolated
suspenoed cebngs ceilng Ules, Moderate | distupted, A lew suspended panel
diopped, Severe cracking in hard panets dropped. Minor | dislocations, or cracks
cracking in hard Cellings. Cracking in hard in hard cellings.
celings. celngs.

Parapets and Extensive damage; Exiensive damage; Minor damage. Minor damage.

Crmamentation some fall in some talling in
nonoccupied areas nonoccupled areas

Canopies & Marguees | Exlensive distortion. Muoderate distortion. Minor damage Mingr damage,

Chimneys & Stacks damage. Mo ge.No [ Mnor cracking. Neghgible damage.
collapse, collapse,

Stairs & Fire Cscapes Cxtensive racking. Some racking ana Minor damage. Megligible damage.
Loss of use. cracking of slabs,

usanie

Light Fixtures Extensive damage. Many broken light Minor damage. Some | Negligible damage.
Falling hazards ocour fixtures. Falling pendant lights broken.

nazards generally
avoaded in heavier
fixtures (> 20 pounds).

Doors Distributed damage. Distributed damage. Minor damage. Doors Minos damage. Doors
Many racked and some racked and aperanie operable
jammed doors. jammed doors,

Force, F

Actual hysteretic

/ Backbone curve
behavior \ :

i | -
I

Deformation, D

(a) Backbone curve from actual hysteretic behavior

Definicion de objetivos de disefio (estructural):

F F
Backbone curve
\ C,D B,C,D
B C ldealized
& component | B
hehavier
D E
- E D-é A £
Ductile Semi- ductile Brittle
(deformation controlled) (force contolled)

(b) Idealized component behavior from backbone curves

-
o
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Definicion de objetivos de disefio:

Component Force-Deformation Relationships

First component reaches
10 acceptability limit

Deformation 0
First component reaches LS
F acceptability limit
0
Global r
‘ c
Force e
Parameter Deformfticn 1]
First component reaches
£ CP acceptability limit
0
C
e
Deformatign 0
Jp—
Global
capacity
CUNVE  Desplazamiento
B de azotea
Immediate Life safety Collapse Global
OCCUpancy LS revention p
10) v s P ©P) Displacement
) Performance Levels Limits, d.
Table 6-6 Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—
Reinforced Concrete Beams
Modeling Parameters® Acceptance Criteria®
Plastic Rotation|Angle, radians
Component Type
Residual Primary ‘ Secondary
strength
Angle, radians Ratio Performance Level
Conditions a | b c 10 ‘ Ls | cP ‘ Ls ‘ cP
i. Beams controlled by flexure’
—pn’ Trans.
=L Reinf.2
Poai
<00 c 0.025 0.05 0.2 0005 | 002 0025 | D002 0.05
<00 c 002 004 02 0005 | 001 002 002 004
>05 c 002 003 02 0005 | 001 00z 002 003
>05 c 0015 002 02 0005 | 0005 |0015 | 0015 | 002
<00 NG <3 0.02 0.03 0.2 0005 | 001 002 0.02 0.03
<00 NC B3 001 0015 |02 00 0005 | 001 001 0015
205 NC =3 0.01 0015 |02 0005 | 001 001 0.01 0.015
=05 NG =6 0.005 0.01 0.2 00 0005 | 0005 | 0005 | o001
ii. Beams controlled by shear!
stirrup spacing < d/2 \ 0.0 | 0.02 | 0.2 | 0.0 \ 0.0 | 0.0 \ 0.01 \ 0.02
Stirup spacing > di2 \ | 0.01 | 0.2 | 00 \ 0.0 | 00 \ 0.005 \ 0.01
iii. Beams controlled by inadequate development or splicing along the span’
Stirfup spacing < d/2 [00 [o02  Joo [oo oo Joo [oo Joo2
Stirup spacing > /2 \no |0,m |00 |on \nn |no \0005 \001
iv. Beams controlled by inadequate embedment into beam-column joint'
[o015 Jooz  Jo2 [oo1 Joo1 Joo15 Jooz Joo3
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Table 6-7 Modeling P. s and N ical A P Criteria for Nonli Pi el
Reinforced Concrete Columns
Modeling Parameters* Acceptance Criteria*
Plastic Rotation Angle, radians
Campanant Typs
Residual Primary | Secondary
Plastic Retation Strength
Angle, radians Ratle Parformance Level
Conditions a b c [+} I Ls | CP | LS l CFP
I. Columns controlled by flascure’
r Auint 2 v
1 int =
e by Ife
=01 (= <3 0.02 0.03 02 0.005 0.01 0.02 0015 0.02
01 c 0.015 0.025 02 0.005 0.01 0015 0.01 0.025
=04 C 0ms 0025 0z oo 0.005 oms oo 0025
=04 C om oms 0z oo 0.005 om oo 0ms
=01 NC o001 0.015 02 0.005 0.005 0.01 0.005 0,015
=01 NC 0.005 0.005 - 0.005 0.005 0.005 0.005 0.005
204 NC 0.005 0.005 - 0o 0.0 0.005 oo 0.005
=04 NC oo oo - 0o 00 oo oo 0.0
ii. Golumns controlled by shear'
Hoop spacing = di2, 00 0.015 02 oo 0o oo oo 0,015
Fl
or - =01
AT
Other cases oo oo oo 0o 00 oo oo 0.0
i, by qf or eplicing along the clear height'?
Hoop spacing = di2 [omr Jopz TJoa [1 I [ [opi Toe2
Hoop spacing » a2 [ oo [oo1 To2 [ 1 [ [oos Joon
iv. Columns with axial loads exceeding 0.70P,"
Conforming reinforcement over the | 0.015 0.02% 002 0.0 0.003 0.001 om 0.0z
enlire lenglh
All ciher cases 0.0 00 00 00 0o 00 0.0 0.0

Criteria for Nonll Pi o

Table 6-8 Modeling Parameters and Numerical A
Reinforced Concrete Beam-Column Joints

g F o Acceptance Criteria*
Flastic Retation Angle, radians
Compenent Type
Residual Primary | Secendary
Shear Angle, strength
radians Ratie Performance Level
Cenditions d L] € o ‘ LS I cP | LS | cP
I. Interier jeints
g, | Trans. Vs
= 1
.-I?’:, Heint v,
=01 [ oS 003 ¥ 0o it} 0o 0oz 003
=01 [ n0s 003 [ 0o (it} 0o nms | 002
=04 c 512 0015 0.025 02 0.0 oo 0.0 0.015 0.025
204 c 215 0015 0.0z 02 0.0 oo 0.0 0.015 0.0z
=01 NC =12 0.005 0.0z 02 0.0 oo 0.0 0.015 0.02
=01 N =15 0005 0015 ¥ 0o it} 0o o0 0015
=04 N 12 01005 0015 [ 0o (it} 0o 0. 0015
=04 NC =15 0.005 0.015 0.2 0.0 oo 0.0 0.01 0.015
il Other joints
o, Trans. Vo
- ment! | =
Al Vy
=01 « 12 Ny 02 ¥ 0o it} 0o nms | ooz
=01 c =15 0.01 0.015 02 0.0 oo 0.0 0.01 0.015
204 c £12 0.01 0.0z 02 0.0 oo 0.0 0.015 0.0z
204 c 0.01 0.015 02 0.0 0o 0.0 0.01 0.015
=01 NC 0.005 o.o1 02 00 oo 0.0 0.005 om
=01 NC 0.005 o.o1 02 00 oo 0.0 0.005 om
=04 NC oo oo - 00 oo 0.0 0.0 oo
=04 NI [in} i} [T it} 0o 0o 0o
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analitico

— Rigidez
— Resistencia

— Capacidad de
deformacion

* Rigidez diafragma
* Modelado tridimensional
» Fuerzas fuera del plano

Elaboracién modelo

o Caracteristicas mecanicas

Rigidez:

Table 6-4 Effective Stiffness Values

Component Flexural Rigidity Shear Rigidity Axial Rigidity
Beams—nonprestressed 0.5E.l4 0.4EAy —
Beams—prestressed Ecly 04E A, —

Columns in compression 0.7Elq 04EA, E A,
Columns in tension 0.5E 1 0.4EA, EAs
Walls—uncracked (on inspection) 0.8E.ly 0.4EAy EcAg
Walls—cracked 0.5E.l, 04E.A, E Ay

Flat Slabs—nonprestressed See Section 6.5.4.2 0.4E.A, —

Flat Slabs—prestressed See Section 6.5.4.2 0.4E:A, —

For shear stiffness, the quantity 0.4E _ has been used to represent the shear modulus G.

Note: I for T-beams may he taken as twice the value affg of the web alone, or may be based on the effective width as defined in Section 6.4.1.3
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Resistencia:

Table 5-2

Behavior Modes for Reil

d Concret

Wall C

Behavior Mode

Approach to calculate strength
(use expected material values)

Approach to estimate displacement
capacity

Ductility Category

A Ductile flexural
Tesponse

Conventional calculations per
Section 5.3.5.

Good displacement capacity (e.g. 2% drift. or
8x yield displacement)

High ductility
capacify

B. Flexure/ Diagonal
tension

C. Flexure/ Diagonal

compression (web
crushing)

D. Flexure/ Sliding shear

E. Flexure/ Boundary-
Zzone compression

FE. Flexure/Lap-splice

slip

G. Flexure/Out-of-plane
wall buckling

Moment strength per Section 5.3 5 initially
govemns strength.

Based on shear strength as a function of duc-
tility. See Section 5.3.6.0.

Based on relationship of web crushing
strength to drift per Qesterle et al (1983). See
Section 5.3.6.¢c.

Shear friction approach per ACT 318, or rec-
ommendations of Paulay and Priestley
(1992). See Section 5.3.6.d.

Based on amount of ties required for moder-
ate and high ductility levels, per Paulay and
Priestley (1992). See Section 5.3.7.

Based on lap strength as a function of ductil-
1fy. See Section 3.3.8

Based on wall thickness requirements for
‘moderate and high ductility levels. See
Section 5.3.9

Ductility capacity
varies

(Failure only occurs
after some degree of
flexural yielding
and concrete degra-
dation )

H. Preemptive diagonal
tension

Shear strength governs at low ductility lev-
els, per Section 5.3.6.b.

1. Preemptive web
crushing

May occur at shear stresses of 1247, —
151", See Section 5.3.6.c.

J. Preemptive sliding

Shear friction approach per ACT 318. See

No inelastic displacement capacity.

Little or no duetility

shear Section 53.6.d. capacity
K. Preemptive boundary | Applies only to unusually high axial loads, (Flexural reinforce-
zome compression | above the balance pomt. Moment strength ment does not
calculation still governs. vield)
L. Preemptive lap-splice | Lap strength, per FEMA 273 and ATC-40
slip or approach of Priestly etal (1996) gov-
ems See Section 53 8
M. Global foundation | See FEMA 273 or ATC-40 Maderate to high

rocking of wall

N. Foundation rocking of

individual piers

ductility capacity

Resistencia:

5.3.2 Expected Strength and
Mcterial Properties

a. Expected Strength

The capacity of reinforced concrete components is
caleulated initially usinglexpected strength values|
Expected strength is defined in Section 6.4.2.2 of
FEMA 273 and Section 9.3.4.1 of ATC-40 as “the mean
maximum resistance expected over the range of

deformations to which the component is likely to be

sulyjected.”

Expected component strength may be caleulated
according to the procedures of ACI 318 — or other
procedures specified in this document — with a

strength-reduction factor, &, taken equal fo 1.U.)

Expected material strength rather than specified
minimum material strength 1s vsed in the calculations.

Matenal strength valves are discussed below.
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Table 6-1 Tensile and Yield Properties of Concrete Reinforcing Bars for Various Periods
Structural® Intermediate’ Hard'
Grade 33 40 50 60 70 75
Year® Minimum Yield? (psi) 33,000 40,000 50,000 | 50,000 | 60,000 | 75,000
Minimum Tensile? (psi) 55,000 70,000 80,000 | 90,000 | 80,000 | 100,000
1911-1959 X X X
1959-1966 X X X X X
1966-1972 X X X
1972-1974 X x x
1974-1987 X X x x
1987-present X X x X X

Generzl Note: An entry “x” indicates the grade was available in thoss years.

Specific Notes: 1. The terms structural, intermediate, and hard became obsolete in 1968,
2. Actal yield and tensile strengths may exceed minimum values.
3. Until about 1920, a variety of propretary reinforcing steels were used. Tield strengths are likely to be in the range from 33.000 psi to 55,000
psi. but higher values are possible Plain and twisted square bars were sometimes used between 1900 and 1949

Resi

stencia:

Table 6-2 Tensile and Yleld Prop af Reinfarcing Bars for Varlous ASTM Specifications
and Perlods
Structural’ | Intermediate’ | Hard'
Grade n 40 80 &0 T T8
Minimum 33,000 40.000 50,000 | 50,000 60,000 | 75,000
ekt
(psl)
ASTM Sleel Minimum 55,000 70.000 80,000 | 90,000 80,000 | 100,000
Type Tensie®
(pst)
AlS Biliet x x X
Al6 Rail* x
AEY Rail* x
A0 ke ] x x
AED e * [ « %
Ad08 Billet ® x x
Ad3 Biliet x
Ad32 Biliet X
AB1S Bt x x x
AB1S Billet 1674 * ¥
1986
AB1S Biliet 1987 * ¥ ®
1947
AB1E Rairt 1958~ x X
1947
AB1T A 1966~ x x
1557
ATOG Low- | 1974- x
Aoyt | 1997
ATE Stainkess | 1996 x L x
1967

A emtry “x indietes e gra
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Table 6-3 Compressive Strength of Structural Concrete .ﬂ;:!sr')'J
Time Frame Footings Beams Slabs Columns Walls
1900-1919 1000-2500 2000-3000 1500-3000 1500-3000 1000-2500
19201949 1500-3000 2000-3000 2000-3000 20004000 2000-3000
1950-1969 2500-3000 3000-4000 30004000 30005000 25004000
1970-Present 30004000 3000-5000 3000-5000 3000-100002 3000-5000
1. Concrete strengths are likely to be highly varable within any given older structure.
2. Exceptional cases of very high strength concrete may be found.

Table 5-2 Behavior Modes for Reinf: d Ci Wall C

Behavior Mode

Resistencia: | D‘

Approach to calculate strength

use expected material values)

Approach to estimate displacement
capacity

Ducrility Category

Conventional calculations per
Section 5.3.5.

Good displacement capacity (e.g. 2% drift. or
8x yield displacement).

High ductility
capacity

B. Flexure/ Diagonal
tension

C. Flexure/ Diagonal

compression (web
crushing)

D. Flexure/ Sliding shear

E. Flexure/ Boundary-
zone compression

F. Flexure/Lap-splice

slip
G. Flexure/Oui-of-plane
wall buckling

Moment strength per Section 5.3.5 initially
governs strength.

Based on shear strength as a function of duc-
tility. See Section 5.3.6.b.

Based on relationship of web crushing
strength to drift per Oesterle et al (1983). See
Section 53 6.c.

Shear friction approach per ACI 318, of rec-
ommendations of Paulay and Priestley
(1992). See Section 5.3.6.d

Based on amount of ties required for moder-
ate and high ductility levels, per Paulay and
Priestley (1992). See Section 5.3.7

Based on lap strength as a function of ductil-
ity See Section 5.3.8

Based on wall thickness requirements for
moderate and high ductility levels. See
Section 5.3.9.

Ductility capacity
varies

(Failure only occurs
after some degree of
flexural yielding
and concrete degra-
dation )

H. Preemptive diagonal
tension

Shear strength governs at low ductility lev-
els. per Section 5.3.6.b.

L Preemptive web
crushing

May occur at shear stresses of 1277, —

15f . See Section 5.3.6.c.

J. Preemptive sliding

Shear friction approach per ACT 318. See

No inelastic displacement capacity.

Little or no ductility

shear Section 5.3.6.4. capacity
K. Preemptive boundary | Applies only to unusually high axial loads, (Flexural reinforce-
Zzone compression above the balance point. Moment strength ment does ot
caleulation still governs. vield)
L. Preemptive lap-splice |Lap strength, per FEMA 273 and ATC-40.
slip or approach of Priestly et al. (1996) gov-
erns. See Section 5.3 8,
M. Global foundation See FEMA 273 or ATC-40 Moderate to high

rocking of wall

N. Foundarion rocking of
individual piers

ductility capacity
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5.3.5 Moment Strength

The moment strength of a reinforced concrete
component under flexure and possible axial loads is
calculated accordmng to conventional procedures, as
defined in ACI-318, Section 10.2 {ACI, 1995), except
that expected material strengths are used as discuzzed in
Section 5.3.2 of this document. The moment strength
accounts for all reinforcement that contributes to
flexural strength. For example, the moment strength for
a wall pier (component type RC1 or RC2) includes all
well-anchored vertical bars at the section of interest, not
just those in the wall boundaries. The axial load present
on the wall component is taken into account in the
caleulation of moment strength.

d. Uncertainties or discrepancies in strength

Typically, there should be little uncertainty in the
calculation of moment strength for a remnforced
concrete component if reinforcement sizes, layout, and
the steel and concrete material strengths have been
established. The possible range of axial load on the
component must also be considered.
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Y finalmente, la capacidad deformacion...

Table 6-6 Modeling Parameters and Numerical Acceptance Criteria for Noniinear Procedures—
Reinforced Concrete Beams
Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle, radians
Component Type
Residual Primary ‘ Secondary
Plastic Rotation Strength
Angle, radians Ratio Performance Level
Conditions a b c [le] ‘ Ls | cP ‘ Ls | cP
i. Beams controlled by flexure'
o Trans. v

B2 o2 =
Pbal byd ff:
=0.0 C <3 0.025 0.05 0.2 0.005 0.02 0.025 0.02 005
=00 C z6 0.02 0.04 0.2 0.005 0.01 0.02 0.02 0.04
=05 Cc <3 0.02 0.03 0.2 0.005 0.01 0.02 0.02 003
z05 C 26 0.015 0.02 0.2 0.005 0.005 0.015 0.015 0.02
<00 NC <3 0.0z 003 0.2 0.005 001 002 0.02 0.03
=00 NC =6 0.01 0.015 0.2 0.0 0.005 001 0.01 0015
=05 NC <3 0.01 0015 0.2 0.005 0o 0.01 o.o1 0.015
205 NC 26 0.005 001 0.2 0.0 0.005 0.005 0.005 0.01
ii. Beams controlled by shear!
Stirrup spacing < d/2 \ 0.0 | 0.02 | 0.2 \ 0.0 \ 00 | 00 \ 001 | 0.02
Stirrup spacing > a2 ‘ 0.0 | 0.01 | 02 ‘ 00 ‘ 00 | 0.0 ‘ 0.005 | 0.01

iii. Beams controlled by inadequate development or splicing along the span’

Stimup spacing < a2 [00 [o02 oo [oo Joo Joo Joot Joo2
Stirrup spacing > a2 \ 0.0 | 0.01 | 0.0 \ 0.0 \ 0.0 | 00 \ 0.005 | 0.01

iv. Beams controlled by inadequate embedment into beam-column joint’

[0015 [oos o2 [oo1 Joor Joo15 Joo2 [o03
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4.4.4 Global Displacement Demand
4441 Displacement Coefficient Method

A
T=T. = (4-1
=Lz 4-1

where T; 15 the elastic fundamental period (in seconds)
in the direction under consideration calculated by
elastic dynamic analysis, K; is the elastic lateral
stiffness of the building in the direction under
consideration (refer to Figure 4-9), and K is the
effectrve lateral stiffness of the building in the direction
under consideration (refer to Figure 4-9). As described

Global force
parameter
v,
Global capacity
0.6v, curve
Global
displacement
parameter
-

The target displacement, &, is calculated as:
TE
§,=0C,C 0,05 ——
4!rr }
¢, = Modification factor to relate spectral
displacement and likely building roof
displacement
Table 3-2 Values for Modification Factor C,,
Number of Stories Modification Factor!
1 1.0
2 1.2
3 1.2
5 14
10+ 1.5
1. Linear mterpolation should be used to calculate intermediate values.
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TE
8, =C,CC,C5, ——
4irr B
C; = Modification factor to relate expected

maximum inelastic displacements to
displacements calculated for linear elastic
response

= 1l0forT,2T,
= [10+(R-1)Ty/T,1/R for T,< T,

Values for C; need not exceed those values

given in Section 3.3.1.3.

In no case may C; be taken as less than 1.0.
7. = Characteristic period of the response
spectrum, defined as the period associated
with the transition from the constant
acceleration segment of the spectrum to the
constant velocity segment of the spectrum.
(See Sections 2.6.1.5and26.2.1)
R = Ratio of elastic strength demand to calculated

yield strength coefficient. See below for

additional information.

1|-E
8 =C,CCCS——
ar-
¢, = Modification factor to represent the effect of

hysteresis shape on the maximumn
displacement response. Values for C, are

established in Section 3.3.1.3.

Table 3-1 Values for Modification Factor C,
T = 0.1 second T= TO second
Framing Framing Framing Framing
Performance Level Type 1! Type 22 Type 1 Type 22
Immediate Occupancy 1.0 1.0 1.0 1.0
Life Safety 1.3 1.0 1.1 1.0
Collapse Prevention 1.5 1.0 1.2 1.0

lements whese strength and stiffness may deteriorate
g frames. concentmically-braced frames. frames with
shear-critical walls and piers, or any combination of the above.

1. Structures in which more than 30% of the story shear at any level is resisted by components
during the design earthquake. Such elements and components include: ordinary moment-
partially-restrained connections, tension-only braced frames, unreinforced masonry walls,

2 All frames not assigned to Framing Type 1
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TE
Er =006, —
ar”

C; = Modification factor to represent mcreased
displacements due to dynamic P-A effects. For

buildings with positive post-yield stiffness, C,
shall be set equal to 1.0. For buildings with
negative post-yield stiffness, values of C;

shall be calculated using Equation 3-13.
Values for €, need not exceed the values set

forth in Section 3.3.1.3.

o (R—1)%2
T

g

C; =10+ (3-13)

La revision de la capacidad de desplazamiento
lateral de la estructura debe hacerse para todos
los objetivos de disefio relevantes. La condicion
critica que surja a partir de esto define el estado
de la estructura
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En funcion de los valores de ¢,asociados a sismos de
diferente intensidad, es posible evaluar si el desempefio
sismico de la edificacion. En caso que no, la edificacion
debe rehabilitarse. Note que es posible usar el mismo
esquema de evaluacién para evaluar la efectividad del
esquema de rehabilitacion.

o/ e c aveuprag i
Global L |||'
Force ‘ ela o E
Parameter Deformption 0
‘ First component reaches
g s CP acceptability limit
r B
c
efa D| g
Deformatign 0
)-\
Global
capacity
curve Desplazamiento
= de azotea, 0,
Immediate Life safety Collapse Global
occupancy (LS) prevention p
(10) (CP) D_lsr_;lacement
Performance Levels Limits, d,

DESIGN OF
STRUCTURES

THREE DIMENSIONAL
STATIC AND DYRAMIC
FINITE ELEMENT
ANALYSIS AND
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Analisis no lineal de las estructuras de mamposteria.

MUROS EN EL PLANO DE CARGA

MUROS CABECEROS

Modelo 3D (Alcocer, 1993)

El modelo de columna ancha da
resultados razonables en el modelado
analitico de las estructuras de
mamposteria. Sin embargo, las
propiedades de las columnas que
modelan los muros deben contemplar
el comportamiento no lineal de la
mamposteria.

VIGA DE SECCIONES INFINITAMENTE
ACOPLAMIENTO RIGIDAS.

Analisis no lineal de las estructuras de mamposteria.

—

El analisis debe contemplar
el comportamiento local y
global de la estructura.

| |
| sultados experimentales ()
****** [k e TS i

,,,,,,,,,, 4 - — [
esultados analitico:

Cortante Basal (Ton)

|
|
|
r T t T T T
-06% -0.5% -Ov%l% -03% -02% -01%
|
|
L

30 4

P
Resultados experimentales (-

|

|

|

} T T T T 1
oi‘% 02% 03% o.%‘% 05%  06%

|

|

|

|

|

|
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¢ Porqué hacer una evaluacion
por desplazamientos?
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LT

iiiMejor no, por que es mas dificil!!!

R
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iPor que es necesario hacer

ingenieria que resulte en una
solucion adecuada desde puntos
de vista técnico y econémico!

et
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