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Deformation

The ATC-40 and FEMA-273 documents
have developed modeling procedures,
acceptance criteria and  analysis
procedures for pushover analysis.
These documents define SAP2000
static pushover analysis capabilities,
which are fully integrated into the
program, allow quick and easy
implementation of the pushover
procedures prescribed in the ATC-40
and FEMA-273 documents for both two
and three-dimensional buildings.

The ATC-40 and FEMA-273 documents
have developed modeling procedures,

acceptance criteria and analysis
procedures for pushover analysis.
These documents define force-

deformation criteria for hinges used in
pushover analysis. As shown in Figure
1, five points labeled A, B, C, D, and E
are used to define the force deflection
behavior of the hinge and three points

labeled 10, LS and CP are used to
define the acceptance criteria for the
hinge. (10, LS and CP stand for
Immediate Occupancy, Life Safety and
Collapse Prevention respectively.) The
values assigned to each of these points
vary depending on the type of
member as well as many other
parameters defined in the ATC-40 and
FEMA-273 documents.
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The ATC-40 and FEMA-273 documents have developed
modeling procedures, acceptance criteria and analysis
procedures for pushover analysis. These documents define
SAP2000 static pushover analysis capabilities, which are fully

integrated into the program, allow quick and easy
implementation of the pushover procedures prescribed in
the ATC-40 and FEMA-273 documents for both two and
three-dimensional buildings.
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Capacity & Demand Spectrum
Method for Finding the Performance
Point (ATC!-40 Method)

1. Applied Technology Council

Civil808.com/landing/pbdcourse — laojle slo; ) (s3late 3 50,5doe >k gal> 0,90



paly) b Gl Sl U
Pushover Analysis

A
EW Vs ‘ \

Pushover Analysis, Capacity Curve
1400 —

1200
M 1000
800
600

Base Shéar V, Roof Displacement d )

400

,‘[41]3 : se/Shear V1, Roof Displacement d 1 )

I
£

|

.

| <

é
Y
]
-
7]
@
72!
]
==

[N \g|

iy 36 437 TIenti8e) 140 160
Roof Displacement(cm)

Civilg08.com/landing/pbdcourse — las;jle slo; ) sjlate 5 63, 5koe >,k aal> 0,50



; Sa, PushoVver Analysis, Capacity*Curve

0 K —w?M [x¢, =0 Oy D yeney @

nn

6=1¢, 0,08, |TpTo0es T,

T T
Ml M I
061 = MPFl = (Me)n — ?n —— X?n ==

M total ?:1- M?n M total

o, = Modal mass coefficient for the first natural mod e

Base Shear(KN)

Roof Displacement(cm)
PF, = Modal participation factor for the first natural mod e

Capacity Spectrum

0.18

0.16 - -
o] o B i

Capacity
Spectrum

0.12 -
20 A

U 0.08 - i —
0.06 - (PR X 00t4) QI M1
0.04 - PFn = ¢T M ¢
0.02 - “n—2=In

roof

0 20 40 60 80 100 120

%8 Sd (cm)

Endthsiroaitatiariame
e

Civil808.com/landing/pbdcourse — laojle slo; ) (s3late 3 53,50oe >k gal> 0,90



5 5¢ CONTROL PERIODS

] T =0,/ 250, )
L =121,
7
=] * & » 2 ,
2 s
: - /D
5

1 r 1

PERIOD (SECONDS

1. Acceleration-

%g)isplacement Response

EndlhciroSautatieramey
et 2 i

pectrum

Spectral Accoleration

Traditional Spectrum
(S, versus T)

CIVITSU8.com/Tanding/pbacourse = bejls 5lo;)) & it 3 00 ,50ae 1,5 col> 090



Capacity Spectrum 9 b Qﬁﬁ o.igk
|

0.18
0.16 -
0.14 - in ADRS format,
S P12 - lines radiating from
| Si\h . the origin have
9 bos - g [ constant penods.
0.06 - /J » °
-
el /L. 5. Seiu) iyl
0.02 = -
0 2 / 4.[}!" @me
0 20 40 60 80 a / s &
-3 A (E==N(Es
Sd ] .
B S T >
1]
)
FOR 5%, 10%, 16%, 20% —-
DAMPING
Spectral Displacement
2 T
Sa_ =w;Sd_ =Sd_ =|—=|Sa
n n n 471:2 n
Sd
=T, =2 "
Sa,

Civil808.com/landing/pbdcourse — laojle slo; ) (s3late 3 50,5doe >k gal> 0,90



Estimation of Damping & Reduction
of 5% Damped Response Spectrum

Estimation of Damping & f2p amped Response Spectrs
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&  Intersection of Capacity
Spectrum & Demand Spectrurn

ADES Format (Sa vs Sd) for
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Intersection of Capacity
SE ectrum & Demand Spectrum

ADES Format (Sa vs Sd)
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Displacement Coefficient Method
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Pushover Analysis, Capacity Curve
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This coefficient accounts for the difference between the roof
displacement of an MDOF building and the displacement of the

equivalent SDOF system.

Table 3-2 Values for Modification Factor C, 1
Shear E-uiln:iin|;|s2 Other Buildings
Triangular Load Pattern Uniform Load Pattern
Number of Stories (1.1,1.2,1.3) (2.1) Any Load Pattern
1 1.0 1.0 1.0
2 12 1.15 12
3 12 1.2 1.3
5 1.3 12 14
10+ 1.3 1.2 1.5

1. Linear interpolation shall be used to calculate intermediate values.

2.  Buildings in which, for all stones, interstory drift decreases with mcreasing height.

2:Building in which, for all stories, inter-story drift decreases with increasing height
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This coefficient accounts for the observed difference in peak

displacement response amplitude for nonlinear response as compared
with linear response.
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Table 3-1 Values for Effective Mass Factor C,,'

Concrete Concrete Steel Steel Steel
No. of Moment Shear Concrete Moment Concentric Eccentric
Stories Frame Wall Pier-Spandrel  Frame  Braced Frame Braced Frame  Other
1-2 1.0 1.0 1.0 1.0 1.0 1.0 1.0
3 or more 0.9 0.8 0.8 0.9 09 0.9 1.0

1. €, shall be taken as 1.0 of the fondamental period, T, is greater than 1.0 second.

Effective mass factor from Table 3-1. Alternatively,
Cm taken as the effective model mass calculated
for the fundamental mode using an Eigenvalue
analysis shall be permitted
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If the hysteresis loops exhibit significant pinching or stiffness
deterioration, the energy absorption and dissipation capacities decrease,
and larger displacement excursions should be expected.

Table 3-3 Values for Modification Factor {_’!_,

T<0.1 second®

T>T; second’

Framir}g Framinzg Framirqg Framinzg
Structural Performance Level Type 1 Type 2 Type 1 Type 2
Immediate Occupancy 1.0 1.0 1.0 1.0
Life Safety 1.3 1.0 1.1 1.0
Collapse Prevention 1.8 1.0 12 1.0

1. Structures in which more than 30% of the story shear at any level is resisted by any combination of the following components, elements, or frames:
ordinary momeni-resisting frames. concentrically-braced frames, frames with partially-restrained connections, tension-only braces, unrernforced masonry
walls, shear-critical, piers, and spandrels of remforced concrete or masonry.

2. All frames not assigned o Framuing Type 1.

3. Linear interpolation shall be used for mtermediate values of T.

Frame type 1: structures in which more than 30% of the story shear at any level
Is resisted by any combination of the following components, elements or
frames: ordinary moment-resisting frames, concentrically-braced frames, ..
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P-A effects caused by gravity loads acting through the
deformed configuration of a building will always result in an

Increase In lateral displacements. Static P-A effects can be
captured using procedures set
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(Federal Emergency Management Agency) FEMA 350 -
(Applied Technology Council) ATC40 -
[
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