
تحلیل خیر خطی استاتیکی بارافزون

Nonlinear Static Pushover Analysis or 

Static Pushover Analysis
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Performance Levels

• Operational

• Immediate Occupancy

• Life Safety

• Collapse Prevention

سازهسطوح عملکرد 

خدمت رسانی بی وقفه

قابلیت استفاده بی وقفه

ایمنی جانی

آستانه فروریزش
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انتخاب شكل توزيع بار مناسب در  بسياري مواقع مهمتر از تعيين دقيق  تغيير مكان هدف:شكل توزيع بارجانبي
ر د. در حقيقت شكل بارگذاري جانبي نشان  دهنده و عامل توزيع نيروهاي اينرسي در يك زلزله طرح ميباشد.  ميباشد

ن بر روي تحليل بارافزون منجر به پاسخبسياري  مواقع شكل
 
ز  سازه اي اهاي گمراه كنندههاي  مختلف بارگذاري و نتايج ا

هاي  با پريود اصلي بالا ميشودبخصوص در  ساختمان .

ل هاي توزيع بار مختلف ، چندين شكل توزيع بار جانبي جهت استفاده در تحليبه منظور بررسي اثر شكل
بارافزون انتخاب گرديد كه عبارتند از :

يين نامه -الف
 
ايران و2800شكل توزيع مثلثي وارونه ا UBC-94 ،(STAT)
شكل توزيع مثلثي وارونه-ب FEMA-273 ،(FEMA)

شكل توزيع مستطيلي-ج FEMA-273 ،(RECT)
مده از تحليل ديناميكي طيفي مدل-د

 
،هاشكل توزيع بدست ا (SPEC)

،ج)و ( الف)اي برابر متوسط بندهاي شكل توزيع ذوزنقه-هـ (TRAP)
يين نامه-و

 
شكل توزيع ا BSL ژاپن، (JAPN)

مده از تركيب-ز
 
شكل توزيع بدست ا SRSS اندمودهاي ارتعاش سازه كه در ضريب مشاركت مودي خود ضرب شده

(SMM)
مده از توزيع نيروهاي جانبي طبقات ناشي از تحليل شبه طيفي مدل ساختمان برشي هر يك-ح

 
از شكل توزيع بدست ا

هامدل (CMM)
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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 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 IO, LS and CP are used to
define the acceptance criteria for the
hinge. (IO, 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.

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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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 (ATC1-40 Method)

1. Applied Technology Council
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Pushover Analysis
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Pushover Analysis, Capacity Curve

0

200

400

600

800

1000

1200

1400

0 20 40 60 80 100 120 140 160

Roof Displacement(cm)

B
a
se

 S
h

e
a
r
(K

N
)

 

Capacity Spectrum
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Elastic 

Response Spectra

with 5% Damping
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طیف الاستیک  شتاب

طیف الاستیک تقاضای زلزله

1. Acceleration-

Displacement Response 
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Capacity Spectrum
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Estimation of  Damping & 

Reduction of  5% Damped Response 

Spectrum
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0 = Hysteretic Damping Represented as Equivalent Viscous Damping 

0.05= 5% Viscous Damping Inherent in the Structure (assumed to be constant)

ED = Energy Dissipated by Damping

ES0 = Maximum Strain Energy
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)4( piypiyD addaE 
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Intersection of  Capacity 

Spectrum & Demand Spectrum

 
%5

K63.7





pipi

piypiy

eff
da

adda


0.12

)(Ln 0.68-3.211 eff

S

A
B

SR




1.65

)(Ln 0.41-2.31 eff

L

V
B

SR





Civil808.com/landing/pbdcourse–سازههالرزهایبهسازیوعملکردیطراحیجامعدوره



Intersection of  Capacity 

Spectrum & Demand Spectrum

First Try
Second Try

Third Try

Civil808.com/landing/pbdcourse–سازههالرزهایبهسازیوعملکردیطراحیجامعدوره



FEMA 356
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Distribution of  Base Shear Roof  Displacement
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دو شرط مهم

سطح. ربرابهمباآنخطیدونمایشوآورپوشمنحنیزیر1
باشد

مختصات. منحنیوKeشیبباشدهرسمخطتقاطعنقطه2
.باشد0.6Vyبابرابرپایهبرشمحوررویآورپوش

Civil808.com/landing/pbdcourse–سازههالرزهایبهسازیوعملکردیطراحیجامعدوره



بدست آمده از مرحله قبل

زمان تناوب طبیعی موثر
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2:Building in which, for all stories, inter-story drift decreases with increasing height

This coefficient accounts for the difference between the roof

displacement of an MDOF building and the displacement of the

equivalent SDOF system.
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This coefficient accounts for the observed difference in peak 

displacement response amplitude for nonlinear response as compared 

with linear response. Civil808.com/landing/pbdcourse–سازههالرزهایبهسازیوعملکردیطراحیجامعدوره



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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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, ..

If the hysteresis loops exhibit significant pinching or stiffness

deterioration, the energy absorption and dissipation capacities decrease,

and larger displacement excursions should be expected.
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P-Δ effects caused by gravity loads acting through the

deformed configuration of a building will always result in an

increase in lateral displacements. Static P-Δ effects can be

captured using procedures set
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مراجع

جزوه مهندسی زلزله دکتر فرهاد دانشجو•
ای دکتر عباسعلی تسنیمیجزوه بهسازی لرزه•
360نشریه •
(ادرامین تقی نژ)ها بر اساس سطح عملکرد ای سازهطراحی و بهسازی لرزه•
•FEMA 356

•ATC40

•……..

(Federal Emergency Management Agency)

(Applied Technology Council)
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پايان
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