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ASCEA41-17
Seismic Evaluation and Retrofit of Existing Buildings

This standard for the Seismic Evaluation and Retrofit of Existing Buildings, referred to herein as “this
standard,” specifies nationally applicable provisions for the seismic evaluation and retrofit of
buildings. Seismic evaluation is defined as an approved process or methodology of evaluating
deficiencies in a building that prevent the building from achieving a selected Performance Objective.
Seismic retrofit is defined in this standard as the design of measures to improve the seismic
performance of structural or nonstructural components of a building by correcting deficiencies
identified in a seismic evaluation relative to a selected Performance Objective.
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DEFINITIONS AND NOTATIONS

Acceleration-Sensitive Component: A component that is sensitive to, and subject to, damage from
inertial loading.

Acceptance Criteria: Limiting values of properties, such as drift, strength demand, and inelastic
deformation, used to determine the acceptability of a component at a given Performance Level.

Action: An internal moment, shear, torque, axial force, deformation, displacement, or rotation
corresponding to a displacement caused by a structural degree of freedom; designated as force- or
deformation-controlled.

Active Fault: A fault for which there is an average historic slip rate of | mm per year or more and
evidence of seismic activity within Holocene times (the past | 1,000 years).

Braced Frame: A vertical seismic-force-resisting element consisting of vertical, horizontal, and
diagonal components joined by concentric or eccentric connections.

Capacity: The permissible strength or deformation for a component action.

Concentrically Braced Frame (CBF): Braced frame element in which component work lines intersect
at a single point or at multiple points such that the distance between intersecting work lines (or
eccentricity) is less than or equal to the width of the smallest component connected a;,ﬁhey%\ M
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Diaphragm: A horizontal (or nearly horizontal) structural element, such as a floor or roof system,
used to transfer inertial lateral forces to vertical elements of the seismic-force-resisting system.

Diaphragm Chord: A boundary component perpendicular to the applied force that is provided to
resist tension or compression caused by the diaphragm moment.

Diaphragm Collector: A component parallel to the applied force that transfers lateral forces from the
diaphragm of the structure to vertical elements of the seismic-force-resisting system.

Eccentrically Braced Frame (EBF): Braced-frame element in which component work lines do not
intersect at a single point and the distance between the intersecting work lines (or eccentricity)
exceeds the width of the smallest component connecting at the joint.

Effective Damping: The value of equivalent viscous damping corresponding to the energy dissipated by
the building, or element thereof, during a cycle of response.

Effective Stiffness: The value of the lateral force in the building, or an element thereof, divided by the
corresponding lateral displacement.

Energy Dissipation Device: Nongravity-load-supporting element designed to dissipate energy in a
stable manner during repeated cycles of earthquake demand.
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Expected Strength: The mean value of resistance of a component at the deformation level anticipated
for a population of similar components, including consideration of the variability in material strength
as well as strain-hardening and plastic section development.

Flexible Diaphragm: A diaphragm with horizontal deformation along its length twice or more than
twice the average story drift.

Force-Controlled Action: An action that is not allowed to exceed the nominal strength of the
element being evaluated.

Foundation System: An assembly of structural components, located at the soil-structure interface,
that transfers loads from the superstructure into the supporting soil.

Fundamental Period: The natural period of the building in the direction under consideration that has
the greatest mass participation.

Lightweight Concrete: Structural concrete that has an air-dry unit weight not exceeding |15 Ib/ft3
(1,840 kg/m3).
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Linear Dynamic Procedure (LDP): A Tier 2 or Tier 3 response-spectrum-based modal analysis
procedure, the use of which is required where the distribution of lateral forces is expected to depart
from that assumed for the linear static procedure.

Linear Static Procedure (LSP): A Tier 2 or Tier 3 lateral force analysis procedure using a
pseudolateral force. This procedure is used for buildings for which the linear dynamic procedure is
not required.

Link Beam: A component between points of eccentrically connected members in an eccentrically
braced frame element.

Link Intermediate Web Stiffeners: Vertical web stiffeners placed within a link.

Link Rotation Angle: Angle of plastic rotation between the link and the beam outside of the link,
e

derived using the specified base shear, V.
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Moment-Resisting Frame (MRF): A frame capable of resisting horizontal forces
caused by the members (beams and columns) and joints resisting forces primarily

by flexure.
4L "
P-A (P-Delta) Effect: The secondary effect of vertical loads and lateral deflection ‘
on the shears and moments in various components of a structure.
Pounding: The action of two adjacent buildings coming into contact with each
other during earthquake excitation as a result of their close proximity and
differences in dynamic response characteristics.
Superstructure: In a building with a seismic isolation system, the portion of the
structure above the isolation system.

Target Displacement: An estimate of the maximum expected displacement of the ol
roof of a building calculated for the design earthquake. i '

With Base Isolation
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2.3.1 Structural Performance Levels and Ranges. The Structural Performance Level of a
building shall be selected from six discrete Structural Performance Levels and two intermediate
Structural Performance Ranges defined in this section. The discrete Structural Performance Levels
are Immediate Occupancy (S-1), Damage Control (S-2), Life Safety (S-3), Limited Safety (S-4),
Collapse Prevention (S-5), and Not Considered (S-6). Design procedures and acceptance criteria
corresponding to these Structural Performance Levels shall be as specified in Chapters 4 through
l6.

2.3.2 Nonstructural Performance Levels. The target Nonstructural Performance Level for a
building shall be selected from five discrete Nonstructural Performance Levels: Operational (N-A),
Position Retention (N-B), Life Safety (N-C), Hazards Reduced (N-D), and Not Considered (N-E).
Design procedures and acceptance criteria corresponding to these Nonstructural Performance
Levels shall be as specified in Chapter 3.
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Nonstructural Performance Not Considered (N-E)
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A target Building Performance Level shall consist of a m bl | . \/ \1

combination of a target Structural Performance Level @

and a target Nonstructural Performance Level. The
target Building Performance Level is designated

alphanumerically. @, .
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Immediate Occupancy Building Performance Level- (10) (1-B)
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Collapse Prevention Building Performance Level- (CP) (5-E)
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Expected Post-Earthquake Damage State higher performance less loss
Operational (1-A)
Backup utility services maintainfunctions; very little damage.
(S1+NA)

Immediate Occupancy (1-B)

The building remains safe to occupy; any repairs are minor.
(S1+NB)
Life Safety (3-C)
Structure remains stable and has significant reserve

capacity; hazardous nonstructural damage is
controlled. (S3+NC)
Collapse Prevention (5-E)

The building remains standing, but only barely; any other

. lower performance more loss
damage or loss is acceptable.
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Seismic isolation, in accordance with Chapter |14 of ASCE41-17
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ASCE41-17

Seismic hazard caused by ground shaking shall be defined as acceleration response spectra or
ground motion acceleration histories determined on either a probabilistic or deterministic
basis.
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The design short-period spectral response acceleration A 390

parameter, Sys, and the design spectral response A
acceleration parameter at | s, Sy, shall be obtained from:¢g
a

Sxs = F,Ss
Sxi = RS, l

S, = Spectral response acceleration parameter at a |-s period

Ss = Spectral response acceleration parameter at short periods
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F, = short-period site coefficient (at 0.2-s period)

F, = long-period site coefficient (at |1.0-s period);

Short-Period Site Coefficient, F, Long-Period Site Coefficient, F,
2 S8 wolisS Cglis e 5 (oins Sl luie 2 Sy w55 a5 plaj o (shebo S Jaie

% S5<0.25 Ss=0.50 Ss=0.75 Ss=1.00 Ss>1.25 % $1<0.1 $4=0.20 S4=0.3 S4=0.40 S:>0.50

1 1 1 1 1 1 1 1 1 1 1 1

2 1.2 1.2 1.1 1 1 2 1.7 1.6 1.5 1.4 1.3
3 1.6 1.4 1.2 1.1 1 3 2.4 2.0 1.8 1.6 1.5
4 2.5 1.7 1.2 0.9 0.9 4 3.5 3.2 2.8 24 24

Note: Use straight-line interpolation for intermediate values
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TO = OZTS
Sx1
_o (B )\ "5
5. 4 Sa = Sxs|\ =2 )7+ 04 . 4
Sys/B} ‘K B is the effective viscous damping ratio.
Sa = Sx1/(BT)
SXl/BI, /
0.4Sys
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2.4.3 Ground Motion Acceleration Histories. Development of ground motion acceleration
histories shall be performed according to Section 16.2 of ASCE 7
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ASCE41-17

Mathematical models for use with linear analysis procedures shall include the stiffness and
resistance of only the primary components. If the total initial lateral stiffness of secondary
components in a building exceeds 25% of the total initial lateral stiffness of primary
components, some secondary components shall be reclassified as primary to reduce the total
stiffness of secondary components to less than 25% of the primary components. If the
inclusion of a secondary component increases the force or deformation demands on a

primary component, the secondary component shall be reclassified as primary and included
in the model.

Mathematical models for use with nonlinear procedures shall include the stiffness and
resistance of primary and secondary components. The strength and stiffness degradation of
primary and secondary components shall be modeled explicitly. Nonstructural components
shall be classified as structural components and shall be included in mathematical models if
their lateral stiffness or strength exceeds 10% of the total initial lateral stiffness or expected

strength of a story, respectively. Components shall not be selectively designated primary or
secondary to change the configuration of a building from irregular to regular.
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ASCET-16
12.3.1.3 Calculated Flexible Diaphragm Condition. <5 pS13bs (o5 o sl

Diaphragms not satisfying the conditions of Sections [vfl)ﬂaﬁ el sl slag s
PRERPY Uﬂl ..)9;.':: M‘Ltu r,.m L» w

sl JKb et 45 02 YA

12.3.1.1 or 12.3.1.2 are permitted to be idealized as

flexible provided:

MDD mem e iy (
AADV_E > 2.0 < e N SmpD 76. £l ol xs
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7.2.6 P-A Effects. P-A effects shall be included in linear and
nonlinear analysis procedures. For nonlinear procedures,
static P-A effects shall be incorporated in the analysis by
including in the mathematical model the nonlinear force—

deformation relationship of all components subjected to
axial forces.
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ETABS Help:
Absolute Sum Method

R = |Ry| + |Rz| + R3]

R = maX(Rl, Ez, E3)

where:

Rl = R1 + 03(R2+ R3)

Rz = R2 + 03(R1+ R3)

\FA dxaw This publication or any part thereof must not be reproduced in any form without t
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This method combines the response for different directions of loading by taking the sum of
their absolute values. A scale factor, dirf, is available for reducing the interaction between the
different directions. Specify dirf=1 for a simple absolute sum:

This method is usually over-conservative. Specify 0 < dirf < 1 to combine the directional
results by the scaled absolute sum method. Here, the directional results are combined by
taking the maximum, over all directions, of the sum of the absolute values of the response in
one direction plus dirf times the response in the other directions. For example, if dirf = 0.3,
the spectral response, R, for a given displacement, force, or stress would be:

Rg = R3 + 03(R1+ Rz)

and R1, R2, and R3 are the modal-combination values for each direction.

P

e

Version: 1.2

M.Alirezaei@iiees.ac.ir

74



www.M-Alirezaei.com

Telegram: @AlirezaeiChannel

\ ¥4 d>aw This publication or any part thereof must not be reproduced in any form without the written permission

2% WebSite: www.M-Alirezaei.com
@ Telegram: @Allrezae|Channe|
=—
U=D+L+ Spx +0.35py S EANC D)
U=D+L%*0.3Spx + Spy
(& Load Case Data @ Load Case Data X
General General
Load Case Name. q Design Load Case Name é ) Doson
Load Case Type Response Spectum Notes. Load Case Type Response Spectum v Notes.
Mass Source Previous (MsSrc1) Mass Source Previous (MsSrc1)
Analysis Model Defaut Analysis Model Defaut N
Loads Appled Loads Appled
Load Type Load Name Function Scale Factor (] Load Type Load Name Function Scdelder o
U1 28001 980,655 Add U2 28000 665 Add
-~ = S~ AS s
[ Advanced - [ Advanced
Other Parameters Other Parameters
Modal Load Case Modal b Modal Load Case Modal v
Modal Combination Method cac v Modal Combination Method cac v
[ Include Rigid Response [ include Rigid Response [
[
|
|
Directional Combination Type SRSS v Directional Combination Type: SRSS v
|
Modal Damping Constant at 0.05 Modfy/Show. Modal Damping Constant at 0.05 Modfy/Show.
Diaphragm Eccentricty | 0for Al Diaphragms Mody/Show. Diaphragm Eccentricty | 0 for Al Diaphragms Modfy/Show.
(3 Cancel oK Cancel )

Version: 1.2]

—— W R

“é WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel
—
Load Case Data X
General
Load Case Name é\ Spxy ..
Load Case Type Response Spectum Notes...
Mass Source Previous (MsSrc1)
Analysis Model Defaut
Loads Applied \
Load Type Load Name _Fncton SN Scale Factor o
u1 |2s000 980,665 Add
Acceleration u2 | 28001 980665 Delete
[ Advanced
Other Parameters
Modal Load Case Modal
Modal Combination Method cac
[ Include Rigid Response i
I
|
|
Directional Combination Type SRSS
Modal Damping [constant 2005 = Modiy /Show.
Diaphragm Eccentricty | 0for All Diaphragms Modfy/Show.
0K Cancel
VO - dxbo Th|s publication or any part thereof must not be reproduced in any form W|thout the written permission

3 B9

y Ver5|on 1.2

M.Alirezaei@iiees.ac.ir

75



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

B it el Jalos (o

4'36“’))‘3 3 940 .)IJ.LOI).) LQUKA).:.:&; ng),:.» |00% )‘AJA';Q).) .L:\‘L\ L5b’>)'?‘: ts(,glhulJ.ﬁLﬁ))
.39.&435;)155).>QT)€.>94.:.>|.&1A|).>4J}J))'| b OKa 25 30% L ,bLis slag ol o

el 525,08 4 Gbol sl Jol e (ol il ol dgd (BB oy S Olgie 4
6 L Jlel -

0o x5 100% Olje 40 ol> (il 9 b5 5,90 slazel o sls )18, 65 Jleel -¥
RV

(bt (Sl Judos (0

Jao & loads pulidie Sl Ghs 795 Oljes g0 & 1L (s e (Salus Judos 5o
255 Jleel o)l (s A |

\-y\f/
A Version: 1.2]

\0\ d>aw This publication or any part thereof must not be reproduced in any form without the written permission

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

ionl b

5 ks“’l" )lJT AJ)J) alisee ksl.ﬁttn.];o )3| Q.s)gT Cawdds le)_g ‘g#)‘ﬁ'c Lsiﬁ';h'“‘l W oo
I b (Bladls i & ) Glag,s b slazal G )5 Gdaa OlKe s o3lasl 4 ojle JK& s
.)9;:(_;0@-?0_").3 Sgec Slazel )3 Daa OlKs Luxs Jo,5 Ve ol 4 ol K6 ks

T 0l yon Jlecl b guns Liles | Cilisen slodila il o o Kaolos Jalos L9555 cpmimad
35 0 8 st 2098 e 4

\OY dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

6 ailys

=09
Y % Olexs b 035 i lahs g Lacl Y

o 3bituol LT ol b B A+ Sl s b B slasl cow a5 olazslo 1 leks 5 Lacl -7

b ol
sobiie 09301 wl b YL gz 95 50 5 Uslas (Sl 59,8 o Jboel 900 0 o556 ailge il
g oo 48,8 L 5 J&5 sla,l esials il 0sges

9 0d Jol> sy 3 b Jgl S5 5l Qg laie 3580 029 0.25,Qg nln 98 ol Jlaie
sl 7.0 "silf"w 4 Gfl"ddl AJ/'J). C‘b‘“’ ‘5|)‘f °U9§ ool Ol s c.s"':b ol sxs

Version: 1.2]

\ O d>aw This publication or any part thereof must not be reproduced in any form without the written permission

”é WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

S B ISl S 5
dwlra 5 dauly) 5l b Qg (s b @l 3l gub 9 Vb s sl 9 8 1AL S 5 s
:.)9{::

Q¢ = 1.1[Qp + Q. ]

Q¢ = 0.90p

Ls:ﬁélp 035 b 5l wls a5 asls U.Z.&slf ‘5’>|).L: 0355 ,L Y0 Jslee QL 9 03,0 ,b QD QT )5 &
b Jring Lﬁl’»)')| r:K,& )3 3990
G395 blsy by i slasly il ol 5 Yo > b 435 5 5 stk Olason il s 5
Sleslatnl b g oads dunlxe Al )b 5l aws o 3l sl as Jdss dslis 59 d il

1 3,055 3925 Oal gl s pat Sl 55 Lol 35,5 a 3,T 2 T plgs il 13 6T meer Juol
9 1S5 JalS ghay Julos oo Cilia slasl oS 5 sl 2l

\OF dxaw This publication or any part thereof must not be reproduced in any form without the written permission

A Y A
: Version: 1.2

M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

F F, Fy F

Version: 1.2]

"é WebSite: www.M-Alirezaei.com

() Telegram: @AlirezaeiChannel

Sogo opl ps g Ol S L)Ll 5 e Sl i Ol sl o Kew bl i s s

s [ K T &5 sl 4 il cogr SO s (le slasl g JB slasl il

I syl sl asslis Lal .ol Sl (Qg = 1.1[Qp + QL)) J& slasb oYU 2o ol KT

o oKT Qall ayls slayl il sl s slayl as led.;,f 4 b o s gz, a3l
D .Lm|5>' (5':‘).99 (QG = 09QD) L;Ji.v' sla,b u':le

—_—

—

@ Q; = 1.1[Qp + Q,]
O Q¢ =0.90p -

pre!

TR

V0% dxaw This publication or any part thereof must not be reproduced in any form without the written permission

3

Version: 1.2

M.Alirezaei@iiees.ac.ir

78



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

by e bulgs 5 aaslins] 4 s 8 sl Sl ol 9 Yo o s cnl by, Glbe
Sl as)le BNl pl J¥s o)l 6,385 Ol s aels s solsle =1b

& sl awlxe raKLm 1wl onis r,.o.b.u dez90 Slaokisle sl Joddlygiws oul -)
1wl 39290 T Sl o9z 9 Olsae 5l (5 5385 oledbl

b 3l LS ol el 030 e 1y 395 Ozl b a5 (slasls s 39290 Olaisles —Y
!.))'JJ S99 gsil'Q’J a krl.’é.'i t_;t_ib)la J—A?
] le.é.ln > LSLQQL&.&LMJ L?‘)‘l’ 6L®4ALU¢3T L MI),@J Oil _))ﬁ.a.c C}Luu -y

L_;Lmul.:wﬂ l.v o)l.m r-l).'>| c,\.:s).b 9 c]l..m Slasuie b)gT).g lemui:g) d.o.t”),.i.mé u:’.l 5o -F
by Vsl L ae skolkasln b

\ R
‘ Version: 1.2]

\ OV d>aw This publication or any part thereof must not be reproduced in any form without the written permission

2 WebsSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

=lob Olud b lael ow)

Ooxea 35,8 18 U8 g bl 39 caslio slaghs 4 b wjle Jae Julos I Juol> ol
Joolo Julos gl 3145 a2 O b s pwes Joolin (sl 00 2,5 sl 4 395 J 8 1l
1Ll Sigbie o8 Ot b s Sleil 93 13 6 pres Slaluais Jgans 9 bl Gahie canl 00
gae slenl 93 g labs )3 6 mes Jhate il (Kon il 4z LB les 4 B slatl
sonl Jlats! 1L sad JB5 slasl Joo O po guie b b i 3l L aSlo 53,8 sl

D818 4z 550 LU guae Gl bLE > (5 ,mes Joaie

& SlaosS @ o pabiss Lsel olel blE 55 (6 peas (Jambe slosl 55 b b Julos slagssss
3 oo s 395 sl (Gles bE) sl 35 51 b Slabiiys (5 yeas Jmaie Jis 55 5]
ol v slael sl s Jabos 51 e 13 g dalgii Glisebl cagarys s Jubow
e 3Ll JLazol 0T 51 sliid U B ooy pans s b (pias S pl S5 rgs 6 Sl

g swop gae Jgb )3 5 e

N -~y A
: Qy\‘ <
: Version: 1.2

\OA dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Lo Kbk KT 6505 5 00l e oI5 sl 1 ool sla K oS4 ohin ol sl
3 Gt ol (slabiis p> aziliz ogbge goz 0T b guiae 51 Wil 5590 cadyb ol o oLl
25 b5 A Olgs e 9 HUasl 590 b b Sl 8,5 Jols K dxl 93)|5m&w)|
Siloge mae Sl bl b 1 .0 salys sbwl Sle bli)s (5 mes Juato L5 590 guae
5 as 0T L g e slml ol 95 5 b s Judos ooy 02,8 Gilbae (s mos Juaie b 2350

S o3liiwl o5l Jaw Judos sl s e slaig)

Version: 1.2]

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

JAS $9,8 9 JAS Kbyt slagaN

S g0 & Juols K i g8 e 9 T 31y W £95 4 4z boosle lil LS,
Al 8 9,8 by s S8

A . ) . - . .
98 B 56cl26)| ,La, OA wsls PRI ) ,J.io}'v gas ,HLs,
’ (S Ko i oot 4 b JolS (6 ues )5, AB asls
Ls’l-(’((l-’ )91:.3 Ll ompfbﬁdgwgth BC po asLs
[b).) Lo‘ 6).:.09 )L:.é) CD AIO)LQ.? 4.‘>L.:4 PL) Jg)so)w.)ld

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

)Lﬁ) OAasls PR | &5@)@) ﬁiﬁd&&@,&)h’é)
Mﬂﬁ;mobgoMPfQM%wguﬁ‘BCrawbb

AN
9.5 B§>2Mwb‘o&,@byox,zgj)xfuulémlgﬁ
f
RS JSiyeis > 2 i b ol sliel sl Ul il
gl (op D guae

Z

& WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

& Caglie Hlam g9 039 s Jol Lo il ez aw )k8, 0,5 guae LS,

. f
9,8 ghign Sne 5SS i = > 2 s b ol sliael Ul o
A
0 C E Ry

o< f NESY ‘

\ $Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

55 2 Joar b b o)) ilge ol s3ios s ol § il o)l slael 055 £35S o

Ep 95 5l cl (Kaw Sl slag s guae Ol ahie SO o 2> 35,8 0 osaliss 45 45Kilen il oo azb I
Al JK 55 b g bwgs 023gd J S

IS 950 IS IS S 257
(o slalE )
M) oy M)y ies S g
M) b 5 (P) 55970 59,5 Lngygties
) e — SYlas!
(P) 5970 550 M) Gop s M) ooz S Shr slejlpe Y
0dd (i e slaclé -
- P) 3570 35 [EXCEpTSS
(P) 5390 95 E3%
(P) 3970 95 o5t
Some 985 (V) G s M) (s S0 (gpme 5508 5 V) G 5 (M) (o2 5 STl i
= Gt=
() )
55 (V) o s (M) pies X ¢ ol
)57 S99 (T:);.'s ez S V) o s My ias oS L3 -0

sl U8 JK ks (V) G 69999 (e DB, - )
sl S S i85 (P) 6970 59,5 9 (V) b (M) e K Ylasl 5 Y
d,uf 5,-4 \%) ‘_,w)-‘g(M)W,{zJ s Jlasl 1, >,> 5)}\; )|)a ).) .)9;,» P,.ab L;l b))J ,,)l; 6L4c| k;ul?.‘_sj).u VL%)H ))7,.’

g%
VY dxbwo Thls publlcatlon or any part thereofmust not be reproduced in any form W|th0ut the written permission Version: 1.2

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Pushover Modeling (Properties)

SR ok JI oyl (giowin 9,8

PR ny JK8 e 35 pas

.)9.&:(;4 43‘)' (sigl.ol,o )ll.é) leﬁw ;J;gﬁ&ww‘)ﬂ.&d&& ‘_gLQ)tB)L)CLUM le).:

Idealized properties for analysis qu_elsx v

\$¥ dxaw This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

b Jlo o o3l gl

b Blis o5l > ohs Yoars Lo abbios WSS uis sl 5 oLb ¥5 Jarllgios 5
Flas palas Sl gy bl il lag 0 b cslie 595 la o s azj0 sl oSS s
2 10 55 5 e slml 6ol sladSis urs o8 59, Glidl sl 4 a5 slel b
23 gz e A S (o0 Ol Wy s Sl e ) ol curdy K s s ul 059
S Sipin o3l Ol 3 A il slag i ks s $lagies 3 Jasipias o
s 4 5055 Ol o6 Jae Juobows Sl ool sla S s 595 3)l5 05l Jas o S
b b olizmea @IB)L iy coss ol JLas, 4l 90 o ik Olexsle oadly sla S
9 doalys cably 4 Kooy Jubos 5l Juolo sla Ko i 9 lag 0 by (B (b 4 Koy

3,5 3911 ool polin 5| s g s WE 0T cABl s ot pllins Jls5, amili Ll

235 o0 duogs B hoy SO Olgie 4 o)lgen s e Sl Cgr eea 4 i

Version: 1.2]

\ 0 dxaw This publication or any part thereof must not be reproduced in any form without the written permission

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

Jas o9, 3ke saub o5l slaiay Il ooliil b o) Ltl 45 gilha Lol kol 5 > Jb ool b
OR9) e .Jb)f EJ,J JB i b la JSi uxs 9 g i 3 90 50 4y jonin AJ|9SL;0};:::> S bl
s g 39T cpbals il a5 S a5 g g dbl, &5 il O] b5 Julss
el 31l (Tl 4 ol o 5 idin sl s laJSa

A T

Ve

s |

7 1

b b, // !

\ // :

RN 1

. 4 1

b / :

¥ —

X |

|

1

L)) !

1

1

1

1

1

|
\ $$ dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

l 10 ton

5 ton I 5 ton

] 200 ton

50 ton I 50 ton

] 2000 ton

500 ton I 500 ton

\ Y d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2]

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

b Jdos sy,

£l ks 51,5l sls olosslo & sl e (oKin s (Kbl Julows g 51 03Uzl
135l slojlw [‘,L.» 9

S Hebs ¥ 5l olesle wlad slass 9 sk 35Ts 5 ey olw ‘_J..o| o9lis 6,95 -\
AL 7l s ands 5 bl 4 Jlgie Sl )5 0N sl s -Y

b aad ol s

23l ol b b YL sl

: Version: 1.2

\ A dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com

) Telegram: @AIirezaeiChannel _

S G375 i) S Ky % s 51,1 (DCR) ooy & 5, ok 5 052 5

Sl 2l ¥l 28 ol g ja )5 (Sl Sl Bl 09 (o 59 9 (e S

5 (Qup) 43l 51 il Ut 5 ol sl Sl i 895 gax Il Ll s 5,5 1al DCR e

03lil b a9 (50 dumwla (Qep) T il ol cwglin ulul 5 Lacl JWasl 5,9 cub b
Sgdas pets Cud b 4 5,5 cuws DCR=Qp/Qcg 4k, Sl

.inb))gTﬁQLA}mm)gb.gq9Asv.bg)ﬂiaw)'Y;4.&3')6)‘}).3‘5)&&))9;0)3
690 Janl aslul by i cuils sl ).:\)L:\W).) glhsl doder G o)l 4 Olgs o0 Aiio
(35,5 cyuals a1 5 odins JUas guse o bawgs crasl b 4 (il

\ 4 d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

23 s (Bl 00w 5l b 5 sl b AL e Ve gli)l T b olasle (o
b @b 0T s Lngin 0K ais s 1.2 51 a8 Ll 5 3 9 alub
b azdls [ s bl 5l o Slib caoslie ki 5l olazslo -4

255 0T 5 ol b L 4 S s sl ol

?=1Vi
J{bl.ﬁdjnsuljdf\{)wwwl.?é)a)b)bd{rh"ya.c-).)b.kﬁuwl.‘xnksgﬁvl C)T).JA{

N ~y
: Version: 1.2

\Y - dxaw This publication or any part thereof must not be reproduced in any form without the written permission

DCR =

M.Alirezaei@iiees.ac.ir




www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

slaib mma sl cuaglio b 5l 5l aab ALy e Ve eli)l Kl b slaolasle s (o
4l (ol conglie ggame ol db ja Caglie .l 593 59 dinb (lr Caglin TA- I aeS

b Swels gy 308

§ byb (Jd 3 0 godie byl Ol Sl &5 cnl e Gogeo o b3 (Sl (b, Sl eslatl
s O BV Iyl 58 4 5ls b opl 535,85 03,01 4 9 ALY by i Olejes sk b

Version: 1.2]

\Y\ d>aw This publication or any part thereof must not be reproduced in any form without the written permission

2 WebsSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

b Sl oy,

Dl as,le gy opl )s swlel ©lus )8

(a5 pellias lad, )

s Jlasl (Kbl g a5 a3l 51 56 sla,l -

sl Olazzlos 059 5l 2 b plis o5l 5 )ly (il 59,0 S5 -Y

L oojle S e iSas a5 cul osd Obasl Ol Ghgy cpl oo b (o Hlade Ghg, ool o
4 05l 0l 3)ly b 31 cou asmilis sl asls calbhe Slisyge Jhs mhe a5 o ax]
0 iy polie 4 o5 50 0k slasl Gl o sael s 4 slag s i ks, b b
Gib ol odd duslxs slag o 2l azils st s, o3l ST Jg 139 dialss a3l plKia
Dol Glajlire )y pKa Cux e 4 ad dalys plas a6l d> alie Sl Gl

Sgbn gl iyl (st 555 a3l pia & lanile sl s ol 5l Jol> s

: Version: 1.2

\YY dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

23l Oy bl 9l Ol cpuats
2395 390 50 15 G995 99 51 (K 4wl Oleg Jeol Sglis Olaj

Al Lols Olo) bl 0 o3l (Salus Slasin p giw &5 Ldos slaghg, sl eslawl -\
Al Srde 2,25 o9l Ol ple 451l Jbo s 5 Ghg) ool 5l e

3 5 Al elul e 025 slaghs, Sl eslinwl =Y
T =qH®P
g ki Lb 5 bl el 0)e Y0 Sl xdey O Vs &5 g0

«=0.08 6oVh a6
a=0.07 1515 a5len b oY g0 LB
a=0.07 S e OB

0=0.05 1 05tw (SLpumns b

\ R
‘ Version: 1.2]

Z

= WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

bzl o Sl o g & 3L 5T 30 5l 9,0 I b5 Sosbl s 395 03
Sosal cawsy s 6o, STl byl b Olis Oled wcu b ol oo o0 Aulxe
b ool G yesis 393 02,8 (b el o3l L5, 5 395 Jlael il & G jb ol
plia o3l 8, ok JK0 ool 55 Ll s salss il 39,000 sl b a3y 55 o 45 o
5385 290 5 6lp Ghas ol 03 ez omes 4 e B b =il esgame Sl A5
solae ST a5 slasgd 4 ngbe 0ols Giulidl C ol Jlel b sl 59, da o i
25 L o3k Sl uis 35,8 Jasl ks elail 6y b Uie 4 G395 ool 3l bl 590
S G J51s Slag e bl 2555 0 oMol oK i s 5 0l 2 10258 390 2,91 (b5
L J,=s [ol_{& Sz et 4 39y 0 )l s e S68, Lol jo a5 5g salgs (6 0le

A S e ol s Sl lag s S ul 4 az g bojlw clal o b

\Y¥ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

Lo S0 i 9 Lag 5 3591 2

ozl 059 5l o Sogo 4 (V) )5 5l ol (bl 9w (s (Soliwl Julos o9, 5o

V=CWw gk 50 dasloes (W)
Cs = €160 S,

9 ol Oligos 5 ars 5 Jeiie Olexslu 05,0 039 Jols 0lexsle @loj ) 039 W o 5 &

el T ool sl (63l i i S,

099 93 5l (K 4 & prunm el e GO s (85 5 s Gl e oo G
90 dawlme 5

\ YO d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

"é WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

).1) 4@') )l o..)Lo.IwHJ—\

25(R, — 1
T <0.2 N Q=1+—L%—l
02<T<T ¢ =141
. g =

- 1 aT?
T>1.0 N c, =1

gdn et 1) 9z Sl eslitul by (e £95 4 by e b

AVAPY || B | I o8
60 90 130 a

\Y$ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

’Eﬁmﬁvj

Version: 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

:.)9.«:&(540 O ») C\kal) 92 UuLwl)J a5 0592 C,«Aglic Conanis Ru

DCR
R, = %Cm > 1.0

L GLal slacl &5‘)-3 PR W Y (DCR) C.u:ﬁ)b A 9 0 s U.;)if)).: DCRmax
395 dalons C=C,=C =1.0 o3

abl, ool oo

.)u:’l.) CM.)).)Ve 50)@&[’:3)')[33)»).:&4{[3 Ui:ﬁ‘\.(:j)yﬂ).)

el T le‘ol ugLJ ol byl Lsn,:b uLLS: Sa abl, L)'.’.l PR

Version: 1.2]

\YY d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

sl polee J8 buly) @olho R, cnglin s a5 (5500 53 05 absly bl o Y
T, —T
0.2Tg — 0.2

C1:1+

.s,..::d;s)f)b.,)_» \ )l):.o{.b.::l.uc' )I.XBAG))M)A).)
I b ol i slosle slacl cuglin 9 (5w Juals Sl Gl s oo o C,
950 dmslxa 15 B9y 99 5l (S 4 &5 slas 2 Iy
e adaly 5l eslawl b -
T>0.7 - c,=1

28,8 B 5 azly pl b Gy Olsies (b Jolos sl 30 Sllre L2 5o Y

P
\YA d>ao This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”ﬁ WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

Caoglin g Al Lrals ojle il ke dagls (o8 9 i 9 o) ols > dL,sad:g
.*X,l)_J).,Cz gag’).«o -)\M:JL’ )lJ.lL_:_gd.Alf w)M‘\ﬂ?é')b&@Lﬁb)Lu PR .LSGO CA'LQ)'
9 &) C)l._{)} .).u::Lu 9> W)Mwsl)ljd@uo)hu (5‘)) Ll .)yf.:u.o w;)ka)..)
ﬁLQJ&Z}xiSJﬁ|)§|9@®u&&@ﬁogkgbﬁ@b}’-gh;f)ui:)@j%,»b)'b@ifﬁ
13 o 3l 55 o3l ol 6l Cy s gl 31 acils salys is 4 po |y canglin

Db e 4z S b

) Version: 1.2]

VY4 d>aw This publication or any part thereof must not be reproduced in any form without the written permission

”é WebSite: www.M-Alirezaei.com

() Telegram: @AlirezaeiChannel

Syt 29d oa 2 gz Gilhe g 0390 YL ladgs Sl el sl &5 Sgo o2 o Gy
.)9.«*:)9“& )J.bb\.ﬁ))l)a;)))ujbuu)l)gsub)u

&l osle i b [y Slgobojle oals (gai)les 50V 98 B oV L B (e it olids sloss
1 1 1 1 PRUREN)
1 0.8 0.9 0.9 P g 4w

EWH ) (il s9w @259
Dgdas @595 55 Soga gl Ll 9w

; W;hk
LXn, Wik
4.)l.| )l).l )l [Bll M&Lﬂa |h [Bll Mél 0))J U)jW r>|| M)J.J)lg Lsul} 69).4.)F ul ).)4{
Dghas s ) abul, K lade

XV

k = 0.5T + 0.75

b ol Jol sl Olaj sl 0 9 k=1.0 ,laie 0.5 sec gslu 28" Lol sl QLA)‘ sl
)wu;)b.)).)k 2)'..\.2;0255e ).\...u.u

W

\ A Ao Th|s publlcatlon orany part [herenfmust not be reproduced inany form W|thout the written permission h Ver5|on: 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
62} Telegram: @AlirezaeiChannel

Version: 1.2]

”é WebSite: www.M-Alirezaei.com

(4 Telegram: @AlirezaeiChannel

sl 1) bals o 5l &5 sg0 Ol Glasgs @ Ll (il G @iy (b b abs

le.m).l’.nl)l.l C.ls (sa.)l? S BOP sk k;" G:L':d,y‘ O, e39ame o o)l dsslis ool

lw Glasge JSo 9 lauils s ads); wlals)l asals 9 il 3 Glgime daz 5l (5L

cal_? B9-d sla el 0 09de il (59,0 &% b azsls Jhs e ks, 05l )fl Al e

U.Z.\.:|).9| L MLGA JrLEvE s Gz et 4 9 S .\m|9.> jox o jlw r-l):>| (_;f L LV r,.:lmi
oo Yl il 69w T il 4k o5 b Gialsil b G & 95l K s k

he written permission Version: 1.2|

\AY d>aw This publication or any part thereof must not be reproduced in any form without t

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

ST

P JeiFj o sass U8 5 aluly Billae By sl 59,5 1 b Slak (51,863
pL = yn W
j=1""

el plj aib (sl ) 039 9 plf Ak 1 3ly o5l S35 W9 F T s a8

st J i a6 o3l 53 o sloml gile b JSl s sars > Slish (1,30
(0T & Jusio slyrl 53 04 sbml) ooyl slag s JUisly o3dle Slib o135 315 sas
izl s 55 b bl @igs 0aiS Joaws 5 0as Sales Gid (il )b pleew Gl 4
@ 51,80k Jlasl b o51,8Ls cand s 4 ol slaoleas b 5 15 o3ge 0 (8l> 520l el
oot o obas Jeote ) ol whlus boosd o s Ay pKa (il L)l el
G S b e Jlasl b cud b g Gl amio 5o (W10 6L cod b cgx

53 ai S 55 55 01 Wl slag i b ol b lagST L

\ R
‘ Version: 1.2]

\AY d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Z

= WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

b (Sl Julos by

Lol Ghgy cnl o agd plsil Gloj amso),b b b by 95 4 Bl (b (Sealos Jolos
o ol 53 3gbis Jelos OF b 55 5 omes ol o il Jlael U 5 s ,Lsb, Lo,
53 i ol i 3ym s s 313 5 03l sy b (bl o g s
cilhe ogbe Ol A3l 05 & 4T b ool K6 Sl b ogdie oo (ol o
S8, adil; pla Lo a8 pdy U6 lacsle o (Jsls slag s cle prea 40 ol arils

X g 0 3)9|~).3 o3l o Joos (BB slag s 5l 8,50 il salys hs e

o 58> Jol> mls 33,85 0 3y Jdos )5 ojle Swalos Slasin b, opl ,o & sl 5l
Dgabsed pgbie Jas o Jlias (hs e )L, s e 4 Lol el s Sobul Juos b,

N -~y A
: Qy\‘ <
: Version: 1.2

\A¥ dxao This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

b Julos Gy

re Slado ui sl p Mol 09 (s el cab anb eslitul 590 cab (b (hs) s
b 4l dob s el ks, as wlaoslw sl (s ( Salos Julos 1 Jol> mls il s
Sl Hla, assls (s Solul Judos (o) alive bl cul cuzbly 44 o5 Sboe (3L
8 Gha ol Sl deels 3l slag s g as e 9 ea C)B TR R

Pydsp (s b W35 )5 A5 uolie

Ay pr= S )lhe 1o)d ez &5 29l Ol Oy Wb ab Judos s Gl slasge slass
g0 50 5l Jolb mls sl 74 JBlas ssd Sl slasge s ad3)) G ,os sl ja sl
Jo e S 5 o) b SRSS il e pgemme i siile oad sl slaghs, b b olug
2 lasge Slas il S 5 ogh S 5 o8 e LB o 1) lasge o sl a8 CQC
S5 4 o3k 23m 35 L 93 g5 slaole; 45 soslye 1o s 5 03y 9o il oozl

5 oy CQC gy b i 2k S5

S
\AQ d>aw This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.2!

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

5ozl Lol slasal ja )5 Jol sge Jdss Cals Ol 4o g o (b Judss ig) )
b o LA loslazel OT 3 (o laie 9 o3gs 3555 slasel OT (o, wsls Oley .l 1.4
b o TA Lol slasel OT 3 a0l o, Jlade sl eS8 slazel Olea s slee (Soliwl

Sed lea doles (Soliwl

Sl azsu )6 Judos o)

® Al oS Slay 6mel? 03 Sealins buly) Sl oslainl boojle gl (Sloj azso )b Juos o
clBolis aw Jlas pulul p geay ol G pos s ol Jae gl 40l (g ol o3 e
YW W Y

ons Lad,us sl T 3 i b s ol Judos ¢l cuallolis a5l S aslis
Olgs oo 39 oslitw] i b cuslolis cun jl assliy wgd Hobie A5l slag o g la i
slazel OT (om0 Gl Olaj lp 14 5l olexsle Lol slazel o 53 Juol 390 Jabos ol Olej
L)'”)" )I.LE.A 5ML)1JLJ.§lAA L;Jl."wl 4.)[.: L)'”)" A~ )‘ J'MIUI )9 L)”)" )lmgbjy ).af)).»

b aslion Usles (Kol b i s AL Al g

\ A? Ao Th|s publlcatlon or any part thereof must not be reproduced in any form without the written permission Version; 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

(b= oSanliz> slaalns 53) STk

L\ M,A ).u.u )I Ls“’l" 6'&9)» 9 u.wj.ul (59)» C""‘Lﬂb )J)J @9)‘*“ ‘5|}p .)ul.v Lm[vfl).eb;

s (s b Canbge s 3l 36 slag s 38l ot 3y o3l Joe 3 lagS il asslis
Slag sl p3¥ Do opl o igdioe 390 Kool Jobos Sl lasities (o5l 0
S8 2 3y il (85, i s (S35 sl calin Jte Julows 51 oslizal b 58 ke
Glhe Kol Judos oy, pull il 69,08 TA Sl 508" 1l (SKaliss Judos 51 ol

F.=—
PLTY W,
]:

Sl oo sl s Keoliss Joadoo Sl oslitl a5 0lolb Gagis sy dops A i
sl 0 453 F s 5 s

S
\AY d>aw This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.2!

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

(b Saaliss sladulss 13) LOIKe Huats 9 g, 391

Cy € sl calio o b (b (Kol Jolos ailin bt (Sealiys Jibows Sl Jol> b
9 S35 b Al ($ly Gl i 4 ol SO s b gl o0

A Al S 5l LS e s
(b Sladados ,3) hs sy 53 (558 Sl J s

fK.& PR .M;BJ.)),AA.&,L)A)J 03 0 sla,b f}bﬂﬁdﬁ'ﬁ‘\j{bﬂ)) G,f}lg rcglfu)iJ
gz Jol> Sl G555l polae Sl 3 90 aab )5 1S Sl S sk sl s JLasl 3929
Cawd 4y kS Sgiw o (hdS Jlanl cus b 5l il ).<J odle 4 03,0 sla,l rbglfu ).<J
Opins Aoy (2l b Ogtan (S b 0o taS Lyl (S b laie T (o
Mg, >(§ng el Ot 4y g sl by (g (S 2d B L g 3529 Dy )0
ol 9 S,f{su,l, 3 b polia SIMr b5 3590 4k > GsSly LS Mo ol s o

Lo oo L;Q)M J...‘)))CZ C@L\CL"I

‘t.
\ AA Ao Th|s publlcatlon or any part [hereofmust not be reproduced in any form W|thout the written permission A Version: 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Slacl DCR Jlsae 558 & ol il 5 25k o0 3,0 JGSl Ghall oyd | apd
B R SO Olgie 4 a0 Jiie LS 3 90 guac 4 )b e )3 1) 9,0 a8 ST S0 s
903 5] 5 @olgiiuy olis Golhe 0lorsls 5 Slae b ulsls 1) 1k Olsies

calises (65,5ae C,Ja.w Slp ) solging uolas

J (5ol oo loss b 5 yShos el
1.0 (1O) aidy 5 o5l
2.5 LS) sl el
3.5 (CP) o309 % aslaw]

b les B o T S b P a5 slaokasle sl n Jgaz ol Sleslal s

5V 5l als cus 5 4 g b ailinl g Glo gl 3 Sloe b 5 ] jlade il 0
Al i ¥

Version: 1.2]

VA4 d>aw This publication or any part thereof must not be reproduced in any form without the written permission

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

0xs WLl 65y b OF 6l YA+ 5o o 33 5l ol gl 6Ll 03le 57 590 3

Cl CZROT

0.9Mgp >

:J,,JZ..&Ag_é.l).:j).:)'c).&Qom}ujl)lﬁﬁlb)ychwwﬁROToT)bdf

Ror=10 O 098 Wil
Ror=8 Sl ol

Ablo0d Slre il s 8 L

i Py A
: Version: 1.2

V4 - d=aw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

b e Jelowi slaghs,

b3 e s hg) l sl ()9 0 ils Hlxe a3 sla iy, Sl eslawl sloile ,5 a5 S0 )
S 05l wl o3l Judos (sl

bt (S ll Gy, 2,018
25U L8 505 b 93 85 el e olKin s i Kbl (o, 5l eolizul
(o0 s 25 5glr) il a8 00 dumlne Ry Jl1ae 5loa diwlxs Ry cnglin s -

Lok 9o ol cl o900 090 nl Gt @l abls dbi>da LB YL slasge 0L -
23 903 a8 b s il Jgl 390 L5 Jal LU o g Judos b (Sl (hgy 5l eslel
25 2L el o5l Jf £ 7.4 J§|J..> LQJT P9 P Eg—o>xe as 6)[..»9.) 6[.&39» [nLo.? £9> )b
SISl Gl @l aib )5 by (59,0 s olis r:,;dﬁlx@lﬁ A5 pgu0 ) g a8 s
Slasge Sl 0sgr abixde (bl pe 4 jul el jids gl Judos 5l Juols o 0 (s9,0

ol 0l (5YL

\ R
‘ Version: 1.2]

Z

= WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

b e Soilinl Ghgy JeoSS sl 5 b (Kool g, Sl b uils L3R Y by Sl
S i cass

35,8 oolial b et (Kool b 51 sl ails S5, ) bys S

it Olab g ol 3T Slule il uess 45 )06 (s e (Sl Julos o 5
el Crars Slib $lag o 9 G e ) (Gh e Soliwl Judos %

Sl o,y 5l eolawl sil (e Ol K sl W Sleg slasge Sl a5 Sogo yo 3%
ol ol e Gl s b s e Solial

\4Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

fuspn b S Sae) ol a5 U b 1] 0l e e (il s 53
g o 0313 )18 OB g9, 0 ey LL LY aslal

it 8955 L] Slo S eis 00 Gatnin 5 b5 st (Siliad oo K plasl |
o5l @ 0aisl 33 g0 A g gy 4 Olab Sl s pasie @8l cos (Ssbl O)ea b
abis o 3 OMa paais 4 15 o 1y sl LT b g 9,0 a0 51 Giall ol 39dien dlocl
prole b g s (Baa Ol i) gasiine Jlaie 0 (ila L il cou (J,u8 abai) ols

J-iL:-’ S99 o)'l...o PR Lflz”

b sl 093300 s e Sl ubos 51 Juolo 5l (slag o 5 o JSi paais aln 1o ol o
b ol (b (bl Julos gy ailie Gy crl 255 U3 (o p 2050 U3y Slalis
148 leﬁﬁ U‘!l

255 0 )y Judss o o5l sl g Lacl G S s ,ue )ls, -\

\ R
‘ Version: 1.2]

\4Y d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

Q¢ = 1.1[Qp + Q,]
Q¢ =0.90p

bbb

5125 L;)l..)f)lg g,‘ﬁf).}' &

——
—
—e
|
—e
—
—e
——

H H
EBIEE EBIEE

sl o Olejea ojle (Y 03 g kdawe ol lasl (A
9 Jolos (ol g JB

\4¥ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

N

Version: 1.2

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

st ool o 3y s im g & b et Hld) Jie b bt e (Kol Julos s
ol fK;m WJadoss dsb )3 35 a5 (b 95 Dogo 4 il sl GG e sl
lsT i )b by ot aulons slizl plas (515 slag,s 5 LSS i (ol b ()
Sl Jlows Sl 5,8 By 9 ez e 4 (g il Mz e sdie Anlis
Gty 6 ke OBl 5 00ls Ol i 1) o3l aly s, OT 31 Juols ulis Lol ol s
L}.:.‘!)f ).ki )9 &J) L®) UJJQ) L)'.’.l )9 xé} J.:M 6&039) s_9>L‘>).3 LAD Ul)l (r>|)b
}.:lj.: C)b :\J)J) o )Lbj.:l S)9—0 ).g..)L_;u [_: 5‘_JuaL> L}>I.§ L;l.ﬁj).:.: 5&”.«0.0 Gb)'ﬁ'c )t\'.é)

bl

V40 d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

O Cand L)'.’.l)“l'*" .J,JGA~o)Blw| IR W £ 6>|)b b i le"’)'&’c uiﬁil.bwl dudss g, o

u,i:g) L)‘i' 2 |).:) .)9‘2:(504 )}_Bl.o Lmﬁil_a.aw O}L_uu :—|)_>| G_bﬁC)L_l's)M Gbif).gg s:.s.é)
..).);LSA w2 u::LxS)I L.')jl:ts 50,92 f’)L(’r? s.gg'.b:ﬁ

N

IS gy 5 i

//_j/ Sgdue 43,8 K5 5
e |[E .
e plsl s b5 pes SIS s 390 5 9 by, s sl (Kas i ol 4

23 35 azgs JiB YL slasge il 6 mes Slads i Gialil S 4 aSile) Loguas
g osliwl s e Salns Jdss iy, Sl 4 34 e Aoy Ll b ol

P, N
V4% dxaw This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiChannel

b s (Saaliss gy 3,06

e Kanls ubo 55 0ilse Sowe o3l &S (sl it Kanlins ulow g 3l 03lizud
g U8 aisa) onl )3 4,25 b g paasie 09,8 G g b Julos ool Sl ol s

Acceleration [g]

|-
0.

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78
Time [sec]

\4Y d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

Z

WebSite: www.M-Alirezaei.com
A | Telegram: @AlirezaeiChannel

B et Sig) 5> Cusglie 9 (it Al

S g 4 A4S labd Kb uas-g w0 al) pelel ol ildawe (b e slaghs, o
o3l sl K pusiimg 5 Abuly o0y JK5 53 53 Fion plail lighise 0Lsy bbb (ol
A 1wl 00 030y Olis as e Judos )
Q b

Qy a

- S

1.0 f C

oL A

\ QA dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2% WebsSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel
Jelo 5 5 okw Jie gl Olhi>de
4 0y b (ol slag s Glalidl p 0 sl b J,a8 abis O i 5 4l Gl p o Al -
Target g s Baa O uxs ol 15 0lKe ks
» A
> %
i
N 1
d i
i
> i
i
i
> i
1
i
"o
i
1
N ATarget 1-5ATarg t
1494 d>aw This publication or any part thereof must not be reproduced in any form without the written permissi.on % Ve‘.rsion:1.2

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

28 55 b ol Gk 392 e Joil o Gl b oS 5 5 el B o Lo da 53
J).:f)l)é SHe > u.:).?@‘):ucﬂ)ﬂgdl.o.do)bngwgpgsﬂ93|w|93

<Y A\ 4 A4 A\ 4 A 4 A\ 4 \ 4 Y A 4 A 4 A4 YE———>
> . <
> i 1 [~
i ! <
> X i <
! y A4 A4 A4 A 4 A y A 4 A4 A4 A 4 A :

» ! ! -
" \
i i
> i | <
> ! <
1 A A4 Y A4 Y A/ YV V. v vV VY y 1
i i
P> i I <
i i
i i
> : Y A4 A4 A\ 4 A4 A 4 A 4 A4 A4 Vi <
i |
> <

Y..

M.Alirezaei@iiees.ac.ir 100



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

29 plal ool 9 Jol5™ (o9, 95 42 dilgs (o (a3 0t (Kbl Julos

seb 3ly il Jas ,d 30l (Bl )b pns ol e g ol slacl (Jol5 by, o )
Obsr o) iz Jlagas Sl skl b e ©)pgo 4 b Lacl alsT S0 ks g 05 )L
oy Sl pmes 53,8 (s5ladin g oo wlsasl cuzdly 4 S5 Ol 0> b as” (las >
g A Slasle 3)lg (950 4 s.)._.i:LgGo 0 kel Coglio 9 cuwglio Luallh Juli a5 glas o
slael Sl 5,8 L8 s 05 G d Slslae bl bt (Sobl Julos
sbaasl b pin slare bugs b Oleisbe sl )50 3, 8es b iy ol 9 (Lol

el Ol ool 5 ol slise] slys b s Jlers K03 e & sigd S8 ol

Version: 1.2]

Y -\ dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Z

= WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

9 Ui by ol el b5 2 03, drggs Jon bol SUacl bib st 30l gy 95 Y
Jalos 55 63l sl s 4 iny ol 95 e b lgs il 5l s @il dud s
sSle ph iy ool slael Sl s w9t LS ol bl sl Gbps s
lael sl 5 si9i S ol slael Gidy slns bags b s oloisler sl s g0
Bgks &by Slas ol bawgs ol slatel 5l o slies daslin bigh i bt

.A,QC)BJ,\Ajlgoa)fub).étsLolﬁ.&_g_;Lb.cla\.:ws)gl)Le.}Tobssa

Y - Y dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir 101



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

V‘é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel
S abis
dge Pl ojle Ol puis U8 abis Olgie 4 plb py 5550 b3 ue (Ssliwl Jolow )0
)9 Y0 b ol )9 4SS )ﬁa ‘..)9..2(5@.3 uL>:.b| d)l»{ alass QI,J.C O W)D' -y P ;)A
e Multi-degree-of-freedom (MDF) system seismic behavior can be ~  :|, I°l’
cC approximated with certain accuracy o
2| 0 )P - @7
3 I
3 . by
o [ ] .
) equivalent SDF systems.
E termed the Performance Point in ATC-40
®©
QO
o . .
6 termed the Target Displacement in FEMA 356 N
.‘Y Y dxiswo Thi-s put.)-licatlon orany part thereof must not be reproducedln any form without the written permission ' Ve:rsion:1.2

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

(oSl G @Y

9 2ol ols salgs &, A3l fK““ S sl 4 aus olKal 3> b b ojle Joe ol b &g )
b cmlize b (il L)L @g sules sbwl Lael jo 1) (U5l Slag o6 9 JKb uss Sl slac)l>
9 Jlasl ol 4y 05 @595 95 99

L;”Jl> 2 @)93 O{' /Jo.: EPTVIGIVE SR UI:L&?)' ;J9| 90 UK":’ l; wLuLo @)93 :J9| &54 6)93 -\
ol cnlio il Sig0 I lasge il aS

U'.’-I D ga g8 Al did 2 09 b cwlice L5;\.:l.'> )b uT )5 Q:>|9...i: &OF P9 £ @IF =Y
Pedisr 483 5 )5 gl Slab Lo Gl sl ) sl @9

o9 Jleel bl oads (b YA o lslinl slagiol ps sl (K pwlel 2 Olexslu a5 590 0
EYIRN S92 (C,olyiﬂ 6)93) £9> E9- GA_»L> L

: Version: 1.2

Y- ¥ dasaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 102



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
‘\Q Telegram: @AlirezaeiChannel

A 4

\ 4

\4

Y

DI S S S

|st Mode ELF Uniform

5
e — i I R . Ry 3
Y - O d=aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2

J WebSite: www.M-Alirezaei.com
‘\Q Telegram: @Allrezae|Channe|

[ &3}5‘ sb Julxs
[
[ |

Sgo Az 385 a3 o Jgl 050 5185 a5 5o

o)‘l....; o)‘l....;

P L csh’l’ Lg)Uf)Lg > u.»‘ 5o > o)'l...o «LR9) u.a‘ o
odls Jlosl o5l a4y 090 2 JSG L S5 ol G s olyl a0
ab oo siuli8l oz, g ‘ owg}w o|’|4.>)o i
Y. } Ao Th|s publlcatlon orany part[hereofmus[ not be reproducedm anyform_wnhoutthewrltten permlssmn y Ver5|on 1.2

M.Alirezaei@iiees.ac.ir 103



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Adaptive Pushover - Basic Concept

N — =
: =
i~ 1

~ —
5 ~

=

[0}

@ 3000 _\

0]

(1]

Ke]

2000

1000 /?

0 ; .
0% 1% 2% e 3%
° ° ° total drift”

N
Y - ¥ axaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

0 )l OlKe juati—g i b iz L8, Jxo

pasia i JSb Glbe ) Jya8 abis OlKe s 5 b Ui om Bl oile (b ue LS,
Az k) Jae S bl Yy Sige pedes (i 9 Ko g0 (il (i3 duls j5hie 45 0ylei 00
bad Al ol e iy 45 K, s b sl it dol Coond 39 02 580ls 23l s
).:f)).gvyd_f_w_& s b oad eolw Jow y3 058 E9 ‘.\,:,lewo.évy GL o sl
abis 5l oslil b 0Ky cute ol b pgs bis 095 (s e JU3) (sxie 5o Al b Ak
ol b5 93 )8, Joa 5 e 45 39 i Oliz (VpA) Uyl s b ablis abis 5 (VA
—o s soie 69, wlabs (Vg Ag) sl (VeAy) abs b ohs e )L, e ) pb
b ahE ol sl b 59,0 10 b Blize 0lKe,uis b Chsa Ola ks 53 Ole jaris
b 0K, ite o U pyr s 33,5 gt 0l puais 93 ol Jlaks Jias Gl

398 a5 il 0 0.6V, L lyy e 59,5 0T 55 o8 (slabiis 5 (V) abiis 31 o3zl

: Version: 1.2

Y - A axaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 104



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

2 WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

2 O% 2

&b

2y e

J S abis Ole yuuts

Version: 1.2]

Z

& WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

K. P90 kol 0l Olo) dwlone
T,=T; |—
e
£l ol (i K sl s 5 (b3 )13, 55,5 b oleasle ol ogls 0loy Tl )3 a8
k;a.u)‘ WP J),A\:AQ.? PL) UL&?L» )59.0 Ls:.‘xw Ke ‘s _5)9.0 (VDL Uw?l.w

ol ol ol Oloy a5 9 03,5 it O (e 2ib s e 18, bl ojle alKia
ladasd GLQG::M > Iy o5k ugLJ ol u|93‘_¢o ‘Ls"’l’)l" Jlecl r:lj oy 33 Lz ,» Slowos
Al b it 03l b, aealin s el gmnly Cigh 5l oslital b 457 LT 51 Ll s 8 pnees
2o b 1yl vty (bl gl Sl (o8 b (b elos)l mwly canb Sl eslal
i, Lol sl Jaadysiws ool )o g mea 4 5,106 6oL cusal Lols Olo) Al
plis 9 00 dwlme pud s (69,05 do)3 - b blie (s > ol ogls Oley (s e

g a5 ke o9l Olej

i Py A
: Version: 1.2

Y\ - dsaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 105



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Ol i ixie 9 ab S L8 il s )5 4 ol Ll S5 sl Ole dslxe sl
Ao ool Oles Of Sleslasal by 35e (it omw 5 G090 4 B 398 s 5 Al 02 59,8
Ol > b sy Hld, 4 b i 9w —0Ke i e Joas [alfm Dok (patS

B S i 9 Wag s 3591 2

Daa Ol i o (e Sobwl Jdss Ghg, o 2l g Lacl Jsls slag o 9 LQJQL).:E&S
.J);@)I);@Lij)lﬁ)Hng 5)9'){

Y\ \ dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

Z

& WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

ko @S1,505 b Olais b

Tez T as
8¢ = CoC1C25, mg 02

sl 33550 slazel (sl 8 abaly sl Olozsls jige ol ol 0lej T

s b OB puuds 4 LT 4z, o sinb O uis bls)l sl 2ol i Gy

Y w0 o5 bl 5l oslizl b Jl g0 8 )lie o > (Ll
Co = @1y n . 2
i=1 Wi P

55,90 slaal sl sl 390 JSKo Jls 10 adlgn 5 o)) See 09 s 5 4 Q9 W, ol ,s a8

P, ;i, 2
__ _ ,_. - _ I _ I R W, »
Y\Y dsaw This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2

M.Alirezaei@iiees.ac.ir 106



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

i) Jgaz B palie Sleslil b (o

Slid sloss o slaplesle b yleszls plo
) Jsl 95 @259 P90 £ &9 Lzy es »
1 1 1 1
2 1.2 1.15 1.2
3 1.2 1.2 1.3
5 1.3 1.2 14
10+ 1.3 1.2 16

28 eslawl (s ologys 5l L dasz s ead 0ol s9ax b Luslie sl

ol ) dab 5l dib o s b 0K s &5 cul Slasle (b p olasle 5l jshie
A2l Sass

Y\ Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission N Version: 1.2!

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

25(R, —1
T, <0.2 - ;=1 +%
R, —1
02<T,<1.0 - C;=1+ 5
aTg
T, > 1.0 - C; =1.0
D gdas s ) abl) 5l a8 p—lw Ceaglie 4 elow)l caaglio Sls s Ry abuly onl s
a
R, Vy/ Cn
w

ol sl Olos il 45 b Dlid S, ke (ps0) £35 cmim o) 31 5 iy b @ lade
030> Jud )5 oS 034 YL Sladge Sl dlecl slys a5 g0 o o C., oot el Ty Jige
V, lsie 5 45,8 k5 53\ e 8l ) 1,55 ol ol 0les b slasslo sl 5 59 o
Soliwl Jaos )5 YKo pii-g s (b wiz Jlsges o ojle pilus s> i 4l u“)-’)‘l)‘
wl (5|o))J4u'gW

Y\ f Axio Th|s publlcatlon or any part [hereofmust not be reproduced in any form W|thout the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir 107



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

9 ot 5 Al b b cuglie s ST e b 1 (5w b oles b sl

Ay apl™

Rax :A_y+ 1
h =1+ 0.15In(T,)

5 ) MW Xy

ﬁ)ﬁ@%W@’&))U&MAY

g

Va - e fp s =
Y, ;
Bly (i
0.6,

Ay J,Jtdmuugrw

Version: 1.2]

”é WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

o) ably) Glhs Sge s 4950 Cad o Ol
e = ap_p + Aaz — ap_p)

.l P-Delta <l il 51 ol e Cods s Olp_y oS

A s 09 56 LG 9 P-Delta 51 26,8 s 55 b )b oG ojle Tanl Olp gy s ssbiie 4
P- 15l ol e o o S f,JL'> 93 sl b 95 g 55 Judos P-Delta (6 3

:;Xp}.; o)'9.> ﬂSlS ui).aa :7\,

0.2 - Sy < 0.6

1.5 1, 0 Olgine 45 ailse ¥ jhas mhaos sl 4l 1.0 Osls 0le 5o b Olis Jlaie S, a5
Ca.‘))f)b.)).) YA J)IAJb.wI«_G.:.LDAB)LLa.A ).sl).s

\ = {0.8 - Se1 = 0.6

- - — - - I - — O L, "y\.‘
Y\ & daxaw This publication or any part thereof must not be reproduced in any form without the written permission h Version: 1.2|

M.Alirezaei@iiees.ac.ir 108



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

“é WebSite: www.M-Alirezaei.com
6 Telegram: @AlirezaeiChannel

5 5| 636 MOl e s shojle sl cuoglio 5 (it 20 31 (Sl s o 15 Cy

1 (R, -1\
Te

T>07 > C, =1
YY) o 03l (5""3 ihal) PR ﬁ Ru )|J.5.o

\

I*‘W‘*

Y\Y dxao This publlcatlon orany part thereof must not be reproduced in any furm ‘without the wnitten permission 'y

Version: 1.2]

w2

2 WebSite: www.M-Alirezaei.com

6 Telegram @Allrezae|Channe| )lﬂ éﬂ“‘ s M GS" w)b \Jﬂb h"’)
Sl ooy K p i Ghoy opl s all Freeman by L osl icud )b i )
w99y ol 039 (ST s 4 il e o5l yo A3y Lol boojle G cud b auslie cg
abis i ya b oGhe) onl 03 Bl oKen W) ST e osle 5 See 95 5l e LI
s (SN e 5 Slae ahi g oo dumlio o2 L)y slols g ol cus b o Slae
25 wud b o 59 3 Kl dhais (e K 4 aibe A5 los ovse 9 0jle b b
ol O s s pd Ko Glols L G o 0l s 6 p K6 slols @S cul ol
o 030 e 5,5 L Pushover Juss 5l ojle (0Ke i — 9,0) b b g, cwl ol
429 b ogdion iyt Sy 5 Sy el b by 5 ) Lol she Jol> Ul
a5 O3 Lasie Pushover bs e Sobil Julos 40 wcud b cad (jhg) 039 dsly 4
25 opl & 03wy b Pushover (b, 55 Giulidl (sl )30 b oY Sua 0l

Slacwd )3 33,5 o pasin slacl )5 d3); 5l b slols w5 p b e dalsl O
ol 035 00l C)J: s.).d':lak;o ATC40 &b U'ﬁ‘iT 5l 4.19).?)4 as ur9) U‘.'-| J.>|,A S

NI ONIF N A

Y\A d=awo This publlcatlon orany part [hereofmus[ not be reproduced in any form W|thout the written permission Version: 1.2

M.Alirezaei@iiees.ac.ir 109



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

“é WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel

ATC-40 vl 03l 3 ,Shos abis 039l Gy sl Cud b b i)

Applied Technology Council

Sa

|

Ades I N A

Y\ 4 d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2,

“é WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel

WlUTQS)-i-XiJi‘;9g5b’)?°p-zwsi')ﬁﬁ)|u”bﬁd3wuilﬂw*

Obws o5l O3 ands L

b pRall 0T (ol e

YY - dsaw This publication or any part thereof must not be reproduced in any form without the written permission

e i 3
—— - . R . 3
Yy

Version: 1.2

M.Alirezaei@iiees.ac.ir 110



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

23 &S asbie OKe ok 9 Cae w9 olid ol slaosgase Joli slaal ol gl slacab
975 ool > b Slagbs) car cish JKE cal Bl sy (ST 550 lid ik
b 1 s poe OKe 05 08 9 9,8 mo b e ol o bl ol culio (Cuglin L)
s9i 0 03wl ADRS 0lgie cov a5 Ol uds ol 50 Old poie Sppe 4 ub
Slagioie )5 39, 3555w, (Acceleration-Displacement Response Spectra)
o b 03 Gules wlatse e 1 025,38 clad bohs | (slacgexs bwgs ADRS
S ie O yssis S, s ey S, s Ui ke K b bliss gl cisb (5, (slabis
o=t ADRS Ui &0 T s 5 S, splusbial s 5l cab o e abbie T 345, 9
tlns 25 Jga b bruugs 5loia ol & canl p3Y imio 5l abiis a5 (TiS,) b blise Sy 1o

TZ 4,.2;‘.:,54 LaSian 5 JKb )5 s eems L g 0
i
Sai = ) Said

PP
N d R
‘ Version: 1.2]

YY\ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

Sso silpe porin 5l oslitel b o San¥l e 5, 035 sohite gz & caul S35 4 p3Y
g sl s om Slabuly pygia ol 3gdige o3ls Gl W Kaindl s Cisb (Bop) 39Koms
Cawd 4 gz ieb G LSS s e S 00 U3 (M) O ks 60y JKS s
S35 BB g salys (Sawdl e gl slacadb) cob s ph Ko b cib slaggoxie 0,9l

Sgbe iy Oletsle G154 55Ky 9 S s bansgs Pef 45

o b i s

Pushover s e Kbl Judou 5l oanl s 4 0Ke uis — 9, oo Jawgs o)l b b
@ O o — b i cans p bove ol &5 sl ol Al el g oo 0l il
sl ygb 4 a5 b Ay b blie osly @138, s8I G I Pushover ag) s .ol el
@ B3a Oe s 4 Ol B 6 I38,0 (ul 53,8 o oslatwl gl (o dlasl b5 5590 05l 4

b il cs e a0

N ~y A
: Version: 1.2

YYY dsaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 111



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

A
v
Aroof kN —
€«<—>V V V VvV V' VY 43__)
-
<
y V V V V X
|

Version: 1.2]

29 WebSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

Cud b (Gmie LSl pAS &) A3 Sl e

o5l gly Jol e SSlis cud )b imin o)l il )l gl e 0090 e 5,8 LIS I s
U B el a1 a8 T s Galasyl Lol 350, a5 laosle sy <o ol il o
Sare 1 (456 ) 51 51555 3yl 350 1) ity 6 pisOlbsl b &5 Glaojl ol asls
8 b b iote cilo pa5 4 p8 ol r o5 53 35d 2l lanlos 53 L G YL
ST Jedos o9, plosl Jol e sl 55 a5 p3Y 335 o0 o)Ll ail o ATCAO 5l a5,

2l o ATCA0 sislea FEMA 273 5 (s)lge Joddl ,920s ,5 Pushover

(Soladae acled 5loslatwl b ojle (5 ,5500l8 Joao sl

A9l b adgl Olgie 4 Jae slacl sai aab -Y

YY¥ dasaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 112



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

wl}' 9 wladb £ L WLCLA ng),y w' Sl 4 oladb )|)3 0 ts*"b g_sl.mg)ay Jleel =¥
plasl o35 (slasl Olejed 38,8 5 55 b sl el onl it o3l ol a0 JS i

g
Aln 5 dals 51 0k Qg s Sk Sl ol 5 Y s il 5 85 (1AL S 5 3

:.)5,&.':
Q¢ = 1.1[Qp + Q. ]
Q¢ =0.90p

Al sl a3l )90 45 s3> Sl G a5l Odaw) Oley b 6,138,k

Version: 1.2]

YYO dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

imlin 5 b il 5 0318 sl Olo pes Jlacl U clisel (slag o dslona —F
Voo B A asgaoma s (bl 1 g, S1) sl 5l hn 45 o & il S e i -0
L5 oladeglia 3l aoys V- b by lebl ails 5o Lacl) 5,8 515 olicestio 51 1)
(6,5

LQJT)J o!,,;)lmwﬁl) Lacl L5La9)¢.3 u|93t5Aw.2=oA(=buKA)ﬁ.ﬁgd.ng DOp S —F
Aol oo ool J6 s Slae J s gl as” 587 s

lael sl (a8 s L)y il i Sldie 05, 8 & b Jas 5o b5 suios -V

Gag)f L) g_;)ii.),,«b.cd.fsilﬁjbo_ua)h}&xgeja}u)) wb&hgﬁbamwdu&|—/\

5 ks (Lael 51

P,
e i PN
YY$ dasaw This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2

M.Alirezaei@iiees.ac.ir 113



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

Qe sl (8 5 olaie 4 pb Ol Lois b Blie 9o 9 (ol (59,5 90 03905 8Ll -4
b O juis g 4l b 5 (orens )lake

P- ol a5 bl Jio oles b oo 4 03k 0deay 54 5 A Y ol e 15 -1 -
sths 3 ,Slee b Sl laie oz BB g 4 a8 Lael s ladSh e sbul A
JB caglio il @ pomie o il JSb s e & (Lael 1 (a9 57 L) g Odm) Akt
33,8 6316 125l plases 53 b (liael 31 29 8 L) gudse O 5 33,8 ai>dla

YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

”é WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

o5l Cad b Ciub o)

23 ik ol 33,8 cus,b cab 4 s b (B o s sdel cues 4 ojle b b e

s 69 Vi o9 Apgor abis ,a . aibe ADRS LB o cud b pon jl cioles >

Hosliwl b o el 33,5 0 Jods cud,b cab 59, S, 5S¢ 295 bliae abi 4 cud b
Vi/W

. 5,8 0 g0 5 baly,
atl

a
1 Aroof

Sgi=——"—
' PF1X(proof,1

2

U S (o) g

0{12

PF, =

% Wi {i (Wi¢i12)/g:| ; (Wi¢i12 /g

i=1 g ol

’ o N VA % o /
_ _ __ _ _ R _ I — SSTy "y\.‘
YYA daxaw This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2!

M.Alirezaei@iiees.ac.ir 114



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

2oty bgy e e oSl o = PRyl e 4y by o 500 2 o =0 0T )3 &8
3 oL N s = N S5 a0 abg e p o = WG pl )5 ol e aials lada Qrogpysdsl
V) [nl.) ol peve Aroofﬁ&.}"x’“’ 035 sla,b + olesle 03,0 O)9 -W ﬁd.ll.; PR = \% 005 lw
O yis = Sq 1 b = Sy (WS o pasebus ) b b i Sl slabis O L bl
(s b b i (59 (sl Setnles 0T b blisa Sy) ik

ol 95,5 b b Cab 4y o b S an s eel s 4 ol cud b i iinb ouy
690 Vi 9 Argor abis ,a . abb e ADRS LB s s )b poie 5l pioles cii> o caub
b has cnl 05,8 s b b b 69, Sy 9Sgi 295 bl abs 4 cud b i
'J)ffks" Sogo ») .19.3|9) )| oslazuwl

YY4 dsaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

"é WebSite: www.M-Alirezaei.com

\o Telegram: @AlirezaeiChannel

(o)l Sl gt o sl aods sk onl sl

T, T Sy Sy

A 4

T).)l).)).bsadaﬁ)sla.))lxbml@_b Sd).)l)a)ésadaﬁ)S%oMJiJ.ﬁ
T?
Sai = -7 5

YY . dsaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir 115



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

% S,
5
> L)
<
> >
! ol lulr Aroor J Sa
A)JI)J).)VCM)—Q[JCAﬁs)b(SAM delx)asaw)édgo.udgw
Vi/w
Sdl 1Aroof

3 PFy X @roof1

Version: 1.2]

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

0.52

Sar = 77 0.75 x 9.81 = 0.0466 (0.5,0.75) sporls 2 oo i (ol
1.0?

Sar = 773 041 x 9.81 = 0.102 (1.0,0.41) 0 )ls 95 05las abiis sl

0.8 0.8
0.7 0.7
0.6 0.6
0.5 05
K04 K0.4
0.3 03
0.1 ! 0.1
0 i 0
0 1 2 e 3 4 0 0.2 0.4 06
Period (sec sd . A
: Version: 1.2,

YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 116



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Lol Gpues

o) Slatses oBws K o bl Lol b e g cud b cab e Lo G cx
s S Klis o ,Slee abis 590 0 030l 5 Sloe abs oo 95 ¢l (SN Joeo L3538
4ol o Lol Cab g b b cab S Joe ST abbe Lol aljl; o Olasle Joxme 0I5
03,5 o sshiie 4 59 dalgs ojle 2bly O ,uas sasasolis 0,8 L6 cuws b cab s
L slabs adgl juas Olgie 4 puiige S it ulp o b cud by Lol &5 labis Ol
oodige @b pl b blie Ol suis 5 olid Sl eslital b a0 bl cud b e )
Lo cab o dulxe 1) Ko auma )51 Wl 03 57 bl cys (piall ol o Llgs o
S35 b b g bl Glal cab (B e ST osh e 0ol el il gl Sl eslinl
ez C 9B s A ig) aw ATCA0 5 aibie b )90 ahis opl il oo (5,6 dhis 4
abhi dwolxe Cy> (9 95 H0 Sl Joddl Haiws Lo il 0ad 03,91 o Slae dbi Al
abi dowls > a5 b Giall Lol Al sgm 4 lawl aslsl s ol sal 575 5 Slee

._u)fsnd,.:x.gUi,g)mwlro.xé4.3‘o)§J>|)AQT)|U%93,,LGA®|J)1‘@|¢)Y>)§L&:

12N
YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.2!

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

wbé,é%éﬁyﬂybdgbél:&l%

Sl eyl oo Olyie & b B ik e S| (@) 4k b sshie o 335 Jss

Sa A g
Api )

3 -

._:}

)

Version: 1.2

M.Alirezaei@iiees.ac.ir 117



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

&' WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

o)b@glu&#;l{ﬁ|ﬁLg|4_19|)%PQQW|MjIGk5|AQI‘GL593MPw)L5|x
& EWPSNIER

<\._¢J51 @.7:..; Ki

Version: 1.2]

"é WebSite: www.M-Alirezaei.com

\O Telegram: @AlirezaeiChannel
905 Joe ) JKb aile 40 b il K6 Glaslis cus b jlages a7 S yg0

S rans 5 0t DBl 5 2 bl 035 (B> 9> Slles

Ls::uw
4 Ay = A
| > 5d
dy dpi lel-"’-’l’ b p

YY$ dasaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir 118



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2% WebSite: www.M-Alirezaei.com
—S
&) Telegram: @AlirezaeiChannel

,Beq = ﬁo + 0.05

T RS SWOUI [ S pov
S o (3o b Jolro 95 g (2 o
1 Ep
Bo =
4 Eyy S0

5l S 5 Do A g 0 Gc.l:x.?ﬂ E 039450 3,lg AJ)J) )J| cos aS @K..\A Y
Sl 4y by e S gl Ailior St gl g ol SIS AnjsKny 2l e
Al oo o)l O s — (0l i 0) a3l (69,0 Lloges sladdl> 5 1s

sl eeSS

e

DS 1ae a5 ,S 6l =Egg 9 ol pme b il eas il 55 51 =Ep

Version: 1.2]

S — - = - - - . sy “‘y
YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission N

J WebSite: www.M-Alirezaei.com
%\g' Telegram: @Allrezae|Channe|

e Gk sl eas Gals 55 51 =Ep
Al i 8 65, =Egg

1 ED ay

o=1n Eg

$ ol b

Sa
; Kinitial
S .. K .
FRCCINC STV effective
! N\
’," 8 (5b>' 93 (ST
/ Eso
Sa
dy dpi Ls’["’b b

— .-W N e
YVYA dxbo Th|s publlcatlon orany part [hereofmus[ not be reproduced inany form W|thout the written permission A

Version: 1.2

M.Alirezaei@iiees.ac.ir

119



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel
f%: Sa Ep awlxo ogxi
4 ED= Area of enclosed by hysteresis loop
ag,l- = Area of large parallelogram
a, = 4 times area of shaded parallelogram

Version: 1.2]

”é WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

Ep = 4( api dpi —2As- 2Ay- 2Ag) = 4(api dpi' dyapi)
Ego = ap d,i/2
A S,

A | 4s
Formulas for designated areas:
4 Ay = (ap; — ay) x dy

3 2 Ay =(ay,—dy)/2

)

Az | A3 = (ap; — ay) x (dpi — dy)

A3 Al Sd

dy dpi

sl b

i Py A
: Version: 1.2

Y¥ . dasaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 120



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

= WebSite: www.M-Alirezaei.com

\0 Telegram: @AIirezaeiChannel
1 E

N 41 ESO

Bo = 1 4(aydpi — dyap:) Any .

=0 apdys2 questions

0.637((lydpi - dyapi)
0 =

Bo

api.dpl-
63.7(a,d,; — d, a,;
0 = Ay pi = Aypi) iy s 5 50005 a5
apiXdpi
63.7(a,d,; — d, a,;
R LD

apl-dpl-

Version: 1.2]

Y¥\ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Z

& WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

Jlael b 5,8 a5 olizal 3,90 1AAY) b 5 o5 logss bamwgs 00 | alg, 51 o5lizd
et oty b 458l 20l s heb (0 e 1) ol sy Cib 45 b pialS 31,
Sg 5o Juol> o) 0

s 5 0l T pslas Oloy b a3l il cow oy JSiole o sl (o B i
wdal Caws 4 Usles 39Kuns olme il jut ool sl aibe LY Sl a8 dslee 9K
9 Mkt (aBl (wBly o) i Slaas 2 4l Jus 45 g dalys il (Aly b 4 s
ol Sl Jasdhgios ATCAO asbppnl aiislign 505,588 5 28 b shls
395y ol 2bobisle puz 6y Ao 6 Ss slojle liges a5 cuul 9290
Od ,b gz g dales dly Jlaie | xi sl bl Gib Sl edel caws 4 dsles
Foo 555y olme 9l 00 o3lital K ol ol uyd Sl iSHae ol 5 e ol
Bupy = kBo+5 = 63.7k(aydp — dyap) | ol odd iy yx5 05 Gollaa

apidpi

P
Y¥Y daxiaw This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.2

M.Alirezaei@iiees.ac.ir 121



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

i d:gJ WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel
Oley 9 sloj,) polie s S 4 5o slole LB, 9 50 loile)ls, 4 (SKiw K Jule
;B;C w Adw leb)'Lw)LIé) ‘LS)L“'Q‘ Ml)}l.w.) 9 ATC40 PRI J.Julad M‘, 4J)J) rngl_).'v'
MLL;O dil> 55 Cb..u 3L el b cass slojle Hls, }i:L;.u C 9 huwgie oyl )ls,

e ol bols | busobimlojl | wb peleololize bojle | dlyl) laiyl o) waw
A B C ol
B C C KW
637k(a d i d,a i)
Bess =kBo+5 = X PP P45
apl-dpi
k po b &9 a,d,; — d,a,,
1 <16.25 A A= Ay dpi — dyapo)
113-051%  >16.25 A Apidpi
0.67 <25 B
0.845 — 0.446),  >25 B
0.33 i e c o B

Y¥Y d>aw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2,

¥ WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

N RS W1 C SIS INEVOCL S T PP | W RCR Y Sk QEGIVe - - JERel pe e

S . < S LN Ji\ M

Y¥¥f dasaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir 122



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
‘\Q Telegram: @AlirezaeiChannel

b Jhals colpd dlxa

1 3.21—0.68Ln(Bess)
SRa =g % 212

1 231—041Ln(Bess)
SRy =g~ 1.65

aiil 2 b b 5 Jsaz olie 5l G Luly, 5l o dulne olie

SR, SRy | osbo g5
0.50 0.33 A
0.56 0.44 B
0.67 0.56 C

5
Y¥0 dxaw This publication or any part thereof must not be reproduced in any form without the written permission N Version: 1.2

J WebSite: www.M-Alirezaei.com
‘\Q Telegram: @Allrezae|Channe|

=~ 1
o
2
o
S 08 '
E ==Structural Behavior Type A
RS
§ 0.6 ¥
& —Structural Behavior Type B
o
S 04
> —
= )
b Structural Behavior Type C
s 0.2
=
©
[a)]

0

0 10 20 30 40 50 60

Hysteretic Damping Represented As

Equwalent Vlscous Dampmg, BetaO (%) ,_ i o 4 7
N— J— - - w\y%\’q/

Y\° } d>awo This publlcatlon or any part thereof must not be reproduced in any form W|thout the written permission Version: 1.2

M.Alirezaei@iiees.ac.ir 123



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

J WebSite: www.M-Alirezaei.com
@ Telegram: @Allrezae|Channe|

é 1 —Structural Behavior Type A
(%]
5‘ 0.8 —Structural Behavior Type B
Q
©
w .
c 0.6 Structural Behavior Type C
E
- 04
o}
<
£ 02
O
)
o

0

0 10 20 30 40 50
Hysteretic Damping Represented As
~ Equivalent Viscous Damping, BetaO (%) y
Y¥Y dxaw This publication or any part thereof must not be reproduced in any form without the written permlssmn 5 Ver5|on 1.2

“é WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel

=

0.8 —

0.6

0.4

0.2

pectral Reduction Factor, SRA

0 10 20 30 40 50

Hysteretic Damping Represented As
Equivalent Viscous Damping, BetaO (%)

203 o dles 59Sass 2l sl 03 SRY) b Grals o o s

—Structural Behavior Type A

—Structural Behavior Type B

T A

YFA dxbo Th|s publication or any part [hereofmust not be reproduced in any form W|thout the written permission

Any
questions

Structural Behavior Type C

Version: 1.2

M.Alirezaei@iiees.ac.ir

124



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”é WebSite: www.M-Alirezaei.com
62} Telegram: @AlirezaeiChannel

BW-SERUSIWE 3% Jales )9{«{9 Ls-{l)f"’ ).:lj.: ) (SRA) 9 (SRV) uﬂ.:b UL@K ug')aﬂ )|J.fw

Structural Behavior Type A | Structural Behavior Type B | Structural Behavior Type C
Bo 8 SR, SRy 8 SR, SRy 8 SR, SRy
(percent) | "¢7 | (1/Bs) | (1/BL) eff | (1/8s) | (1/BL) eff | (1/Bs) | (1/BL)
0 5 1 1 5) 1 1 5 1 1
5) 10 0.78 0.83 8 0.83 0.87 7 0.91 0.93
15 20 0.55 0.66 15 0.64 0.73 10 0.78 0.83
25 28 0.44 0.57 22 0.53 0.63 13 0.69 0.76
35 35 0.38 0.52 26 0.47 0.59 17 0.61 0.7
>45 40 0.33 0.5 29 0.44 0.56 20 0.56 0.67

Y¥ 94 dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2]

”é WebSite: www.M-Alirezaei.com
(4 Telegram: @AlirezaeiChannel

q 9

OMMQ).(LQL%MLSI){L)QQ)MATC4O))

A Ghe

gl Ghg) ool wd el Bl 9 (g, Ghes Sl
? ol g ol (BB 65 xS dmio sladal s bawgs ol

B 9,

.\.««::l.g b.); J).) ‘) L;Jg) k)‘i‘ L] Ls'l".) QL"ub)B .\.3_[.:

C e,

Ql’*‘ oalazwl 1L 1, ob9) r:|.)5

35 Zlb ez 5 (Kia 9 o o Ol ly N p

Y0 - dsaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir 125



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

(ATCA0 asb 1) A g,y 5l osliwl b 5 ,Shoe dbids cpuss %

Abbioe ) ol Jule 6,15 Gigy S Gobgy ol
ADRS i & ciub Jos 5 ol b canliza (10 ol L) 2ol goaly i oy )

(1) o o Slaatses ol Oloa 53 ADRS B 3 03le b b i o -

2 b e

10 glpe b ol b

—> Sa

YO\ dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2]

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

4.:.]9' e ul,.a.c L) (dpiapi) J)il.a.f— abgs ul.‘z.b' =\

Version: 1.2

M.Alirezaei@iiees.ac.ir 126



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

(C,wul IR W) c))gTd..:teJ&.o PE) )l{ J}I).A)&??Qb Q)yﬂ“k;ﬁ?;b\_ﬂ-&b&u_f

g

ol b 9s wud b e

Version: 1.2]

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

5 (V) ao o puly cib 4 Sls cal Jlel 3 SR, 5 SRy b (iald il o aule -0
oK Olea o 4l Liall slos ab )

______ SRy X S,

\om‘;}gbﬁﬁ.&,k S

Wi
-—
-~
-

M.Alirezaei@iiees.ac.ir 127



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

asly pals slols b 9 cud b cab (3 Joxe (i

______ SRy X S,
9 a4l (Al 5l b b cud b b (SN e

Wi,
-
—
-

Version: 1.2]

Z

= WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

d9_a§ J_.l_§ 0390 >0 > (dl) oJ_AT Cwd @ a_bgs ul_iA ﬁ"j QLA_:JLA )fl -Y
L'v C))9.4.a U‘:I ).:.c ).b .39.3 J&|9.’> J)XLQ.:- &L:.a.: ( dpi:api) ‘kL:La.: sJule (095dpl <di<1-05dpi)
b a5 Sloj b 338 1S b Slbee (F) a0 w850 5 (dp@4) i abis ol

o,uT'Tgwg 4 abi Wl oo wax (dpdy) b a5 canl S35 4 p3Y T caws 4 5 Sles
Sa

Al & om0

----- \ SRy X S, E 2 )
s 43 halS S b b cubyb ik (5 e
Sgud

: >
dy  dp di wlolr b Sy

YO$ dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir 128



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

2 WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

(ATCA40 asb 1) B g, 5l ooliwl b 5 ,Shoe dbidi cpuuss %

4 (o0 ol Kos ey 93 3 a5 dgdb e eolitwl sloasss ool (5,8 Gl Ghey ool o
ahis asdy ol ol b )b o (B3 93 Glules sl il s 4 & 3580 028 39,05

4 b s s cule b clie )3 0 ale b o)l gl ik s -
ADRS

sy K o 4l rald slacab jl Glacgems 9 30,5 0 (ole b C‘*’l" b ) -y
laise

b 2uoss 0 3 £5,5 b Be) ign lpme polin b blize sl pials slocid o el i,
6|O)L~u )Lﬁ) L» uLoJoL.» L;l)_v Beff ;)'.L':u )J.ﬂ.&} .).ul:l; ul.obl.m 6'0)[.«.: )le:) L_;l).v )l?oo ).:.(Lx;
RHRPRWITS SN O T JUPRWITE LI - P RE JREW RS SRV_ WY

27

Version: 1.2]

YOV dxaw This publication or any part thereof must not be reproduced in any form without the written permission

Z

& WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

/AR WA £ JVA Y- SVA IRV S SO C P SO IR

ol b 0

Version: 1.2

M.Alirezaei@iiees.ac.ir 129



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Y al> e Slatse oKiws olea ,5 ADRS ;,Jlé)oc,\ﬁ.é)lp';.&.:blvw)—\”

Version: 1.2]

Z

& WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

Aol adgl (3w b gomin adgl s &5 5 5 s cad b b (s 9o Gloled pu) -F
Sy et Cub b o s, (A% @%) abi il 0K s 06 31 0sliz b .l
2L sl 4 b b gl a9 8 Hgee aba ul Sl b (as s Gioxie ks Sl Guy Gl

A3l o b AT 5 A2 glacolus 45
L¥e 9 IY0 IND SN S0 sl ey 6l sl cisb

| _d, d°

Y$ - dsaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2|

M.Alirezaei@iiees.ac.ir 130



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

o ot e (07 @) dbs 4 Ko Calises SlolKe i Gl A4 Lige ol e dwlxe —0

a*—a
(v-:lw;)'luﬁ%ﬁ-‘:’ =ﬁ
Yy
C,ul:l.) P..:Al,?ub?}) U;{LNW)IMUML_S}) (dplfap|)4ja§:)Q6|)|4a
o L= i T Ay
(’*LM)U“'!%":"” dpi_dy

Dgbsa Juol> o> abal) (§gd abuly 95 0ols 13 ol badal) 95 s 039 O 4 a2 g5
Ay —a *

pi — 4y 4 —ay
— - * —
dpi d)’ d dy -
e ol CM)d.gapi A{luﬁ Cawd A ) C))yad.:dplw)a api 5&9.9 UJ[&A&L
B . , .

, (a*—ay)(dp — dy) g 030al Ay s 3
a,; = +a

pl d* — dy y

Y$\ dsaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

Z

& WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

.\9.4.:%50 ol )l):9 Beff ‘LL?J') 0 é,s )lJ.?M Beff A.u»l.‘?bﬁ le).s
63.7k(aydpl- - dyapl-) L
apidpi

ﬁeffzkﬁ0+5= 5 () ,55)

63.7k(ay,dpi —dyay;) 45
Sebiee Jole A sa b Bliae Pagr slace Bgb abuly 5o i slady; 0015 13 L

Berr =

Y$Y dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir 131



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

O C.u”@)b ;JL:L 9 Lol LSLQ;JU:L 4.(:94.994 JuoLI: )l.)}.u PR (Beff9 dpl) bl u.); um -¢
dpig.j.l.lﬁw ).L.)lfbo 6')‘

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

b b b bt gl W e LS50S0 45 (8) Aty 53 sl s 4 bls 05,5 Juog -V
G doet il 3 Slee b (%5 @%) dbis &5 Sogeo 3 il 3,Sloc bl 0aiS asuice
ol Ol K5 sleds,s b oo,y ol Sl edel caws

%%
Q

JARREE WA £ VA Y- SVA IRV S SO C P SO IR 2
3 Sloc abiss

Q

| d, d

M.Alirezaei@iiees.ac.ir 132



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel

(ATCA40 asb 1) C g, 5l oslisiwl b 5 ,Shoe dbiii cpuuss %

sl o 9> ol 4 5 ol (Ko i Slaiyssy 3l oolizal b LS U Lass cul o3
ol 03U oj)gT F3 s Ghgy ol ra..\éhrn.ﬁ dole abloe o5 0o Soc abis 4
ADRS S5 4 Gieb 5 5 oo b it 1305 8 (o b gy i e )

oKws K )5 aly Lrals slacab jl glacgone 9 10,5 0 ol b mwl ab ) =Y
Ol

b soys 05l g9, L PBett) S9o ol polia b blie @il jrall slacab a5 cul i
6|O)L~u )Lﬁ) L: uLaJI?L.» L;l)_v Beff ;)'.LEA )J.ﬂ» .Lul:l; ul.o.i>l.m L§|0)Lu )le:) L_;l).v )l:oo ).:.(Lx;
R RPRWITS S OF ST JPRW TR LI - I N WS S N

Y$0 dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

”é WebSite: www.M-Alirezaei.com

%) Telegram: @AlirezaeiChannel

/AR WA £ JVA Y- SVA IRV S SO C P SO IR

ol b 0

Version: 1.2

M.Alirezaei@iiees.ac.ir 133



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Y al> e Slatse oKiws olea ,5 ADRS ;,Jlé)oc,\ﬁ.é)lp';.&.:blvw)—\”

Version: 1.2]

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

9 (sl 00 03,91 Jud slaise 15 b 0g20) s 95 Do 4 b b cab o -F
2030 (al b b b b b 3 g0 50 b b b 59, (dgiap) adsl abs Ol
b Olyie 4y o)k b Slul 4kl g0 cnl e 0 sbee 485 Lo Ayl 4k Olyie 4 (SN Joe
).,l)._;AoL(.a o5 0l b Sl sdel cows @ Llade Gl 5 o Ko i e 3gbe ool sl
25l Ay sl slio rass Wl B3 il 1/03922)

Y$A dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir

134



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

—=-1
) o .. . ay dpi . ..
W|4§19|W®Pﬁl~0)lwwf9)wdpl_19d_y R RRIVOT _a
dy
Ay —a 1
pi y d
: .. U B Ay — Ay ) X 5

a - 1
d, ay(dp; — dy) X a,

Api ) Api
a,|——-1 Pt _1q
_ (api—ay) y(“Y ay

- (4, )‘ <d,,i >=d,,l
a\-—-1) a,|7—-1|] -1
y<dy r\'d, d,

Version: 1.2]

Y$9 dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Z

= WebSite: www.M-Alirezaei.com

\0 Telegram: @AlirezaeiChannel

1390 damlns 515 Jgaz Gulul

i,
o 81yt s S
oy L
dy
dy/d, 0.5 0.4 0.3 0.2 0.1 0.05 0
10 10 12 16 21 30 37 40
8 1 14 18 23 31 37 40
6 13 16 20 25 28 37 40
4 16 19 23 28 34 37 40
3 16 19 23 27 28 36 39
2 16 19 22 25 29 31 33
1.5 13 16 18 20 23 24 24

1.2 11 12 13 15 16 17

18 A
Y AW

YV - dsaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 135



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

Bé,iélo)h»)bé) L;l)a M))'*.W)‘.’Beﬁ)jyts.’J)ﬁA

iy
T (6 2 s
Py
dy
dy/d, 0.5 0.4 0.3 0.2 0.1 0.05 0
10 9 10 12 16 23 27 29
8 9 1 13 17 24 27 29
6 10 12 15 19 25 27 29
4 11 14 17 21 25 27 29
3 12 14 17 21 25 27 29
2 12 14 16 19 22 24 25
1.5 11 12 14 15 17 18 18
1.2 9 10 10 11 12 13 13

Version: 1.2]

Z

WebSite: www.M-Alirezaei.com
A Telegram: @AlirezaeiChannel

iy
T 815t o Sl
=2
dy
dy/d, 0.5 0.4 0.3 0.2 0.1 0.05 0
10 7 7 9 10 14 17 20
8 7 8 9 11 15 18 20
6 7 9 10 12 16 18 20
4 8 9 11 13 16 18 20
= 9 10 11 13 16 17 19
2 9 10 11 12 14 15 16
1.5 8 9 9 10 11 11 11
1.2 7 7 8 8 9 9 9
YV\: Ao Th;s purt.;licati-on or any p.—;rt [I—;;renf-must not be; replz.(')dl;ltt"_‘-lil. in any for“m-\./\./-i.t'l.{;u'tﬂ;He written permiss.;on Qy\:em

M.Alirezaei@iiees.ac.ir

136



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

b b b5 ol B Jn s 5 (K5 55 (Dosleds 5) o3l adsl i b das sy -
(dpi‘api) abs & Slaise slaw H1(Y) o i bs M)W.M)JO L.sil)"f

Sa
3
T%x‘ Il\h_;, ‘/‘N‘ BV.YO 5’/‘\0:/.\‘ s’/.O )'.’I)'.’Beff'.sl)'?).l'ﬁ"’bé'ﬁ'b
j
)
apl- .......

Q.
=

o - p 3
YVY' Axio Thls publlcatlon or any part thereof must not be reproduced in any form W|th0ut the written permission N Ver5|on: 1.2

”é WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

abis 4 00,5 0 olse b 058 gl b 9 (1) bas (3 abis 1) osled b5 gy A
s al> 0 )5 00 Aulons Bogr b blie 4Bl prals’ cib 5 (Y) bs (3 Je

Sa

LY 9 YO JNO SN SO pl g B sl p sl b

,@@bu¢

YV\c Ao Th|s publlcatlon or any part [hereofmust not be reproduced in any form W|thout the written permlssmn 3 Ver5|on 1. 2

M.Alirezaei@iiees.ac.ir 137



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

< Telegram: @AlirezaeiChannel

(dp2‘ap2)M3){l‘Q—c %ulycd;&:«.ﬁs,bu.:bb(\“) O)Loai: .b?.)),?)adaut%—q

g 0 0dals
Sau
T%, ./.V’ 9/.YO J\Of/.\' s’/.O )'.’I)'.’Beff'.sl)'?).l'ﬁ';bé'ﬁ'b
-.xj
).

Version: 1.2]

"é WebSite: www.M-Alirezaei.com

\o Telegram: @AlirezaeiChannel

abi sl asl ONsl OlKe s b oao)s 0 ) S OlKe s &S Sogo ) ) -
g rhl::u| Lb (\\)4.19,0 O g0 O.:Iﬂ.i:).) J"‘“’L‘Lf ;,ihs«b.as(dpz;apz)
abi & a1 (1) s o9 LS5 53 ulpli d 4 ) 039380 L (F) s 51 Jola 15 1)

Bgbis ey (dpp@pn)

YY$ dsaw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir 138



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

"é WebSite: www.M-Alirezaei.com

) Telegram: @AlirezaeiChannel m

A YA sl Fo¥ s b gl pll s b b g sl Jubs ol
23 Olea dobigy ol )3 e 9 bue Ol cand 2l o) <5 > 4 by e sla el
ikt Jobes Kl Lo b,

e 'CML: dawlxs 9 4L 515 50 0 Sl (b Sogo 4 ey Ol 0ol 5L Ghe, ol Lo
- gulnn

uL’:J.:I S Hgeo YS9 me.wl.l )J.{Lb ).:.)La.o 5.)9.«:1 oalitwl sl ul.'i.«.:a Cg) aw )l a5 @‘)94\0 29
Db ad S ko lagwl bawgio oo enols cua

il @251 55 o Julos o2l 4 ASCE7 asls T V5 s

Version: 1.2]

YYY dxaw This publication or any part thereof must not be reproduced in any form without the written permission

2 WebsSite: www.M-Alirezaei.com
%) Telegram: @AlirezaeiChannel

ASCE7-10

16.1.3.1 Two-Dimensional Analysis

Where two-dimensional analyses are performed, each ground motion shall consist of a
horizontal acceleration history, selected from an actual recorded event. Appropriate
acceleration histories shall be btained from records of events having magnitudes, fault
distance, and source mechanisms that are consistent with those that control the maximum
considered earthquake. Where the required number of appropriate recorded ground motion
records are not available, appropriate simulated ground motion records shall be used to make
up the total number required. The ground motions shall be scaled such that the average value
of the 5 percent damped response spectra for the suite of motions is not less than the design
response spectrum for the site for periods ranging from 0.2T to 1.5T where T is the natural
period of the structure in the fundamental mode for the direction of response being analyzed.

A Y A
: Version: 1.2

YYA dxaw This publication or any part thereof must not be reproduced in any form without the written permission

M.Alirezaei@iiees.ac.ir 139



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

&' WebSite: www.M-Alirezaei.com
) Telegram: @AlirezaeiChannel

ASCE7-10

16.1.3.2 Three-Dimensional Analysis

Where three-dimensional analyses are performed, ground motions shall consist of pairs of
appropriate horizontal ground motion acceleration components that shall be selected and
scaled from individual recorded events. Appropriate ground motions shall be selected from
events having magnitudes, fault distance, and source mechanisms that are consistent with
those that control the maximum considered earthquake. Where the required number of
recorded ground motion pairs is not available, appropriate simulated ground motion pairs are
permitted to be used to make up the total number required. For each pair of horizontal ground
motion components, a square root of the sum of the squares (SRSS) spectrum shall be
constructed by taking the SRSS of the 5 percent-damped response spectra for the scaled
components (where an identical scale factor is applied to both components of a pair). Each
pair of motions shall be scaled such that in the period range from 0.2T to 1.5T, the average of
the SRSS spectra from all horizontal com nent pairs does not fall below the corresponding
ordinate of the response spectrum used in the design, determined in accordance with Section
11.4.50r 11.4.7.
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PEER Stron

Motion Database

About 107,000 results (035 seconds)

Scholarly articles for peer strong motion database
NGA project strong-motion database - Chiou - Cited by 327

... CAV) based on the PEER-NGA strong motion database - Campbell - Cit
Strong motion record processing for the PEER center - Darragh - Cited by 19

PEER Strong Motion Database - University of California
ngawesiZ eTketey-edu—=
Relaticnal database providing information about and access to strong motio!
recordings. Available in both java and text versions
Sign in - NGA West 2 - NGA-West2 - PEER

http://ngawest2.berkeley.edu/
http://www.consrv.ca.gov/cgs/smip/ |
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'lll " PEER Ground Motion Database
4 l'll

©

Pacific Earthquake Engineering Research Center

FEEDBACK PEER

~

The web-based Pacific Earthquake Engineering Research Center (PEER) ground motion database provides tools for searching,
selecting and downloading ground motion data.

HomEe DOCUMENTATION Herp

SIGN_UP OR SIGN_IN

Welcome to the PEER Ground Motion Database

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to
determine the scale factors to be used in the simulation platform. These scale factors can be found with the record metadata in tig
download (Scaling the traces within this tool would only cause confusion with file versioning).

Please note that, due to copyright issues, a strict limit has been imposed on the number of records that can be downloaded with
a unique time window. The current limit is set at approximately 200 records every two weeks, 400 every month. Abusive download
will result in further restrictions.

The database and web site are periodically updated and expanded. Comments on the features of this web site are gratefully
welcome; please send emails to: peer_center@berkeley.edu

NGA-West2 -- Shallow Crustal Earthquakes in Active Tectonic Regimes \

The NGA-West2 ground motion database includes a very large set of ground motions recorded in worldwide

shallow crustal earthquakes in active tectonic regimes. The database has one of the most comprehensive sets

of meta-data, including different distance measure, various site characterizations, earthquake source data, etc.
e current vegamn of the database jg similagto the NGA-West? dataj which was used to develop the 2014
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SESMOSOFT

EARTHQUAKE ENGINEERING SOFTWARE SOLUTIONS

DOWNLOAD SHOP

HOME COMPANY

PRODUCTS SERVICES

SeismoStruct is an award-winning program developed 8
assessment of different classes of structures. such &
‘ plants. subjected to earthquake strong motion. It featurg
static and dynamic analysis methods (pushover. increrg
{0 meet the analytical requirements posed by the modgg
assessment and design philosophy.

|
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SeismoSignal

SeismoSignal constitutes a simple, yet
efficient, package for the processing of
strong-motion data. Amongst other things,
it allows for the derivation of elastic and
constant ductility inelastic response
spectra, computation of Fourier amplitude
spectra, filtering of high and low frequency
record content and estimation of other
important seismological parameters, such
as the Arias Intensity and the significant
and effective durations.
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16.1.3.2 Three-Dimensional Analysis

“For each pair of horizontal ground motion components a square root of the sum of the
squares (SRSS) spectrum shall be constructed by taking the SRSS of the 5-percent damped
response spectra for the scaled components (where an identical scale factor is applied to
both components of a pair). Each pair of motions shall be scaled such that for each period in
the range from 0.2T to 1.5T, the average of the SRSS spectra from all horizontal component
pairs does not fall below the corresponding ordinate of the design response spectrum,
determined in accordance with Section 11.4.5 or 11.4.7.” i = \ A
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Suite of Ground Motions Used for Response History Analysis

NGA Magnitude Component Source Record
Record [Epicenter Site Class Year P . PGA (g) | Name (This
. Motion
Number | Distance, km] Example)
6.6 San Fernando 090 0.210 AOO
68 [39.5] D 1971 San Fernando 180 0.174 A90
6.5 Imperial Valley 262 0.238 BOO
169 [33.7] b 1€ Imperial Valley 352 0.351 B90
6.7 Northridge 009 0.416 ((0]0]
953 [13.3] b Q4 Northridge 279 0.516 €90
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Disclaimer

Considerable time, effort and expense have gone into the development and testing of this
software. However, the user accepts and understands that no warranty is expressed or
implied by the developers or the distributors on the accuracy or the reliability of this
product.

This product is a practical and powerful tool for structural design. However, the user must
explicitly understand the basic assumptions of the software modeling, analysis, and design
algorithms and compensate for the aspects that are not addressed.

The information produced by the software must be checked by a qualified and experienced
engineer. The engineer must independently verify the results and take professional

responsibility for the information that is used.
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Concentrated plasticity Distributed plasticity

A A A

Elastic Plastic hinge Elastic zones
» Dimensionless plastic hinge * Plastic zones

*Computationally efficient but limited * High accuracy but computational expensive
accuracy
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Yommmmmmmmemeen compute the moment-curvature relationship -----------------
B Developed by M. Alirezaei

clear all; clc;close all; d=in ut( Outside height=");tw=input( W bthlckness—? ; ti=input(Flange thickness= );h=d-2*tf;
bf= mput(Flange width= ; Fy=input('yield stress= ");E=input(‘Elastic modulus=");epsy=F y/i

strain_hard=input('strain hardening ratio= ');Esh=strain_hard*E; n1=input('Number of slices in each flange=");
n2=input('Number of slices in web="); phi_end=input(Max Curvature=");
dy1=tf/n1;%Distance slices in flange in y direction. dy2=h/n2;%Distance slices in web in y direction.
Mtl1=[]; for phi=0:0.00002:phi_end
Mweb=[|;Mflange=[]; fori=1:1:n2/2

eps=phi*i*dy2; if eps<=epsy zigma=E*eps; elseif eps>epsy zigma=Fy+Esh*(eps-epsy);
end Fi=zigma*tw*dy2; Mi=2*Fi*i*dy2; Mweb=[Mweb Mi]; end Mtweb=sum(Mweb);
fori=1:1:nl
> >eps:phi*((h/Z)+i*dyl); if eps<=epsy zigma=E*eps; elseif eps>epsy zigma=Fy+Esh*(eps-
epsy);

end Fi=zigma*bf*tdyl; Mi=2*Fi*(i*dyl+(h/2)); Mflange=[Mflange Mi]; end
Mtflange=sum(Mflange); Mt=Mtweb+Mtflange; Mtl=[Mtl Mt|; end
phi=0:0.00002:phi_end; plot(phi,Mt1,"-bl', LineWidth', 3);title(Moment-curvature relationship');
xlabel('Curvature, radians/lenght');

ylabel(Moment),
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x 10° Moment-curvature relationship
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Pushover Analysis (Results)

* Force controlled analysis

* Deformation controlled analysis
Roof Displacement

Force Measure

Deformation Measure ,
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Steps in Performance Check

. Construct Pushover curve

. Select earthquake level(s) to check

. Select performance level(s) to check

. Select acceptance criteria for each performance level

. Verify acceptance

Capacity Spectrum Method (ATC-40)
Displacement Coefficient Method (FEMA 273)
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Constructing Pushover Curve

i Define Structural Model
Elements (components)
Strength - deformation properties

i Define Loads
Gravity
Lateral load pattern

i Select Control Displacements or Drifts
i Perform Pushover Analysis

N -~y A
: Version: 1.2
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Pushover Modeling (Properties)

Force-Deformation Relationship

' N

C

Force

D E

v

Deformation
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Pushover Modeling (Beam Element)

Three dimensional Beam Element

Flexible Span Loads

Connection Shear Hinge

O0m | 7
N\

Plastic Hinge Rigid Zone

i Py A
: Version: 1.2
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Pushover Modeling (Beam Element)

Three dimensional Column Element

Shear Hinge

/
(=0 gk o—=]
/

Plastic Hinge Rigid Zone

P

S
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Pushover Analysis (Results)

F{NL-PUSH - Ex4 [-[o]=]
File Edt “iew Defne Draw Select Assign Analyze Display Design Options Help

S YEL) BEEEEEER =T

% Plane @Y=366 IKlp—m - Start Animation |+ jJ X/\/
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Use of Pushover Curve

Capacity Spectrum Method of ATC-40 QTC
- detailed in ATC-40

- and as alternate method in FEMA-356

9l 095 shls a5 ST 4z, [ K ol glmly s Sl olgaa | ST
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T hree Static  and
Dynarmic Finite Element Analysis and

Dimensional

Design of Structures
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Basic
Plus
Advanced
Ultimate

Plus
Plus w/ Rating
Advanced

Advanced w/ Rating

Plus
Nonlinear
Ultimate
Standard

Post-tensioning

PERFORM-3D

CsicoL

STANDALONE LICENSE

License Price

2000
5000
8000
12000

9000
13000
16000

20000

5000

8000

12000

4000

6000

12000

1100

Annual MNT
SAP2000
350
875
1400
2100
CSiBridge
1575
2275
2800

3500
ETABS
875
1400
2100
SAFE
700
1050
PERFORM-3D
2640

csicoL
190

Below you will find pricing for all CSI Products.All prices are in US Dollars.

NETWORK LICENSE

7o [2000x4500=54°000°000T

6000x4500=27"000°000 T

License Price Annual MNT
2600 455
6500 1135
10400 1820
15600
11700 2045
16900 2955

20800 3640
26000 4550
6500 1135
10400 1820
15600 2730
5200 910
7800 1365
15600 3430
1430 250
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U, U3
-1.880e-02
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N
i
U
2 ODB: AS1.0db Abaqus/Standard 6.11-1 Wed Jul 24 03:59:19 Eyypt Daylight Time 2013

Y
k Step: consolidation
Increment 18: Step Time = 1.0000E+09%

X Primary Var: U, U3
Deformed Var: U Deformation Scale Factor: +1.000¢+00

.;.‘\; M
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1 D Elements (Beam type)

Can be used in 1D, 2D and 2D
2-3 Nodes. A, | etc.

Truss and Beam Elements (1D,2D,3D)

2 D Elements (Plate type)
Can be used in 2D and 3D Model Q ﬁ D D
3-9 nodes. Thickness

Plane Stress, Plane Strain, Axisymmetric, Plate and Shell Elements (2D,3D)

T TP =
6-20 Nodes.
s

Brick Elements ,-\“/
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/ (a) Real Structure \

.’""’/” ) l

(b) Solid Model

(c) 3D Plate-Frame (d) 3D Frame

~L 1

(e) 2D Frame

A Y A
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Hinges only affect the behavior of the structure in nonlinear static and nonlinear time-
history analyses. Hinge behavior does not affect nonlinear modal time-history (FNA)

analyses unless the hinges are modeled as links

Force

D E

v

Deformation
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You can approximate plasticity that is distributed over the length of the element by
inserting many hinges. For example, you could insert ten hinges at relative locations
within the element of 0.05, 0.15, 0.25, ..., 0.95, each with deformation properties based
on an assumed hinge length of one-tenth the element length. Of course, adding more
hinges will add more computational cost, so this should only be done where needed.

g Uy
A Version: 1.2
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A 10 LS cp * Point A is always the origin.

3\( i i * Point B represents yielding. No deformation occurs in
E i C the hinge up to point B, regardless of the deformation
! i value specified for point B. The displacement (rotation) at
point B will be subtracted from the deformations at points
C, D, and E. Only the plastic deformation beyond point B
will be exhibited by the hinge.

D E

v
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* Point C rep resents the ultimate capacity for push over

analysis. How ever, you may specify a positive slope from C
to D for other purposes.

A * Point D represents a residual strength for pushover
Y IIO LIS CIP analysis. However, you may specify a positive slope from C
- i i ' " to D or D to E for other purposes.

B i i * Point E represent total failure. Beyond point E the hinge
will drop load down to point F (not shown) directly below
point E on the horizontal axis. If you do not want your hinge

‘ to fail this way, be sure to specify a large value for the
2 E  deformation at point E.
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Concrete Beams in Flexure
M2 or M3 hinges can be generated using FEMA Table 6-7 (1) for the following shapes:
* Rectangle
* Tee
* Angle

* Section Designer
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Concrete Columns in Flexure

M2, M3, M2-M3, P-M2, P-M3, or P-M2-M3 hinges can be generated using FEMA Table 6-8 (1),
for the following shapes:

* Rectangle

* Circle

* Section Designer

or using Caltrans specifications, for the following shapes:

* Section Designer only
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Steel Beams in Flexure
M2 or M3 hinges can be generated using FEMA Table 5-6, for the following shapes:
— I/Wide-flange only

Steel Columns in Flexure

M2, M3, M2-M3, P-M2, P-M3, or P-M2-M3 hinges can be generated using FEMA Table 5-6, for
the following shapes:

* I/Wide-flange

* Box
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Steel Braces in Tension/Compression
P (axial) hinges can be generated using FEMA Table 5-6, for the following shapes:
* I/Wide-flange
* Box
* Pipe
* Double channel

* Double angle
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Fiber Hinge

P-M2-M3 hinges can be generated for steel or reinforced concrete members using the
underlying stress-strain behavior of the material for the following shapes:

* Rectangle

* Circle
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4> Define menu > Section Properties > Hinge Properties ... ;l oslacal b
Define | Draw Select Assign Analyze Display Design Options Q J‘i‘:‘.L‘"‘ |‘°|J*§| ‘Xt:‘”j'.‘, J“al“u ""Q'i)”‘."
(€ Materials.. R W %sl3dxy xzyz nig
B Section Properties > | T  Frame Sections...
7 Mass Source... ~  Tendon Sections...
G..q Coordinate Systems/Grids... \‘ KA o
. . & Area Sections...
Joint Constraints...
loint Patterns... () Solid Properties...
Groups... \\ Reinforcement Bar Sizes... |>
Section Cuts... K\‘ Link/Support Properties... ‘;
.f'f Generalized Displacements... K\"z Freguency Dep. Link Props... :
®f  Functions » J’- Hinge Properties...
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x Define Frame Hinge Properties

Dz Juate S obnl

Defined Hinge Props. Click to:

syzyn e Ko Sliaiin S| o b Sy e S 3l
oJ&gBﬁ'MJb

— o iy, hake Slasiie bl Spgo s
(s Ll Glhae Ogiw 0 )3 (535 Jsax g0

I Name Add New Property...

[[] Show Hinge Details
[[] Show Generated Props

Dadae 03l Gioles

Aade olis 1) asb s buwgs oad adgs J5395 Juolie

‘M ; 5
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x Define Frame Hiinge Properties
All Hinge Props

vl v/

Behavior Generated From

©

Click to:
| Add Copy of Property... |
esystow g |
ejelz Propeny

Moment M3 Defarmation Controlied Yes

Axial P \De ation Controlled

[ Show Hinge Details
[ Show Generated Props

| Convert Auto To User Prop

Cancel

0
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28 sbel was Jase G Add New Property sg, ,» IS L

3¢ Default For Added Hinges
x Frame Hinge Property Data R _ L

Use Defaults For L.’. LJ9-3 I) UI lﬂ ‘J“m G)Iml"
@® steel Hinge Property Name J..:J .>)|9 |) o|,:':.].> [oL 4&'
O concrete
O User Defined [FHZ

Hinge Type ( o.byu d,:.J) J.a.u &9;
L] O Force Controlled (Brit) (O35 b 9,55 by

(® Deformation Controlled (Ductile)

Juae slul sl 5 5,90 B30 £95

Jraie Slasus u3~:|;:9/
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3¢ Frame Hinge Property Data X

.SAP2000 b 5 55 Joolia glgsl

Hinge Property Name

[FH2

Hinge Type
(® Force Controlled (Brittie)
(O Deformation Controlied (Ductile)

Axial P v

Axial P

Shear V2
Shear V3
Torsion T
Moment M2
Moment M3
Interacting P-M2
Interacting P-M3
[ interacting M2-M3 | B
Interacting P-M2-M3

Fiber P-M2-M3

Parametric Concrete P-M2-M3
Parametric Steel P-M2-M3
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:)(j Frame Hinge Property Data for FH2 - Moment M3 C’W"' 0 °'>|"> Ul“‘:‘j )‘.‘.) L}i‘:’ )29 °'>5".' [V‘m

Force Control Parameters

Maximum Allowed Moment

(® Specified Proportion of Yield Moment

Positive Negative
L ]
O User Specified Moment
Positive Negative

& ghie By cwglie ) ow
e 395 bbb S Tas

[] Hinge Loses All Load Carrying Capacity When Maximum Moment Is Reached

Criteria ( Allowed Moment)
Positive Negative
Il immediate Occupancy 05
Life Safety o8 |

- Collapse Prevention l,_ » J

[ Hinge is Symmetric (Tension Behavior Same as Compression Behavior)

9 039 OlusG G lhd 5 hiS

. - - o JWJL%*“WW’
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3¢ Frame Hinge Property Data for 27H1 - Moment M3
it . . -
B LSAM .blm g.,‘LM

Displacement Control Parameters
Type

z .
Point  Moment/SF Rotation/SF A (@® Moment - Rotation (u | )95— )Q) J.a_a_,o t,_,
-08 1 | ‘L O Moment - Curvature
086 -9.0001
9
Lo Hysteresis Type And Parameters
Hysteresis Type Isotropic v
[ symmetric
No Parameters Are Required For This
Hysteresis Type

Load Carrying Capacty Beyond Point E
@® Drops To Zero F - - - s
O Is Extrapolated G E )| = & 6)3)['3 - /J’

Scaling for Moment and Rotation

Positive Negative

[[] use Yield Moment Moment SF 1393920 < OI) 93 9 < a Lﬁao

[] use VieRotation  Rotation SF  [0.0147 ]
(steel Objects Only)

Acceptance Criteria (Plastic Rotation/SF)

Posttive Negative U:J)J*:AJ" .h.ilyb
Il immediate Occupancy [1 | E 2
Life Safety B ] -
I colapse Prevention 1

[] show Acceptance Criteria on Plot
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:SAP2000 4l 53,5595 Sy Juolie iy pa5 i)

plasl Assign menu > Frame > Hinges o 5l 9 Ol ) b5 5,90 slaoldl sl ozl
395 ,alb Frame Hinge Assignments o > b sl

Assign | Analyze Display Design Options Tools Help
.

-1 4
B 5 f

. Joint v O &d
N Frame v | T% Frame sections...
& Cable » | #, Property Modifiers..
~2  Tendon » |5 Material Property Overwrites...
+
& A " | &% Releases/Partial Fisty...

Said * |52 Local Axes..

Link/Support N

Ns  Reverse Connectivity...
¢ Joint Loads » |TJ1 End (Length) Offsets...
[fn  FrameLoads » | Ts Insertion Point...
O 5
¥ CableLoads » |372] ouputsation i
~2 Tendon Loads » .
\,  P-Delta Force..

4% Arealoads »[®
@ Solid Loads v || Pathi

Link/Support Loads » | ¢ Tension/Compression Limits...

Joint Patterns.. ofe Hinges..

Hinge Overwrites...
Assign to Group... Ctrl- Shift+G p
y

e ~ |.x,§‘ o)
S - - - _‘.-......._-_M““}' ¥
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“Define | Draw  Select Assign  Anal,

Ze Groups...
m Section Cuts...

Generalized Displace

£ Materials... = LS
3¢ Define Load Cases
E Section Properties 3
®? Mass Source... Load Cases Click to:
Load Case Name Load Case Type Add New Load Case...
iy Coordinate Systems/Grids..
MODAL Modal Add Copy of Load Case...
.
Joint Constraints...
Modify/Show Load Case...
Joint Patterns... ]
Delete Load Case

+* Display Load Cases
Show Load Case Tree...

Functions

Y2 Load Patterns.

100
1se Load Cases...

D+L
+E

Load Combinations...
4L Moving Loads 3
Named Property Sets >

Pushover Parameter Sets >

Named Sets
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:)(: Load Case Data - Nonlinear Static

@ Zero Initial Conditions - Start from Unstressed State

Mode V|1 1
[E (N (—

Other Parameters

Load Application Full Load
Results Saved Final State Only
Nonlinear Parameters Default

P A\

(b (Klinl) Julos 95

Load Case Type

Modify/Show... Static ~ || Design...

b o ol
Load Case Name ( Notes.
[Pusn] | | setpefName
Initial Condtions.

Modal Load Case
Al Modal Loads Applied Use Modes from Case MODAL
- Z
Loads Applied v S 9‘”
Load Type Load Name Scale Factor

Add

Modify

Modify/Show...
Modify/Show...
Modify/Show...

Analysis Type
O Linear \ ( . . L)
@® Nonlinear s
(O Noniinear Staged Construction
Geometric Nonlinearity Parameters

v O HNone \
@ P-Detta
(O P-Detta plus Large Displacements

Mass Source

Previous \
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3¢ Load Case Data - Nonlinear Static

Load Case Name Notes
Pust] Set Def Name Hodify/Show.
Initial Conditions

@ Zero intial Conditions - Start from Unstressed State

Hodal Load Case
All Modal Loads Applied Use Modes from Case MODAL >
Loads Appied

Load Type Load Name Scale Factor
Mode v 1 |

|1
m_’_ s Add

Other Parameters.

Load Appiication Full Load Modify/Show.

Resuts Saved Final State Only Wodity/Show. cancel stresses, etc., from that previous
Noninear Parameters De’w*‘,”\’\w\’wj
Nt o AP A case.

Initial conditions

Lond cae e
Linear: The analysis starts with
zero stress. It does not contain
loads from any previous analysis,
even if it uses the stiffness from a
previous nonlinear analysis.

@ Noninear
O Noninear Staged Construction
Geometric Noninearity Parameters
O Hone

@® PDeta

O P-Deta plus Large Displacements

Mass Source

Previous. v

Nonlinear: The analysis may
continue from a previous non
linear analysis, in which case it
contains all loads, deformations,
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»xA

Load Application Cunlrcl,\
@® FullLoad —)

O Displacement Control

Monitored Displacement

® ook [un vl stom

Cance

Full Load. Select full load when the magnitude of
load that will be applied is known and the structure is
expected to be able to support that load. An example
would be when applying gravity load because it is
governed by nature. Select a displacement component
to monitor in the Monitored Displacement area of
the form.

Displacement Control. Select displacement
control when the distance the structure is to be
moved is known, but the amount of load is unknown.
This is most useful for structures that become
unstable and may lose load-carrying capacity during
the course of the analysis. Typical applications include
static pushover analysis and snap-through buckling
analysis.
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o ( UazJ.A )Lg k;))" )I.).EA udl? k5|)" :Full Load 44;1)?
Load\ppicaton Comiot S )2 l.a I) (;.33 )L: )|.)Ju o)l.w L)’“"9'3 )I J.A:‘) C,wul wl.m 5.L.Tul.»

@® FullLoad
s Jelos (bt it g 43S ol

slyp a8 ol :Displacement Control ;¥
! A5 9,8

(O Displacement Control

Monitored Displacement

@® DoF ut v at Joint
b1l pakie gbulr 6,5 olul e 4 4T Gl
ol Jla] slal 5l Jeol

Cancel
[P NSV NI _SWP__ W
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3¢ Load Application Control for Nonlinear Static Analysis

Use Conjugate Displacement option. Choose the
éUse Conjugate Displacement option and then select a
ol displacement component to be monitored in the
@ Oisplacement Control jMonitored Displacement area of the form. Be sure to

Load Application Control

Control Displacement

choose a displacement component that monotonically
Vincreases during loading. Use the Use Conjugate

@ Use Conjugate Displacement

(O Use Monitored Displacement [}

Load to s Wontored Displacement Hagntude of 2 | ¢ Displacement option if the analysis is having trouble

e converging. The conjugate displacement is a weighted

©oor  us 2 siont 3 average of all displacements in the structure where
each displacement degree of freedom is weighted by

T the load acting on that degree of freedom. In other

— e € words, it is a measure of the work done by the applied
load.

Use Monitored Displacement option. Choose the

Use Monitored Displacement option and select a
displacement component to be monitored in the
Monitored Displacement area of the form.

. N P, (
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‘ X Load Application Control for Nonlinear Static Analysis é C))j,@ ),) -Use Conj ugate Displacement 4;1)?
Load Application Control ;ﬁ: ‘L; ,.MS"' o)f gﬁ: PL) Jél,_\.,.a"_ ‘LA.:; U'.’-I ulﬁe.:.»'
O FullLoad

@ Displacement Control L)-:A-}_I)-gl fKA-Q 09 LS-’-L?Ul’ LSZL-’-))I le)" “53_(.7&(? le.lwl)
e i @ ol OBl e pakie il b
O u;e!.!onxnreauspucemem% Ju:.il) 4.14;:'.) JLLA (55|)§m 09 ‘J.’-‘.L‘JJ ca Ca.wl WL\A
Load to a Monitored Displacement Magnitude of |24 LSLQOKA”,-’J [bl.o.'; )| (5.,)9 u.:{)l.:ﬁ ;gi UKA)f-:"j g)-,’_'

g

Monitored Displacement
@ DoOF ’ U1 v at Joint :3 Ca.wl O)Lw
Additional Controlled Displacements Q)y.o )-3 =Use Monitored Displacement A-a.g‘;

e Ko S 0 Ky il a8 ol bl
— ol e s gluly Lbil Gl (plel sl
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‘X Load Application Control for Nonlinear Static Analysis éLoad to a Monitored Displacement Magnitude
Load Applcation Control of edit box. Use this edit box to specify the
O FulLoss magnitude of the displacement that is the target for the

@ Displacement Control

analysis. The program will attempt to apply the load to
Control Displacement 3

o /J reach the specified displacement.
(O Use Monitored Disy ucemem% . . P . ‘e .
i » O)Lw Ur (5|).: c.JLQ,J > UKAM o wl 09

Load to a Montored Displacement Magnitude of [2
Monitored Displacement - XYs. P @b -3 gaan J)Ig ML’).g LS)[? .l>|9 [ERVWE 2
@® DoF U1 v atJoint |3

Additional Controlled Displacements

None Modify/Show...
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‘ )( Load Application Control for Nonlinear Static Analysis éMonitored Displacement. Use thiS area Of the form
to specify the displacement component to be

Load Application Control
O FulLoss monitored. This may be a single degree of freedom at a
Sl joint, or a previously defined generalized displacement

Control Displacement

(select the displacement from the drop-down list).

(® Use Conjugate Displacement
O Use Monitored Displacement I}

Load to a Monitored Displacement Magnitude of

ol Ghgr lp S8 dbi 9 cuz s ol 0o
g g b X gz o ojle ST sgdue Lakie
U2 4,38 ogd b 2L Y cas 5o 315 Ul

Monitored Displacement
@ DoF u1 v atloint |3

Addtional Controlled Displacements

None Modify/Show..

S 95 dle 5o s 550 6,5 o)led el M3
b)|9@£|)sfﬂ;ﬁgww;&3}o)mw|
g4

Version: 1.2]

YAD dx=iwn This publication or any part thereof must not be reproduced in any form without the written permission

29 WebSite: www.M-Alirezaei.com
&) Telegram: @AlirezaeiChannel

- . . . é B3 .
View ‘ Define Draw  Select Assign : Jt.a{ rSLLQI P R )l b)Lu LSLQD; b)l.o.a.u [GSER)] 6|).s
3-d  Set 3D View... Ctrl+Shift+F3
2 Display Options
2-d  Set2D View.. Ctrl+Shift+F2 Object Options | General Options
2%, SetLimits... Joints Cables Solids
’-’ [ Labels Labels Labels
Set Display OP‘""I“-'- Ctrl+W l V] Restraints Sections Sections
W
Spri Notin Vi Local Ax
@ Rubber Band Zoom F2 e e SN
] [[] Local Axes Tendons Not in View
@ Restore Full View F3 ] Invisible Labels Links
Q Previous Z f=] Notin View Sections Labels
Frames Local Axes Sections )
RS we we [] Labels Not in View Local Axes
(V& 4 is Gub) Jius abis
( - N ) d [ sections o Not in View
Releases

Labels

I

[] Not in View

2 e . . py - e . . Local Axes
;')L‘xul O)l.w UKA).:.:.U d).uf FYYH Ul}a.c L®) iy
Olpie & Aty > i p 2 55,0 90 (0 |
0}9 4T /: n ;~ . ul sl d S alais ] Apply to All Windows

Reset Form to Default Values

il ol 039 Y0 i of

to Current Window

— — I — — — — o 4
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YWV SUE ) [olf oo Glblg,& Lgdus 033 58 Sl Jole
ol &5 sla)l Jdos s ol 5,0, , sl 03l Ghgs Judss ,s ol 5l
)( Results Saved for lonlinear Static Load Cases X i
Results Saved v (
(O Final State Only ® Muttiple States

v
For Each Stage a,::'.') L;Larelf slaws

M Number of tat 10 » ? : 5 g 5
inimum Number of Saved States ‘ i a ).S|J.> 9 L}9|.).‘> (5L“[°b/ slaws
Y
id

Maximum Number of Saved States ‘100 ‘

Save positive Displacement increments Only Hify

ete

coe \

omer £l
Load Application Full Load b’yﬁhow...

Results Saved Final State Only Modify/Show...
Nonlinear Parameters Default Modify/Show...
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Minimum and Maximum Saved Steps options. The Minimum Number of Saved
Steps and Maximum Number of Saved Steps provide control over the number of points
actually saved in the analysis. If the minimum number of steps saved is too small, you may
not have enough points to adequately represent a pushover curve. If the minimum and
maximum number of saved steps is too large, the analysis may consume a considerable
amount of disk space, and it may take an excessive amount of time to display results.

The program automatically determines the spacing of steps to be saved as follows. The
maximum step length is equal to total force goal or total displacement goal divided by the
specified Minimum Number of Saved Steps. The program starts by saving steps at this
increment. If a significant event occurs at a step length less than this increment, the
program will save that step too and pick up with the maximum increment from there. For
example, suppose the Minimum Number of Saved Steps and Maximum Number of Saved
Steps are set at 20 and 30 respectively, and the target is to be to a displacement of 10
inches. The maximum increment of saved steps will be 10 / 20 = 0.5 inch. Thus, data is
saved at 0.5, I, 1.5, 2, 2.5 inches. Suppose that a significant event occurs at 2.7 inches.
Then data is also saved at 2.7 inches, and continues on from there being saved at 3.2, 3.7,
42,47,52,57,62,6.7,7.2,7.7,8.2,87,9.2,9.7 and 10.0 inches.
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The Maximum Number of Saved Steps controls the number of significant events
for which data will be saved. The program will always reach the force or displacement
goal within the specified number of maximum saved steps; however, in doing so, it could
have to skip saving steps at later events. For example, suppose the Minimum Number of
Saved Steps is set to 20, the Maximum Number of Saved Steps is set to 21, and the
pushover is to be to a displacement of 10 inches. The maximum increment of saved steps
will be 10 /20 = 0.5 inch. Thus, data is saved at 0.5, I, 1.5, 2, 2.5 inches. Suppose that a
significant event occurs at 2.7 inches. Then data is also saved at 2.7 inches, and continues
on from there, being saved at 3.2 and 3.7 inches. Suppose another significant event
occurs at 3.9 inches. The program will not save the data at 3.9 inches because if it did, it
would not be able to limit the maximum increment to 0.5 inch and still get through the
full pushover in no more than 2| steps. Note that if a second significant event occurred
at 4.1 inches rather than 3.9 inches, the program would be able to save the step and still
meet the specified criteria for maximum increment and maximum number of steps.
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The maximum increment of saved steps will be 10/20 = 0.5 cm
J.:,.J.«.:A o).:.">5 ) 6LQUKA).:.:-€; PR @LZ) u.g_l).)l.u

Thus, data is saved at 0.5, I, 1.5, 2, 2.5, cm
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UKAM PR @lb Q)Ml PREFRV N C) =P JJB LB[QSI 2.7 cm UKAm.zS PR ‘.Lﬁ.»f uo)s
1 gk 0 03D 505 SO juuts o @L’J aalsl )3 .39due 0 w33 2.7 €m

32,37,42,47,52,57,6.2,6.7,72,7.7,82,8.7,9.2,9.7 and 10.0 cm
Uy 1) Sistao 0pd ol gls 85 Lol Joln slass 0 jusd ol slas ,i51as el
Jb e J9 o e Daa O, b9 0 45 0,55 Jol e slows [0 b ddies asl 5 il
Gy ans Jon 55 drss bl Bl 5 mls 55 Sl sy sobite ool 4 O sl
0l Baa s 2L Y1 5 Yo Usla slas 8las 5 Jlos a8 ob Jlie sl S ks
).:I).: @L:J °)’-‘~'>'>9‘°"’):{|'L> Q)Ml PR .L«Z:L: )I.o.:.bLu \. g_)l):.A d\.:o)Lw &l:ul?

10/20=0.5cm
.byl.ﬁ.o o).?.:) 2 6L®uKAM PE) GLL» u.:‘/pLu

Thus, data is saved at 0.5, I, 1.5, 2, 2.5 cm
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(Problem 1-026) s oluslxs

| 24" | 12" Section Properties
‘ rC b=12in
z %o A «°3:|: d=18in
\ Moment hinge (M,) L A=216in2
Y Xand shear hinge (V) c p Section C-C
| = 5,832 in*
GEOMETRY, PROPERTIES AND LOADING A, = 180 in? (shear area)
Material Properties
E = 3,600 k/in? Loading
v=02 Increase P until the free end tip
G= 1,500 k/in? deflection in the Z direction is 2»|nche§ 4 /\/\/
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Mody/Show information.

O Initiaize Model from an Existing Fie

[ Save Options as Defaut
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20 Frame Type Portal Frame Dimensions ¢
Portal v Number of Stories (6

Number of Bays [z \

[[] use Custom Grid Spacing and Locate Origin

Section Properties
Beams | Defaut

Columns  pefault

Restraints Cancel
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X Frame Properties - » (-
X Import Frame Section Property [}
Properties. s Click o
) e oy e Select Property Type
Frame Section Property Type Steel v
Add New Property.
Click to Import a ction
|
I |E |
1/ Wide Flange Channel Tee Angle
- J":' j][ O D
flame Date modified Type Size é
) ChinesgBt8 pro Double Angle Double Channel __Pipe Tube
] cisc.fo
]
] cis@pro PRO File
| Euro.pro 12 PRO File
1 Indian.pro PRO Fil
] J15-G-3192-2014.pro
] joists.pro Rectangular Circular Steel Joist
7 Nordic.pro
| Russian.pro
] SECTIONS.PRO Cancel
] SECTIONS8.PRO T . . .
Euro.pro ~| [propeny Fy . LQJ - - -
.J.:.:Lu.))b‘) ngm):.:ckm
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Material + || A992F) vl
i Materials Click to:

Select Sections to Import [s000esi— \Ro Add New Material...

H400x237 ~
H400x262

H400x283

H400x314 Modify/Show Materia¥
H400x340 [

H400x347
H400x383 |
H400x393
H400x422 [] Show Advanced Properties
H400x463 |

H400x467 ‘
H400x509 |
H400x551 =
H400x593

H400x634

H400x678

H400x744

H400xB18

H400x900 v

Add Copy of Material.
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Table A3.1 -
R, and R, Values for Different Member Tt AISC "’“L‘,‘ﬁ Ry ’PLM
" t ypes
Application R, R,
Hot-Rolled Shapes and Bars:
ASTM A36 1.5 1.2
ASTMA572 Gr 42 1.1 1.1
ASTM A992; A572 Gr 50 or Gr 55;
ASTM A913 Gr 50, 60 or 65; ASTM A588;
A1011 HSLAS Gr 50 1.1 1.1
ASTM A529 Gr 50 1.2 1.2
ASTM A529 Gr 55 1.1 1.2
Hollow Structural Sections (HSS):
ASTM A500 Gr B or Gr C; ASTM A501 1.4 1.3
Pipe:
ASTM A53 1.6 1.2
Plates:
ASTM A36 1.3 1.2
__romaszamoasmases L atda Ligh N\
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3¢ Material Property Data

General Data

s238R | |

Material Name and Display Color }
Waterial Type Steel
Material Notes Modify/Show Notes.

Weight and Mass. Units
Weight per Unit Volume 7.849€-03 Kef,em € v

Mass per Unit Volume 8.004€-06

Isotropic Property Data
Modulus of Elasticity, E

Poisson, U

Coefficient of Thermal Expansion, A 1.170E-05

Shear Modulus, G 769230.8

Other Properties for Steel Materials
Minimum Yield Stress, Fy
Minimum Tensie Stress, Fu

Expected Yield Stress, Fye 2830|

Expected Tensile Stress, Fue |4

[ Switch To Advanced Property Display

ol d.:.e)f

g.)yi: w;)ha).) )J.i?_: R)’ )Lﬁu

A s s Rl

3¢ e:\program files\computers and structures\sap2000 ... ;

SectionType | VWide Fiange
Material + || S235R
Select Sections to Import
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03:—," Constraints...

» | ™t Springs..
» -

Masses... 5

-

! Assign Joint Restraints
Restraints in Joint Loc%ﬁinectlons
Translation 1
Translation 2
Translation 3,

Fast Restraints
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— 2 —
: Define Grid Syswn Data
System Name GLOBAL
X Grid Data
Grid D Spacing (cm) Line Type Visible Bubble Loc Grid Color
A 600 Primary Yes end I | A«
B 500 Primary Yes End _
c 500 Primary Yes e I
0 0 Prmary Yes end [
Display
Y Grid Data
Oo
‘. Grid D Spacing (cm) Line Type Visible Bubble Loc Grid Color
0 Primary Yes Start _ Add
Delet 2
= 2 i
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ey P ';?\ IR
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Analyze | Display Design  Options gffools §
Zb  Set Analysis Options...

\_A\-\

Analysis Model for Nonlinear Hinges...

Dgdas 438,85 5G9 Julss g (5

o :}( Analysis Options

p¢ Create Analysis Model

Available DOFs I>)

Mux Qu (Huz RX MRy [Jrz

§55 Setload Casesto Run...

Run Analysi

Fast DOFs

XZ Plane XY Plane

. Tabular File
Siludan gl amin 4z ;5 OB aul 4 s

S Ol |, Jled ssl3T ol s wad

Space Frame Plane Frame Plane Grid Space Truss

it £

E] Automatically save XML, Excel or Microsoft Access tabular file after analysis
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) B (C) 0
T ‘ Assign | Analyze Display Design Options Tools Help
N %, Joint i D 85 IE
| N Frame » | T*  Frame Sections..
& Cable » | #, Property Modifiers...
2 Tendon » |[§5  Material Property Ovenwrites...
-
Iy A » P
( ! o Relegses/Partial Fsity.. N
() Solid Y |5% Local Axes...
ol
N Link/Support " | 5%  Reverse Connectivity...
Y raan A IF coun TRW.V73

B Assign Frame Releases and Partial Fixity

Frame Releases

_ Release Frame Partial Fixity Springs
Start  End Start End

Axial Load O &

Shear Force 2 (Major) O g

Shear Force 3 (Minor) mj U

Torsion Gy A

Moment 22 (Minor) OO0

Moment 33 (Major) & [0 kgf-cm/rad 0 kgf-cm/rad

Clear All Releases in Form

= - — ST RS
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7
Ana
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Restore Full View

View I Define Draw  Select Assign
3-d  Set 3D View... Ctrl+Shift+F3
2-d  Set 2D View... Ctrl+Siffft+F2
%% Setlimits. N
Set Display Options... Ctrl+W
Rubber Band Zoom F2

F3

T et 5 eblis O3 (A

B¢ Display Options
Object Options | GenerxOptions

Joints Cables
[ Labels Labels
Restraints Sections
Springs Not in View
0 Uoeal i Tendons
Invisible Labaks
[] Not in View Sections
Frames Local Axes
[[] Labels Not in View
V] Sections Areas
[[] Releases Labels
[ Local Axes Sections.
[C] Not in View Local s
Not in View

[ Apply to All Windows

Solids
Labels

Sections

Local Axes

Not in View

Links
Labels
Sections

Local Axes

Not in View.

[ Reset Form to Defauit Values

[ Reset Form to Current Window Settings |
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Assign | Analyze Display Design Options Tools Help
% Joint »lnv 5 &d Qie; 2l
\' Erame > I’ Frame Sections...
K: Cable 4 ,‘I; Property Modifiers...
P < Tendon » K; Material Property Overwrites...
Area = 2 <

D' = X Assion Frame Sections Releases/Partial Fixity...
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1PE240

oK
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E Materials...

[B,  section Properties >
&7 Mass Source...
Coordinate Systems/Grigs..

Joint Constraints...

Joint Patterns...

Z%  Groups...
m Section Cuts...

. Generalized Displacement:

035) 903 0 LgLA)Lg JL‘:uJ (&

°fr  Functions x Define Load Patterns

Y2  Load Patterns...

Load Patterns
192 Load Cases...

jo+L Load
[Live

Click To:
Self Weight Auto Lateral

Type Muttiplier Load Pattern
Live v |0 Modify Load Patt
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K Cable »
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D Area »
) solid »
M Link/Support »
11 Joint Loads »
_?g Frame Loads »
&% CableLoads »
L% Tendon Loads »
Y Area Loads »
5‘ Solid Loads »
Link/Support Loads »
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R

General Options
Load Pattern Live - (O Add to Existing Loads
Coordinate System GLOBAL - ® Replace Existing Loads
Yomd Direction Gravity - () Delete Existingfloads
Load Type Force - Uniform Load

10 kgf/cm

Trapezoidal Loads

1 = <t 4
Relative Distance 0 025 075 1
Loads 0 0 0 0 kgf/cm

_) Absolute Distance from End-1

®) Relative Distance from End-I

| Reset Form to Default Values I
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3¢ Define Constraints X 3
)( Diaphragm Constraint
Constraints Choos&onstr Type to Add
o | i
- Dlewhraom i Constraint Name | DIAPH1
Click to:
Add New Cox it Coordinate System GTOBAL7 v
Constraint Axis
O xaxs O Auto
O v Axi
oK Cancel ® 2z Axis
. . . . R Semi-rigid Diaphragm Option
The Assign a different diaphragm constraint to each different selected Z ..
level check box is available if Z is the chosen constraint axis. When this
check box is checked, the program will automatically create a separate 0 ig only &
diaphragm constraint for each subset of joints that are assigned this ra ¥
constraint and have the same Z coordinate. For example, in a simple
structure one diaphragm could be assigned to the entire model, and ssign  different ditagmienstraint o
separate diaphragm constraints would be created at each floor level. This each different selected Z level
assumes that there are no intermediate joints on the columns or walls, | cancel
and all joints at each floor are at the same elevation.
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ASCE7-10

12.3.1.2 Rigid Diaphragm Condition

ai,e b gz slapSldbs ASCET b
S8 LYl Ges 4 dlas cuns b (5540
Diaphragms of concrete slabs or concrete filled TR R 2ol clyls o3l 45
metal deck with span-to-depth ratios of 3 or less / 2O S

in structures that have no horizontal irregularities b 5 ks s Lo o0 Olgs o
are permitted to be idealized as rigid.

(FQ amio) YA+ + 3 1kl
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12.3.1.3 Calculated Flexible Diaphragm Condition

Sgdun 03l o>l ASCE7 5k
Diaph f h d f S = Pﬂ)ﬂp e SR
iaphragms not satisfying the conditions of Sections él - . !
12511 0r 12.8.1.2 a0 germitted o be idealized as ° U @l sl sl
flexible where the computed maximum in-plane
deflection of the diaphragm under lateral load is more ol JSK et 4 o® YA -
than two times the average story drift of adjoining

vertical elements of the seismic force resisting system

of the associated story under equivalent tributary

lateral load as shown in Fig. 12.3-1. The loadings

used for this calculation shall be those prescribed by

Section 12.8.
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MAXIMUM DIAPHRAGM
DEFLECTION (MDD)

AVERAGE DRIFT OF VERTICAL ELEMENT
(ADVE)

Note: Diaphragm is flexible if MDD > 2(ADVE).
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Define ‘ Draw Select Assign  Anal 3 Mass Source - m] >S’

E Materials... %
Mass Sources Click to:
E, Section Properties » MSSSRC1 — | Add New Mass Source...

| Add Copy of Mass Source.

| &7 Mass Source... I}
Modify/Show Mass Source...

Coordinate Systems/Grids...

Joint Constraints... Default Mass Source

MSSSRC1 v
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< Mass Source Data - O
Mass Source Name MSSSRC1
Mass Source
[[] Element Self Mass and ional Mass

[ Specified Load Patterns

Mass Muttipliers for Load Patterns.

Load Pattern Muttiplier
Live v (02 |
DEAD [1
T I
Modify
Delete
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B section Properties

3¢ Define Load Cases

©?  Mass Source...
Load Cases Click to

@y Coordinate Systems/Grids... Load Case Name Load Case Type

2 DEAD [ Linear Static
Joint Constraints.. ooaL________Jiodal ] /Add Copy
| Live Linear Static

Joint Patterns...

*
Ze Groups...

BB  Section Cuts.. [ +

. Generalized Displacements..

“f  Functions

Load Patterns...

Load Cases...

Load Combinations...

Add New Load Case...

Modify/Show Load Case...

Delete Load Case

Display Load Cases

| Show Load Case Tree...

of Load Case.
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3¢ Load Case Data - Jodal

Load Case Na
MODAL Set Def Name

Stiffness to Use
@ Zero Initial Conditions - Unstressed State

Number of Modes
Maximum Number of Modes
Minimum Number of Modes
Loads Applied
[] show Advanced Load Parameters
Other Parameters
Frequency Shift (Center)
Cutoff Frequency (Radius)
Convergence Tolerance

[ Allow Automatic Frequency Shifting

Notes
Modify/Show...

0

= 4
1.000E-09

Load Case Type
Modal v || Design...
Type of Modes
@ Eigen Vectors
O Rtz Vectors

Mass Source
MSSSRC1
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Create Analysis Model -
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Run Analysis | s .

Model Alive %

5] Modify Undeformed Geometry

Type Status

Linear Static Not Run
Modal Not Run
Linear Static Not Run

X

Click to:

Action
[Run
Run
|Run

Run/Do Not Run Al
Delete All Resuts

Show Load Case Tree...

Analysis Wontor Options
O Always Show

O Never Show
@ showAfer [
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?;d Show Object Load Assigns » Multivalued Options
W Show Element Load Assigns » Ervelone sy o i)
H' show Paths. © Mode Number
Show Load Case Tree...
Show Deformed Shape... N F6 | Scaling
K=t Show Forces/Stresses » ® Automatic
¥ Show Virtual Work Diagram... O User Defined
. Contour Options
[] Draw Contours on Objects
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MODAL AL

Deformed Shape (MODAL) - Mode 1,7 = 3.57837; f=0.27946
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St& Frame Design Preferences for AISC 360-16
Item Value -
1 _Desugn Code a | Yy ILISC 360-16
2 | Mutti-Response Case Design | Envelopes
3 |Framing Type SMF .
4 | Seismic Design Category | D
s | Importance Factor N - 1
6 | Design System Rho 1
7 | Design System Sds | os § B
8 |Design SystemR | 8
9 _Desugn System Omega0 il y | 3. R
10 | Design System Cd D, 5.5
11_| Design Provision y =N LRFD
12 | Analysis Method . Direct Analysis
13 | Second Order Method - | General 2nd Orde:
14 | Stiffness Reduction Method A | No Modification
15 | Phi(Bending) A 2 09
16 | Phi(Compression) 09
17 | Phi(Tension-Yieiding) | 0.9
18 _Pm(‘l’ensvon-Fracture) | 075
19 | Phi(Shear) o y . | 0.8
20 | Phi(Shear-Short Webed Rolled I) 29 . 1
21 | Phi(Torsion) | 0.8
22 | ignore Seismic Code? | No
23 |ignore Special Seismic Load? No bt
Set To Default Values Reset To Previous Values
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l ¥ Show Misc Object Assigns

% Show Misc Element Assigns

%3 Show Object Load Assigns

%o Show Element Load Assigns

B Show Paths.

Show Load Case Tree...

Show Deformed Shape... F6

Show Forces/Stresses

Show Virtual Work Diagram...
Show Influence Lines.

[2¥  Show Response Spectrum Curves.
F12

Show Plot Functions.

Show Static Pushover Curve.

[T Show Hinge Results.
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3¢ Choose Tables for Display

Edit

=-0] MODEL DEFINITION (0 of 56 tables selected)
-0 System Data
@01 Property Defintions
O Load Pattern Definitions.
O Other Defintions
O Load Case Definitions
1-0 Connectivity Data
-0 Joint Assignments
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O Options/Preferences Data
O Miscellaneous Data
B ANALYSIS RESULTS (1 of 13 tables selected)
&0 Joint Output
&[] Element Output
Structure Output
[ Base Reactions
B Modal Information
O Table: Modal Periods And Freque:
[ Table: Modal Load Participation Ratios!

&
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P=] Table: Modal Participating Mass

3¢ Modal Participating Mass Ratios = o Modal Participation Factors
File View Edit Format-Fiter-Sort
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Show Object Load Assigns » Display Type
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Show Paths... ® Axial Force Torsion
O Shear 2-2 _) Moment 2-2
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© FillDisgram ) Show Values
Show Influence Lines...
— - | Reset Form to Default Values
[\*  Show Response Spectrum Curves. ] Shells.
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When end offsets are defined, if the relative distance is specified such that the hinge falls within an

end offset, the program automatically moves the hinge to the inside face of the end offset. The hinges
are always located within the clear length of the object between the end offsets.

Hinge Location Sp =50cm

. 50+8
First hmg: W = 0.096

End hing:1 — 0.096 = 0.904 S,

Sp
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S End hing:1 —0.116 = 0.884
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. T, = 2.4033

0 1 2 3 4

3¢ Calculated Items

Edit
Unts Kgf, cm, -
item Value

o [ 13109
c1 1

c 1

c2 1

sa 02158
Te 24033
L 25099
i 740.2236
Ke 807.3744
Apha 0.3789
R 26205
Vy 18159.124
Weight 220792.16
cm 1
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3¢ pushover Cggre I}
File

Static Nonlinear Case Plot Type Units
PX_G1_Mode1 v ATC-40 Capacity Spectrum v Kef.emC v
w0 Spectral Displecement Current Plot Parameters.
250 T T Ad0 v
e i =< . J‘ 1 42 Add New Parameters.
\ /Add Copy of Parameters...
2003 TN
\ Modify/Show Parameters.
1753 = o
150 ~ N é Performance Point (V. D) k
] (24398.187, 47.983)
125 — g
| §  Performance Point (Sa, Sd)
100 S 7 3 §
H (0.142,36.413)
1 | @
75
Performance Point (Teff, Beff)
0.3 T (3213,0.117)
25 L B |
|
VO e e
8 16 24 32 40, 48 56. 64 72
Mouse Pointer Location Horiz Vert

v Cancel
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x Pushover Curve Demand Capacity - ATC40 ,3}4 g'_),u OL“) )b ‘sc*b ul:w"; = a

File View Edit Format-Filter-Sort Select a9 )]9 ’5"*19 u’l’“L" Wi <
Units: As Noted PM 'Capacity - ATC40 ST
Fiter: K
LoadCase Step Teff Beff SdCapacity SaCapacity  Sdl ind  SaDemand Alpha PFPhi
Text Unitless Sec Unitless cm Unitless Unitless, Unitless Unitless
» o] 2509892 005 3 of faarerz] o209 1]
PX_G1_Mod 1| 2500802 0.05 30235 0019321 227912| 0209549\  0778279|  1.322979
PX_G1_Mod. 2 2509892 0.05 .1 .5.047 3 327912 0.209549 0.778279 [ 1.322979
PX_G1_Mod. 3 2509892 | 0.05 )L% mb %7*4[’ 327912 0.209549 7778279 1.32297"
PX_G1_Mod... 4 2509892 0.05 12.094 0.077286 327912 0.20! 3had 2 -~ 9 i 322979
PX_G1_Mod. S 2509892 0.05 | 146197 0.093426 | 327912 0.209549 | 0.778279 1 3?2979‘
PX_G1_Mod.. 6 | 2625334 0.065087 19.1687 0.11196 | 325797 0.190291 | 0.7742 1 317299‘
PX_G1_Mod. 7 | 2717637 0.074839 [ 23217 0.12167 32.8954 0.179305 [ 0.774781 1.31397
PX_G1_Mod 8| 2814689 0083708 255407|  0.129781 33459| 0170016  0776259| 1314285
PX_G1_Mod. 9 2956167 0.096142 296935 0. |36756 [ 34.4082 1 0.158505 0.778201 ; 3||63T‘
PX_G1_Mod. 10 3.086789 0.107556 33.0879 0. 139796 35.3401 0.149312 0.779104 1.307779
PX_G1_Mod. 1" 3.270304 | 0.121586 37.9388 0.142806 \ 36.905 0738915 0.778899 71303104
PX_G1_Mod... 12 3.309588 0.124214 39.0294 0.143444 37.2785 0.137009 0.778754 1.302289,
PX_G1_Mod. 13 | 3.363799 [ 0.128327 40.3818 0.143669 [ 37.7534 0.134318 0.779632 [ 1.301102 |
PX_G1_Mod... 14 3.38477 0.130366 40.7809 0.143297 37.8964 [ 0.133161 0.780828 [ 1.300681
PX_G1_Mod. [ 15 | 3.729879 0.161821 47.1881 0.136547 | 405164 [ 0.117241 | 0.7996 | 1.293301
PX_G1_Mod 16| 4070825 0188583 536109 0130228 43988| 0106853 nsczssi 1286898 |
PX_G1_Mod. 17 4412102 0.212553 60. 04;‘ 0.124169 49 37797 W 0.102113 07523337 i 1 2815367
PX_G1_Mod... 18 4543228 0.22114 62.5222 0.121939 51552 [ 0.100544 0.826756 1.279497
« g
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Ulsplﬂy | UQSlgﬂ UP‘IOHS Tools HE'P ! D|sp|ay Deformed Shape ?
[ Show Undeformed Shape 4

% Show Misc Object Assigns » Case/Combo

Za  Show Misc Element Assigns » Case/Combo Name PX_G1_Mode1 v

Za  Show Object Load Assigns »

%3 Show Element Load Assigns , Multivalued Options

Show Paths () Envelope (Max or Min)
Step 3{ E
Show Load Case Tree... \

71 Show Deformed Shape... 6
1= Show Forces/Stresses » Scaling
¥ Show Virtual Work Diagram... ® Automatic
7 (O User Defined
Contour Options

[C] Draw Contours on Objects
Contour Component
Show Continuous Contours

® Automatic User Defined

Minimum Value for User Contour Range
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Display | Design Options Tools Eelp)
Show Undeformed Shape F4

Show Misc Object Assigns
Show Misc Element Assigns
Show Object Load Assigns

Show Element Load Assigns

IBBERERED

Show Paths.

Show Load Case Tree...

Show Deformed Shape... F6
Show Forces/Stresses

Show Virtual Work Diagram...

(g
=1
.!_

Show Influence Lines...
Show Response Spectrum Curves..
Show Plot Functions... F12

Show Static Pushover Curve...

Show Hinge Results...

M
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Define | Draw  Select Assign Analyze Display Design Options A
) ] L&u[a.” PR} &:.L’..»)L: d‘ol.u C)hol 9 Ul (YY‘

Materials... Q Q @ ‘1.'-. 3d Xy XZ yZ Iy
Section Properties »

Erame Sections... ﬁ

vu@[,.i;

Mass Source... Tendon Sections...

Cable Sections... o} o | P

Coordinate Systems/Grids...
3¢ Define Frame Hinge Properties

3 g & Area Sections... 28 13 28
Joint Constraints...
Joint Patterns... ()  Solid Properties... 3 4 All Hinge Props Click to
Name 4 Aod New Property...
Groups.. \\ Reinforcement Bar Sizes.| 2 | 3 18H2
P Add Copy of Property...
: = .. 3
Section Cuts... X Link/Support Properties. . 19H2 MoatyrShow P
Generalized Displacements... 3 'S Freguency Dep. Link Pr, ’ 201
k 27 ht 3 — L y
%% Functions » |4* Hinge Properties.. 2151
21H2 [ Show Hinge Details
X ) . - a) 2241 [ Show Generated Props.
" 22H2
L 5 Jio ™ 231 * Convert Auto To User Prop
Hinge Property Name
Hi T B 28 ‘ 3 31
linge Type Cancel

Moment M3

Wodify/Show Hinge Property...

Cancel WW‘\«’ .;.'\
_ L , ey 4 M
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Z

)( Frame Hinge Property Data for 25H1 - Moment M%

Edit

Displacement Control Parameters

Type
Moment'SF Rotation/SF

-06 -1 —_}

06 | ) L

127 | K
-1 0 o’
9 0 o Hysteresis Type And Parameters
1 0

127 9. Hysteresis Type Isotropic
06 9. No Parameters Are Required For This
o 11 Hysteresis Type

Load Carrying Capacity Beyond Point £

Sl o dumlne 4l 5 ags 438>

Scaling for Moment and Rotation

Moment SF

Rotation SF
(Steel Objects Only)

Acceptance Criteria (Plastic Rotation/SF)

Positive Negative
Il immediate Occupancy 1

Life Safety 9 Cancel
I colspse Prevention 1

[ Show Acceptance Crieria on Piot

- - N — - - = AM%‘J
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Gl Uk b (o903 jglate 9 g 48) lai) et Cond L 1Y il o ()5 )50 b (S (S abic

Ll atad gy B el Jlall gdantn (chanli 33 ol 8L o JoB M o stola] alol Lghdhots S Eatmnge )0

uileLA}i plool U lis 5t cud (990 j5kaie w903 odlitnl Jlail (gdsde ganl o 8558 Sadcsuw lp 78 cud
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B
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Qcg =M = ZFh

P
Q=M = 1.1825%{1 —P—} <ZF,

Ye

Properties
Cross-section (axial) area
Moment of inertia about 3 axis
Moment of Inertia about 2 axis
Product of Inertia about 2-3
Shear area in 2 direction
Shear area in 3 direction

Torsional constant

sgas A1 5,50 Cuoglio ‘QCE -Y

bogygin g oy o —cdll

2955 el (F-B)  (¥=0) Ly 5| 45 g s (g yen b ol ke O

a5 > (Y-0)

b oygi 5 (Y-0)

Qcp = Mgy = 484 x 2400 x 1.2 = 1393920 kg.cm

Lo Section modulus about 3 axis Lt L)
190 Section modulus about 2 axis 2222
=2 Plastic modulus about 3 axis o

2 Plastic modulus about 2 axis L2
e Radius of Gyration about 3 axis L
e Radius of Gyration about 2 axis e
159 0.

Shear Center Eccentricity (x3)

o
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Y~ 6EI,
ZF 1
o, =—r° - P
GEL, | P

Ye

_ ZEjl, 484 %2400 x 1.2 X 600

a5 53 (0-0)

le 5w 52 (F-0)

398 ks, 5

byl cops: E

0 9 8 ol S s s L,

6., =
Y 6EI,

6 X 2% 10 x 5790

fp e ]y

£ oge g1 I

= 0.01203

Z
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V5 gojlo gl - s b slaly, 53 Ghpdz slaylas 5 sjlude slayially {Y-0) Jga

ol glylee Silwde gl
by (o iS22 Sausly A s | 485 2 Sl S e
ol glast| " Lol clas) ‘ Last gads | wlogws | oldly s pwed .
c s[5 1o | o [b]a . ’
ok 2=
BT ousige neigtt (13) 27
E b E 135
WO, |10, | AB £0, 0, .5 WO, | a0, — <245 —,Ell—s03 = Top flange width (12)
2k f i Top flange thickness (tf) e
0, [ro, | ¥O Yo FiTY:) ¥ 0, | ¥0, | 375 Ecliasy £ Yo E <l |E | webhickness (tw) £
A ’ ’ ’ % A [ AT [ e
Bottom flange width (t2b) =
. h b 102
il iy, p3ondosls  polhs o — b —— slész|  Botiom flange thickness (tfb)
e e 2505258 3 b by izl b t, 2t

JS9ys )88,

by 135

2ty 2% 1.02

2x106
2880

=6.61<0.3 £
61=03 17
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A 8 { D€ Frame Hinge Property Data for TH1 - [MEtact Po-Iote = mm s o )
(A ) A X
T 9 I Sl ol t\.wul:u Ml};{ L..:,S LY 1
. & A = Hinge Specification Type 1 Scale Factor for Rotation (SF)
pves 5 = @ Moment - Rotation O SFis Yield Rotation per ASCE 41-13 Eqn. |
b4 | (Steel Objects Only)
H O Moment - Curvature @ntiter ¢ [r182e.03 1
All Hinge Pre Cick| wg i —-— e o o e e e e e e s )
S ETOPE. | D Fra 5 Load Carrying Capacity Beyond Point E
~
Same ! @ Drops To Zero O Is Extrapolated
A Hinge Property Name
1H2 | T Symmetry Condition
1H1
2H1 e -
e [ O Moment Rotation Dependence is Circular /N
31 | HingeType O Moment Rotation Dependence is Doubly Symmetric about M2 and M3 ‘w'f \M
3H2 O Force Controlled (Brit @ Moment Rotation Dependence has No Symmetry \J 0’
4H1 Osl (® Deformation Controlied "
aH2 2 i for Specified Symmetry Condition ATl
il Interacting P-M2-M3 T =
{ 1 Specify curves at angles of 0%, 80°, 180° and 270
sH2
P Wodify/Show Hing| 2 If desired, specify addtional intermediate curves where: 0° < curve angle < 360°
6H2
= Axial Forces for Moment Rotation Curves Curve Angles for Moment Rotation Curves
TH2 o Number of Axial Forces 3 Number of Angles 16
aH1
= N Modify/Show Axial Force Values. Modify/Show Angles.
v
Modify/Show Moment Rotation Curve Data.
Modify/Show P-M2-M3 Interaction Surface Data.

y . 5
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byl cops: B
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Dimensions

...\.L(:.A('M”"l)r,:’.w"()') a)anaP:O 15,8 b aals
Outside height (13 ) 2 4 » »
Top flange width (12) b
Top fiange thickness (tf) 17
Web thickness (tw ) 1
24
Bottom flange width (t2b)
Bottom flange thickness (tfb) i
Properties
Cross-section (axial) area i Section modulus about 3 axis Lt
Moment of Inertia about 3 axis e Section modulus about 2 axis ST Ly,
Moment of Inertia about 2 axis B Plastic modulus about 3 axis g Beams: 6, =2 9-1)
Product of inertia about 2-3 o Plastic modulus about 2 axis o= OEI,
2 10.3066
Shear area in 2 direction Radius of Gyration about 3 axis ZF, 1, P
Sh 3 directio & Radius of Gyration about 2 6083 Columns: 8, = 1= ©-2)
i r )
ear area in 3 direction = adius of Gyration about 2 axis 6E1r Pye
Torsional constant 04 Shear Center ECCEH[HCW (x3) 0.

9 e Ogies Sogme 9 b a8 g0 gl Julos

”é WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

o sl s SF Jlsio g dslone P=0 55 b SAP2000 5 uliis o i 45T & azg3 b

ZFel; 1053 X 2400 x 1.2 X 320
SF=—"2"=
6EI, 6% 2 x 106 x 11260

= 0.00718

k)‘l‘)"l""’ | Rotation/SF LJ‘“I"‘“|)3 xg'_)‘)g.) )iJ )I.)}A.': ) ‘5531 PrE

ZEel¢ 1_L
Rotarion _ 6EI, Pye| P
SF ZFyelc Pye
6ET,

I I S — w\“‘«y\f/
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)( Frame Hinge Property Data for 1H1 - Interacting P-M2-M3

Hinge Specification Type
@ Moment - Rotation

O Moment - Curvature @® UserSF

(® Drops To Zero

Symmetry Condition

I (O Moment Rotation Dependence is Circular

) Moment Rotation Dependence is Doubly Sympetric about M2 and M3 1

(O Moment Rotation Dependence has No Symmetry |
-— e mm Em Em Em e e Em e Em =
for i Symmetry Condition

1 Specify curves at angles of 0* and 90°

Scale Factor for Rotation (SF)

(O SFis Yield Rotation per ASCE 41-13 Eqn. 9-2
(Steel Objects Only)

Load Carrying Capacity Beyond Point €

—————————————?

2 If desired, specify additional intermediate curves where: 0° < curve angle < 90°

[7.1826-03

O Is Extrapolated
e S pasuie iy cpl oo
G el 0,5 slls ias il

Modify/Show Moment Rotation Curve Data...

Axial Forces for Moment Rotation Curves g Curve Angles for Moment Rotation Curves - | ) |
LS s .
Number of Axial Forces 3 1 Number of Angles 2 l5“‘"§) [Coanad S ¢ 2
Modify/Show Axial Force Values... 1 Modify/Show Angles... LW S Y Pl LW W L)
e s o = =

£
i) So9>R 6L¢9ﬂ" slass L)L:u L)-’-I )3

D 8n S 5o 1) s9aae

[ Modify/Show P-M2-M3 Interaction Surface Data

Cancel
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Table 9-6. i and A 1ce Criteria for Nonlinear Procedures—Structural Steel Components

Modeling Parameters

Residual Acceptance Criteria
Plastic Rotation Strength
Angle, Radians Ratio Plastic Rotation Angle, Radians
Component or Action a b c 10 Ls cp
Beams—Flexure
b, 52 h _ 418 90, 116, 0.6 16, 96, 116,
S-<——and —< d i ' ’
2, . K Fe
by 65 h _ 640 46, 66, 0.2 0.250, 30, 46,
b o 22 ’ ),
2 F, Iy Fe
c. Other Linear interpolation between the values on lines a and b for both flange slenderness (first term) and
‘web slenderness (second term) shall be performed, and the lower resulting value shall be used
Columns—Flexure™”
For PIPc < 0.2
b, 52 h _ 300 96, 118, 0.6 16, 96, 116,
< and — < —— ! . L g
2t,~ JF, 1, F,
by 65 h _ 460 48, 66, 0.2 0.250, 36, 40,
b z or —2—= ’ ’ ’
2, JF. 1, F.
c. Other Linear interpolation between the values on lines a and b for both flange slenderness (first term) and
web slenderness (second term) shall be performed, and the lower resulting value shall be used
For 02 £ PIP;, <0.5
b, <52 o b 260 — — 0.2 0.250, — —
2, ~ JF, o [F.
by .65 h 400 18, 1.50, 0.2 0.250, 1.26, 1.26,
N RN
c. Other Linear interpolation between the values on lines a and b for both flange slenderness (first term) and

FAY dxbo Thls publlcatlon orany part thereofmust not be reproduced in any form W|th0ut the written permlssmn y Vérsion: 1.2
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Sl anlrd Sosme 9,8 Slp 0as OBl 98 sk 9 s Po laie pas Coxs FA dxio Luly,
P, = —257820 kg <ol 0.5P¢ 50.201P 0.2P

3¢ Axial Forces for &1 - Interacting P-M2-M3

Edit

0.5P, = —128910.3 kg

This Number of Axial Force Values Is Specified

Number of Axial Forces 13

Axial Force Data

Axial Force /
1 -128910.3
2 ste21g . f

3 -51564.1
L

0.201P; = —51821.9 kg

ler Rows

0.2P, = —51564.1 kg
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g asia b 6lyzall (b ael s ssel ety slag e 5l K sl

0.5P; = —128910.3 kg il 05Pc 6,8 6l 0
E,e = 106 X 1.2 x 2400 = 305280 kg

Rotarion (1 P ) 3 ( 128910.3

Dimensions

Outside height (13) 24,

Top flange width (2)

SF P, 305280

ye

Top flange thickness (tf)

) = 0.577

AN S

Web thickness. ( tw )

Bottom flange width ( t2b)

by 24 7058 < 0.3 2x10° _ 9m
2t 2x 17 Fe + 2880
h_24—2><1.7_206<152 E _ [2x106

ty 1 T T Fe | 2880

Sges oolatwl V& 4 80 ¥-0 Jyas all s sl b e

£ 18
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J.nl,_.!._;l.n.&l| ol sl ‘m;d@; dilogs | SUl; ¢ g ot
CP [Ls| cpP [ LS | 10 [ b [ a
ghan b 3 J32) hed 3= gysin ‘G
PP, 2024, 17(1—1.7P/PCL)9y
o, [0, | A0, | 50, 0, S5 ey | a6, i<176 b coa|E
7 Y 1, 2, 78 P
a=11{1-1.7—106, = 1.650
vo, |vo, | vo, | ve, | -mee, oo | se, | ve, 2.7J+ESJi J_ m&s—}s F ( Pc y Y

h b,
ol e S 5 ol et izl s, i e o ke

IS 3, —>44,’ —'—>076f

02<P /P, <050 4,C = 0.2

=

: | T | = | e, O O I151.52 Fi.ngm _iml
\_fre, V;, _-Me_,_ -f_oe_\ -f_may_ _ir_ \/ne’ (: 714J?:s]i_ J_:JSJ:c:om_J_

dolo ks (e y s g il e li L ;T' ol

SRS g by 7>38\/_ 4L>076\/_ e

J5Saps sty LF/P > 0.5 4y

s
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10 = 0.250, 11(1-1.7P/F,,)6, =T
P
LS=1411—- 1.7P—C Gy = 2.10y 17(1_1_7},/&1)%

P
CP=17|1- 1.7P—C 6, = 2.550,
O Moment Rotation Dependence is Circular M3 /90

@® Moment Rotation Dependence is Doubly Symmetric about M2 and M3 '30‘/‘

" 14(1-1.7P/P.,)6,
O Moment Rotation Dependence has No Symmetry k / t :

Requirements for

i

8(1-1.7P /P, )8, 8

¥

y Condition anr
1 Specify curves at angles of 0° and 90°

2

If desired, specify additional intermediate curves where: 0° < curve angle < 90°

Axial Forces for Moment Rotation Curves Curve Angles for Moment Rotation Curves

Number of Axial Forces 3 Number of Angles 2 Cond L)'l‘ S )'.’)L“ Chl LSI)-’ dl’
Modify/Show Axial Force Values. Modify/Show Angles. J'.?‘S “gtl{

I Modify/Show Moment Rotation Curve Data... ’I

odify/Show P-M2pl43 Interaction Surfa

f4Y dxiwn This publication or any part thereof must not be reproduced in any form without the written permission N
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X Momentkmaxlonnatl&omm-!meracning P-M2-M3 3 a= 1650y = 165 X 05 77

Edit

) ' = 0.952
oL a5 b = 2.556, = 2.55 X 0.577

v cuvest 4P M Kgf,emC v 147
Mogen,Bgtalgn Peig or SEEFAPCING
inml Moment/Yield Mom Rotation/SF
A 0 0. s C
1 0.
C 1.028 0.952
0.2 0.952
0.2 1.47
o L&
L ceorcumene o v

Current Curve - Curve #1

3.0 Surface
Force #1; Angle #1 Axial Force =-128910.3

Acceptance Crteria (Plastic Deformation / SF) 30 View

Bl imedate Occupancy (004 | Pan (315 |T  AxalForce [-1289103

[m]

Hide Backbone Lines

[0 show Acceptance Criteria
[] show Thickened Lines
Highlight Current Curve

Life Safety 121 ] Elevation |35 I
| a
I colapse Prevention 147 Aperture |0 =

[[]{Show Acceptance Points on Current Curve) 3D | RR | MR || MR2

Moment Rotation Information

Angle Is Moment About

LS+ 216, = 2.1 x0.577 = 1.21
Symmetry Condition Double Odegrees = About Postive M2 Axis

Number of Axial Force Values 3

- : s s 2P 2550 = 255 X 0.577 = 1.47

180 degrees = About Negative M2 Axis
Total Number of Curves 6 270 degrees = About Negative M3 Axis

WWW

3
f4A dx=iwn This publication or any part thereof must not be reproduced in any form without the written permission A Version: 1.2

M.Alirezaei@iiees.ac.ir 249



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

Z

5 WebSite: www.M-Alirezaei.com
@ Telegram: @AlirezaeiChannel

3 P-M2-M3 Interaction Surface Definition for Y
Edit
User interaction Surface Options Interaction Curve Data
O Circular Symmetry Current Curve 1 v K 4>
(O Doubly Symmetric about M2 and M3
@® No Symmetry Point P M2 M3
Number of Curves 16 ] 1 -0.8445 L L
Number of Points on Each C\ CE c . L g
jumber of Points on Each Curve 3 T v Py
Scale Factors (Same for All Curves) 4 =L L >
cale Factors (Same for All Curves)
5 -0.1689 0944 [)
;%.‘,7"‘27 [ S S — 6 0 1 o
305280.. J11434240. | [so32840. ] 7 02 0.944 [)
[0 include Scale Factors in Piots Kgf,emC v 8 04 0.708 0.
s 06 0472 [)
First and Last Points (Same for All Curves) 10 08 023 )
Point 3 "2 u3 1 1 0 0
[
1 o8 o |[o ‘ Insert Curve Delete Curve Check Surface
@ ][o. ][0 ]
Interaction Surface Requirements - No Symmetry
M3 @® Show AllLines
1. Aminimum of 8 P-2-M3 curves are specified.
(O Hide P Direction Lines
2. P (tension postive) increases monotonically. (73
a1 O Hide M2-M3 Lines
3. Each curve must be convex and the interaction surface 25
as a whole must be convex (no dimples in surface). i -
l [ Highlight Current Curve

7

P-M3

M2-M3

Version: 1.2]
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Scale Factors (Same for All Curves)
P M2 M3

|[1434240. |[s03200.

(305280

[ incude Scale flactors in Plots Kgf, cm, C v

M2 =
M3

ZZZFye
Z33Fye

Properties

108
Cross-section (axial) area %
Moment of Inertia about 3 axis 28
Moment of inertia about 2 axis o
Product of inertia about 2-3 9.
Shear area in 2 direction 2%
Shear area in 3 direction 5

104,

Torsional constant

P = AF,, = 106 x 1.2 X 2400 = 305280 kg
=498 x 1.2 X 2400 = 1434240 kg.cm
1053 x 1.2 X 2400 = 3032640 kg.cm

Section medulus about 3 axis
Section modulus about 2 axis
Plastic modulus about 3 axis
Plastic modulus about 2 axis
Radius of Gyration about 3 axis
Radius of Gyration about 2 axis

‘Shear Center Eccentricty (x3)

9383333
326.9167
1053
498
10.3086
6.0835
0.
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First and Last Points (Same for All Curves)
Point P M2 M3
1 [08ess 0 I[o

[ [o. [[o.

P 305280

=1

SF(axial) 305280 p

P(Point 1) = — _ 7257820 o oac A
oMt = SF(axial) ~ 305280 Point 11

P(Point 11) =

V=

Point 1
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Define [ Dpow _Select Assign_Amahyze Displey Design Options ook, -rv-‘-‘j.. :-“".. -’L"U. »l S )"""‘-9
[, Materials... R QW s 3dxy xz yz nv 3
L section Properties 2| T Erame sections..
B2 Mess Squrce.. ~  Tendon Sections...
X Cable Sections... \ — I I
5 Coordinate Systems/Grids... 3¢ Frame Hinge Property Data
= Areas : EE
e G Area Sections. Al Hinge Props Click to
,‘ ~
-+ @ solid properties.. lame Add Hew Property... Hins erty Name
Add Copy of Property. A
Groups.. N\ Reinforcement Bar Sizes.. 12 iy
21 ModifyiShow Property Hinge Type
Section Cuts... M Link/Support Properties... 2H2 | ® 4
) Delete Property Force Controlled (Brittie)
Generalized Displ ts.. e s N
eneralized Displacements ME  Frequency Dep. Link Props..,‘ - O Deformetion ControNod (Ductls)
lfe Functions » |5 Hinge Properties... a1 ! [ Show Hinge Detaiis Axial P v é
: P e s |
M‘ SH1 Modify/Show Hinge Property...
SH2
6H1
6H2 Cancel
TH1
oK
TH2
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Force Control Parameters
Maximum Allowed Force

O User Specified Force

O H'nge oses All Load Carn
-\4 So

X Frame Hinge Property Data for P - Axial P

(® Specified Proportion of Yield Force [

hoohis 6T oy

ety 5ok dae

Positive Negative
1000 ] [

Positive Negative

ing Capacity When Maximum Force Is Reached
uu,t.b S T.(J.A

Accept Criteria (For

- Immediate Occupancy
Life Safety
- Collapse Prevention

[] Hinge is Symmetric (Tension Behavior Same as Compression Behavior)

Allowed Force)
Positive Negative

o
08 5
O

solis Ghudy slalas
28 JeaSS 159, 0l Gillae
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elect | Assign Analyze Display Design  Options Tools Help

Iy Select 4 [‘_’ﬂ Pointer/Window E; S .
Deselect » >h Poly Ctrl+Shift+0 \
& Select Using Tables &h Intersecting Poly  Ctrl+Shift+P —
B i F R (1 |
@B Invert Selection X N& Intersecting Line  Ctrl+Shift+L E
(
B Coordi ficat b
Get Previous Selection  Ctrl+) [g‘ Loordinaje SpeGiication T E
Clesr Selaition Ctrl+Q \P Select Lines Parallel To » | \°? Glick Straight Line Object
= y )
Pb Properties » L]P Coordinate Axes or Plane... g
@) -
.b Assignments »
W M 3 41

- _‘.x....,.-w
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Assign | Analyze Display Design Options Tools Help B Asfyn Frame Hinges
- -
Joint v D&d |2 B 7 ~ Frame Hinge Assignment Data
Frame » l T*  Frame Sections... e
Hinge Property Distance
Cable v | #, Property Modifiers... P v|os
Tendon » |3 Material Property Overwrites... P [ o3|
Add Hinge..
Ares | &% Relesses/Partial Fiity... |
Soka Y |5Z  Local Axes..
Lok Supecit * | 5% Reverse Connectivity... ‘ Delete Hinge
Joint Loads » [Tl End (Length) Offsets... ) o Ly {
Frame Loads » | Te Insertion Point... Current Hinge Information
Type: User Defined
! 5,

Cable Loads ¥ v% Output Stations... DOF: Axial P $
Tendon Loads »

& P-DeltaForce... &
Area Loads i Options
Solid Loads > Patt ® Add Specified Hinge Assigns to Existing Hinge Assigns )
Link/Support Loads Tersion/ Compression Limis. Replace Existing Hinge Assigns with Specified Hinge Assigns

Jl Existing Hinge Assignments on Currently Selected Frame Objects
Joint Patterns... | Number of Selected Frame Objects: 24

Hinge Overwrites... Total Number of Hinges on All Selected Frame Objects: 48
All 48 existing hinge assignments will remain when the above hinge assignment is applied
X F et | _,.__/\f
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PE2W0 _ IPE24) IPE2D it 3525 laOgias 5 a5 25 2,0 | Kad 00
& & & Il:ss g5
t| IPE240 T PE240|* &
O
S g R 32 m olab gla)l
Z| IPE240 = IPE240 =
- p > q_ S235JR sY¥s g4
= IPE270 % IPE270 |* It/m 05 9 2t/m Lm):.? 59, 03 0 bl
N N N
Tl [IPE270 * IPE270 |+
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k") 14

7AsisngT Analyze Display  Design Optionsl}
*.  Joint »
Frame
Cable
Tendon
Area

Solid

AQB LG A

Link/Support

e

Joint Loads
Frame Loads
Cable Loads
Tendon Loads

Area Loads

GE AR

Solid Loads

Link/Support Loads

Joint Patterns...

57 AssigntoGroup.. [\ Ctrl+ShiftG

Update All Generated Hinge Properties
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1

Ciick to: l

Modify/Show Group...

Lo g, A )

® Replace Group

) Delete from Group

¢ Group Definition
Group Name
Group Uses

Selection

[4 section Cut Definition

<1
1L I
X T
Groups
ac |
- T
Options
) Add to Group

Steel Frame Design Group
Concrete Frame Design Group
Aluminum Design Group

Cold Formed Design Group

KRER

Check/Uncheck Al

¥

LY

StatichL Structure Stage

Bridge Response Output

Auto Seismic Force Output
Auto Wind Force Output

K OO0 8 &

Mass and Weight Output

Display Color

e “"e% y«z‘\ JQ/
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Define | Draw  Select  Assig Analyze  Display Design  Options
£ Materias... R QW %s3d xy xzy.
IE Section Properties A Es Erame Sections...
s
&7  Mass Source... ~=  Tendon Sections... (
{  Cable Sections... i
ey Coordinate Systems/Grids... =
o ] Areas X I’%{m Frame Section Property

Select Property Type

Frame Section Property Type

Clckto Import a Steel Section

Select Sections to Import

2UPN100/0/
2UPN100/8/
2UPN100/8/

2UPN100/12/ *
2UPN100/15/
2UPN100/20/
2UPN100/25/
2UPN100/30/
2UPN100/40/
2UPN100/50/
2UPN100/100/
2UPN100/150/
2UPN100/200/
2UPN100/250/
2UPN100/300/
2UPN100/400/

j 1/ Wide Flange

Double Angle

[
|

2L E
LI

Double Channel

_Ke

Rectangular

©

Circular

Steel

1

x| C ) 1]
e fick to:
| AddNew Property
L [~ Add Copy of Property.
Modify/Show Property.

Delete Property

| SteelJoist

0+ 9 d>aw This publication or any part thereof must not be reproduced in any form without the written permission
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3¢ Double Channel Section

Section Name
Section Notes.
Extract Data from Section Property File

Open File...
Dimensions
Outside depth (13)
Outside width (12)
Flange thickness (tf)
Web thickness (tw )

Back to back distance ( dis )

Material

+ | |S2350R v

[2upn100r10/ v

Modify/Show Notes. .

e\program files\computers and structures\sap2000 20\euro.pro

Section

Display Color

import...

Properties

Property Modifiers
Set Modifiers...

Section Properties...
Time Dependent Properties...

— ,_-w
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<1

[ A B (C) 0)
{ 1
7 30 14 38 21 42 28
B 2 41 7
2 28 34 10 40 t
Section 2UPN100/10/
9 S 7 b A | Moment Releases Pinned
Bracing Inverted V
k 27 33 18 3% = Center Eccen. 0.
Left Eccen 0
& Right Eccen. [}
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(1)

e
Col+Beam

Groups Clickto:
Add Hew Group..
Col-Beam —
| C
3¢ Group Definition
Group Name
Group Uses
[— [ selection [ statichL Structure Stag
O Add to Group
[4 Section Cut Definition [ Bridge Response Outp:

@ Replace Group
) Delete from Grj

[ steel Frame Design Group

[4 Concrete Frame Design Group
[ Awminum Design Group

[4 Cold Formed Design Group

[0 Auto Seismic Force O
[0 Auto Wind Force Ouf
1%}

Mass and Weight Outpt

Check/Uncheck All

- D . N
I ..-.w e
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Define | Draw Select Assign  Analyz
[€ Materials.. ®

394 Sl Judos <>

[B  section Properties »
©?  Mass Source...
" - Load Cases
Coordinate Systems/Grids...
Load Case Name Load Case Type
Joint Constraints...
MODAL | Modal
Joint Patterns... Live Linear Static
G1 Nonlinear Static
e G2 Nonlinear Static
Groups... |
Lo v PX_G1_Mode1 | Noniinear Static +*
Section Cuts... P-X_G1_Mode1 Nonlinear Static
PX_G2_Mode1 Nonlinear Static
o Generalized Displacements... P-X_G2_Mode1 Nonlinear Static ]
; PX_G1_Uniform Nonlinear Static
% Functions X P-X_G1_Uniform | Noniinear Static
PX_G2_Uniform Nonlinear Static
P-X_G2_Uniform Noniinear Static
Y2  Load Patterns... ===
152 LoadCases.. [\

%8 Load Combinations...

AL Moving Loads »

Named Property S »

O\Y d>aw This publication or any part thereof must not be reproduced in any form without the w

Click to: l
Add New Load Case.

Add Copy of Load Case...
Modify/Show Load Case...

Delete Load Case

Display Load Cases

"Show Load Case Tree...

ritten permission Version: 1.2
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3¢ Load Case Data - Nonlinear Static Staged Construction

Load Case Name Notes Load Case Type
ColBeam | | setDefName Modify/Show... Static v || Design...

Intial Conditions. Analysis Type
@ Zero intial Conditions - Start from Unstressed State O Linear l
(O Continue from State at End of Nonlinear Case = O Noniinear

importan e Loads from previous case are incl @ Noniinear Staged Construction
Stage Defintion Geometric Nonlinearty Parameters

Stage  Duration vide Output User N O Hone

No.  (Days)  Output Label Comments @© P-Deta

1 o Add O P-Deta pius Large Displacements

Yes v
l-_m‘— I s | e

Previous v

Show Stages
[J Expand Stage Defintion Show Stages In Tree View...
Data For Stage 1 (0. days; Output: No Labet)
Operation Object Type Object Name Age At Add Type Name Scale Factor

Structure v | Group | Col+Beam v
]
[ Expand Stage Data Stage:| << | < 11555 lot1 Add Modify Delete
Other Parameters
Results Saved End of Final Stage Only Modify/Show... e
Nonlinear Parameters Defautt Modify/Show... Cancel
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)( Define Load Cases
Load Cases
Load Case Name Load Case Type

DEAD A |Linear Static ~
MODAL Modal
Live Linear Static

|G2 Nonlinear Static
PX_G1_Mode1 Nonlinear Static *
P-X_G1_Mode1 Nonlinear Static
PX_G2_Mode1 Nonlinear Static
P-X_G2_Mode1 Nonlinear Static *
PX_G1_Uniform Nonlinear Static
P-X_G1_Uniform Nonlinear Static
PX_G2_Uniform Nonlinear Static

| P-X_G2_Uniform v | Noniinear Static v

Click to:
Add New Load Case...
Add Copy of Load Clu.v.l
Modify/Show Load Case...

Delete Load Case

Display Load Cases

Show Load Case Tree...

0\ 0 d>aw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2]

Z

2 WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

:X: Load Case Data - Nonlinear Static

(O Zero Inttial Condttions - Start from Unstressed S}

@ Continue from State at End of Noninear Case Col+Beam

mp Note: Lo rom this previous case are in:

Modal Load Case

rrent case

Load Cas Notes Load Case Type
61 Set Def Name | Modify/Show... Static || Design...
Initial Conditions

Analysis Type
l O Linear
hd @ Nonlinear

(O Nonlinear Staged Construction

Geometric Nonfinearty Parameters

All Modal Loads Applied Use Modes from Case MODAL v O None
= @ P-Detta
Loads Applied
O P-Detta plus Large Displacements.
Load Type Load Name Scale Factor
Load Pattern v v Mass Source
Add Previous v
| Load Pattern Live 1.1
Modify
Delete
Other Parameters
Load Application Full Load Modify/Show...
Results Saved Final State Only Modify/Show... Cancel
Nonlinear Parameters Defautt Modify/Show...

- — -w% {’yl

0\ $ d=aw This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.2

M.Alirezaei@iiees.ac.ir

258



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

[\

25 WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

©

9 Lol Jie 4 laiyles 0 alal 3l s Juos el Jb

3¢ Load Case Data - Nonlinear Static Staged Conslrtélinn

Load Case Name Notes Load Case Type
Add Brace | | SetDefName Modify/Show... Static v || Design..
Initial Condtions Analysis Type
(O Zero Inttial Conditions - Start from Unstressed State O Linear
@ Continue from State at End of Nonlinear Case 61 s O Nonlinear
mportant Not Loads from this previous case are included in the @ Nonlinear Staged Construction
Stage Defintion Geometric Noninearity Parameters
Stsge Dustion  Provide Output User s & Nono
No.  (Days)  Output Label Comments. @© P-Deta
1 0 Yes v | Add O P-Deta plus Large Displacements
1 Jo e 1 | Copy Hoss Soece
Previous ~
Modity
insert
Show Stages
L Delete
[ Expand Stage Defintion Show Stages In Tree View..
Data For Stage 1 (0. days; Output: No Labet)
Operation Object Type Object Name Age AtAdd Type Name Scale Factor
Add Structure | Group v |Brace v
I o] ‘_ | =
[] Expand Stage Data Stage: << < 1> > |of1 Add Modify Delete
Other Parameters
e EndofFalStage Oy e =
Noniinear Parameters. Default Modity/Show.... Cancel
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s polasl Sy Juaie T 40 5 lswnl 1) lasnles

1) () [l M As
- N .
A ( (c | Frame Hinge Assignment Data
r i i r Relative
J Hinge Property Distance,
- = - 2 a Auto v[o5
FaY "4
4 N,
o ¢ & o
/ \ |
F & .
2 |7 383 ko 4
s (1994 & ‘
b 2 |_a_£' 282 ~‘j ! { 3¢ Auto Hinge Assignment Data
o 4*." “-&, o Auto Hinge Type
4 $ From Tables In ASCE 41-13
k 27 if 331 h (1] 3

2N\ Select a Hinge Table l
o e o Table 9-7 (Steel Braces - Axial)

7\ @® Drops Load After Point £
/ o o
" ®a X = ‘ O Is Extrapolated After Point E
l" \\
4 2 o 389 ‘%ve 1
~ o e ol

Controlled Hinge Load Carrying Capacty
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X Define Load Cases

Load Cases
Load Case Name Load Case Type

Live A | Linear Static ~

G1 Nonlinear Static

G2 / Nonlinear Static

PX_G1_Mode Nonlinear Static

P-X_G1_Mode1 Nonlinear Static

PX_G2_Mode1 Nonlinear Static +*
P-X_G2_Mode1 Nonlinear Static

PX_G1_Uniform Nonlinear Static

P-X_G1_Uniform Nonlinear Static A4
PX_G2_Uniform Nonlinear Static

P-X_G2_Uniform Nonlinear Static

Col+Beam | Nonlinear Static
[AddBrace R4 ~

Click to:

[ Add New Load Case... |

Add Copy of Load Case... /

Modify/Show Load Case...

Delete Load Case

Display Load Cases

| Show Load Case Tree...
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x Load Case Tree

Expand All Collapse All

#-{7] DEAD (LinStatic)
7 MODAL (LinModal)
{7 LIVE (LinStatic)
~] COL+BEAM (NonStatic)
= STAGE 1:  Provide Output;
1] ADD Structure: Group = Col+Beam
=-4J G1  (NonStatic)
LOAD 1: DEAD;
LOAD 2: Live;
P-X_G1_MODE1 (NonStatic)
PX_G1_UNIFORM (NonStatic)

P-X_G1_UNIFORM (NonStatic)
=] ADD BRACE (NonStatic)
SRV STAGE 1:  Provide Output,
8§ ADD Structure: Group = Brace

{~d PX_G1_MODE1 (NonStatic)
44 G2 (NonStatic)

DRRNN

[[] Show Active S
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Define | Draw  Select Assign Analyze Display Design  Options ML.’)_? h 5 sl “‘ )KJ9_"> :"“ )L., §Lm A e
€ Materials.. R QW ts3dxy xzyz ¢ =
B Section Properties >| T  Frame Sections...
7 Mass Source... ~~  Tendon Sections...
p 4
Coordinate Systems/Grids... . Cable Sections.. » ', D Frame Hinge Property Data x
= Area Sections...
Joint Constraints... o Hinge Property Name
Joint Pattems... ) Solid Properties... 4341 rame H
x
Groups... N\ Reinforcement Bar Sizes... Hinge Type . -
Section Cuts... X Lw/Suppu%lesm bi Add New Property..
Generalized Displacements... [«’“ Frequency Dep. Link Props -2 s / Add Copy of Pr
% Functions » |5t Hinge Properties... o Wodity/Show Hinge Property - oyiShow
s
P
Cancey [] Show Hinge Detais
al [A show Generated Props

4THY ”
4811 | Convert Auto To User Prop
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3 Frame Hinge Property Data for 43H1 - Axial P

Edit
Displacement Control Parameters L
Vo 4, V-0 Jgdx 9, )l .
Force/SF DispiSF
03 -9 | 0
03 0.5001 L
1,015 05
p=
E} )
0 U Hysteresis Type And Parameters
1 [)
127 s HysteresisType | Isatropic
08 9.0001 No Parameters Are Required For This
Py 5

Scaling for Force and Disp

Force SF

Disp SF
(Steel Objects Only)

Acceptance Criteria (Plastic Disp/SF)
Il immediate Occupancy 0
Life Safety
I Cotapse Prevention

[ Show Acceptance Criteria on Plot

Load Carrying Capacity Beyond Point £ o .' U)LE-:A ‘ g/ J.».J)LQA Ls)m) .. .

Hysteresis Type
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Scaling for Force and Disp Lo s | é a
: ,u.wS 0 M o
Positive Negative } )LQ'A

Force SF 77500.8 17962.165

Disp SF 0.5848 0.1355
i cts O

Force SF = Py = AgF,, = 26.91 x 2400 x 1.2 = 77500.8 kg

PrL  77500.8 X V2502 + 3207

Disp SF = Ap=
tsp T=4E 26.91 x 2 x 10°

= 0.5847 cm

Properties

Crpas scofon (ool o ek Section modulus about 3 axis i
Moment of inertia about 3 axis i Section modulus about 2 axis S 1008
Moment of Inertia about 2 axis i Plastic modulus about 3 axis ot
Product of inertia about 2-3 p Plastic modulus about 2 axis e
Shear area in 2 drection 12 Radius of Gyration about 3 axis S
Shear area in 3 direction o1t Radius of Gyration about 2 axis =
Torsional constant e Shear Center Eccentricty (x3) 2

R — — S w\“‘«yq\\f/
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Scaling for Force and Disp Hlid o 1K i
Negative } ’ / Dl

Positive
Force SF

Disp SF

Force SF = Pp = 17962.165 kg > o &)l
PcL  17962.165 x V2502 + 3202

Disp SF = A= -~ =
tsp C=4E 26.91 x 2 X 106

= 0.1355cm

Properties
Groee-soctin (il oS 8 Section modulus about 3 axis ="
Moment of Inertia about 3 axis AT Section modulus about 2 axis 31.1081
71 844

Moment of Inertia about 2 axis Plastic modulus about 2 axis

Product of Inertia about 2-3 Plastic modulus about 2 axis 2ty

12 3.9067

Shear area in 2 direction Radius of Gyration about 3 axis

Shear area in 3 direction ey Radius of Gyration about 2 axis 10

5269 Shear Center Eccentricty (x3) o « { gy
-, \ %
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M Input File Parameters

NPTS= 1642, DT= .02000 SEC

.69N2358F-02 .8501R62F-02

First Line [s _) Single Acceleration value per line v OK
(mmtiie El (©) Time & Acceleration values per line X Ccancel
_) Multiple Acceleration values per line f
Time Step dt [.02000 ) SMC Format jme [sec] Acceleration [g] ~ ‘
Help 60000
slngFactor [T | @) PEER NGA Format -00000 ~|-0.00993 5 0.
102000 (3 Copy Selection %
Acceleration Column B Program Defauts 04000 | ([} Paste Selection Ctrl+V f;, y,
e G 1 ik SelectAll  CtrlsA < 0,
me SetAsDefaut | |08000
§ Scale Accelerogram...
Acceleration Units: g 10000 5
Velodity Units: cm/sec Frequency 1 B @ Change Time-step...
Displacement Units: cm 12000
Change Units Initial Values Skipped 0 F
Acceleration File
PEER STRONG MOTION DATABASE RECORD. PROCESSING BY PACIFIC ENGINEERING.
TABAS, IRAN 09/16/78 : , TABAS

’
ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.05 Hz LP=unknown

-.9930772E-02 -.1242635E-01 -.1003233E-01 -.4851581E-04 -.7328678E-02
-.1785307E-01 -.5760994E-02 .4277372E-02 -.1138736E-01 -.2088379E-01
-.660451€E-02 .1884264E-02 -.9620526E-02 -.1589783E-01 -.8118489E-02
-.4091320E-02 -.4033407E-02 -.5774642E-03 .3463320E-02 +3607515E-02
-.5315429E-03 -.5382976E-02 -.2261846E-02 .9267288E-02 .1359504E-01

.7606€659E-02 .2031529E-02 .2081647E-02 .3106502E-02 .6018807E-02

LRY2TSRSF-02 - .492682GF-02
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Define | Draw Select Assign Analyze Display Design

E Materials... Q Q @ t-_" 3d xy

53 SAP2000 asb , 5)ly catlKuliis ssl> b

7+ Groups...
m Section Cuts...

A Generalized Displacements...

glp?
Joint Constraints... {

/= Functions 4 Response Spectrui
Y2 Load Pattemns... Time History...

192 Load Cases... Power Spectral Density...

p+L

%~ Load Combinations... Steady State...

B Section Properties »
?
. Mass Spurce... — o 2
x Define Time History Functions I’}
Coordinate Systems/Grids...
Functions Choose Function TW«!
[Raver [ — = f
Joint Patterns... UNIFTH

Click to: l

Add New Function...
Modify/Show Function...

Delete Function

cae
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Materials... (‘i
Section Properties » {

Mass Source...

i3l sad ol b U8 lodlis Jio (s b e B UL slodls

Coordinate Systems/Grids... M, Define Load Cases

Joint Constraints... Load Cases
Joint Pattemns... Load Case Name Load Case Type
DEAD Linear Static
| MoDAL Modal
Groups... Live Linear Static
X G1 Nonlinear Static
Section Cuts...

~  Generalized Displacements...

'°f, Functions »
U2  Load Patterns... !
S¢  Load Cases I

s
fe- Load Combinations...
il Moving Loads »

Named Property Sets

Click to:
Add New Load Case...

Add Copy of Load Case...

Modify/Show Load Case...
*

A d Display Load Cases

Show Load Case Tree...
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3¢ Time History Function Definition X
Funcontame [ L
Values are:

Function File
File Name. Browse. @ Time and Function Values

cusersimehdideskiopitabas bt O Values at Equal Intervais of
Format Type
Header Lines to Skip 1 B Format
r =
L ]

O Fixed Format

Prefix Characters per Line to Skip
Characters per tem
Number of Points per Line [1 ]
Convert to User Defined View Fie
Function Graph

SN N
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2 Load Case Data - Nonlinear Direct |nl'§grauon History

Aoy, M

Load Case Name Notes Load Case Type
[Tabas Set Def Name Modify/Show... Time History v | Design..
Initial Conditions. Analysis Type Solution Type
O Zero Initial Conditions - Start from Unstressed State O Linear QO Modal K
@ Continue from State at End of Nonlinear Case 61 ¥ @ Noniinear @ Direct integrafion
ant Not t Geometric Nonlinearity Parameters
O None
@ P-Detta
NODAL O P-Deta pius Large Displacements
Loads Applied History Type
Load Type Load Name Function Scale Factor @ Transient
Accel ViUt | Tabas vies. |
A Add Usss Sowce
MSSSRC1 v
v Delete
[] Show Advanced Load Parameters
Time Step Data
Number of Output Time Steps 1641
Output Time Step Size |0.02
Damping None Modify/Show...
Time Integration Hilber-Hughes-Taylor Modify/Show... PK
Nonlinear Parameters Default Modify/Show... Cancel

%% WebSite: www.M-Alirezaei.com

&) Telegram: @AlirezaeiChannel

)( Time Integration Parameters

Method
O Newmark
O wison
(O Ccoliocation
® Hilber - Hughes - Taylor Gamma
Beta
Alpha

O Chung and Hulbert

o

The HHT method uses a single parameter called alpha. This
parameter may take values between 0 and -1/3.

3
For alpha = 0, the method is equivalent to the Newmark
method with gamma = 0.5 and beta = 0.25, which is the
same as the average acceleration method (also called the
trapezoidal rule). Using alpha = 0 offers the highest
accuracy of the available methods, but may permit
excessive vibrations in the higher frequency modes, i.e.,
those modes with periods of the same order as or less than

{ the time-step size.

For more negative values of alpha, the higher frequency
modes are more severely damped. This is not physical
damping, since it decreases as smaller time-steps are used.
However, it is often necessary to use a negative value of
alpha to encourage a nonlinear solution to converge.

For best results, use the smallest time step practical, and
select alpha as close to zero as possible. Try different
values of alpha and time-step size to be sure that the
solution is not too dependent upon these parameters.
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Edit | View Define Draw Select Assign Analyze Display De| B Divide Selected Frames

£)  Undo CtrlZ RQAQ W s Divide Options for Selected Straight Frame Objects
g = Divide into Specified Number of Frames

% Redo Ctri+
¢ ! Number of Frames
o Cut Ctrl+X
Hél Copy CtrlsC (®) Break at Intersections with Selected Joints, Straight Frames, Area Edges and Solid Edges
y © Divide at Specified Distance from I-end of Frame
[ Paste. Ctrl+V
Distance Type
K Delete Delete
Distance
53 Addto Model From Template... O Divide at Intersection with a Coordinate Plane in the Current Coordinate System

Coordinate Plane

&

Interactive Database Editing... Ctrl+E
Intersection with Plane at

Ll Replicate. Ctri+R ) Divide at Intersection with Visible Grid Planes in the Current Coordinate System
#) Extrude » Grid Plane
% Move.. Ctri+M
.®  EditPoints »

oK Close Apply
&  EditLines 3 // Divide Frames... N

/y Join Frames

=h  Trim/Extend Frames...

. . . - WM%‘JX

00Y dxaw This publication or any part thereof must not be reproduced in any form without the written permission Version: 1.2!

M.Alirezaei@iiees.ac.ir

277



www.M-Alirezaei.com
Telegram: @AlirezaeiChannel

”ﬁ WebSite: www.M-Alirezaei.com
() Telegram: @AlirezaeiChannel

Dgdus Sbul Baw 5 Sy Juaie

K.K
K, = _sh
K + K,
GA, 769230 x (27 — 2 x 1.02) X 0.66
= = = 181028

K
* 70 . 4

e
_12EL, 12x2X 10° x 5790 _ 05131 X 5
T e 703 B St
_ 181028 X 4‘05131 Web thickness (tw ) 0E8

= = 125119 Soto fang with () =
¢ 181028 + 405131

Bottom flange thickness (tfb )

Properties

Cross-section (axial) area o Section modulus about 3 axis
5790, Section modulus about 2 axis

420

Moment of inertia about 3 axis

Moment of inertia about 2 axis Plastic modulus about 3 axis

Product of Inertia about 2-3 8 Plastic modulus about 2 axis
Shear area in 2 direction = Radius of Gyration about 3 axis
Shear area in 3 direction e Radius DrGyl'ﬂlDﬂ about 2 axis
Torsional constant 153 Shear Center EECE(“NCW (x3)
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Qce = Vg = 0.6E,,A,, = 0.6 X 2400 x 1.2 X (27 — 2 x 1.02) x 0.66

= 28466 kg
Qce 28466
0, ==

== = 0.00325
K,e 125119 x 70
M = 0.5V e = 0.5 x 28466 X 70 = 996310 kg.cm
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3¢ Frame Hinge Property Data fT}Link(IPEUO) - Moment M3
Edit

Displacement Control Parameters.

Moment/SF
08
08
238

Rotation/SF

x—1¥

OY

[ Symmetric
Load Carrying Capacty Beyond Point €
@® Drops To Zero
O Is Extrapolated
Scaling for Moment and Rotation
Postive Negative

[ Use Yield Moment  Moment SF
[ Use Yield Rotation ~ RotationSF  [3250E-03 |
(Steel Objects Only)

Acceptance Criteria (Plastic Rotation/SF)

Postive Negative
Bl mmediate Occupancy [1.5625
Life Safety [a7s ]
I colepse Prevention o]
O 5

Type
(® Moment - Rotation

O Moment - Curvature

Hysteresis Type And Parameters

Hysteresis Type Isotropic v

No Parameters Are Required For This
Hysteresis Type
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