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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

damage or loss is acceptable.

lower performance more loss

(SS+NE) —— ._Wt\y‘\kv/‘k/
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Local modification of components
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Removal or reduction of existing irregularities
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Global structural stiffening
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Global structural strengthening

FRP layers
(S1) (S2)
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Seismic isolation, in accordance with Chapter 14 of ASCE4[-17
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Supplemental energy dissipation, in accordance with Chapter 15 of ASCE4|-17
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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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Earthquake Having Probability of Exceedance | Mean Return Period (years)
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The design short-period spectral response acceleration B 3,90

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

Sxs = FiSs
S1
S, = Spectral response acceleration parameter at a |-s period
Ss = Spectral response acceleration parameter at short periods ; >T

T j ‘ |
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F, = short-period site coefficient (at 0.2-s period)

F, = long-period site coefficient (at |.0-s period);

Short-Period Site Coefficient, F, Long-Period Site Coefficient, F,
3 Ss 0lisS ol lej yo b Glis jlade 3 S 0bisS ool loj 5 el SLLS Hlade

% S$5<0.25 Ss=0.50 Ss=0.75 Ss=1.00 Ss>1.25 % $1<0.1 $4=0.20 S4=0.3 $4=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 14 1.3
8 1.6 14 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 2.4 2.4
Note: Use straight-line interpolation for intermediate values
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Sa N
Sa = SXS/B
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Sx1/B /
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Compression failure of confined concrete
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v Lap-splice failure
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Column shear failure
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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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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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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.
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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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Web Videos Images Shopping MNews More ~ Search toels
— PEER Strong Motion Database
About 107,000 results (0.35 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
ngawestZ neTketey-cati-=
Relatienal database providing information about and access to strong motiol
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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"lllll'.l"' Pacific Earthquake Engineering Research Center
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DOCUMENTATION Herp

SIGN_UP OR SIGN_IN

Welcome to the PEER Ground Motion Database

selecting and downloading ground motion data.

ALL downloaded records are UNSCALED and as-recorded (UNROTATED). The scaling tool available on this site is to be used to

download (Scaling the traces within this tool would only cause confusion with file versioning).

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, |ru:lud|ng different dlstance measure, various site charactenzatlons earthquake source data, etc.
e = 3s used to deve
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The web-based Pacific Earthquake Engineering Research Center (PEER) ground motion database provides tools for searching,

determine the scale factors to be used in the simulation platform. These scale factors can be found with the record metadata in tig

Please note that, due to copyright issues, a strict limit has been imposed on the number of records that can be downloaded with
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T SeismoSignal
e mUSlIEDQL SeismoSignal constitutes a simple, yet
. cfficient, package for the processing of
- strong-motion data. Amongst other things, it
t . allows for the derivation of elastic and
- constant ductility inelastic response spectra,

. computation of Fourier amplitude spectra,

! @SESMU_SUFT filtering of high and low frequency record
I,,gn-mlllll"

content and estimation of other important
e 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.” o N . P

\ VY d>aw This publication or any part thereof must not be reproduced in any form without the written permission : Version: 1.0

Email: M.Alirezaei@iiees.ac.ir



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

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

Suite of Ground Motions Used for Response History Analysis
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Email:

NGA Magnitude Component Source Record
Record [Epicenter Site Class Year P . PGA (g) Name (This
h Motion
Number | Distance, km] Example)
6.6 San Fernando 090 0.210 A00
68 [39.5] D 1971 San Fernando 180 0.174 A90
6.5 Imperial Valley 262 0.238 B0OO
169 [33.7] ¢ 1979 Imperial Valley 352 0.351 B90
6.7 Northridge 009 0.416 coo
953 [13.3] 2 1994 Northridge 279 0.516 C90
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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 Plastic

Elastic Plastic hinge Elastic zones

» Dimensionless plastic hinge * Plastic zones

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

clear all; clc close all; d=input('Outside hcl ht=");ew=input("Web thickness= "); tf= mput(FFlangc thickness=");h=d-2*tf;
bf=input('F ange width= )pr—mput( ylel stress= ');E=input('Elastic modulus= ");epsy=

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=");
dyl=tf/n1;%Distance slices in flange in y direction. dy2=h/n2;%Distance slices in web in y direction.
Mtl=[]; 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/2)+i*dy1); if eps<=epsy zigma=E*eps; elseif eps>epsy  zigma=Fy+Esh*(eps-epsy);
end Fi=zigma*bf*dy1; Mi=2*Fi*(i*dy1+(h/2)); Mflange=[Mflange Mi]; end
Mtflange=sum(Mflange); Mt=Mtweb+Mtflange; Mrtl=[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) o RN y
e g '\"1.
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Pushover Analysis (Results)

* Force controlled analysis

o * Deformation controlled analysis

5 Roof Displacement
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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)

h Version: 1.0
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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
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Pushover Modeling (Properties)

Force-Deformation Relationship

A

C

Force

D E

Deformation
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Pushover Modeling (Beam Element)

Three dimensional Beam Element

Flexible Span Loads

Connection Shear Hinge

l]]]:i //

Plastic Hinge Rigid Zone
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Pushover Modeling (Beam Element)

Three dimensional Column Element

Shear Hinge

Plastic Hinge Rigid Zone
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Pushover Analysis (Results)
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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
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Static  and
Dynaric Finite Elerent Analysis and

Three  Dimensional

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

STANDALONE LICENSE NETWORKLICENSE
License Price Annual MNT License Price Annual MNT
SAP2000
Basic 2000 350 2600 455
Plus 5000 875 6500 1135
Advanced 8000 1400 10400 1820
Ultimate 12000 2100 15600 30 | 2000x4500=54P000°000 T
CSiBridge
Plus 9000 1575 11700 2045
Plus w/ Rating 13000 2275 16900 2955
Advanced 16000 2800 20800 3640
Advanced w/ Rating 20000 3500 26000 4550
9, 9,
ETABS 6000x4500=27°000°000 T
Plus 5000 875 6500 1135
Nonlinear 8000 1400 10400 1820
Ultimate 12000 2100 15600 2730
SAFE
Standard 4000 700 5200 910
Post-tensioning 6000 1050 7800 1365
PERFORM-3D
PERFORM-3D 12000 2640 15600 3430
csicoL

csicoL 1100 190 1430 250 . PN K’s o)
- - ~ e > N N i
"
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Y
Step: consolidation
Increment 18: Step Time = 1.0000E+09%

X Primary Var: U, U3
Deformed Var: U Deformation Scale Factor: #1.000¢+00
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General Solid
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Plate/ Shell — L
/ Beam Element
Y

905 ($)lud e BEAM 0Ll L 1) lasis g 9 laggiw da s Olgs oo L Judos 38T )5 -
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1 D Elements (Beam type)
Can be used in 1D, 2D and 2D

2-3 Nodes. A, | etc.

j

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

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

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

sl v =
6-20 Nodes.
/ |
xS

Brick Elements
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/ (a) Real Structure \

(b) Solid Model (c) 3D Plate-Frame d) 3D Frame

~0 1

(e) 2D Frame
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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

A
C
B
[0
(@]
=
o
L
D E
A
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.
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A 10 LS cP * Point A is always the origin.
N

* Point B represents yielding. No deformation occurs in
C the hinge up to point B, regardless of the deformation
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

>
1 z
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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 10 LS cp analysis. However, you may specify a positive slope from C
- : to D or D to E for other purposes.

* 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
D E  deformation at point E.
A S5 i <

1 — - - y
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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

e AN
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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

e AP
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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

e A PN
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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
o \
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<> Define menu > Section Properties > Hinge Properties o ;l oslawal b
Define [ Draw Select Assign Analyze Display Design Options Q J‘-:-.’.L“-’ ["l-'\:9| “g.'.-z“’j-l J‘ol‘“ 59-.’.)-*3
[ Materials... R W %sl3dxy xzyz nig
B Section Properties 1 | I  Erame Sections...
7 Mass Source... ~  Tendon Sections...
g Coordinate Systems/Grids... . Cable Sections.,
" . <~ Area Sections...
Joint Constraints...
loint Patterns... () Solid Properties...
Groups... \\ Reinforcement Bar Sizes... |>
Section Cuts... K\‘ Link/Support Properties... ‘;
.f'f Generalized Displacements... 2 'S Freguency Dep. Link Props... :
% Functions » .J; Hinge Properties... |
> R ” b i
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X Define Frame Hinge Properties

2z Jais S ol

Defined Hinge Props. Click to:

L Name

e Jrate K Slasin | o b a0 Juaie Xy sl

Add Copy of Property

0 ;:)l:'u‘.ﬂ J..o.u RS

— ol iy, hate Olasiie bl Oygo s

(3 Wl Glhe Ogiw 0,5 3 Uy g0
Dgdus 03l Ginles

uoany/sni Property...

(] Show Hinge Details
] Show Generated Props

Aadee 0lis 1) ael s hawgs oo Jdgs L5595 Juolae

Version: 1.0

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

M.Alirezaei@iiees.ac.ir

122



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

Email:

b’ﬁ

WebSite: www.M-Alirezaei.com
Telegram: @AlirezaeiChannel
(00,25 b 9 5 dauwgs 055 J,u8) Juaie L5,
(... 9 SI9>0 .&Lﬂ ‘6.2‘4:-) J..au &9;

ol dloul H3e5 o ie o sl Yes Sl
'(ls \ 9 SUP1 SPERCISPVINY Wt Ve SEV-F 51

XDefine Frame Hiinge Properties ¢
All Hinge Props
Type

Name Behavior

Click to:

Moment M3 E’E""l&“f,‘f‘ Controlled Yes v R— =
Axial P Deft¥mation Controlled No A iSad Conviotvonery=al

|| Modify/show Property.. |

J i:e;«'e Property

[ Show Hinge Details
[ Show Generated Props

i —
Convert Auto To User Prop

o]

cancel |

0
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x Default For Added Hinges
x Frame Hinge Property Data ) 3

Use Defauts For L des L ol b (Jaie ,)13860
el Hinge Property Name A8 sl 1, o|9>'J:» rla 4|
O Concrete
O User Defined [FHZ

- ( b..\.;,.:: d,:..f) Jaa.u ty
(CCOPWE RPN AW

O Force Controlled (Brittie) OOR o b 9 0 9

(® Deformation Controlled (Ductile)
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3¢ Frame Hinge Property Data X ( .SAP2000 4_,'_;)_3 B dualu &l}’l

Hinge Property Name

Click

[FH2

Hinge Type L
(® Force Controlled (Britle) M
(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 r‘
Interacting P-M2-M3
Fiber P-M2-M3
Parametric Concrete P-M2-M3
Parametric Steel P-M2-M3
,-—-'\’\..—'\WN S ‘I\._-\ ¥
. I——_ PP g "“‘-#’ "G
o
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:)(j Frame Hinge Property Data for FH2 - Moment M3 ?C“‘““"' 03 °‘>L) UL‘:"‘; )‘.’.) L}i‘:’ )'> 9 °'>5".' [V'm

Force Control Parameters
Maximum Allowed Moment

(® Specified Proportion of Yield Moment

Positive Negative
L]
O User Specified Moment
Positive Negative

[] Hinge Loses All Load Carrying Capacity When Maximum Moment Is Reached * 4 ckxu M9 W9L°"° OB Oox )|
w395 b b iSTas

Criteria (| Aliowed Moment)
Positive Negative
- Immediate Occupancy 05
Life Safety [os |

- Collapse Prevention [1—\

]z Hinge is Symmetric (Tension Behavior Same as Compression Behavior)

9 039 Ol 5 lid 5 s s,
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3¢ Frame Hinge Property Data for 27H1 - Moment M3
it A RIS
B ‘SOLUO .bl.ﬂ) ULM

Displacement Control Parameters
Type

Z o
Point  Moment/SF Rotation/SF A (@® Moment - Rotation (u' 95— ).{.J ) LJ..AM &9.»
-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 €
@ Drops To Zero ( F - e PR
O 1s Extrapolated E )| = C ‘5)'3)L~' h""9/’L

Scaling for Moment and Rotation

Positive Negative

[] Use Yield Moment  Moment SF 1393920 h O|)9-> P i/' L_Jm

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

Acceptance Criteria (Plastic Rotation/SF) a . .
Postive Negative h oY RN Ll g0

Il immediste Occupancy [1 |

- —
I colapse Prevention [

[] show Acceptance Criteria on Plot

SO N S
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plasl Assign menu > Frame > Hinges s 5l 9 bl ) 5 5590 sla Ol (sl 1ol
395 ,alb Frame Hinge Assignments o > b s les

Assign | Analyze Display Design Options Tools Help
. ) -

. Joint »inv D& ¥ |5 = B -
N Frame » } T*  Frame Sections.. p
& cable » | #, Property Modifiers...
~2  Tendon » Material Property Overwrites...

»
B Avea »

& Releases/Partial Fisity...
e} Solid 4
& % Local Axes...
-
N Link/Support " |8&  Reverse Connectivity...
Wi Joint Loads » |TJ1  End (Length) Offsets. (

-
[fq FrameLoads » | Ts Insertion Point...
& CableLoads * | 5% Output Stations...
~2 Tendon Loads " | e
5 Artoos 5 N  P-DeltaForce..
@Y Solid Loads » J Path
Link/Support Loads » | Tension/Compression Limits...

Joint Patterns... Hinges...

Hinge Overwrites...
Assign to Group... Ctrl+Shift+G X

B e W N |
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“Define | Draw  Select Assign  Anal SAPZOOO MU)_! )) ‘#ﬁi )L: le’ g_j;),is

E Materials... =
3¢ Define Load Cases b

@ Section Properties 3

Joint Constraints...

Joint Patterns...

Ze Groups...
m Section Cuts...

<  Generalized Displace

°f, Functions »

vo
Ve LoadPatterns
100
1se Load Cases...
D+L

Y Load Combinations...
4L Moving Loads 3

Named Property Sets >

Pushover Parameter Sets >

Named Sets

Yo \ dio This publlcatlon orany part thereofmust not be reproduced in any form without the written permission

®? Mass Source... Load Cases Click to:
Load Case Name Load Case Type Add New Load Case...
Coordinate Systems/Grids...
MODAL Modal Add Copy of Load Case...

Modify/Show Load Case...

* Delete Load Case

* Display Load Cases
Show Load Case Tree...

“ y
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:)(: Load Case Data - Nonlinear Static ( l_, "l;“,l) 5 5
b el 6l s Swlil) Julos g3
Load Case Name ( Notes Load Case Type
[Pusn] | | setpefName Modify/Show... Static + || Design...
Initial Condtions. Analysis Type
@ Zero Initial Conditions - Start from Unstressed State O Linear \ ( .

@® Nonlinear
(O Noniinear Staged Construction

Modal Load Case Geometric Nonlinearity Parameters
Al Modal Loads Applied Use Modes from Case MODAL v O None
P-Detta
Loads Applied u“r Gﬁﬂl =

P-Detta plus Large Displacements
Load Type Load Name Scale Factor O =

Mass Source
ll_ _ Add Previous
Modity \ £z &
Delete

Other Parameters

Load Application Full Load WModify/Show...
Results Saved Final State Only Modify/Show... Cancel
Nonlinear Parameters Default Modify/Show...

\NM
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3¢ Load Case Data - Nonlinear Static

Initial conditions

[Pust] | | setDefName Modify/Show. . . L
e— Linear: The analysis starts with
@ Zero inial Conditions - Start from Unstressed State !;) ;ne;r zero Stl"eSS. It does not Contain
O Nonies Saged Consircton loads from any previous analysis,
All Modal Loads Applied Use Modes from Case MODAL ¥ QO None even If It uses the Stlffness from a
e o )~ previous nonlinear analysis.
Mode v 1 | Mass Source
[ evious. v H . H
pe— e R 2 Nonlinear: The analysis may
- continue from a previous non
Delete
linear analysis, in which case it
Other Parameters H .
o _ — contains all loads, deformations,

Resuts Saved it Oy adtyshou = stresses, etc., from that previous
Nonlinear Parameters D"““,‘W
Nt o AP A case.
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X Full Load. Select full load when the magnitude of
Load appicaton Convol, load that will be applied is known and the structure is
© iLd g expected to be able to support that load. An example

O Displacement Control

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.

Monitored Displacement

@® DoF u1 v at Joint

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

U SV PN AN the course of the analysis. Typical applications include
static pushover analysis and snap-through buckling
analysis.

o N PN 5o P
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G A e e P O
O Displacement Control W J,;,L;gj st;»c C")M 4,‘_3‘; L)‘,‘.I
slp a8 opl Displacement Control « ;%
; Jiocwl cwlio ails Gasin )L Hlaae a5
l;)nn;::cspuce:m - ot B 'y 4J)J) (59)":’
Ll Jlasl sla b 5l Juol>
Cancel
N NIV NS SO W
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Use Conjugate Displacement option. Choose the

Use Conjugate Displacement option and then select a
N displacement component to be monitored in the
@ Displacement Conirl Monitored Displacement area of the form. Be sure to
Contrl Dispacement jchoose a displacement component that monotonically
Vincreases during loading. Use the Use Conjugate

3¢ Load Application Control for Nonlinear Static Analysis é

@ Use Conjugate Displacement

(O Use Monitored Displacement [}

Loadto  Hontored Displacement agniude of 2| ¢Displacement option if the analysis is having trouble
el Rt converging. The conjugate displacement is a weighted
©cor ) 5 siont b average of all displacements in the structure where

each displacement degree of freedom is weighted by
the load acting on that degree of freedom. In other
words, it is a measure of the work done by the applied

Conce 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.

Additional Controlled Displacements

None Modify/Show..
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Qx" Load Application Control for Nonlinear Static Analysis é Q)}.p ) :Use Conjugate Displacement 4...3_)?
Load Application Control “-ii ‘UJ ,’.;S 5; L_Ki PRI _L:;',_I,:A 4.«.3; U‘.’.l -,)Lzbl
O FullLoad . . = . .
ol 33l f&@ 2 el Gl slp (elulr slul,
Ca auyS ol ol g axin b L
@ Use Conjugate Displacement @K& "; ol < _ o oS
(@) Usev.wn(nreauspucemm% .L.:JL: ml.} LJK":"A LS{IM PR kJ.:J&:S co L.’;u.ul WL.A
Load to a Monitored Displacement Magnitude of (24 ‘sh OL{A "“-’. fLQ:J. ).I ‘-SJ.)', . “i/.l.:.d g&i OKA ““~“ ‘:ﬂl

@ Displacement Control

Control Displacement

Ay,

Monitored Displacement .
@® DoF v v atlont  [3 L:~u| O)l.w
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‘:"ﬁLoadApn\icanonControlforNominearStalicAnalySls éLoad to a Monitored Displacement Magnitude
...~ of edit box. Use this edit box to specify the
O FulLoss magnitude of the displacement that is the target for the
Cgeegmec Coatet .}analysis. The program will attempt to apply the load to

Control Displacement . .
A /J reach the specified displacement.
O Usev.wn(nreauspucemm% . - T . ‘e s .

] ﬁb)l.w UYPR (5|).: c.JLQ,J A’UKAML)‘“’UU:’.‘ 29

Load to a Montored Displacement Magntude of [2¢
Y. Q;&u&b)w"” .))Ig ML:).: 6)[? .l>|9 [ERVWE 2

Monitored Displacement

@® DoF ut v atlont  [3

Additional Controlled Displacements

None Modify/Show.
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‘ )( Load Application Control for Nonlinear Static Analysis

Load Appiication Control

O FullLoad

® Displacement Control

Control Displacement

(® Use Conjugate Displacement
O Use Monitored Displacement I}

Load to a Monitored Displacement Magnitude of

Monitored Displacement
@ DoF u1 v atloint |3

Addtional Controlled Displacements

None Modify/Show...

éMonitored Displacement. Use this area of the form
to specify the displacement component to be
monitored. This may be a single degree of freedom at a
joint, or a previously defined generalized displacement

(select the displacement from the drop-down list).
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3-d  Set 3D View... Ctrl+Shift+F3

2-d  Set 2D View... Ctrl+Shift+F2

*a  Setlimits...

Set Display Options... Ctrl+W l
W

@ Rubber Band Zoom F2

Q Restore Full View F3

:(‘u;‘ 43').:.\3 ‘.| ) iJ =S abis [] Labels Not in View Local Axes

b poz 550 b e Ssliol Jodos s | Dane

X Display Options

Object Options | General Options

Joints Cables Solids
H [V] Labels Labels Labels
[¥] Restraints Sections Sections
Springs Not in View Local Axes
] Local Axes . Not in View
4 tnvisible Labels Links
L Notm View Sections Labels
Frames Local Axes Sections )

[[] Sections Not in View
Areas

Releases Labels

[] Not in View

s e . . ‘o 11 .. . Local Axes
gbwl o)L» U&OM J)Mf abs; u|9a.r_ G eyl
Olgie & axly )5 i p > 550 90 (0 |
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)( Results Saved for lonlinear Static Load Cases X i

Results Saved v

(O Final State Only ® Muttiple States

v
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Maximum Number of Saved States EDE y ‘

Save positive Displacement Increments Only Hify

omer £l
Load Application Full Load h’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,
42,47,52,57,62,67,7.2,7.7,8.2,8.7,9.2,9.7 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 2I, 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 21 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

Thus, data is saved at 0.5, I, 1.5, 2, 2.5, cm
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Thus, data is saved at 0.5, I, 1.5, 2, 2.5 cm
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| 24" | 12" Section Properties
| rc; b=12in
z % D { 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=0.2 Increase P until the free end tip
G= 1,500 Kfin? deflection in the Z direction is 2\inches. N y/ﬁ\\/\/
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New Model Intiaization

Kgf.cm.C
\ 3 New Model
Project Information
gn

[ NewModel.

[ Save Options as Defaut

Ctrl+0O

~/ pen...
Select” m.%a':“r" UL"WI G 9> uls s Jle U-vl)é

Save Ctrl+S
- 7”"" N . = = - - -
2D Frames

3D Trusses

3D Frames

SR %

Solid Models Pipes and Plates
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3¢ 2D Frames %
Portal Frame Dimensions ¢

2D Frame Type
Portal Number of Stories |6

Number of Bays v3

[:] Use Custom Grid Spacing and Locate Origin

Section Properties
Beams  Default

Columns  pefault

Restraints
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X Import Frame Section Property %
Find s proporty; Import New Property... Select Grupacty Type
| Frame Section Property Type Steel v
Add New Property.
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Section Type

Select Sections to Import

Material + || A992FyS0 v

;)(: e\program flles\cJJ“ puters and structures\sap2000 ...

ide Flange 3¢ Define Materials

H400x237
H400x262
H400x288
H400x314
H400x340
H400x347
H400x383
H400x393
H400x422
H400x463
H400x467
H400x509
H400x551
H400x593
H400x634
H400x678
H400x744
H400x818
H400x900

~

s

Materials Click to:
4000Psi Add New Material...
AS92Fy50 ‘

I [[] show Advanced Properties

Add Copy of Mmeﬂat.t
Modify/Show MateriaW.
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R, and R, Values for Different Member Types y
Application R, R,
Hot-Rolled Shapes and Bars:
ASTM A36 1.5 1.2
ASTM A572 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

ASTMA572 Gr50; ASTM A588
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3¢ Material Property Data

General Data

S235JR .

Material Name and Display Color

Material Type Steel
Material Notes. Modify/Show Notes.
Weight and Mass Units
Weight per Unit Volume 7.849E-03 Kof.emC v
Mass per Unit Volume 8.004E-06
Isotropic Property Data

Modulus of Elasticity, E |2€6

Poisson, U |03

Coefficient of Thermal Expansion, A 1.170E-05
Shear Modulus, G 769230.8

Other Properties for Steel Materials
Minimum Yield Stress, Fy [2400
Minimum Tensie Stress, Fu [3700

288

H
4—w!

Expected Yield Stress, Fye
Expected Tensie Stress, Fue

[ Switch To Advanced Property Display

¢;,mw)f)k;);).xa.?Rt)|m

Cagab axd 8 )k )5 yi> Ry lada

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

Section Type VWide Flange
Material + || S235R ~
Select Sections to Import
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Assign ‘ Analyze Display Design Options Tools Help
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¥, loint [ 3° Restraints..

\' Frame » o(«:—,'- Constraints...

K: Cable » 'ﬁ Springs...

~*  Tendon » .,: Masses... S

! Assign Joint Restraints
Restraints in Joint Lochﬁinectlons
[¥] Translation 1
Translation 2
Translation 3,

Rotation about 1
[¥] Rotation about 2
[V] Rotation about 3

Fast Restraints
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: 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 [ | A«
B 500 Primary Yes End _
c 500 Primary Yes End _ Helets
0 0 Pamay  Yes ed I
Y Grid Data
‘ Grid D Spacing (cm) Line Type Visible Bubble Loc Grid Color
0 Primary Yes Start
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é P Set Analysis Options...
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Analysis Model for Nonlinear Hinges...

Julos 95 (5

o :)( Analysis Options

p¢ Create Analysis Model

Available DOFs I>)

Mux Qur [Muz RX MRy [Jrz

Set Load Cases to Run...

woso
v B

Run Analysi

Fast DOFs

Space Frame Plane Frame Plane Grid Space Truss

it £

XZ Plane XY Plane

9 Tabular File
Gilwdan ol amin 4z ;5 OB Ayl 4 o
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E] Automatically save XML, Excel or Microsoft Access tabular file after analysis
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Cable »

¥ Frame Sections...

PA WA

Property Modifiers...

Tendon 3 Material Property Overwrites...

Area > Relegses/Partia Faty... |\,
Solid ,

Local Axes..
Linpport * Reverse Connectivity...
S o N i
B Assign Frame Releases and Partial Fixity

AXQ BN

Frame Releases

Release Frame Partial Fixity Springs
Start  End Start End
Axial Load O 0O
Shear Force 2 (Major) o o
Shear Force 3 (Minor) m =
Torsion (|
Moment 22 (Minor) m (m
Moment 33 (Major) M ™ 0 kgf-cm/rad 0 kgf-cm/rad

Clear All Releases in Form

. S RN
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3-d  Set 3D View... Ctrl+Shift+F3

3 Display Options
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® [ Labels Labels Labels
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Not in View
[] Apply to All Windows
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[ Reset Form to Current Window Settings |
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. Functions

Y2  Load Patterns...

192 Load Cases...

x Define Load Patterns

Load Patterns

Load

]Live

Type

Self Weight

Multiplier

Auto Lateral
Load Pattern

Click To:

Modify Load Patte
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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 0.75 1
Loads 0 0 0 0 kgf/cm

) Absolute Distance from End-I

®) Relative Distance from End-I

| Reset Form to Default Values I
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3¢ Define Constraints X .
)( Diaphragm Constraint

Constraints Choos%onstr ‘Type to Add

Click to:

Add New Con:

Constraint Axis

O Y Axi
oK Cancel ® zAxs

The Assign a different diaphragm constraint to each different selected Z Segn:::::mgm i
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
diaphragm constraint for each subset of joints that are assigned this
constraint and have the same Z coordinate. For example, in a simple

structure one diaphragm could be assigned to the entire model, and

assumes that there are no intermediate joints on the columns or walls,
and all joints at each floor are at the same elevation.
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Diaphragm % Constraint Name | DIAPH1
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Coordinate System | GLOBAL v

O x Axis O Auto

X X B Assign a different diaphragm constraint to
separate diaphragm constraints would be created at each floor level. This each different selected Z level

| Cancel
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12.3.1.2 Rigid Diaphragm Condition

adye b g sl (51,305 ASCET b
5S LYl Ges 4 dlas cuns b (5540
Diaphragms of concrete slabs or concrete filled Iy s o 9o 2ol clyls o3l 45
metal deck with span-to-depth ratios of 3 or less i U/ “ S0

in structures that have no horizontal irregularities b S s o &g O'g&f
are permitted to be idealized as rigid.
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12.3.1.3 Calculated Flexible Diaphragm Condition

Diaphragms not satisfying the conditions of Sections
12.3.1.1 or 12.3.1.2 are permitted to be idealized as
flexible where the computed maximum in-plane
deflection of the diaphragm under lateral load is more
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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De

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 2% Mass Source — o &
E Materials... %

» Mass Sources Click to:
@, Section Properties » Msssrct | Add New Mass Source...

Add Copy of Mass Source.
| &7 Mass Source... I} I

Modify/Show Mass Source...

@.g 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 Multipliers for Load Patterns

Load Pattern Muttiplier
Live v (02 |
DEAD [1
e — 02—
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Define | Draw  Select  Assign
[ Materials...

Sy slasge slaws s (VY

B section Properties

3 Define Load Cases

©?  Mass Source...

Joint Patterns...

*
Ze Groups...

m Section Cuts...

. Generalized Displacements..

“f  Functions

Load Patterns... gt ™™ ™ g I
122 Load Cases...
94 Load Combipations..

Load Cases Click to

Coordinate Systems/Grids... Load Case Name Load Case Type “Add iow LoadEBse...
DEAD Linear Static

Joint Constraints... Add Copy of Load Case.
Live Linear Static

Modify/Show Load Case...

Delete Load Case

¥ Display Load Cases

Show Load Case Tree...
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3¢ Load Case Data - Jlodal

Load Case Na Notes
MODAL | | setpefName

Load Case Type
Modify/Show... Modal v || Design...

Stiffness to Use Type of Modes

@ Zero Initial Conditions - Unstressed State @ Eigen Vectors

O Ritz Vectors

Mass Source
MSSSRC1

Number of Modes
Maximum Number of Modes 12 |
Minimum Number of Modes

Loads Applied

[] show Advanced Load Parameters
Other Parameters

Frequency Shift (Center)

Cutoff Frequency (Radius) [0 ]
1.000E-09 Concel

Convergence Tolerance

[ Allow Automatic Frequency Shifting

A "M
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Create Analysis Model Clek o
Case Name Type Status Ainn
0EAD Lnear Statc NotRun  |Run
Set Load Cases to Run... MODAL Hodal NotRun  |Run
Live Linear Static Not Run |Run
Run Analysis | F5
Model Alive RunDo Not Run Al
- Delete All Resutts
Modify Undeformed Geometry
‘Show Load Case Tree...
Analysis Monitor Options ] Moger-Aive
O Always Show
O Hever Show
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Display | Design Options Tools Help

[ Show Undeformed Shape Fa B Display Deformed Shape A
By Show Misc Object Assigns » Case/Combo
@ Show Misc Element Assigns » Easotia tiane MOPAL =
Z‘d Show Object Load Assigns » Multivalued Options
[ Show Element Load Assigns » Envelope (Max o Min)
Show Paths.. ® Mode Number 1 @

Show Load Case Tree...

Show Deformed Shape... N F6 | Scaling
@ Automatic

Show Forces/Stresses »

Show Virtual Work Diagram... ) User Defined

Contour Options

[C] Draw Contours on Objects

Nl oliisl ;:)31.23 0,95 ylake

Deformed Shape (MODAL) - Mode 1,7 = 3.57837; f = 0.27946 g_\l)}
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Frame Design Preferences for AISC 360-16
Item Desci
Item Value A
1| Design Code | AISC 360-16
2 | Mutti-Response Case Design Envelopes
3 iramng Type | SMF
4 | Seismic Design Category | D
S | importance Factor | a
6 | Design System Rho 1
7 | Design System Sds | 05
8 |Design SystemR | 8
9 | Design System Omega0 | >
10 | Design System Cd | 55
11| Design Provision LRFD [
12 | Analysis Method Direct Analysis
13 | Second Order Method ] General 2nd Ordet
14 | Stiffness Reduction Method | No Modification
15 | Phi(Bending) o 09 [
16 | Phi(Compression) d 0.9
17 | Phi(Tension-Yieiding) 1 0.9
18 | Phi(Tension-Fracture) 0.7
19 | Phi(Shear) y | 0.8
20 | Phi(Shear-Short Webed Rolied I) | 1. £ N
21 | Phi(Torsion) 0.8
22 |Ignore Seismic Code? No B}
23 |ignore Special Seismic Load? No bt
Set To Default Values
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{1 Show Undeformed Shape F4
¥ Show Misc Object Assigns

% Show Misc Element Assigns

%3 Show Object Load Assigns

%o Show Element Load Assigns

Tools

Options

B Show Paths.

Show Load Case Tree...

Show Deformed Shape... F6
Show Forces/Stresses

Show Virtual Work Diagram...

Show Influenc

v Respon

ow Plot Functions.

w Static Pushover Curve.

w Hinge Results
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3¢ Choose Tables for Display
Edit

-] MODEL DEFINTION (0 of 56 tables selected)
-0 System Data

O Property Definttions

-0 Load Pattern Definttions

(-] Other Definttions

-0 Load Case Definitions

-0 Connectivity Data

-0 Joint Assignments

#-[0 Frame Assignments

(&[] Options/Preferences Data

O Miscellaneous Data

=B ANALYSIS RESULTS (1 of 13 tables selected)

-0 Joint Output

-0 Element Output

® Structure Output

O Base Reactions

B Modal Information

[ Table: Modal Periods And Freq

[ Table: Modal Load Participation Ratios

P> Table: Modal Participating Mass Ratos|

3¢ Modal Participating Mass Ratios = o Modal Participation Factors
File View Edit Format-Filter-Sort
lUnts: As Noted Modal Particiating Mass Ratios
Faer
OutputCase  StepType StepNum Period! ux uy vz Sumux: Sumuy Sumuz RX
Text uniless  Sec W Unitless  Unitiess  Uniiess  Uniless  Unitiess  Unitless Unities
5 o i sowm] o T T o[ v
MODAL Mode 2 0.993015 o1 [ 0 5.5T1E-06 093 | L 6.709€-06 I
WODAL | Hode 3| ossssso|  oowss o 1iseos os7 o ree0s
ODAL | Hode 4| owesss| oo o  seos 0ss o 1avee0s
MODAL Mode s 0.283647 0.01021 0 2.403E-06 1 0 1.616E-05 |
MODAL Mode 6 0237378 0.003129 I 0 0 1.803€-05
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| Display [}
Case/Combo
Display | Design Options  JTools Help fpstitontc e o =
[1 Show Undeformed Shape F4 S :( B - \
Muitivalued Options
Show Misc Object Assigns » Envelope (Max or Min)
o st %
Show Misc Element Assigns 3 i
Show Object Load Assigns » Display Type
Fe St
Show Element Load Assigns » 2D ==
N Component
", Show pg(hj ® Axial Force Torsion
2 Shear2-2 _) Moment 2-2
Show Load Case Tree... Shear3-3 Y Moment33
Show Deformed Shape... F6 /r——hh"g B
@) Automatic
Show Forces/Stresses » e* Joints... ©) User Defined
Show Virtual Work Diagram... Soil Pressure.. Options for Diagram
= @ Fill Diagram ) Show Values
Show Influence Lines...
| Reset Form to Default Values
Show Response Spectrum Curves.
Show Plot Functions... F12
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Assign | Analyze Display Design Options Tools Help

% loint » | nv &9 Q v - B .
\' Erame » | I’ Frame Sections...
RS Cable » | #, Property Modifiers...
~~  Tendon » |[&, Material Property Overwrites...
) Area 4
{2 {/; Releases/Partial Fixity...
=t Solid »
=’ y: Local Axes...
* .
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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 hing: 600~ 0.096

S, End hing:1 — 0.096 = 0.904 S,
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From Tables In ASCE 41-13

Select a Hinge Table

Table 96 (Steel Beams - Flexure)
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@ u3 O Is Extrapolated After Point E
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Degree of Freedom Deformation Controlled Hinge Load Carrying Cu%
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Auto M3 0.884)
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Table: Table 9-6 (Steel Beams - Flexure)
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27H1 (Auto M3 27H2(Auto MYIIH 1 (Auto M3) _33H2, 3) Options
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:K Load Case Data - Nonlinear Static

Load Case Name Notes Load Case Type
[61 / | | setpefName Modify/Show... Static || Design...
Initial Conditions w Analysis Type
@ Zero Initial Conditions - Start from Unstressed State O Linear
@® Noniinear

(O Noniinear Staged Construction

Modal Load Case Geometric Nonlinearity Parameters
All Modal Loads Applied Use Modes from Case MODAL ¥ O None
P-Delta
Loads Applied @

(O P-Detta plus Large Displacements

Load Type Load Na Scale Factor
Load Pattern v | Live v Mass Source
Load Pattern DEAD 1.1 Add Previous v
Load Pattern (I

Other Parameters

Load Application Full Load Modify/Show. g
Results Saved Final State Only Modify/Show.. A Cancel

Nonlinear Parameters Default Modify/Show...
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[e2 | Def Name Modify/Show... Static v | Design
Initial Conditions Analysis Type
@ Zero Intial Conditions - Start from Unstressed State O Linear
(O Continue from State at End of Nonlinear Case @ Nonlinear
o £ = d (O Nonlinear Staged Construction
Modal Load Case Geometric Nonlinearity Parameters
All Modal Loads Applied Use Modes from Case MODAL b O HNone
@ P-Detta
Loads Applied
(O P-Detta plus Large Displacements
Load Type Load Name Scale Factor
Load Pattern ~ | DEAD v _ Mass Source
os ] Add MSSSRC1
Modify
Delete

Other Parameters
Load Application Full Load Modify/Show...

Results Saved Final State Only Modify/Show. Cancel
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Modal Load Case
Al Modal Loads Applied Use Modes from Case MODAL
Loads Applied

Load Type Load Name Scale Factor

Mode vi1 1

i Il

[E Add |
WModify

Other Parameters.

Load Application Displ Control Wodify/Show@ 4l |

Results Saved Muttiple States Modify/Show...

fai

O Noniinear St

) Geometric Nonling
v, O None

@ P-Detta

O P-Detta plus |

Mass Source
MSSSRC1

Control Displacement
(@ Use Conjugate Displacement
O Use Monitored Displacement
Load to a Monitored Displacement Magnitude of

Monitored Displacement
@® DOF u1 v at Joint

Additional Controlled Displacements

None

Cancel

X | 1
e Caae N Notes Load Case Type )(1 Load Application Control for Nonlinear Static Analysis
[Px_m_Mom Set Def Name Modify/Show... Static
Load Application Control,
Initial Conditions Analysis Type
O FullLoad
(O Zero Intial Conditions - Start from Unstressed State O Linear
@ Displacement Control
@ Continue from State at End of Noninear Case o1 ¥ @ HNoniinear

Modify/Sho
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£ coffStat
Load Case Name Notes Load Case Type
P-X_G1_Mode1 J Set Def Name Modifyffhow... Static v Design...
Initial Condtions Analysis Ty
O Zero intial Condtions - Start from Unstressed State O Linear 3¢ Results Saved for Nonlinear Static Load Cases
@ Continue from State at End of Noninear Case Gt v @ Nonlinear
Fref a0t Hot £00K8 oG 848 proviols. tcas O Noniiear Staged Construc] ResiiteSaved
Final State O Muttiple State
Modal Load Case Geometric Noninearity Parametd O Final state Only © Mutipl States
MOD
All Modal Loads Applied Use Modes from Case ODAL v QO None For Each Stage
Loads Applied © oo Sa St 20
oads App! Minimum Number of Saved States
O P-Detta plus Large Displace| < ¥
Load Type Load Name Scale Factor e
e — Maximum Number of Saved States 100
Mode v Mass Source
fwoce 1 i ] Add WSSSRC1
[ save posttive Displacement increments Only
Modify
caen
Delete
=
Other Parameters
Load Application Displ Control Modify/Show. L
Results Saved Multiple States
Defaul
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X [0ad Case Data - Norghear Static

Load Case Name Notes Load Case Type

[Px_a1_uniform Set Def Name fy/Show... Static v | Design...
Initial Conditions Analysis Type

(O Zero Initial Conditions - Start from Unstressed State O Linear

(® Continue from State at End of Nonlinear Case 61 L2 @ Noniinear

this previous case are included in the cur

O Noniinear Sfffged Construction

Modal Load Case Geometric Niigearity Parameters
All Modal Loads Applied Use Modes from Case MOD/ ) O None
@ P-Detta
Loads Applied
O P-Detta plus Large Displacements
Load Type Load Name Scale Fact
Accel v [ UX v Mass Source
e Add MSSSRC1 v
Modify
Delete
Other Parameters
Load Application Displ Control Modify/Show...
Results Saved Muttiple States Modify/Show... Cancel
Nonlinear Parameters Defautt Modify/Show...
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p-¢ Defi&e Load Cases

Load Cases

Load Case Name

DEAD Linear Static
MODAL Modal

[Linear Static |
G1 Nonlinear 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

Load Caie Tpr

Nonlinear Static

e I

*

A 4

Click to:

Add New Load Case...

Modify/Show Load Case...

Delete Load Case

Add Copy of Load Case... é

Display Load Cases

Show Load Case Tree...
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Materials...
Section Properties

Mass Source...

Coordinate Systems/Grids...

Joint Constraints...
Joint Patterns...

Groups...

Section Cuts...

Generalized Displacements...

Define | Draw Select Assign Analyze Display Design Op¢

QAW % 3-dxv-{

Functions

> | AL Response Spectrum...

100

Load Patterns...

Load Cases.

4~ Time History...
Power Spectral Density...
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3¢ Response Spectrum Function Definition

E
—{ q

Function Damping Rat

Function Name 28000 loos
Function File Values are:
Ko . : File Name Brpgee O Frequency vs Value
(c cusersimehdideskiop\2800i.txt

@ Period vs Value

Response Spectra Choose Function Type to Add Header Lines o Skip ‘:" [
E I [fonre =
Click to:
ConvertioUseroefned | | Vewrie
Modify/Show Spectrum.. Function Graph
Delete Spectrum [T I
oK Cancel

(0.0762 , 2.1429)
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B section Properties »

tX: Define Pushover Parameters for FEMA356 Coeff Method

- =
©?  Mass Source...
A) (8 Pushover Parameters Click to:

Coordinate Systems/Grids... |

e

Add New Parameters...

14

Joint Constraints...
loint Patterns... N

=
= Groups.. s
BB  Section Cuts...

2 Generalized Displacements..

“f= Functions » o

Y2 Load Pattems...

192 Load Cases.

%t Load Combinations... 11

AL Moving Loads »
Named Property Sets » I
Pushoyer Parameter Sets » Force vs Displacement...
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Cross-section (axial) area L Section modulus about 3 axis 55009

Moment of inertia about 3 axis | >'°0 Section modulus about 2 axis 622222

Moment of Inertia about 2 axis =2 Plastic modulus about 3 axis o

Product of inertia sbout 2-3 & Plastic modulus about 2 axis L

Shear area in 2 direction et Radius of Gyration about 3 axis I

Shear area in 3 direction s Radius DTGyrnlhﬂn about 2 axis A
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Interacting P-M2-M3

Modify/Show Hing|

0K

{ D€ Frame Hinge Property Data for TH1 - IMEtactiy Po0-ote = e )

Sl 0 duols 4l awgs &

Hinge Specification Type | Scale Factor for Rotation (SF) 1

(@ Moment - Rotation (O SFis Yield Rotation per ASCE 41-13 Eqn. |
1 (Steel Objects Only) )

O Moment - Curvature @ UserSF |7.1826-03 I

-

e e T T i pp—
Load Carrying Capacty Beyond Point E

(® Drops To Zero O Is Extrapolated

Symmetry Condtion

(O Moment Rotation Dependence is Circular wne

O Moment Rotation Dependence is Doubly Symmetric about M2 and M3 !w'f \M

(® Moment Rotation Dependence has No Symmetry \ 7 0",
for Specified Symmetry Condition 270"

1 Specify curves at angles of 0, 80°, 180° and 270"

2 If desired, specify additional intermediate curves where: 0° < curve angle < 360"

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

Number of Axial Forces 3 Number of Angles 16
Modify/Show Axial Force Values Modify/Show Angles.
Modify/Show Moment Rotation Curve Data.

Modify/Show P-M2-M3 Interaction Surface Data...
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Dimensions 5l 5 ol liie P=0 5 5 L dels
T A S )p:lwu)ﬁ)-w YV ouerth 5
Outside height (13 ) A » 7
Top flange width (12 ) &
Top fiange thickness (tf) L
Web thickness (tw ) 1
2
Bottom flange width (2b )
Bottom flange thickness (tfb) s
Properties
Cross-section (axial) area e Section modulus about 3 axis ]
Moment of Inertia about 3 axis 1280 Section modulus about 2 axis 326.9167 oy
3822 1053 X _ZF ),
Ioment of inertia about 2 axis Piastic modulus about 3 axis Beams: 0, = F 9-1)
Product of inertia about 2-3 g Piastic modulus about 2 axis i b
24 10.3066
Shear area in 2 direction Radius of Gyration about 3 axis ZF, I, P
5 68. o : 6.0835 Columns: 6, =— 1- 9-2)
Shear area in 3 direction Radius of Gyration about 2 axis : 6EI. P,
Torsional constant 104 Shear Center Eccentricty (x3) o

b pbuls o)b (K Py b 0gin )b, i
D9 et Vg Sog>a S9 b 4 S D)go adyl Julos
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o sl ol SF Jlaio 3gitia dslons PO 55 b SAP2000 5 uliis o o 45T & g5 b

ZFyel. 1053 x 2400 x 1.2 X 320

SF = = = 0.00718
6E1, 6 x2x10°x%x 11260

u.ll).ul.u | ROtatiOn/SF u.ul.wl).: ;ol)ga ).<J )‘J,.o.'o PE lsbl P

Zhelc| P
Rotarion _ 6El Pye| . P
SF ZF, 0l Pye

GET.
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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
—— e o e o o = o =

I (O Moment Rotation Dependence is Circular

(@ Moment Rotation Dependence is Doubly Symetric about M2 and M3 1

(O Moment Rotation Dependence has No Symmetry |
—em e mm mm Em Em Em = Em = = =
i 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 IS pasuie iy cpl o

Modify/Show Moment Rotation Curve Data...

Axial Forces for Moment Rotation Curves g Curve Angles for Moment Rotation Curves . | i |
Number of Axial Forces 3 I Number of Angles 2 15‘“'5)-" (R ‘}:ﬁw Sl
Modify/Show Axial Force Values... I Modify/Show Angles... V5. 4 P el 00 S
e | é ..
) ):f.yo )EJ 2 | ) D93>

] Modify/Show P-M2-M3 Interaction Surface Data.

oK Cancel

4
4 D o9 Slag s dlaw iy ol o

SR ==
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h, b,
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Lo F, £,

JS0 8,

Py [Py > 0.5
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Table 9-6. ing F and A 1ce Criteria for i P Structural Steel Components

Modeling Parameters

Accaptance Criteria

Residual
Plastic Rotation Strength
Angle, Radians Ratio Plastic Rotation Angle, Radians
Component or Action a b c 1o Ls CcP
Beams—Flexure
by 52 J b 418 98, 116, 0.6 16, 96, 116,
o JE 0T
/77[> 65 N 640 46, 60, 0.2 0.250, 36, 46,
TN RN o
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 PIPo, <02
b, 52 h _ 300 96, 116, 0.6 16, 96, 116,
a < and —<—— . . .
2%, F, 1, F,
b, 65 h _ 460 48, 60, 0.2 0.250, 36, 46,
bl : :
2t F, ty 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
For 0.2 < P/P; <0.5

by 52 o 260 == — 0.2 0.250, = —
a. 2, \/E and e \/E
b by 65 h 400 18, 1.56, 0.2 0.256, 1.26, 1.26,
"2, "R TR,
c. Other Linear interpolation between the values on lines a and b for both flange slenderness (first term) and

- - E— e — - - — - et - = N

‘web slenderness (second term) shall be performed, and the lower resulting value shall be used yﬁ\k . pe
=N 4 .
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Sl anlrd Gosme 9,8 Slpoad OBl 98 pshie 9b e PooJlaie pas ov FA i Luly,
P, = —257820 kg <l 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 . z’

3 -51564.1 \

0.201P, = —51821.9 kg

jer Row's.

0.2P;, = —51564.1 kg

Cancel
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Ngdas Gasidin b sl el (s sl s el s slag,s il K e sl

0.5P; = —128910.3 kg ol 05Pe s, sl 1
Fye = 106 X 1.2 x 2400 = 305280 kg

Rotarion 1 Py 1 128910.3 — 0577
SF Pe) 305280 )

Dimensions
Outside height (13 &
Top flange width (12)
Top flange thickness (tf)

Web thickness. ( tw )

AN A S

Bottom flange width (2b)

b _ 2% oo oo |E_ 2><106_79m"“m”
2t 2x17 7T 7 |E, | 2880
h_24—2><1.7_206<152 E _ [2x105
tw 1 T T |Ee | 2880

Sges o3litwl Y& 4y 85 ¥-0 Jods il cans) Sl Ll G

e P ) G
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ol glael| 7 ol lacl | Lal S | ailogm | bl s
CP [Ls| cP [ LS | 10 [ b [ a
s b y3me Jg) e 53— g s o
P IRy <025 17(1_1-7})/])(1)93:
o, [0, | A0, | 50, 0, S5 |0y | a6, ki —<1.76, ’i<03\[7 =4
’ 4 * L, 2 F P
, -jla=11|11-17—16, = 1.650
vo, |vo, | vo, | vo, | .m0, o |5, | e, | 27 %s}su&“m&si—sw‘gr P, y y
h b
ol Sl S g b g S eolizad b g adll o3, ;3 aadesls palie g 7u o e

P
b =17 (1 - 1'7P_c> 6, = 2.550,,

S 3, >44,’ —'—>076f

02<P /P, <050 s,|C = 0.2

=

1 n E b 1
LS I IS I ; [ KAPIN>) ’7 I o3 £
: a6, ¥ . R F. |

Ft h )
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10 = 0.256,

P
LS=14(1-17—]6, =2
Pc) Y

Cc

16,

P
CP=17(1-17-)6, = 2556,

1I(1-1.7P/P.)8, =T

17(1-1.7P/ P, )6, -{

8(1-1.7P/P X

O Moment Rotation Dependence is Circular
(® Moment Rotation Dependence is Doubly Symmetric about M2 and M3

O Moment Rotation Dependence has No Symmetry

Requirem: for y Condition

1 Specify curves at angles of 0° and 90°

Axial Forces for Moment Rotation Curves

Number of Axial Forces 3

Modify/Show Axial Force Values.

vao'/ M.

=

270"

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

Curve Angles for Moment Rotation Curves

Number of Angles 2

Modify/Show Angles.

I Modify/Show Moment Rotation Curve Data.

Bt

odify/Show P-M. ction Surfa

141-1.7P/P,,)0,

e Ceomd opl (59 polae Mol sl

h y Veﬁ;{
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3¢ Moment Rotation Dath¥or 1H1 - Interacting P-M2-M3
Edit

sencune P 2050 0k 4l

Axial Force | -128910.3 v Angle 0. v Curve#

MogeniRgtetign P Lo St Ve

aO» Kgf, cm, C

a = 1.650, = 1.65 x 0.577
= 0.952

b = 2.556, = 2.55 x 0.577
=147

inml Moment/Yield Mom Rotation/SF
. 0 0. s C
1 0.
C 1.028 0.952
0.2 0.952
0.2 147
K
| R I S |

Force #1; Angle #1

Acceptance Crieria (Plastic Deformation / SF) 30 View
| =
Il mediate Occupancy 0.14 Pian [31s =
Life Safety 121

Elevation 35 =
Aperture [0 =

I colapse Prevention 147

[[]iShow Acceptance Points on Current Curve;

Moment Rotation Information Angle Is Moment About

Current Curve - Curve #1

30 RR  MR3  MR2

Symmetry Condition Double 0 degrees. = About Positive M2 Axis
Number of Axial Force Values 3 90 degrees = About Positive M3 Axis
Number of Angles. 2 180 degrees = About Negative M2 Axis
Total Number of Curves 6

270 degrees = About Negative M3 Axis

3-D Surface
Axial Force = -128910.3

AxialForce |-1269103

Hide Backbone Lines
Show Acceptance Criteria
Show Thickened Lines
Highlight Current Curve

{rOoOoo

CS¢pl 2,556, = 2.55 x 0577 = 1.47

0.250,, = 0.25 x 0.577 = 0.14
=21x%x0.577=1.21

-,
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3¢ P-M2-M3 Interaction Surface Definition for 1%
Edit
User Interaction Surface Options Interaction Curve Data
O Circular Symmetry Current Curve 1 v K 4» M S
O Doubly Symmetric about M2 and M3 )
@© No Symmetry Point P 2 "3
Number of Curves 16 J L L i 4 = o
Number of Points on Each C | £ =i L :
umber of Points on Each Curve ] 5 T e 5
4 0.3378 0.708 [3
Scale Factors (Same for All Curves)
5 01689 | 0844 [
—t 0 2 0 o 5 [} 1 [}
305280. J1434240.. |[3032640. ‘ 7 02 0944 [) P-u3
[0 include Scale Factors in Piots KgfemC v J L 0708 9
9 08 0472 3
First and Last Points (Same for All Curves) 10 08 0.236 0.
Point P w2 u3 1 1 ) 0
T T
1l{j-05us 1% J[o. ‘ insert Curve Delete Curve Check Surface W23
@ [o ][0 |
Interaction Surface Requirements - No Symmetry o 32:"
@ Show AllLines
1. Aminimum of 8 P-M2-W3 curves are specified. s =
o - e = IE » (O Hide P Direction Lines
ension posttive) increases monotonica
Eevaon  — O HideM2:M3 Lines
3. Each curve must be convex and the interaction surface [=
-
as a whole must be convex (no dimples in surface). e
l" a! [4 Highiight Current Curve
ERIETE R

" S at—— P N
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Scale Factors (Same for All Curves)

i P i M2 M3
‘305280 11434240 3032640
[] incude Scale flactors in Plots Kgf, cm, C ~

P = AF,, = 106 x 1.2 X 2400 = 305280 kg

M2 = Z,,F,, = 498 x 1.2 X 2400 = 1434240 kg.cm

M3 = Z33F,, = 1053 X 1.2 X 2400 = 3032640 kg.cm

Properties
Cross-section (axial) area s Section modulus about 3 axis SR
Moment of inertia about 3 axis [ nze0 Section modulus about 2 axis 3288187
Moment of inertia about 2 axis | 3823 Piastic modulus about 3 axis 1053
0. 498

Product of Inertia about 2-3 Piastic modulus about 2 axis
Shear area in 2 direction B Radius of Gyration about 3 axis hE
Shear area in 3 direction % Radius of Gyration about 2 axis Lo

104, 0.

Torsional constant Shear Center Eccentricty (x3)
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First and Last Points (Same for All Curves)
Point P M2 M3
1 [08ass 0. I[o.

" |1 lo [0

Pye 305280
SF(axial) 305280 p

Py _ —257820 08445 .
SF(axial) ~ 305280 Point 11

P(Point 11) =

P(Point 1) =

A

Point 1

- T
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Define [ Draw _Select Awsign _Amalyze Diegley Design  Options  TooR, rv—“-{“’ Jl-"i’.l G)L:*-é
Materials... QA W s 3dxyxzyzny @

[
L Section Properties 2| T Erame sections..

B?  Mass Source... ~  Tendon Sections...

{.  Cable Sections... I I
- B Gk )(4 Frame Hinge Property Data
I Joint Constraints... = Area Sections.. Alltinge Props Clckto EE
i Joint Patterns... 7} Solid Properties... “ Womo S Add New Property... Hin erty Name
/Add Copy of Property. Gl

N\ Reinforcement Bar Sizes... 1H2

2H1 I ! =
- Hinge Type

Groups..

o Properts

Section Cuts...

Link/Support Properties... 22 | e
2 ) Delete Proper Force Controlled (Brite)
2 Generalized Displacements... M Frequency Dep. Link Props.. =5 ] 2
>

~

3H2 O Deformation Controlled (Ductile)

[fr Functions » |;f* Hinge Properties.. g e [] Show Hinge Detais Axial P v
P L P -

[ show Generated Prop)
SH1 Modify/Show Hinge Property..
SH2 2
6H1

TH1 | oK
TH2

LLgmemamanst™ S——— T

PNy
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Force Control Parameters
Maximum Allowed Force

(® Specified Proportion of Yield Force

O User Specified Force

X Frame Hinge Property Data for P - Axial P

‘) rMMS“ o LSQKT

Lol 53k dae

Positive Negative
1000 ] [
Positive Negative

[] Hinge |.0§es All Load Cg Tying Cgpac(y When Maximum Force Is Reached
PNy ord s s,
Accept: Criteria (For Allowed Force)
Positive Negative
Il immediate Occupancy [0 5 ] [-0 2
Life Safety [os | [os
- Collapse Prevention [1. I [-1. }

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

Cancel

lad Gl slales
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9 03l Golaisl b gt 4 Jaie ol 9 OBl | b Oyt Jbs

elect | Assign Analyze Display Design Options Tools Help

Iy Select 4 [?E Pointer/Window Eg -
Deselect | &R Poly Ctrl+Shift+0
& Select Using Tables &h Intersecting Poly  Ctrl+Shift+P T
L. —— — N\E  Intersecting Line  Ctrl+Shift+L ‘ _ ‘
a4 nvert Selection Ctri+K
- : e (C) \
Gét Previows Selection trle) ]g‘h Coordinate Specification » T
Clear Selection CHiO I\P Select Lines Parallel To » | \°!} c,r@: Straight Line Object
= - R Py Wy
Pb Properties » L]P Coordinate Axes or Plane...
@) -
- R & &
ly Assignments >

et AN

Email:
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Assign | Analyze Display

Design

Options  Tools  Help

Joint Patterns...

*.  Joint v D&d |2 B vz
N Frame » l T*  Frame Sections...

& cable » | #  Property Modifiers...

~X  Tendon » | [, Material Property Overwites...
i By Area | &% Relesses/Partial Fiity...
‘ ‘L: Sobd Y |5 Local Aves..

W Link/Support " |2&  Reverse Connectivity..

w3 Joint Loads » [T End (Length) Offsets...

[fq  FrameLoads » | Te Insertion Point...

& CableLoads * [9%  output tations...

~%_ Tendon Loads » -

. - " N P-DeltaForce...
|4 solidLoads , i

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

Hinge Overwrites...

Current Hinge Information
Type: User Defined
DOF: Axial P

B As{3n Frame Hinges

Frame Hinge Assignment Data

Relative

Hinge Property Distance

P v[os

P [ 04

Add Hinge..

- - —

| Delete Hinge

Options ?
® Add Specified Hinge Assigns to Existing Hinge Assigns )

Replace Existing Hinge Assigns with Specified Hinge Assigns

Existing Hinge Assignments on Currently Selected Frame Objects

Number of Selected Frame Objects: 24

Total Number of Hinges on All Selected Frame Objects: 48

All 48 existing hinge assignments will remain when the above hinge assignment is applied

K | cigse

e A PNV
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IPE240

IPE240

IPE240
O

5 5 5 5
Ll L Ll
T| Pe240 | /IPE240 X IPE240 J T
- - 2| -
2l Pe240 £ /IPE240 K] IPE240 J u
T IPE270 £ A} IPE270 L
5 5 S g
£|_IPE270 £ w
= < =
& & N
=| PE270 T T
S S & S
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1.5 go

3.2 m Sl gl

S235JR sY¥s g4

1t/m o355 9 2/M a5 (59, 03 50 ,b o

YA+ dxio This publication or any part thereof must not be reproduced in any form without the written permission

Version: 1.0

M.Alirezaei@iiees.ac.ir

190



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

Email:

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

mﬁ)ﬁﬁ)l)gbg)fg&))l)l.e;-lrguwall)uuyﬂwglﬂﬂ; in)%ldﬁ))b.\&‘U}LﬂdM}l

[ [ ‘Assign | Analyze Display Design Options‘l

Joint

Frame
Cable

Tendon

Area
Solid
Link/Support

Joint Loads

Frame Loads

Cable Loads
Tendon Loads
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¢ Inaort Frame Section Property
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Select Property Type
Frame Section Property Type

Click to mport a Steel Section

Select Sections to Import
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A [
2UPN100/8/
2UPN10078/

2UPN100/12/

1/ Wide Flange Channel
2UPN100/15/
2UPN100/20/
2UPN100/25/

2UPN100/30/
Double Angle Double Channel

2UPN100/40/

2UPN100/50/
Rectangular Circular

2UPN100/100/
2UPN100/150/
2UPN100/200/
2UPN100/250/
2UPN100/300/
2UPN100/400/
2UPN100/500/

2UPN100/600

Steel

=
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X
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Add New Property...
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Dimensions. Section

Outside depth (13 )

Outside width (12)

Flange thickness (tf) 3

Web thickness (tw )

Back to back distance ( dis )

Properties
Material Property Modifiers

+ | |S2350R v Set Modifiers...

Section Properties..

Time Dependent Properties...
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Joint Patterns...

Groups...
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Generalized Displacements...

f= Functions »

Y2  Load Patterns...

152 LoadCases.. [\

%8 Load Combinations...

AL Moving Loads »

Named Property S
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Load Cases

Load Case Name

oeap __JLinear Static

MODAL

Live

G1

G2
PX_G1_Mode1
P-X_G1_Mode1
PX_G2_Mode1
P-X_G2_Mode1

Load Case Type

| Modal
Linear Static
Nonlinear Static
Nonlinear Static
| Nonlinear Static
| Noniinear Static
Nonlinear Static
Nonlinear Static
Nonlinear Static
| Noniinear Static
Nonlinear Static

Nonlinear Static

Click to: l
oo Case

/Add Copy of Load Case...
Modify/Show Load Case...

* ‘ Delete Load Case

+* Display Load Cases

| Show Load Case Tree...
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3¢ Load Case Data - Nonlinear Static Staged Construction
Col+Beam | | setDefName

@ Zero intial Conditions - Start from Unstressed State

Notes
Modify/Show...

Comments

1 0.

[J Expand Stage Defintion
Data For Stage 1 (0. days; Output: No Labet)

___‘%E =

Load Case Type
Static v

Analysis Type

O Linear l
O Noniinear

@ nNonlinear Staged Construction

Geometric Nonlinearty Parameters
O None
@ P-Deta

O P-Detta plus Large Displacements
Mass Source
Previous

Show Stages

Show Stages In Tree View..

Operation Object Type Object Name Age AtAdd Neme Scale Factor
Add Structure v | Group | Col+Beam
‘
[J Expand Stage Data Stage: | << < 11> >> lof1
Other Parameters
Results Saved End of Final Stage Only Modify/Show... e
Nonlinear Parameters Defautt Modify/Show... Cancel
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Load Cases
Load Case Name Load Case Type

[oEaD A | Linear Static ~

| MoDAL | Modal

| Live | Linear Static

G2 | Noninear Static
| PX_G1_Mode1 [Noniinear Static *
| P-X_G1_Mode1 | Noniinear Static
| PX_G2_Mode1 ‘ Nonlinear Static
| P-X_G2_Mode1 | Noninear Static *
| PX_G1_Uniform | Nonlinear Static
| P-X_G1_uniform [ Noninear Static
| PX_G2_Uniform | Noniinear Static
| P-X_G2_uniform v | Nonlinear Static v

Click to:

Add New Load Case...
Add Copy of Load Clu,,.l
Modify/Show Load Case..
Delete Load Case

Display Load Cases

Show Load Case Tree...
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Modal Load Case

e current case

Load Cas: Notes Load Case Type
G1 ] Set Def Name Modify/Show... Static v
Initial Condtions

Analysis Type
l O Linear

@ Continue from State at End of Nonlinear Case CoktBeam N @® Noniinear

(O Nonlinear Staged Construction

Geometric Nonlinearty Parameters

Al Modal Loads Applied Use Modes from Case MODAL he O None
P-Detta
Loads Applied O]
O P-Detta plus Large Displacements.
Load Type Load Name Scale Factor
Load Pattern v | DEAD V|11 Mass Source
CE— Add Previous
Load Pattern Live 14
Modify
Delete
Other Parameters
Load Application Full Load Modify/Show...
Results Saved Final State Only Modify/Show... Cancel
Nonlinear Parameters Defautt Modify/Show...

Y4 . dxbéwo Thls publication or any part thereofmust not be reproduced in any form wnhout the written permission

Email: M.Alirezaei@iiees.ac.ir

195



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

Email:

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

9 63lal Joe 4 syl 00 Lol 3l amy Julow s Jl

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

£oacs o e INEVUS SR A Hoaied oas @ Nonlinear Staged Construction
Stage Defintion Geometric Noninearity Parameters

Stsge Durstion  Provide Output User s @ Nono.

No.  (Days)  Output Label Comments. @© P-Deta

0 0. Yes v 1 Add O P-Detta plus Large Displacements
0o e | Copy, Hoss Soece
Previous. v

Modify

insert
Show Stages

| Delete
[] Expand Stage Definition Show Stages In Tree View..

Data For Stage 1 (0. days; Output: No Labet)

Operation Object Type Object Name AgeAtAdd  Type Name Scale Factor
Add Structure v | Group v | Brace v
o] [ P

[] Expand Stage Data Stage: << < 1> >> |of1 Add Modify Delete
Other Parameters

Resuts Saved End of Final Stage Only Modify/Show...

Noniinear Parameters. Default Modify/Show... Cancel
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Live A | Linear Static ~
G1 Nonlinear Static Add Copy of Load Case...
G2 ‘l Nonlinear Static /
PX_G1_Mode Nonlinear Static Modify/Show Load Case...
P-X_G1_Mode1 Nonlinear Static
PX_G2_Mode1 Nonlinear Static +* Delete Load Case
P-X_G2_Mode1 Nonlinear Static
PX_G1_Uniform Nonlinear Static
P-X_G1_Uniform Nonlinear Static A4 Display Load Cases
PX_G2_Uniform Nonlinear Static
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x Load Case Tree
Expand All Collapse All

#-{7] DEAD (LinStatic)

T MODAL (LinModal)
L7 LWE (LinStatic)
=-{2 COL+BEAM (NonStatic)

=4 G1 (NonStatic)

PX_G1_UNIFORM

44 G2 (NonStatic)

= STAGE 1:  Provide Output;
1] ADD Structure: Group = Col+Beam

7] LOAD 1: DEAD;
LOAD 2: Live;
1 P-X_G1_MODE1 (NonStatic)

(NonStatic)
{2 P-X_G1_UNIFORM (NonStatic)
=-{~] ADD BRACE (NonStatic)
SRVCY STAGE 1:  Provide Output,
o] ADD Structure:
{~J PX_G1_MODE1

Group = Brace
(NonStatic)

[[] Show Active S
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Cancel [ Show Hinge Detais
al [A show Generated Props

|
|
48H1 | Convert Auto To User Prop
|
|
i

- - . - . _Wf

Y40 axiw This publication or any part thereof must not be reproduced in any form without the written permission J Version: 1.0

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

3 Frame Hinge Property Data for 43H1 - Axial P

Edit
Displacement Cantrol Parameters N
P v-o d9'\’.' $9) )I Type
Point  Force/SF Disp/SF
03 ) | o
03 -0.5001 L
1015 05
El ) ks
0 : Hysteresis Type And Parameters
1
127 B Hysteresis Type | sotropic
08 9.0001 No Parameters Are Required For This
os 12 Hysteresis Type

= Z %
Load Carrying Capacity Beyond Point E - .' Q)Lﬁjﬁ ‘ { J.u)l.q,ﬁ LS)LU) o

Scaling for Force and Disp

Negative

Force SF

Disp SF

(Steel Objects Only)

Acceptance Criteria (Plastic Disp/SF)

Positive Negative
I immediste Occupancy 05 05

Life Safety 9 z . -
I colapse Prevention 12 -9

[ Show Acceptance Criteria on Plot
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Scaling for Force and Disp

€l cts O

Disp SF = Ar=

Properties

Crpas scofon (ool o a1

Moment of inertia about 3 axis A

Moment of Inertia about 2 axis il

Product of inertia about 2-3 &

Shear area in 2 dreciion 12

Shear area in 3 drection b th
5289

Torsional constant

Disp SF

Posttive

Force SF

~ } S
egative

55

0.1355

Force SF = Py = AgF,, = 26.91 x 2400 x 1.2 = 77500.8 kg
PrL  77500.8 x V2507 + 3207

AE

Section modulus about 3 axis
Section modulus about 2 axis
Piastic modulus about 3 axis
Piastic modulus about 2 axis
Radius of Gyration about 3 axis
Radius of Gyration about 2 axis

Shear Center Eccentricity (x3)

= 0.5847
26.91 x 2 X 106 b cm

218
31,1001

98.44

5503
39067
25216

0.
N
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Scaling for Force and Disp

Positive
Force SF

Disp SF

Disp SF = A=

Negative }

Force SF = Pp = 17962.165 kg > o &)l
PcL _ 17962.165 x V2502 + 3202

lid o |)<°-ﬁ 2)les

= 0.1355cm

Properties
e a1 Section modulus about 3 axis
Moment of Inertia about 3 axis .5 Section modulus about 2 axis
Moment of Inertia about 2 axis il Plastic modulus about 3 axis
Product of inertia about 2-3 . Plastic modulus about 2 axis
Shear area in 2 dreciion 12 Radius of Gyration about 3 axis
Shear area in 3 direction ! Radius of Gyration about 2 axis
Torsional constant = Shear Center Eccentricty (x3)

AE 26.91 x 2 x 106
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M Input File Parameters

NPTS= 1642, DT= .02000 SEC
-.9930772E-02 .1242635E-01 .1003233E-01 -.4851581E-04
.1785307E-01 .5760994E-02 .4277372E-02 -.1138736E-01

.7606€659E-02
.690235RF-02

.2031529E-02
.15A474RF-02

.8501R62F-02 .RY27T5RSF-02

First Line [s J _) Single Acceleration value per line v OK
©) Time & Acceleration values per ne
LastLine 33 o X Cancel
_) Multiple Acceleration values per line
Time Step dt [-02000 | | © smcrormat fme [sec] Acceleration[g)  ~
Help loooo0
SclngFactor  [; | | © PEERNGAFomat _ |0ooo0 "1 0.00993 5 0
102000 [3) Copy Selection tri+C é
Acceleration Column B Program Defaults 04000 | ([} Paste Selection Ctrl+V % »
e G 1= ooy SelectAll  CtrieA 2.0,
e Set As Default 08000
e § Scale Accelerogram...
Acceleration Units: g 10000 :
Velodity Units: cm/sec Frequency 1 B #  Change Time-step...
Displacement Units: cm — 12000 X
onge Uit Initial Values Skiped o &
Acceleration File
PEER STRONG MOTION DATABASE RECORD. PROCESSING BY PACIFIC ENGINEERING.
TABAS, IRAN 09/16/78 : , TABAS, LN

ACCELERATION TIME HISTORY IN UNITS OF G. FILTER POINTS: HP=0.05 Hz LP=unknown

.7328678E-02
.2088379E-01
-.660451€E-02 .1884264E-02 -.9620526E-02 -.1589783E-01 -.8118489E-02
-.4091320E-02 -.4033407E-02 -.5774642E-03 .34€3320E-02 +3607515E-02
-.5315429E-03 -.5382976E-02 -.2261846E-02 .9267288E-02 .1359504E-01
.2081647E-02 .3106502E-02 .€6018807E-02
.4926529F-02
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Define | Draw  Select Assign  Apalyze Display Design  Op
£ Materials... ®RQY W %5 [3d xy

B Section Properties »

395 SAP2000 4l 5 5)ly cuslKolis s> o6

©? Mass Source...

Coordinate Systems/Grids...

Functions
Joint Constraints...

m Section Cuts... l

Generalized Displacements...

§ Joint Patterns... UNIFTH
7+  Groups... l

“f= Functions » Response Spectru

Y2 Load Pattemns... Time History...

192 Load Cases... Power Spectral Density...

p+L

%" Load Combinations... Steady State...

:)( Define Time History Functions I’}

Choose Function TV«!
i‘ [FromFie S

Click to: l

| Add New Function...
Modify/Show Function...

Delete Function

cae

&
) ) ) o . R g3 Qﬁy\:.“x
f\A dxiwn This publication or any part thereof must not be reproduced in any form without the written permission s Version: 1.0

Email: M.Alirezaei@iiees.ac.ir

209



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

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

Email:

Materials...

Section Properties » {

Mass Source...

Coordinate Systems/Grids...

% 25l o sl b U sl Jlie o bt e pges 85 L sl s

:X: Define Load Cases

Joint Constraints... Load Cases Click to:
Joint Patterns... Load Case Name Load Case Type Add New Load Case...
DEAD Linear Static
G MODAL Modal Add Copy of Load Case...
FOUpS... Live Linear Static
X G1 Nonlinear Static Modify/Show Load Case...
Secticn Gty ]
','? Generalized Displacements... Delete Load Case
'°f, Functions » * Display Load Cases
Show Load Case Tree...
U2  Load Patterns... l
0D
e Load Cases, [
L
Pt  Load Combinations...
il Moving Loads >
Named Property Sets
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3¢ Time History Function Definition X
Function Name I ./ Tabas|
Vaves are:

Function File
File Name. Browse. @ Time and Function Values

Cilusers\mehdideskiopitabas bxt O Values at Equal Intervais of
Format Type
Header Lines to Skip [1 @l Fresrand
r =
L ]

O Fixed Format

Prefix Characters per Line to Skip
- Characters per em
Number of Points per Line [t ]
Convert to User Defined View File

Function Graph

Display Graph (28329 , 0.0224)
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2 Load Case Data - Nonlinear Direct |nl'§grauon History %
Load Case Name Notes Load Case Type
‘anbus 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
afion

@® Continue from State at End of Nonlinear Case 61 v @ Noniinear @ Direct Integr
ant Not s fromt e are Geometric Nonlinearity Parameters
O None
@ P-Deta
MODAL
(O P-Detta plus Large Displacements.
Loads Applied History Type
Load Type Load Name Function Scale Factor @ Transient
Accel ViUt | Tabas vies. |
A Add Usss Sowce
MSSSRC1 v
Modify
v Delete
[] Show Advanced Load Parameters
Time Step Data
Number of Output Time Steps |1841
Output Time Step Size 0.02
Damping None Modify/Show...
Time Integration Hilber-Hughes-Taylor Modity/Show... oK
Nonlinear Parameters Default Modify/Show... Cancel

Version: 1.0
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The HHT method uses a single parameter called alpha. This
parameter may take values between 0 and -1/3.

=

S 4
Method For alpha = 0, the method is equivalent to the Newmark
X Newmark method with gamma = 0.5 and beta = 0.25, which is the

)( Time Integration Parameters

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.

O wison
(O Ccoliocation

@® Hilber - Hughes - Taylor Gamma

Beta 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.

Alpha iU ]

O Chung and Hulbert

For best results, use the smallest time step practical, and
select alpha as close to zero as possible. Try different

Cancel 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| X Divide Selected Frames

£) Undo Ctrlez RQAQ W Divide Options for Selected Straight Frame Objects
5 Divide into Specified Number of Frames
(¥ Redo Ctri+Y K
Number of Frames
o Cut Ctrl+X Last/First Length Ratio
Mél Copy CtrlsC (® Break at Intersections with Selected Joints, Straight Frames, Area Edges and Solid Edges
Divide at Specified Distance from I-end of Frame
[ Paste. Ctrl+V
Distance Type
K Delete Delete Gtane
55 Addto Model From Template... O Divide at Intersection with 2 Coordinate Plane in the Current Coordinate System

Coordinate Pl
Interactive Database Editing... Ctrl+E SSudgaticn

Intersection with Plane at

Replicate... Ctri+R ) Divide at Intersection with Visible Grid Planes in the Current Coordinate System
Bitiude » Grid Plane
Move... Ctrl+M
.®  EditPoints » oK a o
ose P!
\®  Edit Lines » |4, DivideFrames..

/y Join Frames
Z*  Trim/Extend Frames...
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KK,
stb
e =5
K + K,
GA, 769230 % (27 —2 X% 1.02) x 0.66
s = = 70 = 1 81028
e /YU Dssiem
12El, _12X2X 109X 5790 _ . . = &
p= = = Top flange width (2) e
e 3 7 0 3 Top flange thickness (tf) 192
181028 X 405131 125119 Web thickness (tw ) uee
e — = Bottom flange width ( 126) B
181028 + 405131 il iy, Ea
Properties g
Cross-section (axial) area = Section modulus about 3 axis i
Moment of inertia about 3 axis HN Section modulus about 2 axis 6e2222
Moment of inertia about 2 axis | 420 Plastic modulus about 3 axis 484,
Product of inertia about 2-3 & Plastic modulus about 2 axis 24
Shear area in 2 direction - e Radius of Gyration about 3 axis rrji:m
Shear area in 3 direction == Radius of Gyration about 2 axis —
Torsional constant 159 Shear Center Eccentricity (x3) !
e NG Y
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= 28466 kg

p, = Uce 28466, h50s
Y K,e 125119x70

M = 0.5V ge = 0.5 X 28466 X 70 = 996310 kg.cm
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3¢ Frame Hinge Property Data ftTr}Link(lPEUD) - Moment M3
Edit
Displacement Control Parameters

Type
Point  Moment/SF Rotation/SF L) (® Moment - Rotation
53 /i‘ O Moment - Curvature

Hysteresis Type And Parameters.

Hysteresis Type Isotropic v
[ Symmetric
No Parameters Are Required For This
Hysteresis Type
Load Carrying Capacty Beyond Point €
@® Drops To Zero
O Is Extrapolated
Scaling for Moment and Rotation
Postive Negative

[ use Yield Moment Moment SF 996310.

[ Use Yield Rotation ~ RotationSF  [3250E-03 |
(Steel Objects Only)

Acceptance Criteria (Plastic Rotation/SF)

Fostive Negative

Il mmediste Occupancy [1.5625

Life Safety 43.75 e
I cotapse Prevention 50
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