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Edit

Frame Hinge Property Data for IPE270 - M3

Moment/SF Rotation/SF
0.6 12 |_.
0.6 -10 . e
-1.27 -10 _E
-1 -1
0
1. 1. =
1.27 10. |
gg ::g [v Hinge is Rigid Plastic
v Symmetric
Scaling for Moment and Ratation
Positive Negative
v UseYield Moment  Moment SF I I
v Use“ield Rotation  Ratation SF l [
Acceptance Criteria [Plastic Rotation/SF}
Positive Negative
- Immediate Occupancy |1. [
T Lite Safety [6. l
- Collapse Prevention IE. I

v Show Acceptance Criteria on Plok

Type
* Moment - Rotation

" Moment - Curvature

—

-

Cancel
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Frame Hinge Property Data for ch30x1-1 - PMM

Hinge Specification Type Scale Factor for Rotation [SF}
& Moment - Raotation & SF iz Yield Rotation per FEMA 356 Egn. 5-2
" Moment - Curvature " User SF
O
Symmetry Condition
" Moment Rotation Dependence is Circular M3 /90"
(¢ Moment Aotation Dependence is Doubly Symmetric about M2 and M3 130‘/_ M2
" Moment Rotation Dependence has No Symmetry \‘/ (i
Requirements for Specified Symmetry Condition 2
1. Specify curve at angle of 07,
Axial Forces for Moment Fotation Curves Curve Angles for Moment Fotation Curves
Mumber of Axial Forces 1 MNumber of Angles 1
Modify/Show Axial Force Values... | Modify/Show Angles... |

... Modiv/Show Moment Fiotation Curve Data... .

Madify/Show PMM Interaction Surface Data... |

oK Cancel ‘
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FEMA356 cJl> s .l Define/show interaction cwod o bboygiw Joloe ;0 -0
8 Mcg = 1.18ZF, [1 - %] < ZFye alal, 5l solizal b 58l 5 b ols 1,8 Steel [Equation 5-4
S azgs (F-1) IS8 0 j5ke cwns ;Mg P 28

b lazus ) ail ouls atulgs EXpected yield strength  jlade 158l 0 axils> -&
S Fye =)V Fy e (60Ys8 sbaosl sl Sle ks 13 1, Fye jlade sl (FEMA273 oLl o0
DS ax g5 (Y-0) JSi a5 .3 o Cowss 2640Kg/cm? il 5 Fye laie aisb 2400kg/cm?

a5 1) sua zllas Fye oges yolaie sl FEMA 356 ululy, oads (>|b (slaasens o Ll
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I3 Frame Hinge Interaction Surface E@@

Interaction Surface Options

" Default from Material Property of Associated Line Object
Steel, AISC-LRFD Equations H1-1a and H1-1b with phi =1
Steel, FEMA 356 Equation 5-4

Concrete, ACI 318-02 with phi =1

YW

IJzer Definition

Axial Load - Displacement Relationzhip

f* Proportional to Moment - Rotation

" Elastic - Perfectly Plastic

Cancel |

DYV] by 55 5 99me (59 mi S (2 ol dlolae 5355 Cpaad a5 bl (F-Y) JSs

I3 Frame Hinge Interaction Surface E]@E

" Steel, AISC-LRFD Equations H1-1a and H1-1b with phi =1

e

O

Steel, FEMA 273 Equation 5-4

Expected Yield Strength 2640

" Concrete, ACI 318-99 with phi =1

" User Definition

=

—
|

| (] 4 I Cancel |
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Frame Hinge Property Data for 1B13H2 - M3

Moment/SF Raotation/SF
-0.6 12
-0.6 -10 t
11 -10 e
1 K]
1. 1. .T
1.1 10.
06 10.
06 12 Iv Hinge iz Rigid Plastic
v
Scaling for Moment and Rotatiorn
Positive Megative
r Moment SF
r Rotation SF |[REi= g
Acceptance Criteria [Plastic Rotation/SF)
Positive Meqative
- Immediate Dccupancy | l
T Life Safety | I
- Collapse Prevention | |
[~ Show &cceptance Criteria on Plo
Type
a
. ]

r Cancel
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Frame Hinge Property Data for 3C13H1 - PMM

Hinge Specification Type Scale Factor for Rotation [SF}

L+ ol

o T

r
Symmetry Conditiorr

- M3 80
& 1 EU‘K
T

Bequirements for Specified Symmetry Conditio

270°
1. Specify curve at angle of 0°
Axial Forces for Moment Rotation Curves Curve Angles for Moment Ratation Curves
Number of Axial Forces 1 Number of Angles 1
Madify/Show Axial Force Values. .. ‘ Modify/Show Angles... |

L. Modifu/Show Moment Hotation Curve Diata

Modify/Show PMM Interaction Surface Data.

Cancel I
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Interaction Surface Definition
User Interaction Surface Options Interaction Curve Data
c Curent Curve |3 v I 4 D \\
'
& Point P [ M2 | M3 //
Number of Curves L s L L
2 08 0.1689 0.1669 P-M2
Number of Points on Each Curve 3 -06 0.3338 0.3338
4 04 0.5006 0.5006 N
Scale Factors (Same for All Curves} 5 0.2 0.6675 0.6675
P M2 M3 B 0. 0.7071 0.7071 /
I I | 7 02 06675 056675 4
) 8 0.4 0.5006 05006 P-M3
[” Include Scale Factors in Plots Kgf.em,C 3 06 03338 0.3338
First and Last Points (Same for All Curves) :‘l—? 018 0'105 cd 0 108 £9
Point P M2 M3 -
1] [ I
i [ [ [ [ 7 M2-m3
Interaction Surface Requirements - Doubly Symmetric 3D Plot
M3 ;
1. A minimum of 3 PMM curves are specified. Plalrf]ﬂs— A " Show All Lines P
2. P (tension positive] increases monotonically. & J M2 B >
3. M2 =M3 =0 at the first and last points. o= a|  Hide M2M3Lines M3
4. First curve has all M3 = 0 and all M2 >= 0. Aperture |
5. Then one or more curves has all M2 > 0 and all M3 > 0. - 4| ¥ Highlight Current Curve M2
~|
6. Lastcurve has all M2 =0 and all M3 > 0.
7. As the curve number increases, a specific point number 3D | MM | PM3| PM2
should have an increasing M3 and a decreasing M2,
8. Each curve must be convex and the interaction surface as a
whole must be convex [no dimples in surface). l Cancel
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Analysis Case Data - Nonlinear Static

Analysis Case Type
Analysis Case Name |PUSH1 Set Def Name |Slalic LI
Initial Conditions Analysis Type
" Zera Initial Conditions - Start from Unstressed State " Linear
@ Continue from State at End of Nonlinear Case  |GRAVITYT = @ Nonlinear
Important Mote: Loads from this previous case are included in the ¢ Nonlinear Staged Construction
current case

Modal Analysis Case
All Modal Loads Applied Use Modes from Case |MODAL -

Loads Applied
Load Type Load Name Scale Factor
| Mode ~|[ [1
Mode 1 1 Add

Modify
Delete

Other Parameters

Load &pplication Displ Control Modify/Show...
Results Saved Multiple States Modify/Show... Cancel

Neonlinear Parameters User Defined Modify/Show. ..

[vv] NBle s 50 e @i b (il ,b cdls oy ya3 :(A-Y) S

Load Application Control for Nonlinear. Static Analysis

Load Application Contral
" Full Load
+ Displacement Contral
Control Digplacement
i~ ze Conugate Displacement

* |sze Monitored Displacement

Load to a Monitored Displacement Magnitude of |13.5

td onitored Dizplacement

f« DOF 11 - at Jaint an
- E—

Cancel
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Analysis Case Data - Nonlinear Static

Analysis Caze Type
Analysis Case Name |PUSH1 Set Def Name ISIaIic j
Iritial Conditions Analysis Type
(" Zero Initial Conditions - Start from Unstressed State " Linear
& Continue fiom State at End of Nonlinear Case  |GRAMITYT — ~ @ Nonlinear
Important Note:  Loads from this previous case are included in the " Monlinear Staged Construction
curent case

Modal Analysis Case

AllModal Loads Applied Use Modes from Case |MODAL -
Loads Applied

Load Type Load Name Scale Factor
[Mode =l i
Mode 1 1
Mode 2 0.4 i

Modify
Delete

Other Parameters
Load Application Displ Contiol Modify/Show

Results Saved Multiple States Modify/Show... Cancel
Monlinear Parameters User Defined Modify/Show.

W] 4 sloailgn lojen 1 Jloel b gog0 mj55 b o, b <l (V=Y USs

Analysis Case Data - Nonlinear Static

Analysis Case Type
Analysis Case Name |PUSH1 Set Def Name | Static LI
Initial Conditions Analysis Type
" Zero Initial Conditions - Start from Unstressed State " Linear
& Continue from State at End of Nonlinear Case | GRAMITYT — ~ & MNonlinear

Important Note

" Monlinear Staged Construction

Modal Analysis Case

All Modal Loads Applied Use Modes from Case |MODAL -
Loads Applied
Load Type Load Name Scale Factor

[ccel  +|fux ~|T

Accel Ux 1.

Add
Modify
Delete

Other Parameters

Load Application Displ Control Modify/Show... LI
Besults Saved Multiple States Modify/Show...

Nonlinear Parameters User Defined
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Analysis Case Data - Nonlinear Static

Analysis Case Type

Analysis Case Mame |PUSH11 Set Def Name Static -
Initial Conditions Analysis Type

" Zero Initial Conditions - Start from Unstressed State ¢ Linear

& Contirue from State at End of Nonlinear Case  |GRAVITY2 - = * Nonlinear

Important Note: Loads from this previous case are included in the ¢ Noninear Staged Construction
curnent ca

Modal Analysis Case
AllModal Loads Applied Use Modes from Case |MODAL v
Loads Applied
Load Type Load Mame Scale Factor

Accel |fuy ][04
Accel Ux 1.
Accel uy 0.4 adh

Madify
Delete

Other Parameters:

Load Application Displ Control Madify/Show.,
Results Saved Multiple States Madify/Show. Cancel
Nonlinear Parameters User Defined Modify/Show...

DWW a3 sloailgn ylojon i1 Jloel b cleiSs ausss 223, 50 cdls (0 ¥=Y) s

Analysis Case Data - Nonlinear Static

Analysis Case Type
Analysis Case Name |GRAVITY Set Def Name [static ~|
Initial Conditions Analysis Type
@ Zero Initial Conditions - Start from Unstressed State " Linear
¢ Continue from State at End of Nonlinear Case @ Monlinear
Important Nate:  Loads from this previous case are included in the ¢ Nonlinear Staged Construction
current case

Modal &nalpsis Case

All Modal Loads Applied Use Modes from Case |MODAL -
Loads Applied
Load Type Load Name Scale Factor

Load ~|[oeap ~]1a

Load DEAD 1.1
Load LIVE 1.1 o

Madify
Delete

Other Parameters
Load Application Full Load Modifu/Show... _ ok |

Results Saved [ Multiple States Modify/Show | Cancel
Nonlinear Parameters User Defined Modify/Show...
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Results Saved for Nonlinear Static Analysis Cases

Resultz Saved

" Final State Only f* Multiple States

For Each Stage

Minirmurm MNumber of S aved States |1 0
b azirum Mumber of Saved States |1 oo

[v Save positive Displacement Increments Only

Cancel
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I3 Nonlinear Parameters @

Material Nonlinearity Parameters Solution Control
r Maximum Total Steps per Stage 200

= M aximum Mull [Zero) Steps per Stage 50
r taximum Iterations per Step 10
r Iteration Convergence Tolerance [Relative] 1.000E-04
r~ Ewvent Lumping Tolerance [Relative] 0m
r
Geometric Monlineanty Parameters Hinge Unloading Method
 None & Unload Entire Structure
@ P-Delta " Apply Local Redistribution
" P-Delta plus Large Displacements " Restart Using Secant Stiffness

Reset To Defaults
0K | Cancel |
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PUSHOVER CURVE - CASE PUSH3
File Wiew
Displacement
E"D‘u@_, g Static Nonlinear Case PUSH3 -
540. _§ Plot Type
480. 75 * Resultant Base Shear vs Monitored Displacement
420 _5 / .§ " Capacity Spectrum Color |
i 3
360. 2
300. = / @
203 £
: = o I
180,
i [/ F L
80, %
N [ [ [ [
00 30 60 90120 150 180 21.0 240 27.0
Cursor Location [1315,323502.31) ~
Performance Paint (V,D) (0.000 . 0.000 ) I |
Performance Point (Sa,5d) (0.000,0.000) [ [ [ [
Performance Point (T eff Zeff) (0.979.0.050)
Additional Notes for Printed Output
I & o s o
Override Axis Labels/Range... J Reset Default Colors |
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Section Are
133 122 AS2 | AS3 S33 S22 Z33 722 R33 | R22
Name a
Units cm? cm? cm? cm? | ecm? | cm? cm? cm? cm? cm | cm
BRACE
2UNP120 | 34.1 735.0 579.0 | 16.8 | 19.8 | 122.51 | 105.27 | 146.30 | 127.99 | 4.64 | 4.12
2UNP140 | 40.8 | 12176 825.0 | 19.6 | 24.0 | 173.94 | 137.50 | 206.40 | 166.92 | 5.46 | 4.50
2UNP160 | 482 | 1863.6 | 1167.7 | 24.0 | 27.3 | 232.95 | 179.64 | 27652 | 21643 | 6.22 | 4.92
2UNP180 | 56.1 | 27282 | 1605.6 | 28.8 | 30.8 | 303.13 | 229.37 | 360.12 | 274.65 | 6.97 | 5.35
2UNP200 | 64.6 | 3854.0 | 21549 | 34.0 | 345 | 38540 | 28731 | 458.31 | 34226 | 7.72 | 5.78
2UNP220 | 75.1 | 54231 | 28565 | 39.6 | 40.0 | 493.01 | 357.06 | 586.11 | 425.01 | 850 | 6.17
COLUMN
BOX25X.8 | 77.4 | 7566.9 | 7566.9 | 40.0 | 40.0 | 605.35 | 605.35 | 703.02 | 703.02 | 9.89 | 9.89
1085.2 | 10852 | 1262.0 | 1262.0 | 11.8 | 11.8
BOX30X1 | 116.0 | 16278.7 | 16278.7 | 60.0 | 60.0
4 4 0 0 5 5
1498.5 | 14985 | 17345 | 17345 | 13.8 | 13.8
BOX35X1 | 136.0 | 262253 | 262253 | 70.0 | 70.0
9 9 0 0 9 9
BOX35x2.0 | 264.0 | 48092.0 | agoono | 140- | 140. [ 2748.1 | 2748.1 [ 32710 | 32710 | 135 | 135
’ ’ ’ ’ 0 0 1 1 0 0 0 0
BOX45X2. 425.0 128385. 128385. 225. 225. 5706.0 5706.0 6781.2 6781.2 17.3 17.3
5 : 4 4 0 0 2 2 5 5 8 8
160. 160. 3668.2 3668.2 4336.0 4336.0 15.5 15.5
BOX40X2 4.0 | 73365.3 | 73365.
0X40 304.0 3365.3 3365.3 0 0 . 7 0 0 3 3
BOXSOX2. | , . | 179114. | 179114, | 250. | 250. | 7164.5 | 71645 | 8468.7 | 8468.7 | 19.4 | 194
5 : 6 6 0 0 8 8 5 5 2 2
BEAM
IPE140 16.4 | 541.0 44.9 66 | 84 | 7729 | 1230 | 8830 | 1920 | 5.74 | 165
IPE160 20.1 869.0 68.3 8.0 10.1 108.63 16.66 124.00 26.10 6.58 1.84
IPE180 23.9 1317.0 101.0 9.5 12.1 146.33 22.20 166.00 34.60 7.42 2.06
IPE200 28.5 1943.0 142.0 11.2 14.2 194.30 28.40 221.00 44.60 8.26 2.23
IPE220 33.4 | 27720 2050 | 13.0 | 16.9 | 252.00 | 37.27 | 28500 | 58.10 | 9.11 | 2.48
IPE240 39.1 | 3892.0 2840 | 149 | 196 | 32433 | 4733 | 367.00 | 73.90 | 9.98 | 2.70
11.2
IPE270 459 5790.0 420.0 17.8 23.0 428.89 62.22 484.00 97.00 3 3.03
12.4
IPE300 53.8 8356.0 604.0 21.3 26.8 557.07 80.53 628.00 125.00 6 3.35




IPE330 62.6 11770.0 788.0 248 | 30.7 | 713.33 98.50 804.00 | 154.00 1?1'7 3.55
IPE360 72.7 16270.0 1043.0 28.8 | 36.0 | 903.89 | 122.71 1029'0 191.00 1‘;9 3.79
IPE400 84.5 23130.0 1318.0 344 | 405 1126'5 146.44 13%7'0 229.00 125 3.95
IPE450 98.8 | 33740.0 1676.0 423 | 46.2 14969.5 176.42 17%2'0 276.00 12;.4 4.12
IPE500 116.0 | 48200.0 2142.0 51.0 | 533 1938'0 214.20 21%4'0 336.00 2(;'3 4.30
IPE550 134.0 | 67120.0 2668.0 61.1 60.2 24‘;’0'7 254.10 27?)7'0 401.00 228.3 4.46
IPE600 156.0 | 92080.0 3387.0 72.0 | 69.7 30i9'3 307.91 3522'0 486.00 22'3 4.66
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olos | 3550 (I G0 iS55 0 (o (510 S G
aib (cm) ¢, (cm) 2 (CM) pgus s
5 3.59 0.86 1.73
4 2.73 0.91 1.73
3 1.82 0.87 1.73
2 0.95 0.65 1.73
1 0.30 0.3 1.38

YA + 8L )01 +525%  sloxsle Jas oliks ;s haugie sils S0 sd «(F-F) Jgu

oilods | 30 (IS (0 | 35 g0 o 0t | jlmo (o S0
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10 9.40 1.09 1.73

9 8.31 1.21 1.73

8 7.10 1.25 1.73

7 5.85 1.25 1.73

6 4.60 1.15 1.73

5 3.45 1.01 1.73
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4 2.44 0.87 1.73
3 1.57 0.73 1.73
2 0.84 0.58 1.73
1 0.26 0.26 1.38
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14 13.04 1.05 1.39

13 11.98 1.13 1.39

12 10.85 1.17 1.39

11 9.69 1.15 1.39

10 8.53 1.14 1.39

9 7.39 1.10 1.39

8 6.30 1.05 1.39

7 5.24 1.01 1.39

6 4.23 0.97 1.39

5 3.26 0.91 1.39

4 2.35 0.83 1.39

3 1.52 0.72 1.39
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2 0.80 0.56 1.39

1 0.24 0.24 1.10

YAee o latiewnl V-0 oo @b b ygiuw Cwoglio J s -Y-A-F
5 Jelos YA o Il ¥ gy 5 (o Ol ke Ve G b sl LbOB (slagy gt
b Joe ;S50 )0 g Cwglie b ow jo ool slaalas LS slaggaw 2o wlad b

2O g o..).MSJJ.MS

b Juo 50 bygay )l slac! g Lis jlro (i Jlals -Y-A-F
slacl o g lid gilxe sl s polae YA« o llial ¥V oCangy A=Y as bl
Fon b 5o osled SG plS o laan lee 955 o0 czge alails (] aS 05l oo 00l alS (g0)les
e Sl St ol ity ool s Lo lom 6,23 s 53 o cad 55 4 03Y g
0als ool amas 3l 73 JiileS g glaxao 5,0 (ileS 0 +/FY 5 /0 polie jlcus A JFee Job
]
ey (P-F) oo ©jpe 4 oo lee ) jlre 5 9700 (25 48 285 g 00l il polie

RV

SE‘CtIOI’] rmin rmaj )\.min ;\.maj }\. B Fa FaszB*Fa

- cm | cm kg/cm? | kg/cm?

2UNP12 | 3.62 | 463 | 94.81 | 55.31 | 9481 | 0.73 923 678.36

2UNP14 | 391 | 545 | 87.67 | 47.01 | 87.67 | 0.75 978.4 733.73

2UNP16 | 4.2 6.2 | 81.77 | 41.28 | 81.77 | 0.76 1022 779.74

2UNP18 | 4.48 | 6.96 | 76.62 | 36.82 | 76.62 | 0.77 1059 820.15

2UNP20 | 4.76 | 7.71 | 72.08 | 33.24 | 72.08 | 0.78 1059 831.25

2UNP22 | 5.05 | 848 | 6.96 | 30.21 | 67.96 | 0.79 1059 841.6
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ABSTRACT



EVALUATION OF SEISMIC PERFORMANCE OF STEEL FRAMES
WITH DUAL SYSTEM

Mehdi Shayesteh

The current building codes such as Iranian seismic code (STANDARD NO. 2800) permit linear
elastic analysis to predict the structural response and estimate seismic demands, since the
actual response of most structures under the design earthquake loading results in inelastic
behavior, linear elastic procedures are cleary inaccurate and inadequate.In recent technical
notes that use performance—based design philosophy, such as FEMA356 and SEISMIC
REHABILITATION CODE, nonlinear analysis procedures has gained importance to the extend
that use of linear analysis is now very limited and designers have to use non-linear
procedures. Since the IRANIAN SEISMIC CODE (STANDARD NO 2800) and SEISMIC
REHABILITATION CODE are different in loading, analysis method and acceptance criteria,
therefore seismic evaluation of buildings that design with standard no—2800 with SEISMIC
REHABILITATION CODE can be useful. Therefore for this purpose six buildings with dual
system (intermediate moment frame + concentric braced frame) with 5, 10 and 15 stories
have been chosen and designed with IRANIAN SEISMIC CODE and then evaluated by using of
static nonlinear procedure (pushover) according to SEISMIC REHABILITATION CODE and

degree of weakness for each type of elements have been discussed.

Keywords: Seismic Evaluation, Steel Building, Nonlinear Static Procedure, STANDARD NO-
2800, Dual System, Structural Performance.
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