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TABLE: Material Properties 02 - Basic Mechanical Properties

Material UnitWeight UnitMass E1l G12 U12 Al
Text Kgf/m3 Kgf-s2/m4 Kgf/m2 Kgf/m2 Unitless 1/C
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TABLE: Material Properties 03a - Steel Data

Material Fy Fu EffFy Efffu  SSCurveOptSSHysType
Text Kgt/m2 Kgt/m2 Kgt/m2 Kgt/m2 Text Text
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TABLE: Combination Definitions

ComboName ComboType AutoDesign CaseType CaseName ScaleFactor SteelDesign
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D+L-Ex Linear Static LL 1
D+L-Ex Linear Static EX -1
D+L+Ey  Linear Add No Linear Static DEAD 1 Yes
D+L+Ey Linear Static LL 1
D+L+Ey Linear Static EY 1
D+L-Ey Linear Add No Linear Static DEAD 1 Yes
D+L-Ey Linear Static LL 1
D+L-Ey Linear Static EY -1
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Link/Support Property Data Link/Support Directional Properties
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| | Property Mame [DAS-10PY
Property Name |ADAS-1DF’}| Set Default Mame | o 3
Diirection

P ty Mt Modify/Show...
Toperty Notes Y. | Tupe Plastic [wen)
Total Mass and Weight
MaonLinear ==

Mass 0 Fiotational Inertia 1 0.
i ’5007 e ’07 Properties Used For Linear Analysis Cases
eigl . otational Inertia .
Rotational Inertia 3 0. Effective Stifness e

- - - Effective Damping 0.
Factors For Line, Area and Solid Springs
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,1.7 Diistance from End-J o

Property iz Defined for Thiz &rea In Area and Solid Springs

Directional Properties P-Delta Parameters Properties |sed For Monlinear Analyzis Cases
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TABLE: Link Property Definitions 10 - Plastic (Wen)
Link  DOF Fixed NonLinear TransKE TransCE DJ TransK TransYield Ratio YieldExp Weight
Text Text Yes/No Yes/No Kgf/cm Kgf-s/cm cm Kgf/cm Kgf  Unitless Unitless Kgf

ADAS-10Px U2 No Yes 14791.2 0 0 14791.2 7868.9 0.05 2 500
ADAS-10Py U3 No Yes 14791.2 0 0 14791.2 7868.9 0.05 2 500
ADAS-3Px U2 No Yes 4437.36 0 0 443736 2360.67 0.05 2 450
ADAS-3Py U3 No Yes 4437.36 0 0 443736 2360.67 0.05 2 450
ADAS-4Px U2 No Yes 5916.48 0 0 591648 3147.56 0.05 2 450
ADAS-4Py U3 No Yes 5916.48 0 0 591648 3147.56 0.05 2 450
ADAS-5Px U2 No Yes 7395.6 0 0 7395.6 3934 .45 0.05 2 450
ADAS-5Py U3 No Yes 7395.6 0 0 7395.6 3934 .45 0.05 2 450
ADAS-6Px U2 No Yes 8874.72 0 0 887472 4721.34 0.05 2 450
ADAS-6Py U3 No Yes 8874.72 0 0 8874.72 4721.34 0.05 2 450
ADAS-7Px U2 No Yes 10353.8 0 0 10353.84 5508.23 0.05 2 500
ADAS-7Py U3 No Yes 10353.8 0 0 10353.84 5508.23 0.05 2 500
ADAS-8Px U2 No Yes 11833 0 0 1183296 6295.12 0.05 2 500
ADAS-8Py U3 No Yes 11833 0 0 1183296 6295.12 0.05 2 500
ADAS-9Px U2 No Yes 13312.1 0 0 13312.08 7082.01 0.05 2 500
ADAS-9Py U2 Yes 500
% IPE 160 IPE220D } — 4 ADAS-6Px IPE 160

3 IPE 160 - ’; IPEI:’;Z} — 4 ADAS-4Py IPE 160 - % § \(‘9 \—’o% % %

§ § § § = IPE 180 = IPE3@0 } — 4 ADAS-8Px 3 IPE 180 =

g g g g 5 IPE200 § IPE300 } —4 ADAS-8Px ; 1PE200 5

% 1PE220 % % IPE220 % = IPE220 = IPE300 } —4 ADAS-9Px 3 1PE220 =

§ § GME § § $\® %% §

% 1PE220 % % 1PE220 % s 1PE200 % IPES0 | — ) ADAS~5Px : 1PE200 2

% § §§ 1PE220 § § § §\® % 2
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Load Case Data - Nonlinear Static

Load Case Name Motes

Giravit'y’ Set Def Mame |

Modiy/Show... |

Load Case Mame

PLISH-Y

Initial Conditions

v Zero Initial Conditions - Start from Unstiessed State

(" Continue from State at End of Monlinear Case

Impiortart

Modal Load Case
Al Modal Loads Applied Use Modes from Case

Loads &pplied

Load Type Load Name Scale Factor
Load Palterrﬂ|DL L] 1.1
Load Pattern DL 11
Load Pattern | LL 11

MODAL =

Initial Conditions

" Zero Initial Conditions - Start from Unstressed State

+ Conlinue from State at End of Monlinear Case | Gravity 3e

Important Mote:  Loads from this previous case are included in the
cuirent case

Modal Load Case

Loads Applied
Load Type

Set Daf Name ‘

Motes Load Case Type
Modity/Show.. |

All Modal Laads Applied Use Maodes fram Case

Load M ame

Analpsis Type

" Linear

& Monlinear

" Monlnear Staged Caonstruction

Geometiic Monlinearity Parameters

MODAL =

&+ Mane
= P-Delta

" P-Delta plus Large Displacements

Scale Factor

Load F'atlerrj | EY

Load Pattern |EY

hodify
Delete

Other Parameters
Load Application

Results Saved

Y oz 5 ojbe 0355 polie 5l JB (sl (il 5 S5 5 5L Sl iy a8 -(V0 -F) JSCs

Load Appli Control for Monli Static Analysis
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Load Application Control
" Full Load
(& Displacement Control
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@ Use Conjugste Displacement

" Use Monitored Displacement
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 DOF uz > atdoint  [188

£2
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Results Saved for Nonli Static Load Cases

Other Parameters:
Load Application

Results S aved

J’{: MNonlinear Parameters

Displ Contral todify/Shaw
Multiple States tadifysShaw
Morlinear Parameters User Defined Madify/Shaw...

Add

b odify
Delete

Cancel

Shatic ~| Design...

Results Saved

" Final State Only f+  Multiple States

For Each Stage

T
oo

Minimurn Mumber of Saved States
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v Save positive Displacement Increments Only

Cancel |

M aterial Nonlinearity Parameters

I—

LR Y RS R

Hinge Unloading kethod
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Solution Control
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Iteration Convergence Tolerance [Fielative)
Uze Event-to-event Stepping
Event Lumping Tolerance [Relative]
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Target Force Iteratior
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Convergence Tolerance [Relative)
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Load Case Data - Nonlinear Static Staged Construction

Load Case Name MNotes Load Case Type

Brac+D ampi Set Def Mame | Modify/Show. | Static ~+ | Design.
Iritial Conditions Linalysiz Type

" ZeroInitial Conditions - Start from Unshiessed State " Linear

(+  Continue from State at End of Nonlinear Case | Gravitd hd " Monlinear

Important Mote:  Loads from this presious case are included in the

o Monlnear Staged Constiuction
curment caze

Stage Definition Geometric Monlinearity Parameters

Stage Duration Prowide  Output User JJ + MNone
Mo, [Daps]  Output Label Camments i~ P-Delta

1 il No jl [ Add " P-Delta plus Large Displacements

il 0. No ‘ Add Copy

Muadify
[ Expand Stage Definition

Insert Show Stages
Delete Show Stages In Tree View...

Data For Stage 1 (0. daps;|

Operation Object Type  Object Name  Age At Add Type MName Scale Factar
|Add Structure jlﬁmup ﬂ ‘BlauDam{j |U. | ‘
Add Stuctue Group Brac+Dampx |0,

Stage: <¢[ <] 13 [>an1 Add | Modiy | Delete

[~ Ewxpand Stage Data

DOther Parameters

Results Saved End of Final Stage Only Modify/Shov, ek
Monlinear Parameters Deefault Modify/Show, Tenadl

Load Case Data - Monlinear Static

Load Caze Name Notes

FPIISH-# Set Def Name | Modify/Show.... |

Initial Conditions -

(" Zero Initial Condtions - Start from Unstressed State

(* Continue from State at End of Norlinear Case | Brac+Dampix =

Irportant Mote: Loads from this presious case ae included in the:
curent case

Modal Load Case
Al Modal Loads Applied Use Modes from Case MODAL hd

Loads Applied
Load Type Load Mame Scale Factar

Accel |jux ~|
.

Accel U

Add

t adify
Delete

Other Parameters

Displ Control todify/Shaw..
Multiple States Modify/Shais..
Monlinear Parameters User Defined Madify/Shaow..

Load Application

Results Saved
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Parameters For FEMA 356 Coefficient Method Response Spectrum Function Definition

Pushowver Parameters Name LUnits Function Mame . rFunction Damping Fatio

Name |FaserP02 [kaf.om T =] (2800 T

Demand Spectum Definitiorn

Define Function

Effective Wizcous Damping (0 < Damp < 1] nos Period Acceleration
& Defined Function [2800 | | | b
£.24 | [ 0.4371 ||
Scale Factor 34335 £0E 04362 18] Modify
o i .84 0.4354
Characteristic Period of Resp Spec. Ts 045 g 14345 —
" FEMA 356 General Responze Spectium 592 0.4337
£.34 0.4329
E.3E 0.432
[— .33 o4nz !
7. ™| 0.4304 i
Site Clasz

Function Graph

Selected

[~ UszerValue for C3 —Em

I UszerYalue for Crm
Items Yisible On Plat =

I Show Capacity Curve Color [ o

[v Show Idealized Bilinear Force-Dizpl Curve Color i i

Rieset Default Colars |
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File Edit
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2 Cm 1
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vV, W 295699.46/3141647.5
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SAP2000 Pushover Curve 4/15/11 20:26:18

OISPLACEMENT (MM

210.

| /

188.

168.

147.

126.

105.

84,

BASE REACTION (TON)

63.

42.

21.

0_\\II\\I\\II\\I\\\I\\I\\II\I\\\I\\I\\\I\I
0. 58. 116. 174. 232. 280. 348. 406. 464, 522. 580.

Results: Target Displacement (V, D) = (192.266 , 316.987)

C0 =1.20947 Cl1=1. Cc2=1. C3=1. Sa=04107g Te =1.5559
Ki=0.9679 Ke = 0.9679 Ti=1.5559 Alpha = 0.2708

R =2756 Vy =149.7346 VW = 1004.8494 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P0O2

X gz 0 0aits pglie aiids 0 ojle g1y 00l dwle D o S0 a5 ol joge 591 s Jloges —(F -0) S



SAP2000 Pushover Curve 4/15/11 202639

OISFLACEMENT (MM

180.

162.

144,

126.

108.

90.

72.

BASE REACTION (TON)

54,

36.

18.

o Y A e e e e S S A o
0. 53. 106. 1359. 212. 265. 318, 371, 424, 477. 530.

Results: Target Displacement (V, D) = (164.028 , 383.718)

C0=1.2093 Cc1=1. c2=1. C3=1. Sa=0.3738g Te=1.7914
Ki=0.7227 Ke = 0.7227 Ti=1.7914 Alpha = 0.211

R = 2.808 Vy = 133.7305 W =1004.8494 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P0C2

Y caz 0 cais pglie aiids 0 ojle (gl 0o dwle D o e s ol yoge 59T s Jloges —(F -0) S
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SAP2000 Pushover Curve 4/15/11 19:35:03

OISPLACEMENT (MM)

390.

351.

312.

273.

234.

195.

156.

BASE REACTION (TON)

117.

78.

39.

o 28 S S S S e e e s s
0.0 8.0 16.0 24.0 32.0 40.0 48.0 56.0 64.0 72.0 80.0

Results: Target Displacement (V, D) = (384.052 , 80.829)

C0=1.3228 Cc1=1. c2=1. C3=1. Sa=0.8235¢g Te=0548
Ki=7.6937 Ke = 7.6937 Ti=0.548 Alpha = 0.2488

R =27461 Vy=3052802 W=10179656 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P0O2
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SAP2000 Pushover Curve 4/15/11 19:36:37

OISPLACEMENT (MM

470.

423.

376.

329.

282.

235.

188.

BASE REACTION (TON)

141.

94,

47.

O_\I\II\III\\\\I\I\\\\I\I\\\II\I\\III\\\\\
0.0 59 11.8 17.7 236 28.5 354 41.3 47.2 53.1 59.0

Results: Target Displacement (V, D) = (451.870 , 55.251)

C0=1.2819 C1 =1.0902 cz=1. C3=1. Sa=038753¢ Te =0.4279
Ki=13.5894 Ke = 13.5894 Ti=0.4279 Alpha = 0.397

R =3.494 Vy = 2585.0139 W =1017.9656 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P0C2

Y caz 0 0ol pglie ail O o5l (slp oo dwlne D Guas 1S 1k ol o 5l g Hloges —(F -0) IS



SAP2000 Pushover Curve 4/15/11 20:37:32

DISFLACEMENT (MM
310. —

278,

248.

217.

186.

158,

124,

BASE REACTION (TON)

93.

62.

31.

0_\\I\\I\\III\\\I\\I\\I\I\\\II\\\II\I\\I\I
0. 88. 176. 264. 352, 440. 528, 616. 704. 792. 880.

Results: Target Displacement (V, D) = (277.509 , 538.294 )

C0 =1.3231 C1=1. Cc2=1. C3=1. Sa=03192¢g Te=22706
Ki = 0.83086 Ke = 0.8306 Ti=2.2706 Alpha = 0.2405

R =2.9339 Vy = 2238156 W = 2057.299 Cm=1.

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P02
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SAP2000 Pushover Curve 4/15/11 20:39:29

ODISPLACEMENT (MM

270.

243.

216.

189.

162

138,

108.

BASE REACTION (TON)

81.

54.

27.

0_\\I\\I\\III\\\I\\I\\I\I\\\II\\\\I\I\\I\I
0. 77. 154. 231. 308. 385. 462, 539, 616. 693. 770.

Results: Target Displacement (V, D) = (250.174 , 600.624 )

C0 =1.3408 C1=1. Cc2=1. C3=1. Sa=03041¢ Te=24416
Ki = 0.6893 Ke = 0.6893 Ti=2.4416 Alpha = 0.2055

R = 3.0107 Vy = 207.7923 W = 2057.299 Cm=1.

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P02
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SAP2000

Pushover Curve 4/15/11 20:01:03

ODISPLACEMENT (MM

550.

495,

440.

385,

330.

275.

220.

165.

BASE REACTION (TON)

110.

05.

15. 30. 45, 60. 75.
Results:

C0o=1.4211
Ki=11.964

R=157779

Target Displacement (V, D) = (440.547 , 105.696 )
C1=1. C2=1 C3=1. Sa=0745¢g
Ke=11964 Ti=06368 Alpha=0.2935
Vy = 98.2361 W =2080.4999 Cm=1.

90. 105. 120. 135. 150.

Te = 0.6368

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P02

X S 50 0l IDBL?LA aads Ve oojlw 6‘)’.‘ AW AMLZAD Sas ulia)...».u o‘).o.g‘.g )STU“’?” )|.>5A.§ -1 -0) S




SAP2000 Pushover Curve 4/15/11 20:01:46

OISFLACEMENT (MM

510.

459.

408.

357.

306.

255.

204

BASE REACTION (TON)

183.

102.

51.

o Y, e e e S A o
0. 1. 22. 33. 44, 55. 66. T7. 88. 99. 110.

Results: Target Displacement (V, D) = (435.340, 84.738)

CO0=1.4271 Cc1=1. c2=1. C3=1. Sa=0.8337¢g Te = 0.5378
Ki=16.2332 Ke = 16.2332 Ti=0.5379 Alpha = 0.235

R =11.8421 Vy=146.4734 W = 2080.4998 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P0C2

YC;‘.Q.?)Q AW r:ch.nd.o.».b Ve oojlw 6‘)‘.’ 0l ML?:.QD RV ul&a)...».u O‘N)ﬂ&% )|o5,o.§—(\‘ -0) s



SAP2000 Pushover Curve 4/15/11 20:43:57

ODISPLACEMENT (MM

390.

351.

312.

273.

234

195,

156.

BASE REACTION (TON)

117.

78.

39.

0_\\I\\I\\III\\\I\\I\\I\I\\\II\\\\I\I\\I\I
0.00 0.11 0.22 0.33 0.44 0.55 0.66 077 0.88 0.99 1.10 %10

3

Results: Target Displacement (V, D) = (360.621 , 724.108)

C0 =1.3457 C1=1. Cc2=1. C3=1. Sa=02775¢g Te = 2.8006
Ki = 0.7956 Ke = 0.7956 Ti= 2.8006 Alpha = 0.201

R = 2.8457 Vy = 306.3985 W =3141.6475 Cm=1.

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P02
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SAP2000 Pushover Curve 4/15/11 20:44:18

ODISPLACEMENT (MM

360.

324

288.

252.

216.

180.

144,

BASE REACTION (TON)

108.

72.

36.

0_\\I\\I\\III\\\I\\I\\I\I\\\II\\\\I\I\\I\I
0. 97. 194. 291. 388. 485. 582, 679. 776. 873. 970.

Results: Target Displacement (V, D) = (342.625 , 771.297)

C0 =1.381 C1=1. cz=1. C3=1. S5a=02723¢g Te =2.8821
Ki=0.717¢ Ke =0.7179 Ti=2.8821 Alpha = 0.1819

R =2.8926 Vy = 295.6995 W =3141.6475 Cm=1.

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P02

Y caz 0 ais pglie aiido V0 o3le (sl 0o dwle D Gun S0 s ol yage 59109 Hloges ~(VY =0) IS



SAP2000 Pushover Curve 4/15/11 20:12:06

ODISPLACEMENT (MM

700.

630.

560.

490,

420.

350.

280.

BASE REACTION (TON)

210.

140.

70.

0_\\I\\I\\III\\\I\\I\\I\I\\\II\\\II\I\\I\I
0. 22. 44. 66. as. 110. 132, 154 176. 198. 220.

Results: Target Displacement (V, D) = (457.234  124.822)

C0 =1.4539 C1=1. Cc2=1. C3=1. Sa=0.6948¢g Te=07072
Ki=16.7654 Ke = 16.7654 Ti=0.7072 Alpha = 0.16389

R = 17.6646 Vy =124.9211 W =23176.1225 Cm=1.

SAP2000 v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: F356P02
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SAP2000 Pushover Curve 4/15/11 20:12:42

DISPLACEMENT (MM

730.

657.

584.

511,

438.

365.

292.

BASE REACTION (TONY

219.

148.

73.

O_I\\\\II\\I\II\\\II\I\\\II\I\\I\I\II\\\\\
0. 18. 36. 54, 72. 90. 108. 126. 144, 162. 180.

Results: Target Displacement (V, D) = (490.398 , 100.750)

C0 = 1.4651 C1=1. Cc2=1. C3=1. Sa=07757g Te =0.5993
Ki=21.3328 Ke=21.3328 Ti=0.5993 Alpha = 0.17

R =16.3451 Vy = 1580.7327 W=23176.1225 Cm=1.

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: F356P02
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File:

Static Nonlinear Cage Plat Type Units
PUSH# ~| | ATC-40 Capacity Spectrum = || Jketme =]
03 Spectral Displacement (metre) Current Plot Parameters
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747, Add New Parameters...
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SAP2000 Pushover Curve 4/15/11 20:23:32

x107 oPLCTRAL DISPLACEMENT

260. :
234,
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Results

Performance Point (V, D) = (157.072 , 186.132)
Performance Point (Sa, Sd) = (0.204 , 142.331)
Performance Point (Teff, Beff) = (1.673 , 0.090)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:24:23
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Results

Performance Point (V, D) = (136.888 , 215.794)
Performance Point (Sa, Sd) = (0.177 , 162.880 )
Performance Point (Teff, Beff) = (1.922 , 0.092)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 19:42:40
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Results

Performance Point (V, D) = (352,183, 62.124)
Performance Point (Sa, Sd) = (0.472 , 47.689)
Performance Point (Teff, Beff) = (0.634, 0.137)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PO1
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SAP2000

Pushover Curve 4/15/11 19:44:31

0.

9.4
Results

14.1 18.8

Performance Point (V, D) = (440.160 , 50.907 )
Performance Point (Sa, Sd) = (0.546 , 39.510)
Performance Point (Teff, Beff) = (0.540, 0.144)
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SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C

Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:33:12
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Results

Performance Point (V, D) = (224.291 , 289.841)
Performance Point (Sa, Sd) = (0.150, 210.347 )
Performance Point (Teff, Beff) = (2.375, 0.078)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:34:33

103 SPECTRAL UISPLACEMENT
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Results
Performance Point (V, D) = (206.133 , 320.489)
Performance Point (Sa, Sd) = (0.139, 225.582)
Performance Point (Teff, Beff) = (2.557 , 0.079)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 19:57:17
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Results

Performance Point (V, D) = (463.256 , 113.552)
Performance Point (Sa, Sd) = (0.299 , 80.430)
Performance Point (Teff, Beff) = (1.040, 0.122)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 19:58:14

%107 SPECTRAL UISPLACEMENT
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Results

Performance Point (V, D) = (469.189 , 94.648)
Performance Point (Sa, Sd) = (0.313, 66.700)
Performance Point (Teff, Beff) = (0.922 , 0.149)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:41:39
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Results

Performance Point (V, D) = (289.031 , 379.868 )
Performance Point (Sa, Sd) = (0.129, 265.786 )
Performance Point (Teff, Beff) = (2.876 , 0.067 )

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:42:53

103 SPECTRAL DISPLACEMENI
160. \ :
144, | s
128, '
112, :
_‘ s
| |
96. -
i =
[
|
<L
[T
-
80. - { Ll
Y [
\ (]
1 <1
4 y |
<Z1
64 s ==
. \ - . lr_]
s e
\ \\ D
I ™~ \\ ~
\ \\\
~.
48 N S T
.,
\\\~ \\ - h - .
., \\‘R - “\\“ "u._____
i I T
. T -
32. s S
16.
'0_ | I | [ Ll 11 L1l | | L1 |-
' 72. 144, 216. 288, 360. 432, 504, 576. 648, 720.
Results
Performance Point (V, D) = (280.328 , 406.674)
Performance Point (Sa, Sd) = (0.126 , 274.068 )
Performance Point (Teff, Beff) = (2.952 , 0.065)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:08:43
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Results
Performance Point (V, D) = (516.648 , 146.528 )
Performance Point (Sa, Sd) = (0.220, 101.548)
Performance Point (Teff, Beff) = (1.360, 0.136)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-X, Parameter Set Name: A40PC1
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SAP2000 Pushover Curve 4/15/11 20:09:13
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Results

Performance Point (V, D) = (580.315, 128.035)
Performance Point (Sa, Sd) = (0.256 , 87.828)
Performance Point (Teff, Beff) = (1.170, 0.134)

SAP2000v14.0.0, File: R-Steel, Units: Tonf, mm, C
Analysis Case: PUSH-Y, Parameter Set Name: A40PC1
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TABLE: Pushover Curve - PUSH-X
Step Displacement BaseForce AtoB BtolO I0toLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 860 0 0 0 0O 0 0 0 860
1 62732396  60.7187 860 0 0 0 0O 0 0 0 860
109.612512 1057583 859 0 0 0o 0 0 0 860
3 176970417 1532956 803 14 43 0 0o 0 0 0 860
4 235011935 1772183 751 31 76 2 0o 0 0 0 860
5 298.602927  190.4926 720 10 99 25 0 15 0 860
| 6 | 364312821 | 196.8308 692 10 84 47 16 1 10 0 860
7 42926629  200.8438 687 7 56 45 40 2 23 0 860
8  494.825914  204.2409 686 1 41 34 39 5 54 0 860
9 49482833 2042411 686 1 41 34 39 1 58 0 860
10 563.170731  206.5785 675 9 32 24 35 3 82 0 860
11 570.107203  206.7614 673 11 32 20 36 1 87 0 860

Y oz o @ik polie 5l 8 ails B oles (sl Bow ISt et 2 e slayall ~(F -0) Jgor

TABLE: Pushover Curve - PUSH-Y
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 860 0 0 0 0O 0 0 0 860
1 63.139447 456313 860 0 0 0 O 0 o0 0 860
2 126339447 912626 860 0 0 0 O 0 0 0 860
132.871148 959786 858 0 0 0o 0 0 0 860
4 197769275  131.629 796 17 47 0 0o 0 0 0 860
5 250.141226 1469079 747 21 91 1 0o 0 0 0 860
6  313.64594  156.8706 722 15 88 33 2 0 0 0 860
7 379.929708  163.8033 688 26 62 50 30 2 2 0 860
| 8 | 444.059268 | 167.6133 672 11 54 32 50 1 40 0 860
9  508.708059  169.8637 662 11 52 22 26 1 86 0 860
10 523.486186 1702148 660 12 51 22 2 2 91 0 860
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TABLE: Pushover Curve - PUSH-X
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 1040 0 0 0 0O 0 0 0 1040
1 32396144 2492466 1040 0 0 0 0 0 0 0 1040
38.912258  290.7098 1039 0 0 0o 0 0 0 1040
3 50434966  331.1866 1030 6 1 1 0 11 0 1040
4 50450396 3313159 1030 6 0 1 o 0 3 0 1040
5 77.830499  380.2594 1018 6 9 0 o 0 7 0 1040
6  77.830499  380.2594 1018 6 9 0 0o 0 7 0 1040
7 78.62454  381.6735 1018 3 9 0 0o 3 7 0 1040
8  78.625614  381.6823 1018 3 9 0 0 0 10 0 1040
9 78710596  381.8997 1018 3 9 0 0 0 10 0 1040
10 79.952308  383.9625 1018 0 9 0 0o 0 13 0 1040
11 79.952613  383.9616 1018 0 9 0 0 0 13 0 1040
| 12| 79963995 | 384.0518 1018 0 9 0 0 0 13 0 1040
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TABLE: Pushover Curve - PUSH-Y
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 1040 0 0 0 0 0 0 0 1040
1 12.01105 1632224 1040 0 0 0 0 0 0 0 1040
40.178072  395.0577 1028 0 0 0 0 0 0 1040
3 45789257  423.5047 1018 10 6 0 0 303 0 1040
4 45789262  423.5048 1018 10 6 0 0 0 6 0 1040
5 45806497  423.6525 1018 10 6 0 0 0 6 0 1040
6 45806519  423.6529 1018 10 6 0 0 0 6 0 1040
7 51754189  442.9004 1014 10 4 0 0 0 12 0 1040
8  51.760833  443.0232 1014 10 4 0 0 0 12 0 1040
9 51.786426  443.0399 1014 10 4 0 0 0 12 0 1040
| 10 | 58.630619 | 4604814 1001 13 10 1 0 0 15 0 1040
11 58.634581  460.5515 1000 14 10 1 0 0 15 0 1040
12 58700701  460.7146 1000 14 10 1 0 0 15 0 1040
13 58700701  460.7146 1000 14 10 1 0 0 15 0 1040
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TABLE: Pushover Curve - PUSH-X
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 1700 0 0 0 0o 0 0 0 1700
1 126719522 1052514 1700 0 0 0 0 0 0 1700
202.075806  167.6049 1698- 0 0 0o 0 0 0 1700
3 288.507553  223.9075 1593 51 0 0o 0 0 0 1700
4 403.161896  256.8998 1492 33 169 6 0 0 0 0 1700
| 5 | 548503594 | 279.0656 1450 14 151 67 18 0 0 0 1700
6  677.559717  294.1941 1426 19 97 82 52 2 22 0 1700
7 811192153  305.6515 1383 29 89 56 72 5 66 0 1700
8 87340491  309.5494 1374 18 98 46 61 0 103 0 1700
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TABLE: Pushover Curve - PUSH-Y
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf

o 0 0 1700 0 0 0 0 0 0 0 1700
126.92181  87.4825 1700 0 0 0O 0 0 0 1700

- 223.973375 1542302 1699- 0 0 0o 0 0 0 1700
3 320632874 2062102 1591 67 0 0o 0 0 0 1700

4 398362051 2258192 1503 41 153 3 0 0 0 0 1700
5 529.05504  243.4691 1440 33 139 63 2 12 0 1700

| 6 | 661.427989 | 2558706 1416 15 113 53 57 1 45 0 1700
7 763.003312 2623964 1399 17 92 50 42 1 99 0 1700
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TABLE: Pushover Curve - PUSH-X
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 2060 O 0 0 0 0 0 0 2060
1 6.5232 78.0436 2060 0 0 0 0 0 0 0 2060
2 81.672589 366.7586 2054| 6 0 0 0 0 0 0 2060
3 110.940927 ‘ 456.6575 2035 16 6 0 0 0 3 0 2060 ‘
4 110.940927 456.6575 2035 16 6 0 0 0 3 0 2060
5 113.797803 463.8786 2035 13 6 0 0 0 6 0 2060
6 113.797935 463.8805 2035 13 6 0 0 0 6 0 2060
7 130.094454 503.7738 2028 10 9 0 1 0 12 0 2060
8 130.095201 503.7842 2028 10 9 0 1 0 12 0 2060
9 130.09839 503.7842 2028 10 9 0 1 0 12 0 2060
10 133.17021 510.9189 2028 6 11 0 0 0 15 0 2060
11 133.270146 511.2688 2028 6 11 0 0 0 15 0 2060
12 146.808856 541.8833 2027 3 11 0 1 0 18 0 2060
13 146.809027 541.8831 2027 3 11 0 1 0 18 0 2060
14 146.816076 541.9793 2027 3 11 0 1 0 18 0 2060
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Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 2060 0 0 0 0 0 0 0 2060
1 6.825391 110.7978 2060 0 0 0 0 0 0 0 2060
2 19511053 186.0651 2060 0 0 0 0 0 0 0 2060
3 72.691489  394.1943 2060 0 0 0 0 0 0 0 2060
| 4 | 106.008674 | 507.9911 2003| 30 | 24 0 0 0 3 0 2060 |
5 106.016416  508.1519 2003 30 24 0 0 0 3 0 2060
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Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 2540 0 0 0 0 0 0 0 2540
1 190.349598  151.4458 2540 0 0 0 0 0 0 0 2540
290321674  230.6318 2539[ 1 | © 0 0o 0 0 0 2540
3 401.114046  302.8869 2388 80 72 0 0 0 0 0 2540
4 484972322 329.1243 2265 80 195 0 0 0 0 0 2540
5 719.860628  360.2288 2166 30 227 107 10 0 0 0 2540
| 6 | 914.758043 | 378.2336 2134 20 137 127 82 3 37 0 2540
7 1063.224561 388.5295 2118 17 109 81 101 3 111 0 2540
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Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 2540 0 0 0 0O 0 0 0 2540
1 190524411  136.7755 2540 0 0 0 0O 0 0 0 2540
315417502 226.1182 2539 1 | 0 0 0 0 0 0 2540
3 423.849303  290.5315 2390 81 69 0 O 0 o0 0 2540
4 493.024473  309.6839 2272 71 197 0 0 0 0 0 2540
5 689.470304  335.6962 2161 37 229 87 260 0 0 2540
| 6 | 887.114388 | 3524327 2118 24 147 100 8 1 64 0 2540
7 96249622  356.9204 2105 27 136 72 93 3 104 0 2540
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TABLE: Pushover Curve - PUSH-X
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 3080 0 0 0 0 0 0 0 3080
1 5.52805 92.6798 3080 0 0 0 0 0 0 0 3080
2 12.187508  132.0805 3080 O 0 0 0 0 0 0 3080
3 73.047853  315.5196 3080 0 0 0 0 0 0 0 3080
4 | 148947229 | 5232692 3056| 12 | 6 0 0 0 6 0  3080]
5 149.018377  523.637 3056 12 6 0 0 0 6 0 3080
6 154215818  536.8273 3053 15 3 0 0 1 8 0 3080
7 154217391  536.8574 3053 15 3 0 0 1 8 0 3080
8 154217687  536.8564 3053 15 3 0 0 1 8 0 3080
9  161.812959  556.1581 3053 12 4 0 0 110 0 3080
10 161.813158  556.1575 3053 12 4 0 0 1 10 0 3080
11 202.659298  657.7831 3030 21 14 0 0 1 14 0 3080
12 202.765392 6583113 3030 20 15 0 0 1 14 0 3080
13 211.105667  678.1603 3029 17 15 0 0 2 17 0 3080
14 211.127311  678.3835 3029 17 15 0 0 118 0 3080
15 211.249058  678.5674 3029 17 15 0 0 1 18 0 3080
16  218.288238 6954679 3029 14 15 0 0 4 18 0 3080
17 218.288653 6954759 3029 14 15 0 0 4 18 0 3080
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TABLE: Pushover Curve - PUSH-Y
Step Displacement BaseForce AtoB BtolO IOtoLS LStoCP CPtoC CtoD DtoE BeyondE Total

mm Tonf
0 0 0 3080 O 0 0 0 0 0 0 3080
1 7.065759 150.7327 3080 O 0 0 0 0 0 0 3080
2 110.270587 ‘ 524914 3080 O 0 0 0 0 0 0 3080 ‘
3 154.786849 663.7463 3023 | 33 22 0 0 0 2 0 3080
4 154.786849 663.7463 3023 33 22 0 0 0 2 0 3080
5 162.574253 686.8088 3011 36 28 0 0 0 5 0 3080
6 162.583984 686.8131 3011 36 28 0 0 0 5 0 3080
7 164.399416 692.1355 3008 36 29 0 0 0 7 0 3080
8 164.399416 692.1355 3008 36 29 0 0 0 7 0 3080
9 175.440151 724.4863 3008 24 30 0 0 0 18 0 3080
10 175.473798 724.7708 3008 24 30 0 0 0 18 0 3080
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 1.555899 0.05 0 0 154.597 0.257086 1 1
1 1.555899 0.05 47.592 0.079142 154.597 0.257086 0.763507 1.327959
2 1.555899 0.05 82.894 0.137848 154.597 0.257086 0.763507 1.327959
3 1.652764 0.083609 135.148 0.199171 143.255 0.211119 0.765954 1.31292

| 4 ‘ 1.779583 ‘ 0.122685 180.653 0.229641 137.399 0.174657 0.767996 1.303487
5 1945095 0.168357  230.628 0.245397 134.979 0.143623 0.772518 1.296768
6 2.1385 0.217639 28291 0.24904 134.844 0.118701 0.786544 1.289386
7 2318479 0.24242 334.738 0.25069 140.02 0.104863 0.797297 1.283792
8 2.485453 0.257797  387.115 0.252271 146.33 0.095359 0.805701 1.279449
9 2.485459 0.257798 387.117 0.252271 146.331 0.095359 0.805701 1.279448
10 2.652955 0.269365  442.203 0.25293 153.317 0.087694 0.812799 1.274615
11 2.669677 0.270364  447.822 0.252945 154.039 0.087007 0.81347 1.274111
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm
0 1.791415 0.05 0 0 177.999 0.223287 1 1
1 1.791415 0.05 47.141 0.059135 177.999 0.223287 0.767919 1.340656
2 1.791415 0.05 94.282 0.11827 177.999 0.223287 0.767919 1.340656
3 1.791415 0.05 99.154 0.124382 177.999 0.223287 0.767919 1.340656
4 1.8766  0.077706 148.714 0.169999 166.049 0.189815 0.770555 1.330272
| 5 ‘2.009794‘0.118629 189.874 0.189235 156.841 0.156313 0.772581 1.317728
6 2.190414 0.164257  240.265 0.201594 153.337 0.128657 0.774396 1.305668
7 2368212 0.199437 292.38 0.209868 154.436 0.110853 0.776741 1.299646
8 2.550824 0.229217  343.328 0.212416 157.579 0.097494 0.785271 1.293571
9 2.732915 0.248553 395.237 0.213032 163.364 0.088053 0.793514 1.287248

2.774187 0.252262  407.191 0.212993 164.816 0.086212  0.7953 1.285753

—
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 0.548044 0.05 0 0 54.455 0.729868 1 1

1 0.548044 0.05 25.381 0.340192 54.455 0.729868 0.719735 1.294797

2 0.555517 0.059796 30.36 0.396045 52.748 0.688094 0.721077 1.297102

3 0.588662 0.097264 39.168 0.455025 48.824 0.56721  0.714998 1.299606

4  0.588646 0.09721 39.179 0.455181 48.831 0.567319 0.715031 1.299625

5

6

7

8

| 0.694439 | 0.189598 59.14 0.49369 46.153 0.385277 0.756646 1.32394
0.694439 0.189598 59.14 0.49369 46.153 0.385277 0.756646 1.32394
0.696948 0.190842 59.744 0.495141 46.207 0.382957 0.757234 1.323861
0.696945 0.190833 59.744 0.495152 46.208 0.382965 0.757234 1.32386
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y
Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm
0 0.427872 0.05 0 0 42.514 0.93486 1 1
1 0427872 0.05 9.524 0.209426 42.514 0.93486  0.765623 1.267494
2 0.495814 0.09502 30.951 0.506843 41.409 0.678106 0.765692 1.300081
3 0.518939 0.123938 35.204 0.526257 39.936 0.596999 0.790546 1.302406
4 0.518939 0.123938 35.204 0.526257 39.936 0.596999 0.790546 1.302406
5 0.518946 0.123896 35.217 0.526441 39.941 0.597056 0.790546 1.302405
6  0.518946 0.123896 35.217 0.526441 39.941 0.597056 0.790546 1.302405
7 | 0.543228 | 0.147864 40.222 0.548707 39.438 0.538009 0.792926 1.288212
& 0.54319 0.147764 40.228 0.548858 39.444 0.538171 0.792927 1.288201
9 0.543319 0.147908 40.249 0.548893 39.441 0.537865 0.792907 1.288145
10 0.571357 0.172414 46.004 0.567306 39.313 0.4848  0.797374 1.27579
11 0.571334 0.172351 46.007 0.567393 39.317 0.484884 0.797372 1.275784
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm
0 2.270601 0.05 0 0 225.612 0.176165 1 1
1 2270601 0.05 90.76 0.070868 225.612 0.176165 0.721904 1.401502
2 2270601 0.05 144.528 0.112852 225.612 0.176165 0.721904 1.401502
3 2371677 0.076824  209.289 0.149787 210.524 0.150671 0.726603 1.380809
| 4 ‘2.659249‘ 0.14289 300.285 0.170944 195.306 0.111183 0.730486 1.344198
5 2992829 0.193732  415.413 0.186705 197.313 0.088681 0.726529 1.321536
6 3.23576 0.216887  516.094 0.198434 204.309 0.078555 0.720644 1.313791
7 3.466524 0.230466  618.887 0.20733 213.683 0.071585 0.716583 1.311503
8 3.570261 0.23615 665.963 0.210324 217.929 0.068826 0.715391 1.312213
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 2.441585 0.05 0 0 242.601 0.163828 1 1

1 2.441585 0.05 88.378 0.059682 242.601 0.163828 0.712498 1.43927

2 2.441585 0.05 155.809 0.105218 242.601 0.163828 0.712498 1.43927

3 ‘ 2.55738 ‘0.078611 225.686 0.138916 225.556 0.138836 0.721539 1.421937

4 2.775248 0.130667  286.395 0.149693 209.953 0.109738 0.733268 1.391926

5

6

7

3.134562 0.191207 391.382 0.160356 207.673 0.085087 0.738007 1.352472
3.442059 0.222684  497.226 0.168949 215.094 0.073085 0.73615 1.330794
3.660171 0.235917 578.376 0.173799 223.507 0.067162 0.733861 1.319698
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 0.636815 0.05 0 0 63.275 0.628126 1 1
1 0.636815 0.05 4.971 0.049351 63.275 0.628126 0.760106 1.393767
2 0.973878 0.099478 57.41 0.243678 80.233 0.340554  0.723429 1.429692
3 1.034322 0.119851 78.458 0.295232 80.455 0.302748 0.743463 1.419194
4 1.034322 0.119851 78.458 0.295232 80.455 0.302748 0.743463 1.419194

| 5 ‘1.040939 ‘ 0.122304 80.637 0.299589 80.449 0.298889 0.744237 1.416261
6 1.040938 0.122303 80.638 0.29959 80.449 0.29889  0.744237 1.416261
7 1.076863 0.13402 93.091 0.323166 80.793 0.280474 0.749278 1.401858
& 1.076856 0.134012 93.091 0.323172 80.794 0.280482 0.749278 1.401858
9 1.076871 0.134022 93.094 0.323172 80.793 0.280471 0.749279 1.401855
10 1.083579 0.136237 95.386 0.327043 80.858 0.277231 0.750896 1.400368
11 1.083684 0.136202 95.461 0.327235 80.873 0.277228 0.750969 1.400319
12 1.110507 0.143157 105.696 0.345029 81.509 0.266074 0.754888 1.392811
13 1.110508 0.143158 105.696 0.345029 81.509 0.266074 0.754888 1.392811
14 1.110441 0.143086 105.701 0.345088 81.518 0.266135 0.754894 1.392809
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha PFPhi
mm mm
0 0.537939 0.05 0 0 53.451 0.743578 1 1
1 0.537939 0.05 5.042 0.070144 53.451 0.743578 0.759228 1.391182
2 0.662994 0.13117 13.759 0.126012 50.094 0.458781 0.709716 1.431788
3 0.874983 0.145923 50.89 0.267593 63.809 0.335521 0.708058 1.432117
| 4 ‘ 0.94646 ‘0.151164 74.881 0.336515 68.197 0.306477 0.725579 1.418228
5 0.946351 0.151027 74.886 0.336618 68.21 0.306607 0.725586 1.418224
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 2.800585 0.05 0 0 278.272 0.142827 1 1

1 2.800585 0.05 131.828 0.067663 278.272 0.142827 0.712444 1.450376

2 2.800585 0.05 200.756 0.103041 278.272 0.142827 0.712444 1.450376

3 ‘ 2.894264 ‘ 0.070724  281.215 0.135146 262.824 0.126307 0.713381 1.429383

4  3.098734 0.116158 347.173 0.145551 243.431 0.102058 0.719757 1.399367

5

6

7

3.68467 0.203879 53542 0.158758 238.281 0.070653 0.722245 1.346067
4.067521 0.230475 688.897 0.167623 250.725 0.061007 0.718239 1.329093
4.329184 0.241463 805.188 0.172951 261.876 0.05625  0.71506 1.321524
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm
0 2.882107 0.05 0 0 286.372 0.138787 1 1
1 2.882107 0.05 127.662 0.06187 286.372 0.138787 0.703674 1.49771
2 2.882107 0.05 211.051 0.102284 286.372 0.138787 0.703674 1.49771
| 3 ‘2.964737‘0.068323 285.928 0.130956 271.752 0.124463 0.706174 1.484725
4 3.14389 0.109617  338.362 0.137812 251.477 0.102424 0.715279 1.459089
5  3.686634 0.197881 494.589 0.146495 241.126 0.07142 0.7294 1.395393
6 4.129244 0.232613 652.476 0.15405 253.588 0.059872  0.72821 1.360648
7 4.2854  0.240224 712.87 0.156267 259.772 0.056944 0.727022 1.351119
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-X

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm
0 0.707157 0.05 0 0 70.265 0.565645 1 1
1 0.707157 0.05 4.595 0.036992 70.265 0.565645 0.788821 1.388075
2 0.808248 0.116633 9.016 0.055563 63.413 0.390777 0.748439 1.446015
3 1.214261 0.150326 50.622 0.138214 87.659 0.239339 0.718749 1.459814
| 4 ‘1.364686‘0.135544 103.226 0.223132 102.007 0.220497 0.738355 1.451161
5 1364601 0.135394 103.278 0.223272 102.038 0.220591 0.738412 1.451125
6 1373289 0.135941 106.932 0.228256 102.551 0.218904 0.740482 1.450139
7 137326 0.135917 106.933 0.228269 102.554 0.218921 0.740484 1.450138
8 1.373262 0.135918 106.933 0.228268 102.554 0.21892  0.740484 1.450138
9 1.385431 0.13648 112.33 0.235594 103.322 0.216702 0.743253 1.448088

10 1.385432 0.136481 112.33 0.235594 103.322 0.216701 0.743253 1.448088
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TABLE: Pushover Curve Demand Capacity - ATC40 - PUSH-Y

Step  Teff Beff SdCapacity SaCapacity SdDemand SaDemand Alpha  PFPhi
mm mm

0 0.599346  0.05 0 0 59.552 0.667395 1 1

1 0.599346  0.05 5.466 0.061255 59.552 0.667395 0.774768 1.416323

2 1.13968 0.130855 75.47 0.233909 86.179 0.267099 0.706552 1.470071

3 | 1.216089 | 0.138219 106.439 0.289741 90.313 0.245842 0.721264 1.460572

4 1.216089 0.138219 106.439 0.289741 90.313 0.245842 0.721264 1.460572

5 1.229347 0.140357 111.973 0.298266 90.831 0.24195  0.724994 1.457935

6

7

8

9

1.229389 0.140377 111.982 0.29827 90.83 0.24193  0.72499 1.457907
1.232496 0.140911 113.274 0.30019 90.944 0.241014 0.725935 1.457313
1.232496 0.140911 113.274 0.30019 90.944 0.241014 0.725935 1.457313
1.250467 0.143526 121.153 0.311909 91.702 0.236089 0.731315 1.453667
0 1.250374 0.143411 121.177 0.312019 91.72 0.23617 0.731346 1.45365

—
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Abstract

One of the new methods of seismic rehabilitation of structures, is using of metalic
damper which due to its many advantages compared to other energy absorber
equipments, is appropriate for steel and concrete frames Strengthening. Therefore
in this study performance of frames equipped by triangular metallic plate dampers
(TADAYS) installed on chevron braces inside the span of the frame, and the
structural response to earthquake force before and after the Strengthening to this
type of damper is studied. To this end three moment frames with 5, 10 and 15
stories and with 3 and 5 spans in both directions in plan were selected. Also to
increase the accuracy of non-linear static analysis, and determination of structural
capacity curve and the target displacement and performance point of studied three
dimensional frames, Sap2000 program was used. Also parameters affecting the
behavior factor (R) and seismic performance of structure were determined.
Comparing the values obtained, shows the reduction of roof displacement and
lateral forces imposed on the building floors and increase of behavior factor,
stiffness, damping, strength and ability of dissipation the input energy to
Strengthening structure, and using this damper will cause the structure to achieve
thelevel of Life Safety (LS) performance level.

The obtained results prove that using this method to improve buildings, will cause
in reducing seismic response and increasing ductility and energy acceptance of
structures and reduce buildings vulnerability against earthquakes and prevent
casualties and financial losses a lot. The use of this Strengthening system despite
its advantages has economic justification and additional costs related to buying and
installing this type of metallic damper equipment would be covered.

Key words : Steel Frame , Metallic Damper , Strengthening , Non-Linear static

Analysis, Seismic Performance , Behavior Factor



Shahrood University of Technology

Department of Civil Engineering
A Thesis Submitted for the Degree of Master Science

In Structural Engineering

Behavior Evaluation of Strengthened Buildings

with TADAS Metallic Damper

Mehdi Askari Torzani

Supervisor :

Dr. Ali Keyhani

June 2011



	Main.pdf
	168.pdf

