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Development of Nonlinear Model



Development of Nonlinear Model of Existing Building 
 

General Modeling 
 Material Properties 

 Fixity of Nodes 

 Slaving of Rigid Diaphragms 

 Mass of Structure 

Gravity Loading 
 Gravity Column Loading 

 Moment Frame Column Loading 

 Moment Frame Beam Loading 

Moment Frames  
 W Shaped Steel Beams 

 W Shaped Steel Columns 

Seismic Evaluation of Existing Building via NSP 

 Target displacement 
  Positive H1 Direction 

  Positive H2 Direction 

  Negative H1 Direction 

  Negative H2 Direction 
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General Modeling 
1. Material Properties 

 

Moment frame beam and columns 

 A572 G50 

 Fy = 50 ksi 

 Fu = 65 ksi 

Gravity frame beams and columns 

 Fy = 36 ksi 

2. Fixity of Nodes 
 

Moment frame are fixed at the end.  

 

 
Figure 1- Fixity of Moment Frames (Fixed) 

 

3. Slaving of Rigid Diaphragms 
 

The diaphragm assumed to be rigid and the nodes are slaved at each level. 
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Figure 2- Slaving of Roof 

 

4. Mass of Structure 
 

The mass of the structure is applied at center of mass of diaphragm at each level. 

Masses are derived from DL+0.25LL. 
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Figure 3- Mass of Structure (DL+0.25LL) 
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Text Box
Floor LL = 50 psf
Roof LL = 20 psf



Gravity Loading 
 

 Governing load combination is DL+0.25LL 

 

1. Gravity Column Loading 
 

2. Moment Frame Column Loading 
 

 

 
Figure 4- Columns Gravity Loading 
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Figure 5- Moment Frame Beam Gravity Loading (Distributed ) (Beam-1 1st Floor) 
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Moment Frame 
1. W Shaped Moment Beams 

1. 1 Cross Sectional 
 

 

 
Figure 6 - Cross Section for Beams W 36X150 and W 36X194 
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2. 1 ASCE 41-13 Modeling Parameters 

Plastic Moment Hinge (Table 9-6) 

 
 

   
Modification factors for FR Beam-Column Connections ASCE41-13 per section 9.4.2.4.3 

Mod.1 

9.4.2.4.3-4.1 

Mod.2 

9.4.2.4.3-4.2 

Mod.3 

9.4.2.4.3-4.3 

Mod.4 

9.4.2.4.3-4.4 

1.0 0.8 1.0 1.0 

 

Modeling Parameters and Acceptance Criteria  

WUF d a b c IO LS CP 

W 36X194 36.5 0.00284 0.0169 0.16 0.00182 0.0127 0.0169 

W 36X150 35.9 0.00346 0.0172 0.16 0.00213 0.0129 0.0172 
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Figure 7- Deformation Capacities for Beam W 36X194 

 

 
Figure 8- Deformation Capacities for Beam W 36X150 
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Figure 9- Deformation Capacities for Col. W 14X233  

 
Figure 10- Deformation Capacities for Col. W 14X283 
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Panel Zone 
 

 
Figure 11- Deformation Capacities for Col. W 14X233-Beam W36X150 

 

 

Figure 12-Basic Relationship Panel Zone for Col. W 14X233-Beam W36X150 
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Figure 13-Deformation Capacities for Col. W 14X233-Beam W36X150 
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Limit States for Beam 
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Limit States for column 
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Limit State for Panel Zone  

 
 

Seismic Evaluation of Existing Building Via NSP 
 

1. Seismic criteria 
 

TL  8 sec     

Site Class D      

        

BSE-2E    BSE-1E    

SS 
 1.426 g SS 

 0.707 g 

S1  0.516 g S1  0.256 g 

SXS 
 1.426 g SXS 

 0.872 g 

SX1 
 0.774 g SX1 

 0.484 g 

fa 
 1.000  Fa 

 1.235  
fv  1.500  Fv  1.887  
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2. Target Displacement 
 

Pushover Target Disp. 150% Target 

Disp. 

Governing 

LS Loc. 

Governing 

LS Type 

H1 Positive 0.01468 0.02202 0.01093 Deformation 

H2 Positive 0.01415 0.02123 0.00992 Deformation 

H1 Negative 0.01469 0.02204 0.01105 Deformation 

H2 Negative 0.01414 0.02121 0.00986 Deformation 
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Criteria, Mass and Exposure Data

RAM Frame 17.00.00.93

DataBase: 200122 1717 4th Street  01/22/20  15:25:44

CRITERIA:

Rigid End Zones: Include Effects: 50.00% Reduction

Member Force Output: At Face of Joint

P-Delta: Yes Scale Factor: 1.00

Ground Level: Base

Mesh Criteria :

Max. Distance Between Nodes on Mesh Line (ft) :  4.00

Merge Node Tolerance (in) : 0.0100

Geometry Tolerance (in) : 0.0050

Walls Out-of-plane Stiffness Included in Analysis.

Use Reduced Stiffness for Steel Members (AISC 360): τb =  1.00

Sign considered for Dynamic Load Case Results.

Rigid Links Included at Fixed Beam-to-Wall Locations

Eigenvalue Analysis : Eigen Vectors (Subspace Iteration)

DIAPHRAGM DATA:

Story Diaph # Diaph Type

Roof 1 Rigid

3rd 1 Rigid

2nd 1 Rigid

Disconnect Internal Nodes of Beams: Yes

Disconnect Nodes outside Slab Boundary: Yes

STORY MASS DATA:

Includes Self Mass of:

Beams

Columns (Half mass of columns above and below)

Walls (Half mass of walls above and below)

Slabs/Deck

Calculated Values:

Story Diaph # Weight Mass MMI Xm Ym EccX EccY

  kips k-s2/ft  ft-k-s2     ft     ft     ft     ft

Roof 1 680.06 21.12 39023 66.25 77.50 4.60 6.45

3rd 1 936.38 29.08 61847 64.56 70.99 5.07 7.05

2nd 1 987.87 30.68 68031 62.86 69.12 5.45 7.05

Story Diaph # Combine

Roof 1 None

3rd 1 None

2nd 1 None

WIND EXPOSURE DATA:

Calculated Values:

Story Diaph # Building Extents (ft) Expose Parapet
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DL+0.25LL
Roof : 1.886 [K-s^2/in]
3rd : 2.802 [K-s^2/in]
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Nilofar
Text Box
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Column DL LL DL+0.25LL Applied Load DL LL DL+0.25LL Applied Load DL LL DL+0.25LL

C-19 25.79 15.99 29.79 29.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00

C-20 45.28 26.86 52.00 12.95 34.14 19.61 39.04 39.04 0.00 0.00 0.00

C-21 64.95 40.13 74.98 35.48 34.57 19.72 39.50 39.50 0.00 0.00 0.00

C-22 42.73 24.89 48.95 21.86 23.76 13.32 27.09 27.09 0.00 0.00 0.00

E-18 34.39 21.04 39.65 23.75 13.86 8.18 15.91 15.91 0.00 0.00 0.00

E-19 179.73 94.08 203.25 65.22 F1 111.28 53.07 124.55 83.10 F1 37.59 10.43 27.97 F1

E-21 191.02 99.96 216.01 67.18 F1 121.19 56.63 135.35 84.59 F1 46.22 13.15 37.28 F1

E-22 91.97 51.25 104.78 39.27 58.13 29.55 65.52 42.29 21.52 6.82 23.23

G-18 103.00 50.58 115.65 28.80 F3 56.24 23.90 62.22 25.18 F3 23.47 5.24 12.41 F3

G-19 172.21 96.78 196.41 74.24 108.54 54.50 122.17 68.17 50.04 15.82 54.00

G-21 188.90 105.84 215.36 77.75 122.18 61.74 137.62 77.52 55.69 17.64 60.10

G-22 96.58 46.11 108.11 22.86 F2 61.40 26.41 68.00 33.73 F2 28.49 7.31 17.03 F2

G.8-17 8.67 5.47 10.04 10.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00

J-17 5.24 3.19 6.04 6.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00

J-18 134.25 69.80 151.70 28.94 F3 87.56 42.27 98.13 50.55 F3 32.86 9.85 22.95 F3

J-19 180.16 100.48 205.28 75.24 115.60 57.78 130.05 71.93 53.85 17.08 58.12

J-21 188.59 105.84 215.05 77.57 122.05 61.74 137.49 77.35 55.73 17.64 60.14

J-22 117.54 58.04 132.05 29.77 F2 76.45 34.35 85.04 44.26 F2 34.31 10.05 23.53 F2

M-18 54.24 29.97 61.73 4.20 53.16 17.49 57.53 40.11 16.17 5.00 17.42

M-19 172.27 88.37 194.36 58.18 F4 111.25 51.59 124.15 67.04 F4 50.66 14.76 45.08 F4

M-21 190.30 100.10 215.33 65.93 F4 122.78 58.33 137.36 74.70 F4 55.76 16.55 50.62 F4

M-22 81.70 46.50 93.33 33.63 52.92 27.12 59.70 33.52 24.24 7.75 26.18

P-18.7 28.42 14.46 32.04 11.48 18.45 8.44 20.56 11.38 8.58 2.41 9.18

P-19 61.33 33.92 69.81 25.13 39.73 19.79 44.68 25.02 18.25 5.65 19.66

P-21 92.68 51.19 105.48 37.97 60.04 29.88 67.51 37.62 27.74 8.61 29.89

P-22 77.24 42.32 87.82 31.59 50.06 24.69 56.23 31.43 23.03 7.08 24.80

1st Floor 2nd Floor 3rd Floor
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Applied Force at first level = 1st LVL Load - 2nd LVL load
For the Moment Frame Columns the distributed loads from beams are excluded.
Units Kips

Nilofar
Callout
Applied Force at second level = 2nd LVL Load - 3rd LVL load
For the Moment Frame Columns the distributed loads from beams are excluded.
Units Kips

Nilofar
Callout
Calculation:
[A_trib._Beam/A_floor]*FloorLoad/Length_beam
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52/(Fye)^0.5 = 7.35
418/(Fye)^0.5 = 59.11

Beam W36X194
      bf/2tf = 4.18
      h/tw = 42.2
Beam W36X150
      bf/2tf = 6.37
      h/tw = 51.9

Nilofar
Callout
52/(Fye)^0.5 = 7.35
300/(Fye)^0.5 = 42.43
Column W14X283
      bf/2tf = 3.89
      h/tw = 8.84
Column W14X233
      bf/2tf = 4.62
      h/tw = 10.7 
P/Pcl = 0.12



Gravity Column Design

RAM Steel 17.00.00.93

DataBase: 200122 1717 4th Street  02/20/20  11:59:20

Building Code: IBC Steel Code: AISC360-16 LRFD

Story level 2nd,  Column Line 19-E,   Column # 6

Fy (ksi) = 50.00 Column Size = W14X283

Orientation (deg.) = 0.0

INPUT DESIGN PARAMETERS:

X-Axis Y-Axis

Lu (ft) 15.50 15.50

K 1 1

Braced Against Joint Translation Yes Yes

Column Eccentricity (in) Top 10.85 10.55

Bottom 0.00 0.00

CONTROLLING AXIAL COLUMN LOADS - Skip-Load Case 1:

Dead Live Roof

Axial (kip) 177.71 92.91 0.00

       DEMAND CAPACITY RATIO:   (1.2DL + 1.6LL)

Pu (kip) = 361.91 0.90Pnx (kip) = 3548.35 Pu/0.90Pnx = 0.102

0.90Pny (kip) = 3238.23 Pu/0.90Pny = 0.112

0.90Pn (kip) = 3238.23 Pu/0.90Pn = 0.112

CONTROLLING COMBINED COLUMN LOADS - Skip-Load Case 17:

Dead Live Roof

Axial (kip) 177.71 73.86 0.00

Moments Top Mx (kip-ft) 0.50 3.33 0.00

My (kip-ft) -1.45 -5.47 0.00

Bot Mx (kip-ft) 0.00 0.00 0.00

My (kip-ft) 0.00 0.00 0.00

Single curvature about X-Axis

Single curvature about Y-Axis

       CALCULATED PARAMETERS:   (1.2DL + 1.6LL)

Pu  (kip) = 331.43 0.90*Pn (kip) = 3238.23

Mux (kip-ft) = 5.92 0.90*Mnx (kip-ft) = 2032.50

Muy (kip-ft) = -10.49 0.90*Mny (kip-ft) = 1027.50

Rm = 1.00

Cbx = 1.67

Cmx = 0.60 Cmy = 0.60

Pex (kip) = 31768.97 Pey (kip) = 11913.36

B1x = 1.00 B1y = 1.00

INTERACTION EQUATION

Pu/0.90*Pn = 0.102

Eq H1-1b:  0.051 + 0.003 + 0.010 = 0.064
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0 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 3.50E-02 4.00E-02 4.50E-02 5.00E-02
0

5.00E-02

1.00E-01

1.50E-01

2.00E-01

2.50E-01

3.00E-01

3.50E-01

4.00E-01

4.50E-01

5.00E-01

5.50E-01

1

2

REFERENCE DRIFT

BASE SHEAR COEFFICIENT

PUSH-OVER RESULTS, TARGET DISPLACEMENT METHOD

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 2  (Push over)

Load Case = [2] = [1] + H1, PushOver Linear

Limit state group = all deformation limit states

SEE NEXT PAGE FOR LIMIT STATE LIST

Elastic Spectrum : SXS = 0.872g,  SX1 = 0.484g,  BS = 1,  B1 = 1,  T0 =  .55505 sec.

Framing Type = Type 1,  Performance Level = LS.

C0 = 1.2 (user value).

C1 =  1 (from FEMA-356 formula).  Te (sec) =  .8365,  Sa =  .5786g,  Cm =  .8681,  Ratio R  =  1.096.

C2 = 1 (user value).   C3 = 1 (user value).

Target Drift =  .01468
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Limit States:
Moment Frame Hinge Life Safety (LS)
Moment Frame Hinge Collapse Prevention (CP)



DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 2  (Push over)

Load Case = [2] = [1] + H1, PushOver Linear

Reference Drift =  .0145

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Moment Hinge in Life Safety



0 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 3.50E-02 4.00E-02 4.50E-02 5.00E-02
0

5.00E-02

1.00E-01

1.50E-01

2.00E-01

2.50E-01

3.00E-01

3.50E-01

4.00E-01

4.50E-01

5.00E-01

1

2

REFERENCE DRIFT

BASE SHEAR COEFFICIENT

PUSH-OVER RESULTS, TARGET DISPLACEMENT METHOD

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Seris3  (Pushover F1, H2 direction)

Load Case = [2] = [1] + H2, Pushover Linear

Limit state group = all deformation limit states

SEE NEXT PAGE FOR LIMIT STATE LIST

Elastic Spectrum : SXS = 0.872g,  SX1 = 0.484g,  BS = 1,  B1 = 1,  T0 =  .55505 sec.

Framing Type = Type 1,  Performance Level = LS.

C0 = 1.2 (user value).

C1 =  1 (from FEMA-356 formula).  Te (sec) =  .8063,  Sa =  .6003g,  Cm =  .872,  Ratio R  =  1.151.

C2 = 1 (user value).   C3 = 1 (user value).

Target Drift =  .01415
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Limit States:
Moment Frame Hinge Life Safety (LS)
Moment Frame Hinge Collapse Prevention (CP)



DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Seris3  (Pushover F1, H2 direction)

Load Case = [2] = [1] + H2, Pushover Linear

Reference Drift =  .01407

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Positive H2 Life Safety Target Displacement 



0 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 3.50E-02 4.00E-02 4.50E-02 5.00E-02
0
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1.00E-01

1.50E-01

2.00E-01

2.50E-01

3.00E-01

3.50E-01

4.00E-01

4.50E-01

5.00E-01

5.50E-01

1

2

REFERENCE DRIFT

BASE SHEAR COEFFICIENT

PUSH-OVER RESULTS, TARGET DISPLACEMENT METHOD

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 1  (Pushover, -H1)

Load Case = [2] = [1] + Pushover, -H1

Limit state group = all deformation limit states

SEE NEXT PAGE FOR LIMIT STATE LIST

Elastic Spectrum : SXS = 0.872g,  SX1 = 0.484g,  BS = 1,  B1 = 1,  T0 =  .55505 sec.

Framing Type = Type 1,  Performance Level = LS.

C0 = 1.2 (user value).

C1 =  1 (from FEMA-356 formula).  Te (sec) =  .8373,  Sa =  .578g,  Cm =  .8681,  Ratio R  =  1.094.

C2 = 1 (user value).   C3 = 1 (user value).

Target Drift =  .01469
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Moment Frame Hinge Life Safety (LS)
Moment Frame Hinge Collapse Prevention (CP)



DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 1  (Pushover, -H1)

Load Case = [2] = [1] + Pushover, -H1

Reference Drift =  .01456

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Moment Hinge in Life Safety



0 5.00E-03 1.00E-02 1.50E-02 2.00E-02 2.50E-02 3.00E-02 3.50E-02 4.00E-02 4.50E-02 5.00E-02
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2.50E-01

3.00E-01

3.50E-01

4.00E-01

4.50E-01

5.00E-01

1

2

REFERENCE DRIFT

BASE SHEAR COEFFICIENT

PUSH-OVER RESULTS, TARGET DISPLACEMENT METHOD

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = series 4  (Pushover, -H2)

Load Case = [2] = [1] + Pushover,-H2

Limit state group = all deformation limit states

SEE NEXT PAGE FOR LIMIT STATE LIST

Elastic Spectrum : SXS = 0.872g,  SX1 = 0.484g,  BS = 1,  B1 = 1,  T0 =  .55505 sec.

Framing Type = Type 1,  Performance Level = LS.

C0 = 1.2 (user value).

C1 =  1 (from FEMA-356 formula).  Te (sec) =  .8058,  Sa =  .6007g,  Cm =  .8721,  Ratio R  =  1.151.

C2 = 1 (user value).   C3 = 1 (user value).

Target Drift =  .01414
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Moment Frame Hinge Life Safety (LS)
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DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = series 4  (Pushover, -H2)

Load Case = [2] = [1] + Pushover,-H2

Reference Drift =  .01407

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Moment Hinge in Life Safety



DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 2  (Push over)

Load Case = [2] = [1] + H1, PushOver Linear

Reference Drift =  .02126

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Seris3  (Pushover F1, H2 direction)

Load Case = [2] = [1] + H2, Pushover Linear

Reference Drift =  .02108

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Moment Hinge in Life Safety



DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = Series 1  (Pushover, -H1)

Load Case = [2] = [1] + Pushover, -H1

Reference Drift =  .0212

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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Negative H1 Life Safety 150% Target Displacement 
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DEFLECTED SHAPE SHOWING ELEMENT USAGE RATIOS

Structure = EglProject  (Pushover of Steel Moment Frame)

Analysis Series = series 4  (Pushover, -H2)

Load Case = [2] = [1] + Pushover,-H2

Reference Drift =  .02123

Limit state group = all deformation states

Minimum usage ratio for each color : 0.0 0.7 0.8 0.9 1
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