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 3-D nonlinear models

Modeling – General considerations 

 Perform 3D [practice oriented program]

 Lateral force resisting system only

 Soil-structure interaction is neglected

 P Delta effects are included P-Delta effects are included

 2.5% viscous Rayleigh damping
 0.2T1 & 1.5T1

Podium Level Slabs & Basement Walls

Modeling – General considerations 

Slabs below 
grade were 
modeled using 
elastic shear 
shell element 
(Eeff = 0.25Ec)

Basement walls below 
grade were modeled 
using elastic shear wall 
elements (Eeff = 0.8Ec)
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42-story reinforced 
concrete core wall

42-story reinforced 
concrete dual system
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Design Summary

Modeling – Core Wall Structure

1A: Code 1B: PBEE 1C: PBEE+

24” 24” 28” 28” 32” 32”

Wall: Strong Stronger Strongest

Coupling 
beam:

Stronger Stronger Strong

1st

mode 
Period:

T1EW = 5.2 sec

T1NS = 4.0 sec

T1EW = 4.8 sec

T1NS = 3.6 sec

T1EW = 4.6 sec

T1NS = 3.5 sec

Core Wall – Wall Vert. Reinforce.

Code    
PBEE

PBEE+
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Core Wall – CB Reinforcement

Code    
PBEE

PBEE+

2A: Code 2B: PBEE  1C: PBEE+
Design Summary

Modeling – Dual System

24”

18”

24”

18”

16”

36 X 36

42 X 42

46 X 46

Columns:
36 X 36

42 X 42

46 X 46

Columns:

Wall: Strongest Strong

Coupling 
beam:

Strong Strong

1st mode 
Period:

T1EW = 4.5 sec

T1NS = 4.0 sec

T1EW = 4.3 sec

T1NS = 3.9sec
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Concrete stress-strain relationship 

Modeling – Core Wall

(Mander et al., 1988)

 A: (0.6fcc/Ec, 0.6fcc)

 B: (0.75εcc, fcc)
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Modeling – Core Wall

 A706 steel
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Shear stress-strain relationship

Modeling – Core Wall
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Shear Capacity (Test results)

Modeling – Core Wall



9

Link Beam

El ti  b  + N li  di l t h  hi

Modeling – Core Wall

Elastic beam + Nonlinear displacement shear hinge

Shear displacement hinge

θ
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B  Eff ti  
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Shear hinge model

Beam Effective 
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(Naish et al.)

EIeff=0.2*EIg

M
Elastic beam

θ

Link Beam

El ti  b  + N li  di l t h  hi

Modeling – Core Wall

Vyexp=Expected yield shear strength (2*As*fyexp*sin(α)

Vuexp=Expected ultimate shear strength (1.33*Vyexp)

Vrexp= Expected residual strength (0.25*Vuexp)

Elastic beam + Nonlinear displacement shear hinge
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Core Wall - Wall Shear Stress

40 40 40

1A: Code - MCE    1B: PBEE - MCE    1C: PBEE+ - MCE
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Dual System - Wall Shear vn
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Core Wall – Wall Strains εc
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Core Wall – CB Rotations θcb
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Core Wall (1) vs Dual System (2)
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SMF Beam

Modeling – Dual System

Myexp=Expected nominal moment capacity 

Muexp= Expected nominal ultimate capacity (1 18*Myexp )Muexp= Expected nominal ultimate capacity (1.18 Myexp )

θy=Maximum elastic rotation

θu=Ultimate rotation observed in test (0.046 rad)

BeamRigid end 
zone

SMF Column

Modeling – Dual System

EIeff=0.7*EIg
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Dual System – SMF Columns 
 At OVE level
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Core Wall – Drift (%)
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Core Wall (I) vs Dual System (II)
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Design Summary

Modeling – BRBF

Design Summary

Modeling – BRBF

T1NS = 5.3sec

T1EW = 3.8 sec

T1NS = 6.5 sec

T1EW= 4.5 sec

T1NS= 5.7 sec

T1EW = 4.2 sec
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Design Summary

Modeling – BRBF

T1NS = 5.3sec

T1EW = 3.8 sec

T1NS = 6.5 sec

T1EW= 4.5 sec

T1NS= 5.7 sec

T1EW = 4.2 sec

BRBF Frame Rigid panel zone

Modeling – BRBF

Elastic Column 
element, equivalent 

BRBF “brace” 
element, nonlinear. 
Connections modeled 
as pins.

BRBF  “stiff endzone”
30% length linear 
elastic bar

, q
steel cross section 
used (axial, torsional, 
and bending stiffness 
modified to account 
for concrete)

Elastic Beam Element 
with pinned 
connections to 
columns
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Modeling – BRBF
BRBF Element

 Ry = 1.1, ω = 1.25, and β = 1.1.
 Maximum deformation capacity of (20εy)

E‐W N‐S Building 3A
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%Exceedance Of 3% Drift Ratio

Results – BRBF

$256/SF

$249/SF

$245/SF
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4975 (years)

Return 
Period

OVE

GM set
E‐W N‐S Building 3C
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DBE

2475 (years)
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E-W
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43 (years)

25 (years)

lowest strength response, 
median

lowest strength response, 16th

and 84th percentile

highest strength response, 
median

highest strength response, 16th

and 84th percentile

 Three systems: Core Wall, Dual System, and 
Buckling-restrained Braced Frame. 

Summary of Case Study Analysis

 1A (code), 1B (PBEE), and 1C (PBEE+)
 2A (code), 2B/2C (PBEE+)
 3A (code), 3B (PBEE), and 3C (PBEE+)

 PERFORM 3D nonlinear models
 Consistent modeling approaches
 Expected values, best-available informationp ,

 Subjected to 5 Hazard levels, 15 GM
 SLE25, SLE43, DBE, MCE, OVE

 Engineering Demand Parameters
 Drift, Accelerations, for loss studies
 Local EDPs


