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WHY PERFORMANCE-BASED SEISMIC DESIGN?



CASE STUDY BUILDING
Continuation of two previous studies . . . 

 Kang et al.  Analyzes results from a 10-story building put 

through E-Defense earthquake simulation

 Unal et al.  Replicates these structures in ETABS to check 

compliance with ASCE 7-16 and ACI 318-19

Goal: Compare US and Japan engineering practices and governing 

building standards. Our task in the past months: 

 Design a 10-story RC structure that captures the nature of 

American building codes, standards, and guidelines

The structure tested in Kang et al.



PROCESS



Lateral force resisting systems are 
chosen to match the structures in 
Kang et al: 

 Y-Direction: Special reinforced 
concrete walls

 X-Direction: Special reinforced 
concrete moment frames

 Interior gravity columns

SHEAR WALL

MOMENT FRAME

PT SLAB

measurements in 
mm.

measurements in 
mm.

INITIAL CONCEPT: BUILDING DESCRIPTION

MATERIAL PROPERTIES

Concrete: f’c = 33 MPa (4.78 ksi)

Rebar: SD390 steel, fy = 390 MPa (56.6 ksi)

In our analysis, we used 
ASTM Grade 60 rebar



Slab (S)Wall (W)Beam (G1, G2)Columns (C1, C2, C3)
Floor Height

T tB × DB × D

120

(0.4)

460

(1.5)

350 × 550 

(1.1 × 1.8)

500 × 500

(1.6 × 1.6)

2600

(8.5)

MEMBER DIMENSIONS
Units in mm (ft.).

Note: To account for the overlap between the 
slab and beam, we applied a reduction factor 
in the linear analysis model.

INITIAL CONCEPT: FLOOR PLAN

X

Y



INITIAL CONCEPT: US/JAPAN STRUCTURES
The US and Japanese teams agreed on the following floor plan designs. They have some differences: 

X

Y

0
3050 E-Defense had



BASIS OF DESIGN



GOVERNING CODES AND STANDARDS

ACI 318-19 ASCE 41-23ASCE 7-16 ACI CODE-369.1-22



GUIDELINES

LATBSDC ACI 374.3R-16





 Shaking Table Tests of a Full-Scale 10-Story Reinforced-Concrete Building by Kang et al., 2022

 SP-339-11: Recommendations for Modeling the Nonlinear Response of Flexural Concrete Walls Using Perform by 

Lowes et al., 2020

 Assessment of 2015 and 2018 E-Defense 10-Story Reinforced Concrete Buildings Based on ACI 318 and ASCE 7 

Provisions by Unal et al., 2021

OTHER REFERENCES: TECHNICAL PAPERS



From Concrete International, Vol. 45, Issue 6 

 Q&A drafted by the ACI Committee 318 that answers questions from groups such as the LA Tall Buildings Structural 

Design Council regarding ACI 318-19

 Proposes ACI 318 revisions

 Used in this structure’s wall design

OTHER REFERENCES: ACI 318-19 CODE CASES



COMPONENT ACCEPTANCE CRITERIA 

COMPONENT ACCEPTANCE CRITERIA 



SEISMIC AND GEOLOGIC HAZARD (ASCE 7-16 § 11.2)

Design (g)MCER (g)

0.7941.19SS

0.5060.759S1

6 response spectra from JCI

These response spectra were averaged, and a 
similar U.S. spectrum was identified from 
Northern California. 

The ASCE 7 Hazard Tool was used for seismic 
response parameters:

1.2250.786
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ASCE 7-16 Table 12.2-1 Factors
Building Frame System ρ

(ASCE 7-16 § 12.3.4)
CdΩ0R

1.352 ½6Special reinforced concrete wall

1.05 ½ 38Special reinforced concrete moment frame

SEISMIC HAZARD AND STRUCTURAL SYSTEMS
The structure is classified based on its site using the ASCE 7 Hazard Tool: 

 Risk Category (ASCE 7-16 § 1.5.1)  The structure is Risk Category II

 Importance Factor, Ie (ASCE 7-16 Table 1.5-2)  Ie = 1.0 in this structure

 Seismic Design Category (ASCE 7-16 § 11.6)  Seismic Design Category D



LOADING CRITERIA (ASCE 7-16 § 2.3 and § 12.4)

DEAD LOADS

LIVE LOADS

Only considers weight of materials (self-weight) (ASCE 7-16 § 3.1.2):

 In ETABS, found through member dimensions and concrete weight

 Results verified through manual calculations

 No superimposed DLs

ASCE 7-16 Table 4.3-1 provides live loads based on building’s use.

 Office Loads: 50 psf (2.40 kN/m2)

 Partition Loads as per ASCE 7-16 § 4.3.2: 15 psf (0.72 kN/m2) 

SEISMIC MASS ASCE 7-16 § 12.7.2 states that the seismic mass includes:

 Dead Loads above the base

 Partition Weight: 10 psf (0.48/m2)



MATHEMATICAL MODELING

ASCE 7-16 § 12.1.1 requires a mathematical model to 

confirm adequacy.

A model for linear analysis was assembled, then a 

model for nonlinear analysis was assembled.

LINEAR

 Uses CSI ETABS 19

 Follows the Equivalent Lateral Force procedure 

detailed in ASCE 7-16 § 12.8

NONLINEAR

 CSI Perform 3D

 Uses ACI 318-19 Appendix A and ACI 374.3R-16



LINEAR LOAD COMBINATIONS

GOVERNING VERTICAL COMBINATION (ASCE 7-16 § 2.3.1)

SEISMIC LOADS (ASCE 7-16 § 2.3.6) 

Reduced as allowed 
by ASCE 7-16 § 2.3.6

 Consider Accidental Torsion (ASCE 7-16 § 12.8.4.2) 
 Check if the 30% Rule is required (ASCE 7-16 § 12.5.3.1)
 These considerations replace response history analysis (ASCE 7-16 § C12.5.3)

1.2D + 1.6L

D = Dead Loads 

1.2D + Ev + Eh + (0.5)L

0.9D – Ev + Eh

L = Live Loads 
Ev = Vertical Earthquake Loads 

Eh = Horizontal Earthquake Loads 

Where:



30% RULE (ASCE 7-16 § 12.5.3.1)

Horizontal seismic loads, Eh, consider 100% of the seismic load in a direction plus 30% of the seismic load in the 
perpendicular direction. There are two cases:

Eh = Ehx + 0.3Ehy Eh = 0.3Ehx + Ehy



30% RULE (ASCE 7-16 § 12.5.3.1)

Horizontal seismic loads consider 100% of the seismic load in a direction plus 30% of the seismic load in the perpendicular 
direction. 

This should be applied when the structure has:

1. Horizontal structural irregularity (ASCE 7-16 Table 
12.3-1)

2. Elements part of 2+ seismic force resisting 
systems (ASCE 7-16 § 12.5.4)

Structural system elements are separate.



ACCIDENTAL TORSION (ASCE 7-16 § 12.8.4.2)

Considered by translating 
center of mass:

Consider loads to occur at an eccentricity equal to 5% of 
the structure’s width perpendicular to the considered 
direction.



Moment of InertiaConcrete Member Type

0.35IgWalls (Cracked)

0.01IgSlabs (Out-of-Plane)

0.70IgColumns

0.35IgBeams

Stiffness zeroed out to 
focus on walls’ seismic 
resistance

LINEAR ELEMENT STIFFNESS (ACI 318-19 T6.6.3.1.1(a))

WALLS SLABS BEAMS COLUMNS









Moment Frame Design



Avoid Beam and Column Shear Failure 
w/ Capacity-Based Approach:



Avoid Beam and Column Shear Failure 
w/ Capacity-Based Approach:



Beam-Column Joint Shear











Ground Motion Scaling

 Suite was selected from a previous project in CA Bay Area and scaled to the MCER hazard level

 Japan Ground Motions are only applied in one direction
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Cracked Stiffness Properties







MODELING Approach (Walls)

 Materials are regularized 

per Lowes et al. (2016)

 Steel properties 

calibrated to match ASCE 

41-23 moment-rotation

 Used elastic material for 

shear with strength 

section



MODELING Approach (Walls)

 Materials are regularized 

per Lowes et al. (2016)

 Steel properties 

calibrated to match ASCE 

41-23 moment-rotation

 Used elastic material for 

shear with strength 

section





MODELING Approach (Columns)

 Used cracked linear sections with lumped hinges

 Used ACI 374.3 proposal for modeling parameters

 Used ACI 369.1-22 for acceptance criteria  





MODELING Approach (Beams)

 Used ACI 374.3 for modeling parameters  (provided by MKA)

 Used cracked linear sections with lumped hinges



MODELING Approach (Outrigger Beams)



Acceptance Criteria







=> Essentially Elastic























Wall Performance: Drift



Wall Performance

 Performance can be dependent on the ground motion components 

 Condition 1  Condition 2



Wall Performance: Drift

 Japan Suite US Suite



Wall Performance

 DCR (Usage ratio per ASCE 41-23 rotation limits)

 Japan Suite US Suite

 Usage Ratio 

= 0.68

 Usage Ratio 

= 0.25



Wall Performance
 Usage ratio per LATBSDC rotation limits

 US-Compression

 Usage Ratio 

= 0.25

 Usage Ratio 

= 0.4

 US-Tension



Moment Frame Direction



Moment Frame Yielding



Nonlinear Model Sensitivity Studies
Analyses were compared using fixed (grade beams) versus pinned base assumptions:



Frame Direction







Comparative Design ACI Vs. JCI











COMPARING DESIGN TRADE-OFFS

X

Option COption BOption AExisting Building

Casualties

Downtime

Damage Cost

Construction Cost

Interior Impact

Exterior Impact

Construction
Surprise Risk

LADBS Risk

$$$$ $$ $$ $

$$$$$ $


