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Part I:

1. PBEE assessment methods

V Conditional probability approaches such as SAC/FEMA & PEER formulations

V Unconditional probabilistic approach

Questions

2. PBEE design methods

V Optimization -based methods

V Non optimization -based methods

Questions

3. PEER PBEE formulation demonstrated for electric substation equipment

V Introduction

V Hazard analysis

V Structural analysis

V Damage analysis

V Loss analysis

V Combination of analyses

Questions
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Part II:

1. Application 1: Evaluation of the effect of unreinforced masonry infill walls on reinforced 
concrete frames with probabilistic PBEE

Questions

2. Application 2: PEER PBEE assessment of a shearwall building located on the University of 
California, Berkeley campus

Questions

3. Application 3 : Evaluation of the seismic response of structural insulated panels with 
probabilistic PBEE

Questions

4. Future extension to multi -objective performance-based sustainable design

5. Recapitulation
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1. Application 1: Evaluation of the effect of unreinforced masonry

infill walls on reinforced concrete frames with probabilistic PBEE

2. Application 2: PEERPBEEassessment of a shearwall building

located on the University of California, Berkeley, campus

3. Application 3: Evaluation of the seismic response of structural

insulated panels with probabilistic PBEE
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ü An idealized portal frame with and without infill wall 

ü Demonstration of hazard and structural analyses

ü The geometry of the portal frame based on dimensions of a single story RC frame 

with infill wall tested on UC-Berkeley shaking table [Hashemi & Mosalam, 2006]. 

Application I
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Application I

Hazard Analysis

UC Berkeley campus

Location of the structure: 
@North gate of campus 
(37.877ę, -122.264ę)

Site class: 
NEHRP D
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Application I

Hazard Analysis

Source: USGS
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Application I

Hazard 
Analysis

OpenSHA
http ://www.opensha.org

Location

Site class

IM type

Attenuation 
Model

Hazard Curve
Shear wave 
velocity in top 
30 m of soil

(IM) years50,1(IM) (IM) ll Ý=-= - TeP T
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Application I
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Removable bolt 

assembly to be cut

Load cell

Lever hoist 

(comealong)
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Application I

Hazard Analysis: Hazard Curve

Hazard is more severe 
for the bare frame at 
this particular location
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Application I

Structural Analysis

Ç Analytical modeling using OpenSees[2010]
Ç Force-based beam-column elements with fiber discretized sections
Ç Material for core and cover concrete: Concrete02
Ç Material for reinforcing bars: Steel01
Ç Material strengths [Hashemi & Mosalam, 2006] 
Á Concrete : fc  beam = 37 MPa, fc  columns = 38 MPa
Á Steel : fy = 458 MPa

Ç Sections:
Á Columns : 305³305 mm square section 
Á Beam : 343³267 mm rectangular section

Ç Reinforcement:
Á Columns : Longitudinal: eight # 6, Transverse: #3@95 mm 
Á Beam : Longitudinal: three #6 bars (top and bottom), Transverse: # 3@70 mm

4.88 m

3.43 m

Transverse reinforcement used to determine core concrete strength
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Application I

Structural Analysis

Ç Twenty ground motions [ Lee & Mosalam, 2006] used in nonlinear time history 

analyses (explanation later in Application II )

Ç Ground motions scaled for each of the considered Sa(T1) value

Note : Use of unscaled ground motions should be the preferred method in a 

real-life application 

Ç For demonstration purposes, only uncertainty in ground motion is considered; 

material uncertainty is not taken into consideration

Ç Total number of analyses conducted for an intensity level is twenty 

Ç Peak interstory drift ratio (IDR) & peak roof acceleration (RA) are considered 

as the EDPs
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Application I

Structural Analysis: Global collapse determination
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Application I

Structural Analysis: Global collapse determination
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Collapse probability is much less for the infilled frame case for all intensity levels: specific for this frame
In a multistory, three -dimensional (3D) frame:
ÅSudden failure of infill walls can lead to weak stories, which is usually followed by a global collapse
ÅShear failure can be critical for columns because of lateral component of force transferred by infill wall
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E
D

P j

IM

Outcome of Structural Analysis:

Probability of each value (index i) of each EDP (index j) 

for each hazard level (index m) : p(EDPj
i|Im m)
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Application I

Outcome of Structural Analysis:
Probability and POE for IDR and RA òOnly RA is shown hereò
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Total probability theorem :

Given n mutually exclusive events* A1,é, An whose probabilities sum to 1.0, 
then the probability of an arbitrary event B:

)p(A)ABp()p(A)ABp()p(A)ABp()Bp( nn2211 +++= 2

ä=
i

ii )p(A)ABp()Bp(

Conditional 
probability of B given 

the presence of Ai

Probability of A i

*Occurrence of any one of them automatically implies 
the non -occurrence of the remaining nī1 events

Combination of Hazard and Structural Analyses
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Application I

Combination of Hazard and Structural Analyses
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Application I

Combination of Hazard and Structural Analyses

Ç POEof RA is larger for the infilled frame due to:

ÁInitial periods for small RA values (acceleration response for 0.1 sec-infilled frame is greater than that for
0.5 sec-bare frame)

ÁLateral force capacity [next slide] (larger for the infilled frame compared to the bare frame) for large Sa
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Application I

Combination of Hazard & Structural Analyses

Remark:

ÇFor each of the intensities in this region, RA is
dominated by the lateral force capacity

ÇHowever, POE of RA of the two frames gets
closer to each other as RA increases

ÇThis is because probability of Sa, p(Sam), which
is a weighing factor, is smaller for the infilled
frame for a large value of Sa [Hazard curve]

Ç Benefit of combining different analysesstages:

ÁResults of structural analysis alone would indicate larger POEof the RA response for the infilled frame
than that for the bare frame for larger intensities

ÁHowever, combination of the two analyses indicates that the POEsof the RA response of the bare and
infilled frames are comparable for large intensities

ÁFirst comment is true if a large intensity earthquake is likely to occur, e.g. Hayward fault, Bay Area
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Application I

Combination of Hazard and Structural Analyses

Ç POEof IDR of the bare frame is much
larger than that of the infilled frame

Ç Significant contribution of the infill
wall in reducing frame deformation
response

Ç Specific to the portal frame analyzed
in this application and the adopted
modeling assumptions Ą Should not

be generalized

Bare 
Frame

Infilled 
Frame
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Questions?

mosalam@berkeley.edu

http:// www.ce.berkeley.edu/people/faculty/mosalam

mailto:mosalam@berkeley.edu
http://www.ce.berkeley.edu/people/faculty/mosalam
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1. Application 1: Evaluation of the effect of unreinforced masonry

infill walls on reinforced concrete frames with probabilistic PBEE

2. Application 2: PEERPBEEassessment of a shearwall building

located on the University of California, Berkeley, campus

3. Application 3: Evaluation of the seismic response of structural

insulated panels with probabilistic PBEE
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ü University of California Science (UCS) building in UC-Berkeley campus

ü Modern reinforced concrete shear-wall building 

ü High technology research laboratories for organismal biology, animal facilities, 

offices and related support spaces 

ü An example for which non-structural components contribute to the PBEE 

methodology due to valuable building contents, i.e. the laboratory equipment 

and research activities 

Probabilistic Performance -based Earthquake Engineering, Tongji University, Shanghai, China , Dec. 17 -18, 2015
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ü Six stories and a basement

ü Almost rectangular in plan with overall dimensions of ~93 m x 32 m

ü Gravity load resistance : RC space frame

ü Lateral load resistance : Coupled and perforated shearwalls

ü Floors consist of waffle slab systems composed of a 114 mm thick RC 

slab supported on 508 mm deep joists in each direction

ü Foundation consists of a 965 mm thick mat

Probabilistic Performance -based Earthquake Engineering, Tongji University, Shanghai, China , Dec. 17 -18, 2015
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Application II

Hazard Analysis
Location of the structure: 
close to west gate of campus

UC Berkeley campus

Site class: 
NEHRP C

Probabilistic Performance -based Earthquake Engineering, Tongji University, Shanghai, China , Dec. 17 -18, 2015




