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Introduction and motivation 

 Current building codes do not support design for 

a target seismic risk 

 Basic research project: development of the 

methodology and tools for the design of 

structures for tolerable seismic risk using non-

linear methods of analysis 
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Risk-based seismic design 
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One possible realization of risk-based seismic design     
                                                         (Lazar Sinković, Brozovič & Dolšek 2016) 

 Risk-targeted force-based design  

(Žižmond & Dolšek, 2015) 

 SMART Web Application for the 

selection of risk-targeted q-factors 

 Guidelines for the structural 

adjustment of RC frames using 

pushover analysis 

 3R Method (Dolšek & Brozovič, 2016) 

 Risk-based decision making:  

NRHA for 7 GMs at a single intensity 

 SMART CGM Web Application 



Risk-based seismic design 

Adjustment of the structure using PA: 

 Adjustment guidelines (Lazar Sinković, Brozovič & Dolšek, 2016): 
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1) Improve deformation capacity of the system by increasing the 
longitudinal reinforcement in the columns (50% of maximum drift) 
and check if longitudinal reinforcement ratio do not exceed max 
value.  

2) Increase strength of the structure by increasing cross-section 
area of beams in all stories when it is required to increase the 
strength significantly. Check SCWB. 

3) Increase strength of the structure by increasing cross-section 

area of columns if the maximum utilization ratio is large. 

0)   Basic guideline: Apply the SCWB principle 



Risk-based seismic design 

Example application: 8-storey RC frame 

 Target collapse risk: Pt=10-5 

 Initial structure configuration: minimum requirements according to EC2 and 

EC8  

 Material: Concrete class C30/37 and reinforcing steel S500 
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Risk-based seismic design 

Seismic hazard and ground motion selection 

 Hazard: Sa(T=1.2 s) for Ljubljana (Slovenia), soil type C 

 Ground motion selection (according 3R method):  

 40 GMs selected according to conditional spectrum 

for the characteristic (16 th percentile) value of the target fragility curve: Sa,ct=2.5 g  

 Target scenario: ε=2.0, M=7.3, R=19.2 km 
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 Pt=10-5 

 frag. LN 

 β=0.4 
 



Risk-based seismic design 

Adjustment of the structure and risk check using PA: 
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Risk-based seismic design 

Design check – 3R method (Dolšek & Brozovič, 2016) 

 Procedure: 

 7 GMs are selected – median is close to the 16th percentile of the proxy for 

the collapse fragility curve (SDOF approximation) 

 Dynamic analysis for 7 GMs, scaled to Sa,ct (target value) 

 3 GMs out of 7 caused collapse: r=3/7<0.5 
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The seismic risk < Pt=10-5 

 

 

 

(actual risk based on IDA is Pc=0.98∙10
-5 ) 

 

 

 

 Key assumptions: 
 β is assumed (e.g. Kosič, Dolšek & Fajfar, 2016) 

 The pushover analysis provides a good  

approximation of the 16th percentile collapse 

fragility curve 

 



Risk-based seismic design 

Remarks and Conclusions: 

 Advantages: 

 Includes an explicit check of risk-based performance 

objectives in the design (increased reliability of design 

solutions) 

 Engineer controls adjustment of structure (better insight into 

the behavior of the structure during earthquakes) 

 

 Efficiency of the design: 

 Depends on guidelines for the adjustment of structure 

 Depends on engineer's knowledge and experience 
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Software development 

 enhance iterative risk-based design 

 

 desktop and web applications 

  

          apps.smartengineering.si 

 

 web -> accessible, user friendly, manageable 
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Software development 

Total records:    9188 

Unique records: 9030 
 

More than 18000 horizontal ground 
motion components  

 

 

 

 

 

11 

Strong ground motion database 

 

 PEER 

 

 RESORCE 

  

 

 



apps.smartengineering.si 
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 CGM application 

 selection of so called Characteristic Ground Motions 
(3R method – Dolšek, Brozovič) 

 Qfactor application 

 assessment of risk targeted design seismic intensity & 

behavior factor q  

 Strong ground motion database application 

 interface (access, search, download) 
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CGMapp 

introduction 

 3R method (Dolšek & Brozovič, 2016) 

 

 is collapse risk sufficient? 

 

 trivial decision model 

 characteristic ground motions 

 

 Application 

 automate selection of CGMs 
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 Conditional spectrum approach 
Original algorithm (Jayaram et al. – MATLAB) 

 Translated into C programming language 

0 100 200 300 400 500 600

n = 30

n = 100

n = 200

C

Matlab

minutes 
Ubuntu 12.04 64-bit (VM) 
Matlab R2013a 
Processor: Intel Core i7-3630QM CPU 2.400Hz x 4 
Memory: 2.9GiB 

14.5 x faster 

11.6 x faster 

Benchmark 

10.6 x faster 

9030 records ( ~18000 spectra ) 

CGMapp 
1.step: selection of hazard-consistent GMs 



Software development 
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CGMapp 
2. step: Incremental Dynamic Analysis 

 Nonlinear dynamic analysis 

of SDOF model 

 Requirement: 

SDOF on the basis of 

pushover analysis 

 

 OpenSees -> IDA 

 Distibuted workload on the 

computer cluster 
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CGMapp 

  2. step: Incremental Dynamic Analysis 
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Strong Ground Motion Database 

public API (example usage) 

Graphical user interface for 
Shake91 (Idriss & Sun) 

equivalent linear seismic 

response 

analysis of horizontally layered  

soil deposits 
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Thank you for your attention 

 


