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Motivation

• The prevalence of RC-URM in the
Italian/European building stock and
observed damaged

• Insufficient or poor detailing of
structural members, inadequate
solution to frame-panel interaction

• The global effect of URM infill panel
addition: increase in initial stiffness
and sudden drop in lateral strength
capacity after the rupture of infills
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Spectral Acceleration, Sa(T1) [g]
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Motivation

• The exceedance of the structural demand-
based performance level through fragility
curves

• Computation time-and-effort-extensive
analyses (i.e. numerical modelling, ground-
motion selection, non-linear dynamic analysis)

• Necessity for simplified methods based on
SDOF oscillators (e.g. SPO2IDA,
ExtendedSPO2IDA, SPO2FRAG) and R-𝜇-T
relationships
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• SPO2IDA (Vamvatsikos & Cornell 2002) and other similar tools offer the ability to relate the
force-deformation capacity of a frame structure to its dynamic counterpart through IDA
curves

• ExtendedSPO2IDA was developed (Nafeh et al. 2019) to incorporates the representative
behaviour of infilled RC frames

• Sa(T1) is optimal IM at lower intensities, but the associated uncertainty increases at higher
levels of intensity

Motivation
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• Average Spectral Acceleration (Saavg)
introduced by Eads et al. (2015)
• 𝑆𝑎!"# = ∏$%&

' 𝑆𝑎(𝑐$𝑇&)
&/'

• T ranges from [0.2𝑇&; 3.0𝑇&]
• Efficiency: accurate prediction of the

response given an EDP
• Sufficiency: Independence of the

structural response value from
seismological parameters
• Unbiased by ground-motion velocity-

based characteristics as shown by
O’Reilly et al. (2021)
• Stable collapse risk estimates across

various ground-motion sets highlighted
by Eads et al. (2015).
• Adequacy for infilled RC frame

structures at high intensities when
inelastic mechanisms form highlighted
in O’Reilly et al. (2021)

Suitable Choice of Intensity Measure
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• A dataset of single-degree-of-freedom (SDOF) oscillators with varying backbone
parameters is developed through correlation controlled Latin hypercube sampling
(CLHS) (Nafeh et al. 2019)

Simplified Tool for Collapse Assessment
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• Methodology
1. Normalise the static backbone parameters to strength ratio and ductility at each 

response branch i (Rst,i, 𝜇st,i) for each SDOF system
𝑅)*,$ =

𝑉,,$∗

𝑉,,.∗

𝜇)*,$ =
∆$∗

∆.∗

Simplified Tool for Collapse Assessment



COMPDYN 2021 
27th-30th June 2021

Accurate Collapse Capacity Quantification for Infilled RC Frame Buildings
Al Mouayed Bellah Nafeh, Gerard J. O’Reilly

2. Perform IDAs on SDOF dataset and process the IDA results (16%, 50% and 
84%). The INNOSEIS record sets (Vamvatsikos 2019) for medium and high 
seismicity were used.

Simplified Tool for Collapse Assessment
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3. Interpolate and normalise the IM-EDP values at each response branch i (Rdyn,i, 
𝜇dyn,i)

𝑅!"#,% = 𝜌 =
𝑆𝑎&'((𝑇∗ 𝑎, 𝑏 )

𝑆𝑎"

𝜇!"#,% =
∆!"#,%∗

∆"∗

𝑆𝑎" =
4𝜋*Δ"∗

𝑇∗*

Simplified Tool for Collapse Assessment
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5. Perform two-step regression analysis
i. Fit a functional form at each response branch relating the static and dynamic 

response parameters (e.g. coefficients of a polynomial fit)
ii. Relate the chosen functional form parameters to the fundamental period and 

relevant capacity parameters (i.e. relate the coefficients of the polynomial fit to 
strength variables)

Simplified Tool for Collapse Assessment
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• Fitted Functions

• The tool can be downloaded from (https://github.com/gerardjoreilly/InfilledRC-
SPO2IDA)

Simplified Tool for Collapse Assessment

https://github.com/gerardjoreilly/InfilledRC-SPO2IDA
https://github.com/gerardjoreilly/InfilledRC-SPO2IDA
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• Verification of Simplified Tool:

• Additional set of 40 SDOFs
• Incremental dynamic analysis with INNOSEIS record sets
• Better estimate in terms of median collapse intensity (Saavg and Sa(T1))
• Lower dispersion at collapse when Saavg is used in comparison to Sa(T1)

Simplified Tool for Collapse Assessment
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• 2-Storey Infilled Building (Pre-Code 
Structure)

• 6-Storey Infilled Building (Pre-Code 
Structure)

Case Study Validation (Case Study Layouts)
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• Buildings were designed for gravity-loads (GLD) only according to Regio-Decreto 1939 
with no consideration for ductile detailing
• The allowable stresses were generally assumed to be equal to 29.2% and 33.3% for 

compression and tension respectively
• The value for allowable shear stress necessary for the calculation of transverse 

reinforcement is taken as 0.4 N/mm2 for normal-weight concrete and 0.6 N/mm2 for 
high-strength concrete
• Frames span in one direction only
• Permanent loads of 500 kg/m2 and 450 kg/m2 were considered for typical and roof 

slabs respectively
• Accidental loads of 200 and 150 kg/m2 were considered for typical and roof slabs 

respectively

Case Study Validation (Case Study Layouts)
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• Three-Dimensional Lumped Plasticity Model in OpenSees
• Interior Beam-Column Joints: “zero-Length” elements with rigid-offsets in

transformation + “Hysteretic” Material to account for flexural and axial behaviour
O’Reilly & Sullivan (2019)
• Exterior Beam-Column Joints: “zero-Length” elements with rigid-offsets in

transformation + “Hysteretic” Material to account for flexural and axial behaviour,
O’Reilly & Sullivan (2019), De Risi et al. (2017)
• Beam-Column Elements: “Force Beam-Column” Element with Finite Plastic Hinge

Length coupled with “zero-Length” Elements + “Pinching4” Material + Shear Hinges
for stair elements, O’Reilly & Sullivan (2019), Di Domenico et al. (2021)
• Masonry Infill Panels: Equivalent single strut models to account for the IP response,

Crisafulli & Carr (2000) , Decanini (2005)

Case Study Validation (Numerical Modelling)
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• Two locations representing medium (San Severo) and high seismicity (Monteleone di
Spoleto)
• Hazard analysis for record selection using OpenQuake
• Site Characteristics (i.e. Vs30) from Mori et al. (2020)
• Record selection from PEER-NGA database using Conditional Mean Spectrum with

modifications suggested by Kohrangi et al. (2017)
• Correlation model by Baker & Jayaram (2008) for spectral values
• The geometric mean of the two components was selected

Case Study Validation (Hazard and Record 
Selection)

San Severo
Monteleone di 

Spoleto
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• Eigenvalue analysis was conducted to obtain the first-mode shape
• Static Pushover (SPO) analysis was conducted to obtain the global force-displacement

behaviour
• The SPO results corresponding to both principal directions were considered

• Eigenvalue + SPO results are inserted as input in the ExtendedSPO2IDA tool.
• Multiple Stripe Analysis conducted to compare the predictive capacity of the tool in a

hazard-consistent scenario

Case Study Validation (Results)
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• Step 1: Insert results of SPO (base shear vs roof displacement)
• Step 2: Insert results of the modal analysis
• Step 3: Fit the multi-linear model to the SPO curve

Case Study Validation (Results)
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• Equivalent SDOF properties
• Median collapse intensity (Sa(T1)) and associated dispersion (previous version)
• Median collapse intensity (Saavg) and associated dispersion (current version)
• IDA curves corresponding to median, 16% and 84% percentiles

Case Study Validation (Results)
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• Collapse fragility functions were obtained considering a lognormal distribution with
median collapse intensities and dispersions from MSA and ExtendedSPO2IDA
• An excellent match is observed between the two sets of case study buildings
• The comparison illustrates the accuracy of the proposed tool for this typology

considering different heights and across all seismicity levels

Case Study Validation (Results)

Case Study 
Building

Multiple Stripe 
Analysis

Extended SPO2IDA

0𝑺𝒂𝒂𝒗𝒈 𝛽 0𝑺𝒂𝒂𝒗𝒈 𝛽

GLD #1 1.58 0.36 1.53 (X)
1.64 (Y)

0.29 (X)
0.31 (Y)

GLD #2 0.61 0.39 0.63 (X)
0.53 (Y)

0.20 (X)
0.23 (Y)
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• The seismic assessment of RC structures with masonry infills is important considering
their prevalence in the regional building stock
• The characterisation of their behaviour up to global collapse is essential in risk-based

analysis associated to PBEE
• Non-linear dynamic analysis are computationally expensive in terms of time and effort
• R-𝜇-T relationships considering the general response of the infilled RC typology were

developed
• Behaviour characteristics such as period elongation and formation of inelastic

mechanisms (e.g. soft-storey mechanism) are accounted
• Saavg was chosen as suitable IM for the study considering its inherent properties (i.e.

low associated dispersions)
• The developed tool offers ease of applicability in terms of format, and information

required
• The accuracy of the tool in predicting median collapse intensities and associated

dispersions was highlighted

Conclusions
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