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Research Introduction

Generally modelled as an 

open frame

Omitting the strength and 

stiffness contribution of the 

infilled wall

Only gives a gravitational 

load effect to the structure 

Masonry infilled wall

Reliable seismic 

performance within an 

acceptable limit

A macro model of masonry 

infilled wall in the form of 

an equivalent diagonal 

compression strut

A realistic analysis of 

structure

The seismic performance 

is assessed on the basis 

of the fragility curve

The fragility curve provides 

complete information on 

the probabilities of various 

levels of building damage 

due to various seismic 

intensities

The seismic 

performance evaluation
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Open Frame Model

a. The building is a four-storey structure (residential purpose)

b. Classified to be the Mid Rise Irregular building group

c. The infilled wall is considered only to cause a gravitational load to 

the beam below it

d. The floor or rooftop load is calculated using tributary area method

Open Frame Model

Table of Element Classes and Dimension



Infilled Frame 

Model

a. The infilled wall contributes to the

strength and stiffness of the frame

structure

b. A macro modelling of masonry infi

lled as an equivalent diagonal co

mpression strut

Infilled Frame 

Model
01

Macro modelling of masonry 

infilled
02

03 Geometrical 

Properties



Mechanical Properties04 05 Empirical Properties
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Capacity Curve

Output:

Using a non-linear static pushover 

analysis 

Seismic performance 

analysis

a. setting the target displacement of 0.294 

m (2% of the height) 

b. the iteration is carried out as much as 98 

steps

c. the lateral load is performed on the weak

est axis of the structure (y-axis)
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a. Maximum lateral load infilled frame = 20.

3x103 kN and open frame = 15.2x103 k

N

b. Increase 33%

Capacity Curve



a. Converting the capacity curve into 

a spectrum capacity curve

Developing fragility curve

Seismic performance 

analysis

Formula using ATC-40:

Where:
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Determining the damage states

Seismic performance 

analysis
1 Inter-story drift in HAZUS-MH MR5 method

2 Inter-story drift in ATC-40 method

3 Maximum base shear by Silva et al

• Limit state 1 (LS1): top displacement at 75% of the maximum

base shear capacity is achieved

• Limit state 2 (LS2): top displacement at the maximum base shear

capacity is achieved

• Limit state 3(collapse)-(LS3): top displacement when the base

shear capacity decreases 20%



Determining the standard deviation of the total uncertainty (βds) i.e:

the uncertainty of structural capacity (βC), spectrum demand (βd) &

damage limit value of the structure (βM(ds)).

Establishing the fragility curveSeismic performance 

analysis

Equation:



The fragility curve
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a. The capacity curve of the masonry infilled frame structure is increase 33% compared to the

open frame structure

b. The Silva’s method capable to demonstrate the reduction of the probability of the masonry

infilled wall structure to reach certain damage states for a given seismic intensity as

compared to the open frame structure, because only this method specifies the damage

states based on the magnitude of base shear while the other methods are based on the

inter-story drift

c. From the fragility curve, the probability of the masonry infilled frame to reach a certain

damage state is lower than that of the open frame. The results confirm the beneficial effect

of the masonry infilled wall to increase the seismic resistance of the building

Research Conclusion
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