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ABSTRACT : 

Unreinforced masonry (URM) buildings represent the largest portion of residential buildings in Iran. From this
stock a large percentage consists of brick buildings with partial steel members. The main structural elements of
such construction are brick walls with flat-arch floors and central steel columns. The current Iranian seismic
rehabilitation guidelines include sections dedicated to the evaluation of existing unreinforced masonry buildings 
without specific remarks about this kind of construction. Reinforced shotcrete, on one face of brick masonry
bearing walls, is the most popular seismic retrofit technique of URM buildings in Iran. Two documents of 
evaluation; Iranian Guideline for the Seismic Rehabilitation of Existing Buildings and FEMA 356 are used for
the evaluation of this type of building. 
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1. INTRODUCTION 
 
A large portion of Iran’s older building inventory is unreinforced masonry (URM). These have been constructed 
in the absence of any mandatory earthquake design requirements. They are therefore most vulnerable during 
earthquakes. Partial steel masonry buildings (brick buildings with some steel framing) constitute a large 
percentage of unreinforced masonry buildings in Iran. The main structural elements of this type of construction 
are brick walls with flat-arch roofs and central steel columns. These buildings are built with industrial materials, 
and as a result, are not restricted to one specific climate or region. The main reason for the popularity of these 
buildings is the low cost of construction and no need for highly skilled workers.  

In partial steel masonry buildings it appears that in many cases the collapse of the structure is caused by the 
out-of-plane failure mode. Since this type of failure can be prevented by properly anchoring the masonry walls 
to the floor and to the roof system, the in-plane failure of URM walls is the dominating failure mode for the 
URM buildings. In practice the in-plane failure mode domination may not be the actual behavior of these 
buildings. Therefore, the goal of this evaluation is to investigate the in-plane behavior of these buildings when 
the out-of-plane and diaphragm deficiencies are eliminated by some rehabilitation method. To put things in 
context, especially for readers unfamiliar with this type of construction a brief review of construction technique 
for partial steel masonry building is presented first. 
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Figure 3 Structural configuration of assumed typical building 

 
 

4. BASIC ASSUMPTIONS 
 
During an earthquake, the walls may vibrate in or out of the plane. The vibration and the associated bending 
deformation may lead to cracking and out-of-plane collapse of the wall. If the out-of-plane motion is restricted 
the dominant behavior of the wall is in-plane. In this paper it is assumed that out-of-plane motion is restricted 
and as a result the wall will not become unstable and collapse under out-of plane vibrations.  
 
FEMA 547 categorizes steel-joists flat-arched unreinforced masonry spanning between the joists as rigid 
diaphragms. It also considers this kind of diaphragm as “quite stiff as well as extremely heavy”. Because there is 
very limited information about how flat-arched floors have performed in actual earthquakes, the FEMA 547 
assumption seems to be the most reasonable conservative choice. As we know, the distribution of the horizontal 
forces to the vertical elements depends on the geometry and the rigidity of the diaphragm. Since rigid 
diaphragms do not deform appreciably, it is assumed that their behavior remains elastic and the 
earthquake-induced internal forces are distributed to the vertical resisting elements in direct proportion to their 
rigidities. 
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6. CONCLUSIONS 
 
Evaluation of a partial steel masonry building, using FEMA 356 and the Iranian Guideline for the Seismic 
Rehabilitation of Existing Buildings, shows that:   
 
1. The building analyzed may fail because of: Lack of anchorage between masonry walls and diaphragms, 
anchor failure, out-of-plane failure of masonry walls, in-plane failure of URM walls and combined in-plane and 
out-of-plane forces.  
 
2. Most often the main cause of collapse of partial steel masonry building is out-of-plane failure of the walls. 
However even when latter weakness is removed, according to the results of the present study, moderate 
earthquakes can cause the collapse of such buildings, because of large in plane forces due to torsion. 
 
The Nonlinear analysis depicts the actual behavior of the building and push over curves show a vivid illustration 
of the structural response during earthquake. The results of nonlinear analysis show that this type of building 
could not satisfy life safety performance level, even if the diaphragm and out-of-plan wall deficiencies do not 
exist. 
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