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ABSTRACT 
 

According to the recent earthquakes (Northridge1994, Kobe1995, ChiChi1999, Bam2003) Near-fault 

Earthquake (N.F.E.) in the vicinity of quake field caused many damages which this matter motivated the 

researchers to examine more the Near-Source phenomenon of earthquakes. N.F.E come in large varieties rather 

than ordinary earthquakes and in comparison with ordinary motions they impose high seismic demand on the 

structure. Since IRAN is located at a zone which has a prone to having earthquakes and nearly in the majority of 

the country quake risk exists, and because in IRAN 2800 code of designing buildings against earthquake there is 

no mention of designing buildings at Near-Source zones, we conduct a research by selecting 5, 8 & 12 stories 

steel buildings designed according to IRAN 2800 code, to examine the effects of N.F.E. This article expresses 

the effects of N.F.E on frames responses by comparing the linear and nonlinear time history responses of 

structures to the earth motions at Far & Near-Source zones. According to nonlinear analysis the amounts of 

imposed demand of N.F.E were more than Far-fault Earthquake Due to inefficiency of 5, 8 & 12 stories 

structures according to several N.F.E, especial considerations for designing & strengthening of structures 

located at Near-Source zones of IRAN are required. Examining the structures’ responses shows that in 

Near-Source zone, structures’ seismic demand is more than Far-Source zone. 
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1. INTRODUCTION 
 

Near-fault ground motions are the earth’s quick displacements which are produced at fault directions due to 

shear waves propagation. These strong motions of earth which are usually too big, are the most severe seismic 

loading which a structure may experience during its life. Researchers introduced remoteness & nearness to the 

earthquake resource as the defining indicator of Near-Source waves. ALAVI & KRAWINKLER defined the 

Near-Source phenomenon for the structures which are located at 10-15 Km from earthquake resource [1]. 

Douglas & Ambraseys chose 15Km distance from fault [2] but Chopra & Chintanapakdee considered the 

registered records up to 10 Km from earthquake resource as the Near-Fault ground motions [3]. These motions 

will be affected considerably by rupture mechanism and its direction toward the site. In this way, the registered 

records of Near-fault Ground motions are divided into two categories [1]: 

1) Forward Directivity records 

2) Backward Directivity records 

If the rupture propagates toward the site, the recording at the site will show a Forward Directivity effects and if 

the rupture propagates away the site, the recording at the site will show a Backward Directivity record. 

Maximum of acceleration, velocity and displacement of Forward Directivity record is considerably greater than 

those of Backward Directivity record. Forward Directivity records have a great pulse at the beginning of record 

which this great pulse transmits most of the seismic energy of rupture to the structure. On the other hand, the 

Backward Directivity records have no pulse-like function.  

Near-Fault Ground Motions have some distinct features which distinguish them from the Far-Fault Ground 

Motions. For example: Time history traces of earthquakes especially Forward Directivity motions having high 

period and large amplitude which often seen at the beginning of earthquake record. Existence of these distinct 

pulses, expose the structure to high input energy [1]. 

Fault normal component of Near-Fault ground motions is more severe than parallel component to the fault; 

while, in Far-Fault ground motions, both components have the same effects. Near-Fault ground motions 

components are often several times greater than Far-Fault ground motions components. Imposed seismic 

demand of Near-fault ground motions is greater than Far-Fault ground motions.  
 

2. EMPLOYED N.F.E & F.F.E RECORDS OF RESEARCH  

 

12 Near-Fault records of IRAN & the rest of the world and 3 Far-Fault records of Northridge, Landers & Chichi 

are employed in this research. The registered records less than 15km are chosen as the Near-Source criterion and 

Far-Fault ground motions of recordings are selected above 50 km. All records are provided from PEER internet 

site [6]. According to ground type classification of IRAN 2800 code, which is divided into four zones,3 

Near-Source records are selected & since the structure is located at the third zone, Far-Fault ground motions in 

this ground type are chosen to compare the structure response to Near-fault ground motions. According to IRAN 

2800 code, all the records scaled which their specifications & scale factor are represented in the table 2.1,2,3. 

 

3.  MODELING AND STRUCTURES ANALYSIS PROCESS OF GROUND MOTIONS IN NEAR and FAR-SOURCES 

 

In this research, three MRF steel structures with 5,8 &12 stories are employed which their design specifications 

are summarized in table 3.1. These buildings are geometric regular and their typical story height & bays width is 

3.20m & 3m, respectively (Figure 1). 

The designed sections are considered as plate girder and are showed in the table 3.2.In order to modeling the 

nonlinear response of structures, trilinear behavior model of SAP2000 software is employed in which 

FEMA273 code provides the hinges specifications. P-M-M hinges in columns & M hinges in beams are used. 

Damping factor of structure is proportional to the structure’s period (� � 5%). 

To compare the structural response to the records, maximum roof displacements, maximum story drift & maximum 

story shear are selected in two directions (x, y) as the response parameters. Using the linear & nonlinear time history 

analysis of SAP2000 software, and also, equivalent static method of IRAN 2800 code, structural efficiency & 

structure response parameters under Near & Far-Fault ground motions are examined which the conclusions are 

expressed later. Several samples of analysis results for 5 stories building are presented in coming images. 
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Figure 1 Plan & Elevation of employed buildings. 
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Figure 2 Five story roof displacement of two near-fault quakes (Cape Mendocino & Kocaeeli). 

 

 
 

Figure 3 Five story Max story displacement of two near-fault quakes 

 (Cape Mendocino & Kocaeeli). 
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Figure 4 Non-distributed nonlinear hinges in the height of the building in BAM NFE. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 5 Distributed nonlinear hinges in the height of the building in NORTHRIDGE FFE. 
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4. CONCLUSION 

 

1) A 12stories building under 7 N.F.E records, a 8 stories building under 3 N.F.E records & a 5 stories building 

under 8 N.F.E records missed their structural efficiencies, which two below comments are conducted: 

a) N.F.E Motions have more sever effects on short period & high period structures and its effects are less on 

medium period ones. 

b) Inefficiency of designed structures under N.F.E motions according to IRAN 2800 code, especially the short & 

tall buildings, verifies an essential revision in IRAN code & considering the Near-source effects. 

2) As expected, all the structures had a qualified and acceptable function under Far-Fault Ground Motions, since 

IRAN code spectra is acquired through Far-Fault Ground Motions. 

3) Examined story shear charts verified a difference between story shear distribution of high buildings and the 

expected one according to IRAN 2800 code. For example, according to code, the maximum story shear occurs 

in the first story and it diminishes in upper stories & meets its least at the roof story; while here, for a 12story 

building the least amount of story shear occurs in the 7
th
 story (instead of roof story) and the story shear in the 

11
th
 story is greater than the previous ones. 

4) Since too much energy with distinct pulses at the beginning of the record are imposed to the structure by NFE 

records, nonlinear hinges propagation is not seen at structure’s height; While ,it exists at Far-Fault ground 

motions (Figure 4 & 5). 

5) Structures which have not missed their bearing capacity under Near-Fault ground motions, while the 

structure’s maximum displacement does not exceed the code’s allowed one, in some cases, the structure’s 

maximum drift exceed the code’s allowed amounts. 

Acquired conclusions affirm that it is essential to strengthen the lower stories of short & tall buildings and 

intermediate stories to limit maximum stories drifts to allowed code amounts. 

6) The imposed seismic demand on the structures under N.F.E records is too much greater than that of F.F.E 

records. 

7) In N.F.E ground motions, there are remarkable differences among the fault parallel & normal components at 

imposed seismic demand, while they never seen in F.F.E ground motions. 
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