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Abstract

The lateral load distribution pattern reflects thstribution of lateral inertial forces applied tioe structure caused by the

earthquake. Inertial forces caused by earthquakibstime changes and dynamic characteristics ofbthiéding are subject to
change. But in the non-linear static analysis oheotto avoid the complexity of this method, fordesing analysis are considered
constant. Hence analysis and design codes suggtesewt lateral load patterns to minimize the immpaf this unrealistic
simplicity. Pushover analysis is of non-linear istainalysis methods that can be used to obtairctanal capacity curve.
Effective factors in determining the capacity cunfethe structure is the lateral load distributidthis paper examines the
triangular lateral load pattern in structures wéttinvergent bracing previously placed under lineaticsanalysis and a three-
dimensional frame structure as an example was z@@ly the SAP2000 software. Therefore pushovelysisavas performed
on the several frames with convergent crossovesessréwith 3,5,7,10,15 number of floors) and extrargth values, ductility
and behavior factor is obtained and he resultccamepared with a nonlinear time history dynamic gsial Also effect of the
parameters affecting the rate of behavior suclrasian and American sections of beams and coludmshle stud sections, will
be examined for braces.
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1 Introduction

Behavior factor in the seismic design plays an
important role and foundation and design philosojgy
based on it, but is not sufficiently accurate aegutations
are not sufficiently accurate in determining thduea
which in some cases can cause uncertainty in tisenge
design. In other words, we cannot ensure that $leeofithis
coefficient, it gives a favorable result. A prog#an, is a
plan which structure can provide seismic requirelen
such as good ductility and strength in severe qaetke
and have minimum fatalities. One of the significastues
is dependence of responses to the strength arfdessf
distribution of structure and dependence of thatriiution
on equivalent lateral load pattern. Since loadiatigon can
influence the arrangement of plastic hinges forrmethe
structure, therefore, the seismic response of tstreic
including the behavior coefficient will be affected
Earthquake loading due to the random nature andttrer
hand type (acceleration and displacement basisadsof
force load) has a unique profile that analysis design of
structures has been faced with many difficultied an
complexes. Because of the growing trend of requiati
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with the study of effects of earthquakes on buddins
started that their design have met gravity loace Thrrent
load pattern based on certain categories of pesslans
have extracted for structures. Whereas achieving ne
models for better performance is still debated by
researchers [1, 2].

2 AnalysisModels

A range of convergent crossover braced frames #ith
3 spans and (3, 5, 7, 10, 15) number of floors is
investigated to cover a wide range of periods. Ih a
examined frames with 5 meters length of span 3 mmete
height of floor is considered. Before performinge th
pushover analysis, first linear static analysisdie on
above models and optimal sections are extractecbased
on them pushover analysis is carried out. The sgsfem is
unilateral so that the vertical load is appliedtba frame.
Thus the loading area of frame and the weight & th
structure which are taken into account in seismic
calculations have been calculated.

3 Selected Earthquakes Profiles

In order to consider the effects of ground motion o
structural behavior, in the analysis of samplestloke
earthquakes accelerograms data with the differené t
duration and frequency content (CapeMendocino,
Northridge, Sanfernando) is used.
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4 Analysis of Models and Results
Noting that the method of designing the structure

significantly affects the behavior factor, in tmarhe design
has been tried to analysis and design sectionsnieeco
identical with repeating the analysis several tinzexl
redesign. Also stress ratio (existing tension dovable
stress) in the final sections of design are prilyasithin
0.85 to 1. For nonlinear analysis of structure ofilmear
static analysis method, or the same increasingtagdpad
method (pushover) was used under the triangul@ardat
load pattern to examine the structures designeddbas
this pattern and the nonlinear analysis undepoithe effect

of this parameter on the effective coefficientated to it
(ductility reduction coefficient and extra strengthvill
result in this study. During the increasing thedidar the
actual modeling of nonlinear behavior of structure,
hardness of given up members have been involveten
next steps of increasing the load. Also initial lgsia under
a constant gravity load as full dead load plus 2if%ive
load is considered for each frame sample. The neati
analysis of frame is performed as in nonlinear ysialof
structures. By allocating or anticipating plastioinis
corresponding to those mentioned in tables of FEBGA-
and ATC 40 regulations, at appropriate locations
structural members or in other words the maximurasst
points, nonlinear analysis is carried out. Antitipg joints
according to the expected mechanical behavior ohibees
in similar frames of figure 1 and 2 are dedicatethem [3,

4, 5].
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Figure 1: formation of plastic joint

To determine the structural behavior coefficientrax
strength paramete®; and force reduction coefficient due
to ductility R, is needed.

Several methods for determining force reductiorffament
due to ductility considering ductility and perioflasingle
degree of freedom structure is provided, here, iiea
method is used.
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Figure 2: Assign of plastic joint
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Based on the results of the analysis models, #fier
linear range, curve capacity of all models hadremneasing
rate due to strain hardening of materials and [fnal
increasing the capacity of structure can be in Hrisa.
Summary of results are shown in tables one and Algm,
after the formation of plastic joints up to collepmea it has
a downward rate and eventually strength of strectsr
gone and structure is destroyed. The results sheuvhy
increasing the number of floors from 3 to 7 thetiity of
structure for triangular loading pattern lowers hwia
considerable slope and from 7-story to 15-storycstires
with a very small slope decreases so that it caigrered.
However, the ductility of structure generally dexses with
increasing the height. This reduction is shown iguFe 3.
Also results indicate that the ductility of strusufor
triangular lateral load pattern with increase ie trumber
of spans is reduced with very small amount. Alsthwie
increase in height of structure lateral capacitgtaficture is
reduced. This is due to lateral forces dominathgforces
of gravity with the increase in height of structuds shown

in Figure 4.[6]

Table 1. Summary of results for nonlinear statialgsis of
three-span structures designed with stud bracesect
under triangular load pattern.

Story v Ry R, Rw
3 8.44 4.64 1.807 8.384
5 8.3 5.40 1.131 6.108
7 6.75 5.34 0.958 5.114
10 6.36 5.74 0.845 4216
15 6.1¢ 5.62 0.84¢ 3.11:
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Table 2. Summary of results for nonlinear statialgsis of
two-span structures designed with stud brace sectiader
triangular load pattern.

Story v R, R Ry
3 9.21 5.97¢ 1.81¢ 10.84"
5 9.06 5.993 1.214 7.276
7 7.22 5.573 1.065 5.936
1C 6.3¢€ 5.73¢ 0.97: 5.58¢
15 6.49 5.826 0.929 5.413
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Figure 3: Ductility of three-span structures desmjmith stud brace sections
under triangular loading pattern.
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Figure 4: Lateral capacity diagram for three-spgancéures designed with
stud brace sections under triangular loading patter
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Figure 5: Comparison of behavior coefficient ofetwspan structures
designed with stud brace sections and can bratierseander triangular
loading pattern.
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Figure 6: Comparison of behavior coefficient of taman structures
designed with stud brace sections and can bratierseander triangular
loading pattern.

By comparing the results of the nonlinear statialysis
and nonlinear dynamic analysis of samples we olkeserv
that differences in results are neglectable. Aswshin
Figure 1,2,3.

Table 3. Summary results of nonlinear dynamic asialgf
structures with stud braces sections under seisroards
(CapeMendocino, Northridge, Sanfernando) related/te
span two story structure.

V¢ Ve V, SF

Re R R on) (om) (on) (@  REC
7.27¢ 2.31 3.1 17.0]1 148 46.9¢ 0.64 Caps
8.1432.21 3.7617.01165.2 43.950.88 Sanfernando
7.8612.41 3.2617.01149.2145.87 0.50 Northridge
7.27¢ 2.31 3.1 17.0]1 148 46.9¢ 0.64 Caps

5 Conclusions

In this paper convergent crossover braced frames fo

can and stud brace sections, have been designed tied
triangular lateral load patterns and nonlineaiictatalysis.
According to the results of ductility, extra strémpehavior
coefficient of each frame is determined by thengigar
lateral load pattern.

1- By comparing this type of braces with divergbrace
type we observed that the ductility and behaviartda
values for all samples is less than divergent t&ace

2- Structure during strong earthquakes will notehbrear
behavior and linear response will not representeal r
structure in the earthquake. Thus, the lateral jwattern in
regulations is basically lacks a rational basis.

3- By careful analysis, we can guess optimizedngtte
distribution pattern for different frames and reeluc
structural damage in the earthquake.

4- Generally with regardless of some results we sayn
that obtained of the average behavior coefficiealues
under a triangular lateral load patt€i®), = 6) is less than
the recommended amount in the 2800 code.

6- It can be well seen that the ductility valuesdebigned
structures with brace studs is more than can sectiSo
with an overview of the designed system with stuacé
section is more shapeable than the designed systtm
can brace section.

7- Generally the obtained ductility and behavioeféicient
for all designed systems decreases with increasieg
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height of structure. This is a mismatch with thexstant
showing in regulations.

8- The ductility of systems with 3 and 5 floors idesd
with can brace sections, under triangular load epatis
about (57-60%) and systems with 7 to 15 floorsteut
(90-95%) of systems designed with stud bracingaest
9- The behavior coefficient of systems with 3 anflobrs
designed with stud brace sections, under triangldad
pattern is about (50-70%) and systems with 7 tddds is

about (90-98%) of systems designed with can bracing

sections.

10- Nonlinear dynamic analysis obtained resultsthaf
samples shows the accuracy of the results obtéinedthe
nonlinear static analysis of the samples that wdth

reasonable accuracy, expresses behavior and failure

mechanisms and distribution of ductility in frames.
11- Generally considering a regulation lateral |qeadtern
in designing different structural systems and appglya

coefficient as behavior coefficient for each typé o

structural systems regardless of the amount ofextsa
strength and ductility, it cannot be a guaranteeitsf
stability under earthquake. Generally, seismic kigaof
structures is related to many factors. The mostagpiate

design method is considering characteristics ofheac

structure and apply it to the design method.

Furthermore, the results show American sections (w)

gives us better behavior coefficient than Iraniaatisns
(IPE, IPE), it can clearly be seen that the maumseaof the

difference is the component of behavior coefficient

ductility. So with an overview, we can understarmtt

systems designed with American sections are more

shapeable than systems designed with Iranian sectio

References

1- Regulations for seismic design of buildings, @80

standard of Iran, Third Edition (2005), Standing
Committee revising regulations for seismic desidn o
buildings, Tehran, Building and Housing Research

Center.

2- Moghadam, Hasan (2002),"Fundamentals of Earttejua

Engineering and Application”, Tehran: Farhang

3- Uang C.M (1991), "Establishing R (or Rw) and Cd

Factors for building seismic provisions.", Jourrudl
Structural Engineering ASCE, Vol. 117, NO. |, pp- 1
28.

4- Miranda. E, bertero. V (1994), "Evaluation ofesigth

reduction factors for Earthquake-resistant design”.

Earthquake Spectra, Vol.10, No. 2, pp. 357-379.

5- FEMA A. (2000), Prestandard and commentary Ifgr t
seismic rehabilitation of building. FEMA- 356, Fede
Emergency Management Agency, Washington, D.C.

6- Asgarian B., Shokrgozar H.R. (2008), “BRBF rezmm
modification factor”, Journal of constructional efte
research, pp. 1507-1513.

59



