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ABSTRACT 

Considering the fact use of the buckling restrained braced frames (BRBFs) is growing in recent years, behavior of 

this system against the earthquake forces is needed. These frames are the new type of the concentrically braced 

frames (CBF) which can absorb more energy than the common concentrically braced frames considering prevention 

from the bracing buckling.  In this article, many BRBF steel frames are selected in stories 6,9,12 and 15 and 

analyzed and designed according to code AISC-2005. In the next stage, we study seismic performance of the frames 

in the related hazard level considering the rules of rehabilitation instruction.  In this research, some cases such as 

drifts of stories and performance of BRBF components including beam, column, and bracing. We analyzed and 

studied accuracy of the drift intensity coefficient presented in AISC code for this system considering results 

obtained from nonlinear dynamic analyses. The results indicate unsuitable performance of BRBF in DBE. It seems 

that the displacement intensity coefficient presented in AISC results in non-conservative estimation of the stories 

displacements.  Therefore, in this research, a new value has been proposed for this coefficient. 

 

Keywords: Buckling restrained braced frames, Performance level, Pushover, Capacity spectrum, Nonlinear 

dynamical analysis 

 

         

Introduction: 

In the common structures which have been resistant 

with the steel bracings, major energy is lost when the 

bracing is under tension. But when it is under the 

stress, it buckles before reaching the yield stress and 

as a result, the energy is not lost and stability of the 

structure is endangered.  

 

 
Figure 1- configuration of a BRB sample  

 

Figure 1 shows different parts of an example of BRB 

(buckling restrained bracing) types. BRB includes a 

steel core which tolerates the axial force and the core 
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includes two confluent and elastic sections. Inside a 

case is a metal filled with mortar. The case and 

mortar prevent buckling of the steel core. 

Considering the growing use of the buckling 

restrained braced frames (BRBF) in construction of 

the earthquake resistant structures, the behavior and 

performance of this system against the lateral forces 

should be recognized. Therefore, this article studies 

seismic performance of some BRBF examples in 

different stories using the nonlinear static and 

dynamic analysis.   

1- Results of some analytical studies on BRBF 

Sabelli et al studied seismic response of some BRBF 

models in two types of 3 and 6 stories in 2003. In this 

study, the behavior coefficient R of the frames was 

assumed to be between 6 and 8. The nonlinear 

dynamical analysis was conducted using 20 

accelerometers on the models and for two hazard 

levels, one DBE (equivalent to the earthquake with 

return period of 10% in 50 years), hazard level 

2(equivalent to the earthquake with return period of 

2% in 50 years). Table 1 shows the obtained results 

for some seismic parameters which include 

maximum drift of the stories as well as the maximum 

ductility of the bracing in the studied frames. One of 

the other results of this study is insensitivity of the 

responses to value R(6 to 8).  

Table 1: the obtained results for drift of the stories 

and maximum ductility of the bracings for the 

Sabelli’s models [2] 

 
 

Mayes et al studied numerically two BRBF models of 

3 and 9 stories using 20 accelerometers in 2004. 

Table 2 refers to some of the obtained results.  

In this study, the maximum ductility of the bracing 

was obtained to be 1 for the hazard level, 10 in the 

responses average level and 15 in the average level 

plus the responses standard deviation.  

Table 2: results obtained from nonlinear dynamical 

analysis ( Mayes et al)[3] 

 

Another study was conducted by Fahnestock et al in 

2007[1] on a BRBF frame with 4 stories with the 

Inverted-v- braced frames and simple connection of 

the beam to the column. In this study, 16 

accelerometers have been used for the nonlinear 

historical analysis. In table 3, you can see the 

maximum values of the stories and roof drift and the 

maximum ductility and cumulative bracing for the 

studied model (in two hazard levels).  Result of the 

study conducted by Fahnestock et al also indicates 

failure to estimate the ultimate displacements of the 

structures using the displacement intensity coefficient 

Cd=5.5. Therefore, he suggested Cd=R coefficient.  

It is necessary to note that BRBF design rules 

changed considerably in recent years which have not 

been observed in many previous studies. Most 

analytical studies conducted on BRBF relate to the 

seismic performance of the short frames and the 

medium frames. On the other hand, failure to study 

criteria for acceptance of the BRBF   components 

such as beams, columns and only studying the 

general cases such as displacement of the stories and 

ductility of the bracings are the weaknesses of the 

previous studies.  

Therefore, considering the mentioned material in this 

research, the desired models have been selected 

among the medium and long BRBF frames and 

designed based on the latest rules and suggestions of 

the valid codes. We evaluated the performance levels 

and criteria for acceptance of BRBF components as 

well as some seismic rules and parameters of this 

system. In addition to nonlinear dynamic analysis, 

the responses obtained from these two methods have 

been compared through nonlinear static analysis. 

 
 

 
2- Introduction of the studied models  

Considering that goal of this research is to study 

seismic performance of the medium and long frames. 
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8 frames with 5 openings in stories 6 and 9 which 

indicate that the medium frames and stories 12 and 

15 which indicate the long frame have been selected: 

the beam to column connection has been assumed to 

be simple and rigid. Height of the stories is 3.2 m and 

length of the opening is 4 m.  The base plate 

connections have been assumed to be fixed in all 

models. In any frame, 2 openings with diagonal 

bracing (figure 2). Gravity loading of the frames has 

been done according to issue 6 of the Iranian code. 

Values of the applied loads are given in table 4. 

Width of the openings bearing wall is also 4 m. in the 

beams and columns and bracing core , ST37 steel has 

been used with the minimum yield stress Fy=2400.  

High limit of the permissible stress has been assumed 

to be 1.1Fy=2640 according to the Iranian available 

buildings rehabilitation instruction. BRB bracings of 

PowerCatTM type are product of American Star 

Seismic Company. The structures have been selected 

with the average importance of (I=1) in a region with 

very high hazard level (A=0.35) and soil of type 3 

according to Iranian standard 2800.  

 

    

 

Figure 2- location of the bracing in the frame  

 
 

table 5- surface loads applied to the 

structure (kg/cm2) 

Stories  Roof  

Dead 

load  

Live 

load  

Dead 

load  

Live 

load  

600 200 500 150 

 

3- frames analysis and design  

Seismic analysis of the frames has been conducted 

using the equivalent static method and reflectance 

spectroscopy of the Iranian standard 2800 for the 

land type 3. Since the seismic rules and parameters 

for designing these frames are not available in the 

local codes, therefore, the proposed the seismic rules 

of American Steel Code AISC-2005 [7] have been 

applied. According to this code, BRBF behavior 

coefficient with beam to column connection is R=7, 

displacement is 5.5dC
  

and strength addition 

factor is 2 . In case of the beam to column 

connection, these values have been obtained to be 

R=8, 5dC
and 

5.2 . Values of the behavior 

coefficient as well as displacement intensity 

coefficient have been mentioned without considering 

the permissible stress coefficient Y and for limit 

design.  

In order to calculate lateral stiffness of the frames, 

the axial stiffness of the bracings should be 

calculated. Usually, the effective axial stiffness of the 

bracing is supposed to be 1.4 times as much as the 

calculated stiffness with inclusion of the bracing core 

alone. For this purpose, length of the confluent core 

has been supposed to be 0.7 times as much as their 

total length (between two performance points of the 

bracing). This value varies between 0.5 and 0.7 in the 

practical projects. The elastic area cross section is 

also 6 times as much as the confluent area. This value 

varies between 3 and 6 in the practical projects.  

Beams and columns are designed in the limit method 

and considering the maximum force which is applied 

by the bracing. Method of calculating this maximum 

force is presented in the next section. Beams and 

columns out of the braced openings are designed for 

combination of the usual loads of the code and 

combination of the special load. Another important 

point is that the studied resistive frame is not 

included in the dual frames class according to AISC-

2005 and there is no need for design rules of these 

frames for the studied models.  

4-1- maximum bracing force  

According to the code, the maximum force of the 

bracings should be obtained in deformation of the 

bracing corresponding with double drift of the stories 

design. Stages of calculation are given considering its 

importance step by step.  

A- Calculation of the axial force of bracing 

corresponding with the maximum drift of 

the story with regard to the design loads 

combination )( bxP  

B- 
Calculation of the bracing deformation  in 

the design drift 
                                              

                                                                        

                                                                        

                                     

   scyscbxbx EALP /   

In this relation, yscL
 is length and scA

 is the 

confluent core cross section of the bracing.  

B: calculation of the ultimate plastic deformation of 

the bracing ( bm
). bxdbm C 

 

C: calculation of the average strain of the bracing in 

deformation of bm2    yscbmbrc L/2   

D: with the bracing strain  brc
and considering the 

behavioral diagrams which are obtained by the 
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standard tests for each bracing, the factors which 

regulate strengths β
 and ω are calculated.  

 

ω  factor is the strain stiffening effects and β includes 

effects of the compressive strength  increase relative 

to the tensile strength   which has been reported in 

most laboratory studies conducted on the bracing. In 

this study, a diagram has been used in order to 

calculate the maximum forces of the bracing 

according to figure 3.  

E: the maximum force of bracing in two states of 

tension maxT
 and compression maxC

 is calculated 

according to the following relations:  
 

.  

yscPC  max                     yscPT max  

yscP
 is determined to calculate the maximum 

strengths of bracing considering the upper bound of 

the yield strength (the expected yield stress) of the 

steel core of bracing.  

                                                                                      

               scyyscysc ARFP   

yR
is defined as ratio of the expected yield stress and 

to the lower bound of the bracing core yield stress (

yscF
).  

. 

 

Figure 3: behavioral diagram used for the BRB bracings  
 

Table 5: 9-story model with simple connection of beam 

to column  

 

Bracing 

cross 

section  

Column  

(bracing 

opening) 

Column  

(out of 

bracing 

opening 

Beam 

(bracing 

opening)  

Beam  

(out of 

bracing 

opening 

) 

Story  

20cm2 BOX35X2.2 BOX25X0.8 IPE27 IPE27 1 

20cm2 BOX35X1.8 BOX20X0.8 IPE27 IPE27 2 

18cm2 BOX35X1.4 BOX20X0.8 IPE27 IPE27 3 

18cm2 BOX30X1.4 BOX20X0.8 IPE27 IPE27 4 

16cm2 BOX30X1.2 BOX20X0.6 IPE27 IPE27 5 

14cm2 BOX25X1 BOX20X0.6 IPE27 IPE27 6 

14cm2 BOX25X0.8 BOX20X0.6 IPE27 IPE27 7 

12cm2 BOX20X0.6 BOX20X0.6 IPE27 IPE27 8 

10cm2 BOX20X0.6 BOX20X0.6 IPE24 IPE24 9 

 

IPE cross section has been used in design of the 

beams and the can is used in the columns. The 

permissible drift condition prevailed the design for 

design of two 12 and 15-story models by connecting 

the beam to the column.  Therefore, cross sections of 

these two frames were selected to be larger than what 

was obtained in the strength based design. Results of 

the design are presented for the 9-story frames.  

 

 

 
 

4- Nonlinear analysis  

In order to study performance of the structures, 

nonlinear static analyses (pushover) nonlinear 

dynamic analyses have been used. In the pushover 

analysis, the load pattern and target point drift are 

obtained based on these assumptions and the first 

mode of structure controls the response. In addition, 

modal form of the structure remains fixed after its 

confluence under the lateral load. It is evident that 

both assumptions are approximate after confluence of 

structure. Therefore, it is necessary to study the 

nonlinear static analysis accuracy in study of the 
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performance of different structures especially in long 

structures. For this reason, nonlinear dynamic 

analysis which is one of the most accurate analysis 

methods compares the responses obtained from this 

method and pushover analysis in study of the 

structures’ performance.  

5-1- pushover analysis  

Nonlinear static analysis has been conducted using 

SAP2000 software on the models. According to the 

rehabilitation instruction, at least two lateral load 

patterns should be applied to the structure in order to 

draw the structure capacity curve. In this research, 

considering the fact that alternate 

 time of the studied models was obtained to be more 

than 0.7 s. the lateral load pattern was sued according 

to the elastic spectral analysis as the first type pattern 

and the uniform lateral load pattern has been used as 

the second type pattern. In order to calculate the 

target point drift (performance point), the capacity 

spectrum method which was mentioned in ATC-40 

instruction was used. In this method, the structure 

performance point is obtained (figure 5) by 

intersection of the reduced capacity curve and the 

seismic demand spectrum (figure 5).the seismic 

demand spectrum in DBE was obtained to be A=0.35 

for the design basic acceleration according to the 

Iranian standard spectrum of 2800 .     

 

 

 

 

 

 In order to do the nonlinear dynamic analysis, 

PERFORM 3D software has been used. This 

software has unique capabilities to do the nonlinear 

analyses and study the structural performance level. 

BRB model has been defined in this software.  

5-2-1- introduction of the used accelerometers  

In order to do the historical nonlinear dynamic 

analysis, seven accelerometers have been used as the 

time history of the ground intensive motion (table 7). 

The accelerometers with different spectral form have 

been used if possible.  

 
The accelerometers are scaled with their maximum 

value. Then the scale coefficients in each model are 

calculated according to paragraph 2-4-1-4-2, third 

version of the Iranian standard 2800 and separately 

for the ground 3 and presented in table 8. These 

coefficients should be multiplied by the scaled 

accelerometers with their maximum value. 

  

Another point is that one can regard the average 

value of the obtained reflectance as the ultimate 

reflectance according to standard 2800 in case of 

selection of more than 7 accelerometers. In this 

research, we use the average values plus the standard 

deviation (µ+σ) of the responses to study 

performance of the frames.  

5-3- the frame nonlinear behavior modeling  

Moment hinges are used to model the nonlinear 

behavior of the beams and moment –axial hinges 

defined in rehabilitation code have been used in the 

columns. But BRB bilinear non-elastic model has 

been used to simulate the nonlinear behavior of the 

confluent area of the brace considering fall of the 

strength similar to figure 6. This model has been 

defined in AISC-2005. Strain stiffening effects are 

included considering the behavioral diagram of the 

brace.   

5

 
Figure 5: modeling the nonlinear behavior of beam 

and column according to definition of rehabilitation 

instruction  

 

 
Figure 4: intersection of the demand spectrum and 

capacity spectrum  

 

5-2- nonlinear dynamical analysis  
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Figure 6- ideal bilinear diagram of force –

displacement in BRB 

 

5-4- performance goals  

Seismic performance of the frames has been 

evaluated considering the rehabilitation instruction in 

DBE. DBE is determined based on probability of 

event 10% in 50 years. According to the 

rehabilitation instruction, if the structure meets the 

life security performance in DBE, the basic 

rehabilitation goal is met. The basic rehabilitation 

goal is required by the construction codes.  

5-5- acceptance criteria  

Beams and columns acceptance criteria are studied 

considering the rehabilitation instruction. But criteria 

for acceptance of the braces and the permissible drifts 

of the stories have been evaluated due to the absence 

of the code rules considering the laboratory studies 

conducted by Fahnestock et al. some of the proposed 

criteria are given in table 9.  

Table 9- criteria for acceptance of BRBF considering 

the laboratory studies 

 
 
In table 9, roof drift means the ultimate displacement 

of the structure to the ground level. µ  max is demand 

of the ultimate ductility of the brace which is 

obtained by dividing the ultimate deformation of the 

brace in  structure performance point by its yield 

deformation.  

by


 max

max  

5- studying the modeling accuracy in the 

software  

In order to authenticate the modeling which was 

performed in the software, one of the models which 

were studied in University of California ,Berkeley in 

1999 to 2000 is investigated. This specimen was 

under cyclic loading in the unconfirmed form and 

hysteresis curve was obtained for that according to 

figure 7.  

 
Figure 7-hysteresis curve obtained for BRB specimen 

tested in University of  

California ,Berkeley 

 

According to figure (6), the desired BRB was 

modeled in the software and the brace force –

deformation curve was obtained by performing the 

nonlinear static analysis. In figure 8, there is 

comparison between this curve and the pushover 

obtained from the test.  

 
Figure 8- the obtained pushover curves for the brace 

obtained from laboratory and software study for 

University of  

California 

It is observed that bilinear deformation –force curve 

conforms to the laboratory specimen with relatively 

proper precision. The modeled specimen shows more 

bearing capacity. This maximum difference is 

estimated to be lower than 7%.  One of the main 

factors of this difference is the difference between 

specifications of the material which was considered 

in the modeling and the real specifications of the 

material. For instance, considerable difference 

between the material real yield strength and what is 

considered in the numerical modeling causes 

difference in the element yield point.  

6- Results study  

In order to present results of the frames with simple 

connection which are abbreviated with Mn where n 

represents the number of stories.  

7-1- history of the stories and roof drift  

 

Figure 9 shows the maximum drift of the stories in 

DBE under the nonlinear static and dynamic analysis. 

As it is observed, the spectral lateral load pattern 

results in more drift values compared with the 

uniform load pattern. According to the results, the 

drift the models with simple connection increases by 

CP LS Quantity  Element  

25 15 max  µ  BRB 

0.04 0.02 Stories  
Drift  

0.03 0.015 Roof  
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between 9.5 and 22% under the spectral lateral load 

pattern and between 2 and 9.5% under the uniform 

pattern compared to the permissible life safety value 

(2%). This increase in the rigid connection models 

has been estimated to be between 8.5 and 26% under 

the spectral pattern and 1 and 13.5% under the 

uniform pattern compared with the permissible value 

of 2%. Results obtained from the nonlinear dynamic 

analysis for the simple connection frames indicate the 

increase of maximum value of the stories drift in 

some models by about 22% in the average responses 

evaluation level (µ) and about 7 to 74% in the 

average evaluation level plus the standard deviation 

(σ+µ)  compared with the permissible life safety level. 

For the rigid frames, this increase is found to be 

about 14% in µ evaluation level and 14.5 to 70% in 

σ+µ  evaluation level 

 

 

 
Figure 10 shows the maximum roof drift for BRBF 

with simple and rigid connections of beam to column. 

As it is observed, the roof drift under the nonlinear 

static analysis shows lower value than the permissible 

life safety value (1.5%) in most models. In some 

models under the spectral distribution, roof drift 

values increases compared with 1.5 %( less than 10% 

difference). Under the nonlinear dynamic analysis, 

the roof drift is estimated to be lower than the 

permissible value of 1.5% under the nonlinear 

dynamic analysis for all models in µ evaluation level. 

But in σ +µ  evaluation level, it is estimated to be 

between 6 and 28% for the simple frames and 28 and 

37 % for the rigid frames compared to the 

permissible value of 1.5%.  

 

 

 

 
 

 

 

7-2- the maximum brace ductility  

 Figure 11 shows the brace ductility for BRBF 

models. Based on results obtained from nonlinear 

static analysis and nonlinear dynamic analysis in µ 

evaluation level, the maximum ductility of the brace 

in all models is lower than the permissible safety 

value (15) but it has exceeded the permissible safety 

value by 16,10 and 20% for N15, M12 and M15 

models in σ+µ  level.  

 

  

 

 

 

  

We present the difference between the results 

obtained from the pushover analysis and the nonlinear 

dynamic analysis in estimation of the roof drift (table 

12). As shown above, the pushover analysis results in 

the conservative results in the average results 

evaluation level (µ) (except for the 15-story model) 

compared with the nonlinear dynamic analysis. But in 

the average evaluation level plus a standard deviation 

(σ+µ), the responses obtained from the pushover 

analysis especially for 12 and 15-story frames seem to 

be non conservative compared with the nonlinear 

dynamic analysis. The obtained result for the rigid 

connection frames can be generalized. 

 

 
7-3- displacement intensity coefficient study  

The building code introduce dC  displacement 

intensity coefficient to convert the elastic 

displacement to the real displacement in DBE. AISC-



327 
NATIONALPARK-FORSCHUNG IN DER SCHWEIZ, 101(8), 320-330 

2005 has determined 5.5dC coefficient for 

BRBF with simple beam to column connection and 

determined 5dC  coefficient for BRBF with rigid 

beam to column connection. Considering the 

importance of this coefficient in design of the 

structures, we study accuracy of this coefficient in 

estimation of the real displacement of the BRBF 

system based on the results obtained from the 

nonlinear analyses.  

Figures (12-A) to (12-D) show the stories drift for the 

studied BRBF models with beam to column simple 

connection. In each one of these figures, the elastic 

displacements intensified with the intensity 

coefficient, the displacement provided in the code 

(Cd=5.5), the drift resulting from the pushover 

analysis in the structure performance point, the drifts 

resulting from the nonlinear dynamic analysis in two 

levels of evaluation and the elastic drifts intensified 

with coefficient Cd=R for each model.   Considering 

the higher values of the drift resulting from the lateral 

load pattern compared to the uniform pattern, only 

drift displacement diagram resulting from the 

pushover analysis under the spectral lateral load 

pattern.  

As found in the diagrams, in case the stories 

displacement resulting from the pushover analysis is 

regarded as the ultimate drift, the elastic 

displacement intensified with coefficient Cd=5.5 

cannot present correct estimate of the ultimate 

structure displacement especially in the middle 

stories of the frames, therefore, it seems that the use 

of coefficient Cd=R=7 results in more realistic 

estimation of the frame displacements.  

In case the drifts resulting from the nonlinear 

dynamic analysis are regarded as the ultimate 

displacement, coefficient Cd=5.5 presents a suitable 

estimation of the ultimate drift of the stories for the 6 

and 9-story in the average evaluation level of results 

obtained from the accelerometers (µ)  but it cannot 

present a correct estimation of the structure ultimate 

displacement especially in the stories which the 

maximum drift has occurred for the 12 and 15-story 

frames. Therefore, it seems that the use of coefficient 

Cd=R=7 results in more realistic estimation of the 

frame displacements. In the average evaluation level 

plus a standard deviation of the responses  (σ+µ) , 

even use of coefficient Cd=R=7 especially in the high 

frames cannot give a suitable estimate of the ultimate 

drift of the structure . As referred above, it is 

sufficient to study the average results at time of use 

of 7 accelerometers according to the codes.  

 
 

 
7-4- BRBF components performance study   

In this section, considering the criteria for acceptance 

of the beams and columns in rehabilitation instruction 

and permissible ductility values of BRB resulting 

from the analytical and laboratory studies (table), we 

study the performance of BRBF frames elements in 

DBE.  

Bracings: as observed in section (7-2), the bracings 

under pushover and nonlinear dynamic analyses in 

average responses evaluation level (µ)  are in life 

safety area for all models. But some bracings enter 

the Collapse Prevention in µ+σ evaluation level. 

More accurate study on these frames indicates that 

26.7, 25 and 46.7% of the bracings enter the Collapse 

Prevention in N15   ، M12 and M15 models.  

Beams: the beams are in life safety area for all 

models and under the nonlinear static and dynamic 

analysis. Few beams have entered the Collapse 

Prevention out of the bracing frame only in M15 

model and under the accelerometer.  

Columns: performance of the columns has been 

studied in BRBF models considering difference of 

the results for each frame. The main point is that high 

percentage of the studied frames have been 

recognized to be force controlled and their adequacy 

has been studied considering the rehabilitation 

instruction regarding the force controlled columns.  
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A- BRBF models with the simple beam to column 

connections  
In tables 15 and 16, performance of the columns in 

BRBF frames with the simple beam to column 

connection is shown under two lateral load patterns 

and for DBE. According to the conducted study, the 

columns out of the bracing opening have not 

confluence in two corners.  

 

 
As observed, the deformation controlled columns are 

in the elastic area in all models (except for low 

percentage of the deformation controlled columns in 

N12 model). While many columns have been 

recognized to be force controlled some of which 

don’t meet the rehabilitation rules according to the 

conducted study. These columns are mostly in the 

ground floor. Another point is that the uniform load 

pattern prevails in the lower story columns of the 

frames while the spectral load pattern has more effect 

in the middle and upper story columns.  The studies 

show the conservative conformity of the results 

obtained from  the pushover analysis compared with 

the results obtained from the nonlinear dynamic 

analysis for two 6 and 9-story frames. About 27%of 

the columns of bracing opening have been recognized 

to be unsuitable under Chi-Chi accelerometer for the 

6-story frame. About 18%of the columns in 9-story 

frame braced openings have been recognized to be 

unsuitable under Chi-Chi accelerometer and Elcentro 

for the 6-story frame. However, more percentage of 

the columns is recognized to be unsuitable compared 

with results of the pushover analysis for 12-story 

frame under all accelerometers. Generally, between 8 

and 16% of the 12-story frame columns under 

different accelerometers are recognized to be 

unsuitable. All columns of the 15-story frame under 

different accelerometers are recognized to be 

unsuitable. As results show, 12 and 15-story frames 

show more suitable performance than the shorter 

frames do. According to what was mentioned before, 

the drift condition prevailed over the design in design 

of two 12 and 15-story frames. Therefore, these 

frames have been reinforced until the permissible 

drift is reached. This increase of cross sections causes 

to increase weight of the consumable steel which 

cannot be economically desirable.   

 

 

B- BRBF models with beam to column rigid 

connection  

In tables 17 to 20, performance of the columns in 

BRBF frames with beam to column rigid connections 

is shown under two lateral load patterns and for DBE. 

For these frames, performance of the columns of 

bracing opening and out of the bracing opening is 

studied.  

 

 
 

 

 

 

 
 

As observed, the deformation controlled columns are 

in the elastic area in all models (except for low 

percentage of the deformation controlled columns in 

M6, m12, M15 models). While many columns which 

have been recognized to be force controlled (in the 

braced opening) don’t meet the rehabilitation rules. 

Contrary to the models with simple connection, here, 

the critical columns are dispersed in the frame height. 

Many columns out of the bracing opening don’t meet 

the rehabilitation rules regarding the force controlled 

columns contrary to the simple frames.  This problem 
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is observed with more intensity with increase of the 

frames height. Table 21 shows percentage of the 

unsuitable columns for each model which was 

obtained considering the nonlinear dynamic analysis. 

All of these unsuitable columns are force controlled. 

The first number is the average and the second 

number is the maximum percentage of the unsuitable 

columns of each frame considering the used 

accelerometers.  

Table 21- percentage of the unsuitable columns in 

meeting the life safety performance for DBE 

resulting from the nonlinear dynamic analysis.  

 

 
The important point of the nonlinear dynamic 

analysis results is the weak performance of the 

bracing opening columns in the high frames (12 and 

15 stories) contract to results of pushover analysis. It 

seems that the main reason for this problem is 

weakness of the pushover analysis in inclusion of the 

higher modes effects leading to non-conservative 

estimation of the axial force and the bending moment 

in the columns for the high frames. Generally, study 

of the BRBF models elements performance shows 

that BRBF models with simple connection in stories 

12 and 15 meet life safety performance in DBE, 

therefore, these frames meet the basic rehabilitation 

goal. But in 6 and 9-story frames, more than 10% of 

the braced openings columns are recognized to be 

unsuitable, therefore, the ground floor columns of 

these frames should be reinforced (in the bracing 

opening) in order to establish the basic rehabilitation 

goal, while all BRBF models have problem in 

meeting the basic rehabilitation goal by beam to 

column rigid connection considering the weak 

performance of the columns and failure to establish 

the life safety performance level.  Therefore, many 

frames should be reinforced for these frames.  

 

7-4-1- frames reinforcement  

According to the conducted study, the axial force 

applied to the axial strength of the column 

CLP

P

 

in 

the performance point obtained from the pushover 

analysis under the applied accelerometers has been 

obtained to be between 0.5 and 0.65 for many BRBF 

columns. According to the rehabilitation instruction, 

the columns in which this ratio exceeds 0.5(

5.0
CLP

P
) are force controlled and behavior of 

these columns are force controlled whether in axial or 

bending terms and their adequacy should be studied 

considering the bending moment according to 

relations (15-5) and (16-5) of the rehabilitation 

instruction. As the results show, the rehabilitation 

instruction has not been met in many columns 

(especially in the rigid frames and some simple 

frames columns on the ground floors) according to 

the rehabilitation instruction rules. Therefore, these 

frames have problem in establishment of the basic 

rehabilitation goal.  

The conducted study shows that if the unsuitable 

force controlled columns are included in the 

deformation controlled elements (i.e.

 

5.0
CLP

P
 ), 

they can meet the life safety performance in DBE. 

Therefore, it seems that the rules of BRBF columns 

especially in the frames with rigid connection should 

be changed for this purpose. Perhaps, the best 

strategy for design of columns is the use of forces 

resulting from the nonlinear analyses. For the short 

and medium frames, the pushover analysis can be 

useful using the usual lateral load patterns proposed 

in the codes as well as the common methods for 

calculating the performance point but increase of the 

frames height reduces accuracy of this method and a 

nonlinear dynamic analysis should be needed.  

7- Results  

Considering the mentioned cases in this research, one 

can refer to the following points as summary and 

results of this research.   

1- According to the conducted research in DBE, 

values of the roof drift and maximum ductility of 

the bracings are included in life safety 

performance area in all models based on the 

reference acceptance criteria (1) under the 

pushover analysis and nonlinear dynamical 

analysis in the average results evaluation level. 

However, the maximum values of the drift in 

most models exceed the permissible life safety 

value and enter the Collapse Prevention, 

therefore, more strict design rules are needed to 

increase the lateral stiffness and control the drifts 

of the stories. In the Iranian building code as 

well as FEMA-356, no rule has been presented 

to control the stories drift and only control of the 

components acceptance criteria is sufficient.    

2- BRBF frames elements performance evaluation 

in DBE show fulfillment of the life safety 

performance by the forces and bracings in all 

models.  However, considerable columns in 

BRBF models with beam to column rigid 

connection have been recognized to be force 

controlled are weak in fulfillment of the life 

safety performance. This status has been found 

in columns of the ground floor in some models 



330 
NATIONALPARK-FORSCHUNG IN DER SCHWEIZ, 101(8), 320-330 

with simple connection. According to the 

conducted study, in case the desired columns are 

included in deformation controlled elements, 

they easily meet the life safety performance 

level. For this purpose, more strict rules for 

design of BRBF are needed.  

3- Study of the frames displacement in the 

performance point shows the non-conservative 

nature of the elastic displacements intensified 

with the displacement intensity coefficient 

presented in AISC-2002 code. Therefore, it is 

suggested to use Cd=R for BRBF.  

4- Pushover analysis compared with results of 

accelerometers results in the suitable and even 

conservative results in estimation of the 

maximum values of drift and ductility of the 

bracing as well as the roof drift in BRBF models. 

However, in case the average level plus a 

standard deviation of the accelerometers, use of 

the pushover analysis of two 12 and 15-story 

frames results in non-conservative results. On 

the other hand, it seems that the pushover results 

in non-conservative results compared with the 

nonlinear dynamic analysis. This problem is 

evident especially in performance of the columns 

in the rigid connection frames.  therefore, it 

doesn’t seem that it can present a suitable 

estimate of the structure performance based o the 

capacity spectrum  for the BRBF high frames 

with the beam to column rigid connections.  
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