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Abstract: In India when structure engineer’s analysis and 

design a structure like buildings, they are checking it for 
displacement because of safety and control of damages; so in this 
paper a set of frames with different height of reinforced moment 
resisting frames were analyzed by two popular methods of 
performance-based plastic design method and direct 
displacement-based design method. For calculation of base shear, 
the IS code has been used in both methods and ETABS software 
used for seismic performance evaluation by nonlinear static 
pushover analysis. The results of analysis with different methods 
compared by suitable parameters and graphs, such as: (a) story 
lateral force, (b) beam seismic moment, (c) displacement profile 
and (d) capacity curve. Results show acceptable performance in 2 
methods in terms of capacity and deformation. 

Keywords: Performance-based plastic design, displacement 
profile, Seismic performance, Direct displacement-based design, 
beam seismic moment, capacity curve.   

I. INTRODUCTION 

All design methodologies those adopted by seismic codes 

are based on safety requirement and control of damage that 
may occur during an earthquake to decrease damage on any 
structure and increase the safety of it. In the customary and 
standard force based methods, the structures are designed for 
given loads and then checking them for displacement 
especially high rise buildings those considered lateral force; 
like seismic and wind loads on them. In other words, the 
purpose of structure engineers and design codes is desirable 
ductility and strength, it means (life safety) and control of 
damages as Serviceability and drift limit. Recently the 
structures have been designed by this method is shown that 
bear large inelastic deformation during occurring of major 
earthquake and cause unfavorable and uncertain response 
including total collapse or arduous and expensive repair work. 
Hence human society demands pushed the engineers, codes 
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and design procedures to achieve higher performance, 
economy and safety, comprising life-cycle cost. So the codes 
are moving toward adopting performance based design 
framework. The performance based design idea is not new, 
limit state design is clear of performance requirement. For a 
defined performance purpose of a structure in terms of a state 
of damage, strain and deformation gives better index of 
damage rather than stress. And consequently, the target 
displacement applied at the first as the reaction framework of 
a (SDOF).  

In this method performance based seismic design became 
notable by structure engineers and researchers since 1994 
Northridge USA earthquake. Based on the requirement 
expand for PBSD, the structure should meet multiple 
performance purpose when subjected to earthquake. In order 
to achieve performance objective, such as Operational, 
Immediate occupancy, Damage control, Life safety and 
Collapse prevention those are (OP), (IO), (DC), (LS) and 
(CP) in the short sign respectively [FEMA 356] under 
earthquake ground motion, it is necessary to review the 
developed documents and approaches for RC SMF based on 
PBSD. 

II. LITERATURE REVIEW 

M.J.N.Priestley et al.  has done a research with title of 
Direct displacement-based seismic design of structure 
(NZSEE Conference, 2007). The Author in this paper 
summarize the general design approach named Direct 
Displacement-Based seismic design of structures, the 
background of research and summarized the design procedure 
and he found that the study developed an approach with 
detailed thoughts  of “real” engineering issues, like MDOF 

systems, irregularity of structural layout torsional response,  
P-Δ effects, and a wide range of different structural types 

including walls, frames, dual systems, bridges and seismic 
isolated structures. Saleh Malekpour and Farhad Dashti has 
done a research with title of application of the DDBD 
methodology (international journal of concrete structure). 
The Author in this paper investigated on the direct 
displacement based design (DDBD) approach for different 
types of reinforced concrete structural and he achieved that 
The PBPD method is a direct design method that uses 
pre-selected target drift and yield mechanisms as key 
performance objectives that determine the degree and 
distribution of expected. Soon-Sik LEE et al. conducted an 
attempt with title of performance-based seismic design of 
steel moment frames using yield 
mechanism and target drift 
(world conference on earthquake 
engineering Agust,6,2004).  
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The author has proposed a performance-based seismic 
design procedure for steel moment frames based on 
pre-selected target drift and yield mechanism using modified 
energy balance concept and plastic design methodology and 
found that the proposed method can produce structures that 
meet preselected performance objectives in terms of yield 
mechanism and target drift. 

Wen-Cheng Liao and Subhash C. Goel conducted an 
attempt with title of Performance-Based Plastic Design and 
Energy Based Evaluation of Seismic Resistant RC Moment 
Frame (journal of marine science and technology 2012). The 
author has presented for the first time application of the 
Performance-Based Plastic Design (PBPD) approach to 
seismic resistant reinforced concrete special moment frames 
(RC SMF) and developed that by modifying the 
determination of design base shear due to pinched hysteretic 
behavior and P-Delta effect, PBPD method can successfully 
applied to the design of RC moment frames. 

III. METHODOLOGY AND CALCULATION 

In India when the structure engineers’ analysis and 
designed structure for force and evaluate for displacement 
they used forced-based design method. It is clear for all that 
the displacement-based design method has direct relationship 
with structure deformations. So, to have better control on 
structural deformation and damage, various 
displacement-based design procedure has been suggested 
worldwide. Performance-based plastic design (PBPD) and 
Direct displacement-based design (DDBD) methods are the 
popular of all. 

Set of frames those have been analyzed assumed to be 
made of concrete with 25Mpa for beams, 30MPa for columns 
compressive strength and modulus of elasticity of is 31x103 
MPa. The steel has been used has 420Mpa yield strength and 
its modulus of elasticity is 2x105 MPa. The frames are 3 bays, 
the height of first story is 4.2m for all frames and 3.2m height 
another stories. 

“Fig. 1” and “Fig. 2” Shows the two basic parameter of 
analysis in 2 methods. 

 
 
 
 
 
 
 
 
 
 
 
 

“Fig. 1”           “Fig. 2” 

A. Analysis of Study Frames by DDBD Method 

Performance level describes the damage condition, and the 
damages are directly related to the deformations. Therefore, 
here performance levels are selected in terms of deformations 
(drift ratios). According to ATC-40 (Table 11-2), drift ratios 

for operational and life safety performance levels are 1% and 
2%, respectively. 

In calculation of masses, 100% of dead loads and 25% of 
live loads, are considered as per recommendation of IS 
1389:2016 drift code. 

Note that calculations are done for both drift ratios to 
obtain base shear forces for each frame. The base shear forces 
obtained for 2% drift ratio were significantly larger than the 
base shear forces obtained for 1% drift ratio, therefore, here 
calculations for only 2% drift ratio are shown in the Table 2 
and initial parameters given in Table 1 only for 8 story frame. 

 
Table 1. Initial parameter for 8 story frame 

parameters value 
H1 (m) 4.200 
Hn  (m) 26.60 
Drift limits 2% 

First story Displacement 1  (m) 
0.084 

Critical story displacement C (m) 
0.084 

Critical normalized inelastic mode shape 

C  

0.202 

Drift reduction factor   
1 

 
Where, H1 and Hn are height of first story and roof 

respectively, and another parameter have defined bellow in 
procedure. 

The design floor displacements of the frame are related to a 
normalized mode shape and critical story displacement; it is 
given in Eq. 1. That is 0.42 for roof. 

              (1) 

Where , is the drift reduction factor, that found from Eq. 
2. 

        (2) 
For calculation of design displacement for 8 story frame, 

from Eq. 3 and Table 2 it is equal to   

 

              (3) 

Effective height formula given;  
 

      (4) 

 

Hence from Table 2 it is equal to  

 and effective mass calculated by Eq. 5 and Table. 2 

 

 

          (5) 

Equivalent viscous damping for the equivalent SDOF 

system is equal to:  , it 

has been procured using of dS  

values that is in “Fig. 2” 
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Effective period  has been found  5.11 according 
location of frame that supposed it is located in zone- V  and 

, so effective stiffness ( has been found 
from Eq. 6  

 

 
 

             (6) 

Design base shear  BV   is found from product of effective 

stiffness and design displacement which is given in Eq. 7 
   

B eff dV K                 (7) 

Where  is effective stiffness and d  design 

displacement  
To find out the condition of P-Delta effect on frame we 

have to calculate overturning moment which is calculated  
and axial force to estimate stability index  . From Eq. (8)  

,  according the value of  which 

is not greater than 0.1 and smaller than 0.33 , P-Delta effect 
didn’t considered. 

               (8)  

Where   is the axial force due to gravity load, 
, . 

B. Analysis of Study Frames by PBPD Method 

The important parameters for 8 story RC SMF is shown in 
Table 2. The time period is calculated based on Eq. 9 and 
spectral acceleration. ( ) is calculated based on design basis 
earthquake as  recommended by IS 1893 (2016) draft code  

0.5985 0.41 5.4 3.4 350.50% 2%

Table 2 Initial Parameter for 8- story RC SMRF

T     
(sec)  

                 
  

                  
  

  
      
 

m

      
 

m
           

kN-m

 
 

( ). 

                      (9) 

For calculate later force by PBPD Eq. (10) to (16) were 
used. It showed be noted the design base shear was calculated 
for 2% maximum story ratio. 

   (10) 

where  and  are the elastic and plastic parts of the 

energy (work) required to push the structure up to the target 
drift respectively; Sy is the design pseudo-spectral velocity 
and Sa is the pseudo spectral acceleration, which can be get it 
from the seismic design response spectrum from IS 
1893-1(2016 T is the natural period; and M is the total mass 
of the system. 

With the assumed yield drift  for different type of 

structure (  =0.5 for RC SMRF), the energy modification 

factor, γ, depends on the structural ductility factor (μs) and the 

ductility reduction factor(Rμ), and can be obtained by the 
following relationship: 

               (11) 

By substituting the elastic and plastic component of the 
energy (work) needed to push the structure up to target drift in 
the equation ( ) and by 
simplifying the equation the required design base shear 
becomes: 

              (12) 

Where V is the design base shear and  is a dimensionless 
parameter, which depends on the stiffness of the structure, the 
modal properties, and the design plastic level is given by: 

 

  
                       (13) 
The term represent the plastic component of the target 

drift ratio, which is , ,  the proposed New lateral 

force distribution equation for PBPD method is given: 

                    (14) 
Where, 

                      (15) 

        (16) 

In the above equation  represent the shear distribution 
element at level i, , are the story shear forces at 
level i and at top (nth) level respectively,  is the seismic 

weight at level j,  is the height of level j from base,  is 

the weight at the top level, is the height of roof level from 
base, T is the fundamental period , is the lateral force at 
level i , and Vi is the total base shear. 

For analysis of all frames the procedure were applied and 
based on that spread sheet for each story was made to analyze 
frame for DDBD and PBPD. The obtained result for each 
story is shown here inform of graphs “Fig. 3” and “Fig. 4”. 

“Figure. 3” shows Distribution of lateral force of all frames 
for both methods and “Figure. 4” shows seismic moments of 
all frames for both methods. 
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 “a” 

 
“b” 

 
“c” 

 
“d” 

“Figure. 3” Distribution of lateral force of all frames for 

both methods: “a’ 4 story frames, “b” 8 story frames, “c” 

12 story frames, “d” 15 story frames. 

 
“a” 

 
“b” 
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 “c” 

 
“d” 

“Figure. 4” beam seismic moments of all frames for both 

methods: “a’ 4 story frames, “b” 8 story frames, “c” 12 

story frames, “d” 15 story frames. 

C. Seismic Evaluation of Study Frames 

Seismic assessment and design of structure is required 
because of earthquake. Earthquake may lead to significant 
damage and/or collapse of building, infrastructure systems 
etc. To quantify the damage of both structural element and 
entire structure, design methodology and/or assessment 
procedure developed based on nonlinear static and dynamic 
analysis. 

In this study for performance evaluation of RC frame, 
designed by PBPD and DDBD approaches, nonlinear static 
(pushover) analysis were performed. Nonlinear static 
(pushover) were carry out by using ETABS 15 program (CSI 
2016). The results shown by proper graphs. 

The nonlinear pushover analysis procedure naturally called 
Pushover Analysis or POA. POA is a technique in which a 
computer model of a structure is subjected to a predetermined 
lateral load pattern, which approximately represents the 
relative inertia forces generated at positions of fundamental 
mass. 

The intensity of the load is increased, i.e. the structure is 
‘pushed’, and the succession of cracks, plastic hinge 

formations, yielding, and the load at which failure of the 
various structural components occurs is recorded as function 
of the increasing lateral load.  

This incremental process continues until a predetermined 
displacement limit.  

The main outcome of pushover analysis is capacity curve 
(Base shear force vs top displacement), from target 
displacement. The capacity curve shows nonlinear behavior 
of the structure under increasing base shear force. 
Furthermore, at each step of pushover analysis structural 
elements will start yielding continuously one after other which 
will cause different damage states to develop in these 
elements (i.e. plastic hinges will occur in elements), and after 
the structure reaches to its yield capacity, the structure as a 
whole will start losing its lateral stiffness. The slope of the 
capacity curve will be change, which shows a nonlinear 
behavior of the structure. 
 

 
“a” 

 
“b” 
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“c” 

 “d” 
“Fig. 5”.  Capacity Curve “a” 4 story DDBD   “b” 4 story 

PBPD    “c” 8 story DDBD    “d” 8 story PBPD. 

 
“a” 

 
“b” 

 
“c” 

 
“d” 

“Fig. 6”.  Capacity Curve “a” 12 story DDBD   “b” 12 
story PBPD    “c” 15 story DDBD    “d” 15 story PBPD. 
“Fig. 6”.  Capacity Curve “a” 12 story DDBD   “b” 12 

story PBPD    “c” 15 story DDBD    “d” 15 story PBPD. 
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“a” 

 
“b” 

 
“c” 

 
“d” 

“Fig. 7”. Displacement Profile “a” 4 story displacement vs 
story floor “b” 8 story displacement vs story floor “c” 12 
displacement vs story floor “d” 15 story displacement vs 

story floor. 

IV. CONCLUSION 

1. DDBD used effective time period  corresponding to 

design displacement  and equivalent damping  

which can be obtained from displacement spectra. 
Displacement spectra can be blotted by using 
acceleration response spectrum as defined for 5% 
damping for 1.0 PGA by IS 1893 (part I):2016 draft code 
and can be formulated for design basis earthquake as 

( ). Hence , become long and caused lesser 

design base shear and lateral force distribution. 
2. PBPD use elastic response acceleration, corresponding 

to design basis earthquake. IS 1893 (part I):2016 draft 

code gives   and cause lesser design base 

shear.  
3. Same ductility factor was used for DDBD and PBPD to 

evaluate the result of both methodologies.   
4. For 4 and 8 story frame lateral force base shear and 

distribution obtained from DDBD is lesser than PBPD. 
5. For 12 and 15 story frame based shear and lateral force 

distribution seems to have nearby values. 
6. Due to lesser amount of base shear and lateral force 

distribution, the design of member caused to lighter 
sections. 

7. The base shear obtained through nonlinear static 
pushover analysis as shown in fig 5(a,c,), fig 6(a,c) which 
is larger than the base shear obtained from DDBD 
procedure. Accordingly the base shear obtained through 
nonlinear static pushover analysis as shown in fig 5(b,d,) 
and fig 6(b,d) for DDBD frames which is larger than the 
base shear obtained from PBPD procedure. The frames 
designed by both methods are much stiffer than expected.  

8. The design base shear is less in PBPD method compared 
DDBD method, this is more significant in tall building. 

9. The lateral load distributed 
evenly in both methods of 
PBPD and DDBD. 
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10. Performance point exist for all frame of both methods. 
11. The 4 and 15 storied frames of DDBD method is lied 

below LS level, 8 and 12 storied frames of PBPD method 
lied beyond level but below capacity level in terms of 
capacity. 

12. All frames located beyond LS level in DDBD method. 

V. FUTURE SCOPE AND RECOMMENDATION  

The seismic codes those exist in India for analysis and 
design of structures, they proposed the methods of (Response 
Spectra, Equivalent Static and Dynamic analysis) for 
estimation of seismic force. As explained earlier 
displacement-based design is the popular method that use for 
analysis and seismic design in many countries. 

According this study, it is possible to combine these two 
methods with new version of IS code, but it is suitable and 
efficient when the specification of current code explained and 
combined with these methods properly and We should do 
seismic performance evaluation of structure by pushover and 
time history analysis to ensure the structure has enough 
strength and ductile because these methods are still in 
progress stages. There is not any code in India to analysis of 
structure against earthquake by nonlinear method but we are 
able to do it by the help of some another codes like FEMA and 
ASCE.   
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