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Abstract— Earths signs of ageing due to stress because of the 

selfish human activities are pretty ugly. The drastic changes 

occurring in our environment leading to several disastrous 

events due to shifting of tectonic plates i.e. frequent 

occurrences of earthquakes leading to loss of life as well as 

economy and thus proving the conventional structural design 

techniques flawed and incompetent. Hence, construction 

techniques working in harmonious combination of life safety 

and economy shall be adopted, a technique that is concerned 

with what a building is required to do, and not with 

prescribing how it is to be constructed. This paper aims to 

provide a brief introduction of a performance based design 

methodology i.e. direct displacement based design (DDBD) 

procedure, deficiencies in conventional force based design 

procedure (FBD)  which cannot be overlooked anymore and 

which is why a shift from FBD to DDBD is the need of the 

hour. 
Key words: Direct displacement based design, Force Based 

Design, Secant Stiffness 

I. INTRODUCTION 

Direct displacement based design was introduced in 

1993(Priestly 1993),it is a performance based design 

approach and has been a subject of significant research and 

interest in Europe , new Zealand and north America in the 

intervening years. Direct displacement based approach is an 

engineering approach to design elements of a building based 

on agreed upon performance goals and objectives,  

engineering analysis and quantitative assessment of 

alternative against the design goals and objectives using 

acknowledged engineering tools. Performance of a building 

can be directly related to the amount of damage that occurs in 

a building under a seismic event and hence damage or 

deformation made displacement the prime focus of this 

design philosophy. Due to intense synchronized research 

efforts to develop the concept over the past few years, it is 

now on the phase where it has become a practical and 

reasonable substitute to current force based code approaches. 

The conventional design approach to seismic design of 

structures employs linear static procedures in which lateral 

seismic forces are initially determined by an elastic analysis 

and subsequently reduced to inelastic design force levels via 

a response modification factor. Recently there has been a shift 

of attention away from traditional elastic force based methods 

of seismic analysis since damage potential and ultimate 

failure can usually be directly related to inelastic 

displacement capacity of the structure(Chandler and Mendis 

2000) thus, displacement based methods are needed that are 

capable of realistically predicting the deformations imposed 

by earthquake in structures. 

II. PROBLEMS WITH FORCE BASED DESIGN APPROACH 

As the conventional design approach i.e. FBD failed the 

recent seismic events in the north-eastern regions and few 

other parts of India the credibility of this method came under 

a magnifying glass. Few of its flawed philosophies are listed 

below. 

1) Supposition of the initial stiffness of the element of the 

structure and assuming that the initial stiffness can 

determine displacement responses of the structure. 

Utilizing initial stiffness of the elements of a structure to 

obtain the first natural vibration period of structure and 

determination of the distribution of the storey shear 

forces to the element of that storey. This means that 

stiffness is constant and does not depend on the strength 

and yield curvature or displacement depends on the 

strength of the structure. These assumptions were proved 

invalid in many researches for instance, Priestly 1998[1] 

and Priestly and Kowalsky 1998[2].Yield curvature or 

displacement is free of strength and they are only related 

to geometry and on the other hand, stiffness is directly 

proportional to strength.  

2) Assumption of giving ductile capacity to the structure 

without bearing in mind its geometry, strength of 

member and foundation conditions.In force based design 

approach to take into account ductile behavior for a 

structure , the force reduction factor or ductility factor is 

applied to reduce the total base shear force. As per force 

based design this force reduction factor depends on two 

parameters that is, structure type and material type. 

Research shows that force reduction factor or ductility 

factor also depends on reinforcement ratio for a section, 

axial load ratio and geometry of structure [3][4]. 

3) Force based design approach implies wide-ranging 

iterations and has a very intricate design procedure.  

III. DIFFERENCE BETWEEN FBD AND DDBD 

1) While force based design characterizes a structure in 

terms of initial stiffness ( Ki ) and elastic damping. Direct 

displacement based design characterizes the structure by 

secant stiffness ( Ke  ) at maximum displacement ( Δmax 

) and equivalent viscous damping ( 5% elastic damping 

+ hysteretic damping due to inelastic deformation) ( 

Blandon and Priestly 2005). 
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Fig. 1: Effective stiffness or Secant stiffness(Ke) 

2) In force based design, the acceleration response spectrum 

is used to find elastic base shear force then the obtained 

base shear force is reduced by using force reduction 

factor. In direct displacement based design, displacement 

response spectrum is used to find the base shear and there 

is no reduction of the base shear. 

3) In force based design, initial stiffness is assumed and 

check for displacement is carried out at the end of the 

procedure, in order to control if the displacement is 

within limits. In direct displacement based design, 

displacement limit (target displacement) is chosen and 

the analysis is carried out for that displacement. 

4) Ductility factor or force reduction factor is assumed on 

the basis of material type and the type of structure, which 

is further incorporated with base shear to find the 

reduced base shear force. In direct displacement based 

design, displacement ductility demand (ductility ratio) 

which implies the ductile behavior of the structure in 

inelastic region are calculated. 

IV. STEP BY STEP PROCEDURE OF DIRECT DISPLACEMENT 

BASED DESIGN APPROACH[6][7][9] 

1) Before initiating DDBD, performance criteria’s as per 

the requirement of the type of building, seismic zone and 

the demand put in the way by the owner of the building 

are selected.  The design drift of the building , is 

determined according to the type of the building and its 

performance level[4]. The calculated base shear is 

applied to the structure and the assumed level of damping 

is checked, the design forces are then adjusted, if 

required. It was observed that generally it is not required 

to adjust the forces as the adjustments are not very 

significant[5]. 

                The drift slope is defined by the following 

equation: 

θd = inter-storey displacement / storey height 

2) Multiple degree of freedom system is presented by 

equivalent single degree of freedom system. Single 

degree of freedom (SDOF) representation used in DDBD 

was developed by Shibata and  Sozen,1976[8].     

 
Fig. 2: Simplified model of a multi-storey building 

3) Equivalent single degree of freedom system is presented 

by effective height (He) and effective mass (me), at the 

maximum displacement by secant stiffness (Ke) and an 

effective viscous damping (ξeq). 

4) Next step is to determine the displacement shapes of the 

building.  Following equation is presented by Calvi and 

Sullivan[4] to estimate the inelastic displaced shape of 

the building. 

Δi=ωθθdhi.4(Hn–hi)/4(Hn–h1)                                                                                                     

where:  Δi : Displacement at ith level 

                          ωθ: Drift reduction factor to include 

allowance for higher mode amplification of drift by reducing 

the design floor displacement. 

ωθ = (1.15−0.0034Hn < 1.0) 

               Hn: Total building height 

               hi : Height of ith floor.   

5) Determine the design displacement (Δd) for  the 

substitute structure using the formula:   

Δd = Σ mi Δi 2 / Σ mi Δi 

Where,  mi , Δi  :  mass and displacement at each 

level in multiple degree of freedom system. 

6) Effective height (He) = Σ mi Δi Hi  / Σ mi Δi . 

7) Mass of the substitute structure (me) = Σ mi Δi / Δd . 

8) Calculate yield drift slope (θy):  

       For reinforced concrete frames, 

θy = 0.5 εy lb / db 

where, εy : Yield strain of flexure reinforcement (= ƒy / Es) 

               lb : Beam span between column centerline  

               db : Overall beam depth  

9) compute yield displacement (Δy):   

Δy = θy.He 

Or Δy = (0.5 εy lb / db )He 

Where, He : Effective height of equivalent SDOF 

system. 

10) determine the displacement ductility (µ):  

µ= Design displacement / Yield displacement 

Or µ= Δd/ Δy 

11) Next step is to estimate the value of equivalent viscous 

damping, for which a formula has been derived through  

certain experiments. The total equivalent viscous 

damping(ξeq) is the sum of elastic damping(ξel ) and 

hysteretic damping(ξhyst ) due to inelastic deformation.  

ξeq = ξel + ξhyst 

ξeq = 0.05 + C. (µ-1)/µπ 

Where,ξ el : Taken 5% of the elastic damping 

C: Constant, found from extensive NTHA 

dependent    on hysteretic characteristics of the structure ( = 

0.565)  

12) Now the acceleration response spectrum is plotted using 

the code IS 1896(part 1):2002 (figure.2 clause 6.4.5) 

according to the soil type and peak ground acceleration. 

 
Fig. 3: response spectra for rock and soil sites for 5% 

damping 
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Then the displacement response spectrum is 

deduced for ξ=0.05 using the formula given below: 

ΔT,5= T2. at,5/ 4π 

Where,  ΔT,5: Response displacement at ξ=0.05 

(5%) 

                at,5: Response acceleration at ξ=0.05 (5%) 

13) Plot the displacement response spectrum for ξ=ξel 

.Damping modification factor is a scaling factor to be 

applied to the 5% damped spectral ordinates to take into 

account damping values higher or lower than the nominal 

values of 5% of critical. DMF is applied to the 

displacement spectrum obtained in the previous step to 

obtain the displacement spectrum at different levels of 

damping. Following equation was derived by Bommer et 

al in 2000: 

DMF= (10/5+ξ)0.5 

Priestly(2007) gave an equation for near fault regions- 

DMF=(7/2+ξ)0.25 

Shown below is a graphical representation of 

displacement response spectrum at different damping 

ratios(fig.4). From the graph below, it is quite clear that with 

the increase in the percentage damping, corresponding 

displacement decreases. 

 
Fig. 4: Displacement response spectrums for different 

effective damping ratio. 

14) Now calculate the effective stiffness of the building (Ke): 

Ke = 4π2.me / Te
2 

Where, Te : effective period,the value of effective 

period can be found out from the plotted displacement 

response spectrum using the calculated value of design 

displacement(Δd) in step 5.  

                me : effective mass of  substitute structure ( = (Σmi 

Δi )2 / ΣmiΔi2) 

15) Calculate the design base shear force(Vb):  

Vb = Ke.Δd 

16) Distribute the base shear force at different levels of the 

building using the following equation: 

Fi = V (mi.hi / Σmi.hi) 

17) Now using any finite element analysis program such as 

ETABS etc, structure can be modeled and forces at 

different levels can be assigned and hence the design 

moments at the plastic hinge location can be calculated.  

18) Using these moments design the structural elements and 

calculate the displacement at each level using the 

designed member dimensions. 

19) Compare the calculated value of displacement (in step 

18) with displacement Δi (in step 4).if the values are 

equal then the design of the structural element can be 

calculated and the reinforcement can be provided and if 

not so then substitute the calculated value of 

displacement(in step 18) in step 4 and repeat the process 

until so. 

V. ADVANTAGES OF DISPLACEMENT BASED DESIGN OVER 

FORCE BASED DESIGN 

1) Being a performance based design method, DDBD 

technique focuses on the ends rather than means thus 

multi-level seismic hazards are considered thus 

providing a safe and strong structure. 

2) Provides minimum structural and nonstructural damage 

in a moderate seismic event and allows for continued 

operations in a structure following a design level seismic 

event. 

3) DDBD being a performance based method allows the 

owner, architect, and structural engineer to choose both 

the appropriate level of ground shaking and the chosen 

level of protection for that ground motion. 

4) The design will ensure the minimum life-cycle cost.   

VI. LITERATURE REVIEW 

M.J.N Priestley[1] in 1998 from analysis of typical reinforced 

concrete beam sections concluded that the current design 

practice, which assumes beam stiffness is independent of 

reinforcement ratio but equal to a constant fraction of gross 

section stiffness is inappropriate. The analysis indicated that 

effective beam yield curvature can be considered constant, 

when non-dimensionalized by beam depth and yield strain, 

indicating that beam stiffness is proportional to strength. 

Based on this observation, a simple expression for yield drift 

of frames was proposed and was calibrated by comparing 

with results of a large number of beam/column sub 

assemblage experiments.It was  discovered that current 

estimates of frame stiffness are generally too high. A 

consequence was that the straightforward calculations show 

that the overwhelming majority of frame buildings were 

unable to achieve code design ductility levels before 

surpassing code drift limitations. In the year 2002 M.J.N 

Priestley and M.J kowalsky[2] carried a moment curvature  

analysis of cantilever shear walls used to show that yield 

curvature,serviceability curvature and ultimate (damage 

control) curvature are insensitive to variations of axial load 

ratio, longitudinal reinforcement ratio and distribution of 

longitudinal reinforcement ratio. Their research showed that 

it is possible to define the yield curvature as a function of wall 

length alone, for a given steel yield stress. Seriviceability and 

ultimate curvatures depend only on the wall length. G.M. 

Calvi, M.J.N. Priestley, and M.J.Kowalsky[4] summarizes 

the general design approach, the background research. The 

main coordinated research project described in this paper 

presents an substitute approach to existing force-based 

design. A very large number of MDOF structures of a wide 

range of structural type and material have been subjected to 

inelastic-time-history analysis to validate the accuracy of 

displacement predictions, and to present the necessary data 

base to develop the extensive, and novel, capacity design 

provisions. A list of the chapter headings in Priestley et al 

(2007) is included in an Appendix to this paper. Wide-

ranging design examples are also included in this reference. 

In the following year G.M Calvi and T.J Sullivan [7] 

proposed the model code which aims to provide simple means 

of controlling complex phenomena and this has been 

highlighted by reviewing the code guidelines for P-Δ effects 

and torsion. A large range of structural typologies are covered 

by the code but that recommendations for certain structural 
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types still require considerable development and research. 

M.J.N Priestly[5] has presented the fundamentals of the new 

seismic design method known as direct displacement based 

design in this paper. A simple design approach where the 

MDOF structure is characterized by the secant stiffness and 

equivalent elastic damping of an equivalent SDOF structure. 

Characterization of structure by secant stiffness avoids many 

problems inherent in force based design where initial stiffness 

is used to determine an elastic period and forces are 

distributed between members in ptoportion to elastic 

stiffness.  M.J.N Priestley[6] in his paper showed that DDBD 

method will result in more consistant designs than FBD 

criteria and will result in reduced design forces, particularly 

for regions with morderate seismic intensity. The 

examination of the fundamental basis of DDBD shows that 

required strength is proportional to the square of the seismic 

intensity, on the other hand conventional FBD specifies 

strength directly proportional to zone intensity.  Adel ElAttar 

, Abdel Hamd Zaghw  and Ahmed Elansary[9]  

Applied(DDBD) on different RC frame buildings. The base 

shear force calculated by (DDBD) were compared with those 

calculated by (FBD) as defined in the Euro-Code (EC8) using 

Three computer programs to analyze buildings to perform a 

pushover analysis and to get the displaced shape 

corresponding to the drift limit at the first floor. The base 

shear force by (DDBD) gives values near the values of base 

shear force by (FBD) but using the elastic period for the 

building with reduced moment of inertia of the cross sections 

and using the inelastic acceleration response spectrum. The 

ratio between the two forces ranges from 0 to 15% and The 

period given by (FBD) proposed by the Euro code (EC8) is 

less than the period given by (DDBD) because the period 

given by (FBD) represents the building at its elastic stage 

while the period given by (DDBD) represents the building at 

its inelastic phase. Such that, the ratio between the periods is 

0.4 at 8 storey building, but this ratio increases to 1.3 at 20 

storey building. B. Massena, R. Bento, H. Degée[10] built A 

set of RC structures designed according to DDBD procedure 

and their assessment was conducted with pushover and non-

linear time-history dynamic analyses, performed with 

Seismostruct. A comparison of frames characterized by a 

same overall geometry (number of storey’s, bay length and 

storey height) and designed respectively according to DDBD 

and to the traditional force-based design method (FBD), as 

proposed in Eurocode 8 (EC8), was carried out and the 

differences were outlined. and based on the results obtained 

for the set of frames analyzed it seems that DDBD 

methodology can cope with the vertical irregularities studied 

and the results are significantly less conservative than the 

ones obtained by FBD according to EC8 rules. It is seen that 

requirement for anchorage of reinforcement for beams lead to 

an over dimensioned structures, influencing the final 

performance of the designed structures that comply this rule. 

It was observed that designed structures according to FBD 

imply larger sections to fulfill both, the capacity design rules 

and the limit values of reinforcement ratio. 

VII. CONCLUSION 

1) Faulty seismic standards used in India have served 

satisfactorily with nominal damage up till 90’s. The 

reason being that multistoried apartment culture , be it 

for residential purpose or commercial use was not very 

popular and almost non-existent. Houses in government 

planned colonies were one or two storied and hence   

those buildings tended to be stiff with short periods of 

vibration and luckily were susceptible to earthquakes 

with their epicenter near to their area only. Now with 

India beating china in its population and on its way to 

become one of the leading economies in the world, in 

which India’s construction industry plays a vital role, it 

has now become necessary to adopt performance based 

seismic design standards in India. DDBD being a 

target(displacement) oriented design methodology 

designs a structure for different performance levels to 

cope up with multilevel ground shaking actions, lighter, 

economical sections and above all assurance of life 

safety in a seismic event. 

2) Research showed that Yield curvature or displacement is 

free of strength and only related to geometry of the 

structure, stiffness is directly proportional to strength ( 

M.J.N Priestly 1998 , Priestly and kowalsky 1998), 

ductility factor not only depends on material used and 

structural type but also on reinforcement ratio of the 

section, axial load ratio, geometry of structure( Priestly 

2000, Calvi et al, 2008). The reverse of these findings are 

in fact the assumptions in our codal force based design 

philosophies which raises serious questions on our 

presently used design techniques. 

3) Implementation of direct displacement based design 

technique in Indian codes will be task one in future and 

undoubtedly not an easier one. We as engineers are set in 

our old ways and this has kind of stifled the development 

in this area also even when studying engineering, 

students do not get the required exposure to the desired 

elements of earthquake engineering as it being out of 

syllabus in most of the universities. 

Concluding this paper I would like to quote “ Codes 

were written by mere mortals” and the need of the hour  is 

that we start using direct displacement based approach 

instead of the conventional force based approach with an 

open mind not just because of its numerous advantages over 

conventional techniques but because it provides an 

opportunity to the owner, engineer, architect and constructor 

put in their thoughts in the construction process and work as 

one unit which supports the concept of wholesome 

construction.   
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