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ABSTRACT: Engineering Demand Parameters, such as inter-storey drift or floor 

accelerations, can be correlated to damage within the structure. While current code 

provisions exist to estimate Engineering Demand Parameters to use in design of 

components within the structure, such as non-structural elements, these code provisions 

are not structure specific and their accuracy has not been rigorously quantified. This 

paper involves a robust and comprehensive study to quantify Engineering Demand 

Parameters for 180 frame and wall structural configurations. A range of design ductility, 

design target drift and structural heights are considered. Dynamic inelastic time history 

analysis is carried out using a suite of ground motion records to obtain the Engineering 

Demand Parameter of interest. It is found that increasing the flexibility of the structure by 

either increasing design ductility or target drift increases drift in the first floor columns in 

the frame structure and on all floors in the wall structure. The code provisions were found 

to be adequate when considering median values, however drift demands were exceeded at 

the 84
th
 percentile in several cases. Increasing the flexibility resulted in decreased 

acceleration demands. All 84th percentile acceleration demands are well within code 

limits.  

1 INTRODUCTION 

As a part of probabilistic based seismic design, it is essential that Engineering Demand Parameters 

(EDP), which are often used to estimate the amount of damage (structural and non-structural), can be 

quantified for a particular level of shaking. In order to carry out a comprehensive study it is important 

that a broad range of structures is represented, as well as developing structures using a model that is 

computationally efficient. This report seeks to address this need by answering the following questions. 

 

1. What is the relationship at each floor level between EDPs and ground shaking? 

2. How do current code demands estimate EDPs and are they adequate? 

2 BACKGROUND 

Many studies have been conducted to determine the likely storey drifts and accelerations in each floor 

level, which have since been included in many design codes. Uma et al. (2010) investigated the 

appropriateness of the current New Zealand code provisions in the estimation of peak floor 

accelerations of non-structural components. The study considered 3 and 10-storey shear-type buildings 

and concluded that the current New Zealand code provisions are adequate in Ultimate Limit State 

(ULS) conditions. However, only five earthquake records were incorporated in this study and it was 

recommended that a greater number of records be used. 

Several studies have been carried out on relating total accelerations and drift to damage. (i.e. Mitrani-

Reiser (2007), Aslani (2005)). Therefore the EDPs considered in this study are total accelerations and 

drift, and hence other EDPs are not considered in this research. 
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In previous design codes there have been guidelines on 

estimating floor acceleration demands on structures. 

The current seismic code, NZS 1170.5 (Standards New 

Zealand 2004), specifies that at ULS the maximum 

allowable inter-storey drift is 2.5%. Acceleration 

demands are specified by a floor height coefficient 

which is shown in Figure 1.  

In the past, shear type structures have been modelled 

using a combination of a vertical shear beam and a 

vertical flexural beam. Taghavi and Miranda (2004) 

used a continuous column stiffness ratio to control the 

deformation behaviour from shear type and flexural 

type. Tagawa et al (2006) and MacRae (2010) showed that 

the SFB model can represent frame behaviour well and specified a realistic range for the value of the 

lateral stiffness ratio as being between 0.2-0.4. As the lateral stiffness ratio approaches zero each 

storey behaves as an independent single-degree-of-freedom (SDOF) system. This can result in large 

inter-storey drift concentrations due to soft storey mechanisms for structures with low post-elastic 

stiffness (Sadashiva et al (2009)).  

Rapid modelling techniques have been used by 

Sadashiva et al. (2009) for two extreme 

structural configurations of regular shear-type 

structures. One method is the Constant Inter-

Storey Drift Ratio method (CISDR) shown in 

Figure 2a, where the member sizes decrease 

with height and the deflection profile is 

approximately linear. A target drift is set and 

then an iterative procedure is used to obtain the 

stiffness of each floor. The other method, shown 

in Figure 2b is the Constant Stiffness method (CS) where 

member sizes are kept constant. Using the CS method, 

the peak inter-storey drift of each floor decreases with 

increasing floor height. It is expected that realistic shear 

type structures will be somewhere between the two extreme forms of design.  

3 METHODOLOGY 

3.1 Design Approach: Equivalent Static Method 

3-storey, 9-storey and 15-storey structures were designed assuming that the structure is in Wellington 

and designed using the NZS 1170.5 equivalent static method. P-Delta effects were included in design 

using Method A in NZS 1170.5. The study incorporated structural ductility factors varying from 1-6 

and the structures were designed to target drifts of 0.5%-2.5%. The structural performance factor was 

assumed to be equal to unity in the analyses.  

3.2 Structural Models 

Three types of structures developed. These were: 

 Shear frame designed with CS 

 Shear frame designed with CISDR 

 Flexural wall designed with CS 

Shear type structures and flexural type structures were designed with the target drift set at the bottom 

Figure 1: Floor Height Coefficient 

Figure 2: Deformed shape for different struc-

tural configurations 

a) CISDR model b) CS model 
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floor and top floor respectively as this is where the maximum inter-storey drift will occur. An iteration 

procedure was used on the stiffness of each floor until the desired inter-storey drift was obtained.  

The methodology used to evaluate floor acceleration and inter-storey drift demands was as follows. 

1) Define the EDP that is to be investigated. Select the number of storeys, design ductility, target 

drift as well as the design method to be used (either CS method or CISDR method). 

2) Using MATLAB the structure is designed according to the input parameters selected. This is 

carried out using an iteration procedure on the stiffness of the elements until the required 

target drift is reached as per NZS1170.5. 

3) Conduct an inelastic dynamic time-history analysis using the 20 SAC ground motion records. 

4) For each ground motion record the peak total acceleration demand and inter-storey drift for 

each floor is extracted. The 20 sets of data are then used to find the median and 84
th
 percentile 

demands using a lognormal distribution, which is then plotted as a function of the height along 

the structure. 

3.3 Structural analysis 

Inelastic dynamic time-history analyses were carried out using RUAUMOKO. The 20 SAC ground 

motion records were used in the analyses which have a probability of exceedence of 10% in 50 years. 

The ground motion records were scaled according to the provisions in NZS1170.5  

The damping model that was used is the Constant Damping model with 5% critical damping. This is 

specified at the first mode and the mode corresponding to the number of stories in the structure. The 

hysteresis model that was used is the bi-linear hysteresis loop with a 1% bi-linear factor. 

Assuming a lognormal distribution, the median and 84
th
 percentile values were plotted as a function of 

height along the structure. This is then superposed with the current code provisions to identify the 

adequacy of the current standards in the design of non-structural components. Many of the plots in the 

results section have been plotted using the median values as it represents the likely demand on the 

structure. 

3.4  Base Case Design 

A base design case was selected in order to facilitate comparison of the results obtained. This is a steel 

structure with 3 metre storey height, floor mass of 20,000kg, 2.0% target drift, bi-linear hysteretic 

model and a 5% constant damping model. 

3.5 Validation of Model 

The model was validated by evaluating the maximum displacement and acceleration response of a one 

storey structure (modelling a single degree of freedom system) subjected to one of the earthquake re-

cords. These values were then compared to those obtained using the response spectrum for the period 

of the structure, whereby the two sets of results validated that the MATLAB code was working cor-

rectly. 

4 RESULTS 

4.1. Shear type structures: CISDR method 

Figures 3 and 4 show the median acceleration and drift demands for a 3-storey and 9-storey structure 

designed for 2.0% constant inter-storey drift. The acceleration demands become more uniform as the 

height of the structure increases and therefore the effect of design ductility is reduced. Figures 3a and 

4a show that increasing the design ductility has the effect of decreasing the acceleration demands. This 

is due to the decrease in stiffness post-yielding. The decrease in stiffness results in the attraction of 

smaller floor accelerations. The structure tends to filter the high frequency content of ground motion 

resulting in a deamplification of total floor accelerations up the height of the structure. 
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It can be seen that the spectral shape factor specified by NZS1170.5 shows a good approximation of 

acceleration demands for 3-storey structures designed using the CISDR method. However, Figure 4a 

shows as the height of the structure increases to 9 stories the acceleration demands become more uni-

form and the spectral shape factor significatly overestimates acceleration demands. This effect was 

also observed for 15-storey structures.  

 

Figure 3b and 4b show the drift demands on 3-storey and 9-storey structures respectively. The drift 

demands at the base of the structure increase with increasing design ductility. This is caused by yield-

ing of the columns at the base of the structure whereby the first floor undergoes large inelastic defor-

mations. Structures with a higher design ductility will have a lower yield moment and therefore un-

dergo greater inelastic behaviour due to yielding occuring earlier. 

This influences the higher floors as they are essentially base isolated, thereby significantly reducing 

the inter-storey drift demands on these floors. Figure 4b shows that the effect of the base isolation on 

the upper floors increases with increasing ductility.  

a) Peak floor acceleration normalised by peak 

ground acceleration 

 

Figure 3: Median demands for a 3-storey shear-type structure designed for 2.0% target drift using the 

CISDR method 

 

(b) Peak inter-storey drift demand normalised by storey 

height 

(a) Peak floor acceleration normalised by peak 

ground acceleration 

Figure 4. Median demands for a 9-storey shear-type structure designed 2.0% target drift using the 

CISDR method 

 

(b) Peak inter-storey drift demand normalised by storey 

height 
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4.2. Shear type structures: CS method 

Figures 5 and 6 show acceleration and drift demands for shear type structures designed to 2.0% target 

drift using the CS method. 

The median total acceleration demands are shown in Figures 5a and 6a. The peak ground acceleration 

values are different for the various design ductilities. This is the result of the scaling procedure which 

has been used. The acceleration demands show the same trend as for the CISDR method with increas-

ing design ductility decreasing acceleration demands. 

 

Comparing Figure 4b to Figure 6b the drift demands for structures designed using the CS method tend 

to continue to decrease at higher levels, where as with the CISDR method the drift demands for the 

higher floors are relatively constant. This is in accordance with the design methods used as the CS de-

sign method has a deflection profile which approaches zero inter-storey drift as shown in Figure 2. 

The CISDR design method has a linear deflection profile and this is shown in the inter-storey drift 

profile in Figures 3b and 4b. Structures with a low design ductility have higher drift demands  

 

 

(a) Peak total acceleration demand normalised 

by gravity 
(b) Peak inter-storey drift demand normalised by storey 

height 

a) Peak total acceleration demand normalised by 

gravity 

 

(b) Peak inter-storey drift demand normalised by storey 

height 

Figure 6. Median demands for a 9-storey shear type structure designed for 2.0% target drift using CS method 

Figure 5. Median demands for a 9-storey shear type structure designed for 2.0% target drift using CS method 
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through the middle and top floors of the structure when compared to a structure with a high design 

ductility and this is shown in Figures 5b and 6b.  

4.3. Flexural type structures: CS method 

Figures 7 and 8 show the median normalised acceleration and drift demands for flexural type struc-

tures designed to 2.0% target drift. Figures 7a and 8a show that acceleration demands on a flexural 

type structure peaks at the first floor. Beyond the first floor, acceleration demands tend to decrease 

along the height of the structure. The increase in acceleration at the first floor is modelled well by the 

spectral shape factor from NZS1170.5. However, the shape factor significantly over estimates the ac-

celeration demands beyond the first floor.  

The inter-storey drift profile for flexural type structures is different from shear type structures as the 

maximum inter-storey drift occurs at the top level of the structure. Both structures shown were 

designed for 2.0% target drift at the top floor which is shown in the median inter-story drift demands 

in Figures 7b and 8b. However, the 2.5% drift limit is exceeded when considering the 84th percentile 

drift demands for 3-storey, 9-storey and 15-storey flexural type structures.  

 

 

(a) Peak total acceleration demand normalised by  

 peak ground acceleration 

(b) Peak inter-storey drift demand normalised by  

 storey height 

Figure 7. Median EDP demands for a 3-storey flexural type structure designed for 2.0% target drift using CS method 

(a) Peak total acceleration demand normalised by peak 

ground acceleration 

(b) Peak inter-storey drift demand normalised by storey 

height 

Figure 8. Median EDP demands for a 9-storey flexural type structure designed for 2.0% target drift us-

ing CS method 
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Therefore it can be seen that for flexural type structures drift sensitive contents are most affected near 

the top of the structure where the drift demand is a maximum. 

4.4. Effect of Design Inter-storey drift 

Figures 9 and 10 show the drift and acceleration demands on structures designed to various target drift 

limits. The values shown in the figures have been generated by considering design ductilities of 1, 2, 4 

and 6 independently and taking the absolute maximum values for each floor. The figures therefore 

represent an upper demand on the acceleration and drift EDPs that can be expected on the structure for 

a particular design target drift. 

 

 

The figures show that for a shear type structure designed using the CISDR method the peak inter-

storey drift occurs between the ground floor and the first floor. Post yield behaviour is more signifi-

cant for structures with high design target drift. This is because the stiffness of the structures decrease 

for increasing target drift limits as the structure is designed to have larger displacements. Therefore it 

can be expected that there will be larger inter-storey drift demands throughout the height of the struc-

ture which is shown in Figure 9b. 

(a) Peak total acceleration normalised by peak ground 

acceleration 

(b) Peak inter-storey drift demand normalised by 

storey height 

Figure 9. 84
th

 percentile EDP demands for a 9-storey CISDR shear type structure for varying design 

target drift 

 

(a) Peak total acceleration demand normalised by peak 

ground acceleration 
(b) Peak inter-storey drift demand normalised by sto-

rey height 

Figure 10. 84
th

 percentile EDP demands for a 3-storey flexural type structure for varying design target 

drift 
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Figure 9a shows that increasing the design target drift limit has the effect of decreasing the accelera-

tion demands on the structure. This is due to the decrease in stiffness as the design target drift in-

creases, which will attract lower acceleration demands. It should be noted that the demands on struc-

tures designed using the CS method show similar trends to those designed using the CISDR method. 

Figure 10 shows the acceleration and drift demands on a 3-storey flexural type structure under varying 

design target drift. Figure 10a shows a similar trend to the shear-type structure with total acceleration 

demands tending to increase with decreasing design target drift. Drift demands for flexural type 

structures, as shown in Figure 10a, show that for design target drift values of 2.0% and 2.5% the 

maximum allowable drift limit in NZS1170.5 is exceeded. 

5 CONCLUSION 

1. This study has shown that for shear type structures the acceleration demands increase along the 

height of the structure if the structure itself has a high stiffness. Drift demands are seen to vary 

considerably on the ground floor depending on the design ductility, where the ground floor col-

umns have yielded and beyond this point drift demands decrease dramatically. Design ductility af-

fects the acceleration demand on 3-storey shear and flexural type structures; however, for 9 and 

15-storey structures the acceleration demands become more uniform.  

2. The current code provisions for acceleration demands are conservative for 9 and 15-storey struc-

tures, however, it is sufficient for 3-storey structures. The current limitation of 2.5% inter-storey 

drift is reasonable for shear type structures, however, is exceeded at the base of the structure for 

structures designed to a high target drift due to yielding of the columns. The drift limit stipulated 

in NZS1170.5 is exceeded at 84th percentile for all floor levels for flexural type structures with a 

high design target drift, however is reasonable when considering median values. 
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