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ABSTRACT 

This study aims to provide a comparison and identify the key distinctions between the New Zealand 

Standard – Earthquake Actions (NZS 1170.5: 2004) seismic design spectra and the hysteresis-damped 

seismic demand spectra specified by either the New Zealand Society for Earthquake Engineering (NZSEE) 

“Assessment and Improvement of the Structural Performance of Buildings in Earthquakes” (AISPBE) 

Guidelines, or the “Displacement-Based Seismic Design of Structures” (DBSDS) textbook by Priestley et 

al. (2007). The damping provided by the draft document, “The Seismic Assessment of Existing Buildings” 

(TSAEB), was also briefly discussed. The seismic design spectrum was calculated for various levels of 

ductility using all three methods and compared against each other. This was performed for structural elastic 

periods from 0.1 to 4.5 seconds. For a given set of requirements based on the NZS 1170.5 parameters, a 

representative acceleration-displacement hysteresis loop has been generated. The equivalent viscous 

damping was then calculated based on the area under this hysteresis using the recommendations of either 

the AISPBE or through the damping equations based on the DBSDS. The final damped spectra were then 

compared with each other and against the NZS 1170.5 design spectrum. Results indicate good correlation 

between the NZS 1170.5 design spectra and the damped design spectra at low levels of ductility but show 

significant disparities at higher levels of ductility. 

 

INTRODUCTION 

The New Zealand Society for Earthquake Engineering 

(NZSEE) has published a document entitled “Assessment and 

Improvement of the Structural Performance of Buildings in 

Earthquakes” (AISPBE) to serve as a set of guidelines for the 

seismic assessment of New Zealand buildings. The document 

provides the customary force-based approach for comparing 

the calculated capacity of an existing structure with the New 

Zealand Standard – Earthquake Actions (NZS 1170.5: 2004) 

requirements. The AISPBE also provides an alternative 

displacement-based approach, which references the Applied 

Technology Council Report ATC-40, “Seismic Evaluation and 

Retrofit of Concrete Buildings” 1996, and the journal paper by 

Pekcan, Mander and Chen, “Fundamental Considerations for 

the Design of Nonlinear Viscous Dampers” 1999, for 

calculation of hysteretic damping. The author observed large 

disparities in the outputs between the force-based and 

displacement-based methods for some structure types and 

decided to conduct a series of calculations to quantify these 

discrepancies. The textbook “Displacement-Based Seismic 

Design of Structures” (DBSDS) by Priestley, Calvi and 

Kowalski (2007) also presented a series of equations for 

analysis of structural hysteretic damping. This has also been 

considered for comparison to broaden this study further. 

BACKGROUND TO THE STUDY 

This study was initiated to quantify the discrepancies observed 

by the author between the results of force-based against 

displacement-based seismic assessments of structures 

following the procedures presented in the NZSEE-AISPBE 

document. This study is based mainly on calculations of the 

New Zealand seismic demand as defined by the two main 

references, namely NZS 1170.5 which is the current Standard 

for the design of new structures, and NZSEE-AISPBE, which 

is the widely-accepted industry guideline for the assessment of 

existing structures. The textbook DBSDS has also been 

considered in this study, as the displacement-based 

methodology proposed in that book is gaining popularity in 

New Zealand. The draft document entitled, “The Seismic 

Assessment of Existing Buildings” (TSAEB), which is 

intended to replace AISPBE when finalized, provides updated 

hysteretic damping values which have also been briefly 

discussed in this study. These references are discussed below. 

NZS 1170.5: 2004 – New Zealand Standard – Earthquake 

Actions 

NZS 1170.5 specifies a set of equations and spectra that serve 

as the current basis for quantifying seismic demand of 

structures in New Zealand. It defines several 5% damped 

spectra that represent the spectral shape factors, Ch(T), for 

discrete structure periods, T, for five different types of site 

subsoils (see Figure 1). The spectral shape factors are also 

defined differently for the equivalent static method (ESM) and 

the modal response spectrum (MRS) or numerical integration 

time history (NITH) analysis methods. These spectral shape 

curves are then modified by the hazard factor, return period 

factor, and near-fault factor to calculate the elastic site hazard 

spectrum, C(T), which is specific to a structure. The final 

design spectrum is then calculated from this elastic spectrum 

together with the ductility factor, , and the structural 

performance factor, Sp. These factors directly scale the design 

acceleration up and down the acceleration period graph. 

𝐶𝑑(𝑇) =
𝐶(𝑇) 𝑆𝑝

𝑘𝜇
                 (1a) 

For equal-displacement approach: 

𝑘𝜇 =      for T > 0.7s                (1b) 
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For equal-energy approach: 

𝑘𝜇 =
(𝜇−1)

0.7
𝑇 + 1   for T < 0.7s, soil type A-D   (1c) 

𝑘𝜇 = (𝜇 − 1.5)𝑇 + 1.5 for T < 0.7s, soil type E        (1d) 

 

Figure 1: NZS 1170.5: 2004  Spectra shape factor, Ch(T). 

The Standard adopts an “equal-displacement” and an “equal-

energy” approach in calculating the design spectrum. This is 

dependent on the fundamental period or elastic period, which 

is based on the 1st mode natural frequency of the structure 

prior to occurrence of plastic deformations. This approach can 

be visualized by converting the acceleration-period graph into 

an acceleration-displacement graph (see Figures 2a and 2b). It 

should be noted that the Standard does not explicitly promote 

the calculation of a displacement spectrum from the 

acceleration spectrum. This is achieved through first principles 

by adopting the simple harmonic motion relationship between 

period (T), acceleration (Sa), and displacement (Sd) as noted in 

Equations 2a to 2c. 

𝑆𝑑 =  𝑆𝑎 𝜔2⁄                  (2a) 

𝜔 = 2𝜋 𝑇⁄                   (2b) 

𝑇 = 2𝜋√𝑆𝑑 𝑆𝑎⁄                   (2c) 

The “equal-displacement” approach is applicable for periods 

equal to or greater than 0.7 seconds. The approach equates the 

design displacement, d, as equal to the elastic displacement. 

It calculates the design acceleration coefficient, Cd(T), by 

directly dividing the elastic acceleration coefficient, C(T), by 

the ductility factor, . An idealized bilinear elasto-plastic 

curve representing this approach can thus be plotted in an 

acceleration-displacement graph as shown in Figure 2a. 

 

Figure 2a: Equal displacement approach. 

The “equal-energy” approach is applicable for elastic periods 

less than 0.7 seconds. The approach, in theory, equates the 

area under the elastic force-displacement response with the 

area under the inelastic response. However, the Standard does 

not fully match the area and has a ratio of inelastic response 

over elastic response less than unity. The NZS 1170.5 

Commentary discusses this in further detail. For purposes of 

this analysis, the design acceleration is taken by dividing the 

elastic acceleration by the k factor (see Equations 1c and 1d); 

the yield displacement is calculated from the elastic period (as 

per Equation 2c) and design acceleration, and the design 

displacement is taken as the yield displacement multiplied by 

the ductility factor. 

 

Figure 2b: Equal energy approach. 

NZSEE-AISPBE 

The New Zealand Society for Earthquake Engineering 

(NZSEE) “Assessment and Improvement of the Structural 

Performance of Buildings in Earthquakes” (AISPBE) 

Guidelines provide a set of procedures for conducting seismic 

assessments on existing buildings. It provides a force-based 

and displacement-based method. Both methods use the NZS 

1170.5 Standard for defining the elastic seismic actions. The 

difference between the force-based and displacement-based 

methods transpires based on how the ductility relates to the 

reduction of the elastic demand spectra. The force-based 

method follows the NZS 1170.5 standard discussed above 

which divides the elastic spectrum depending on the ductility 

while the displacement-based method reduces the elastic 

spectrum through equivalent viscous damping. The damping, 

however, is still a function of the ductility. AISPBE has 

referenced Pekcan et al. (1999) for calculation of the 

equivalent viscous damping e expressed as a fraction of 

critical damping (see Equation 3). 

𝜉𝑒 = 𝜉𝑜 + 𝜉ℎ𝑦𝑠 + 𝜉𝑑 = 𝜉𝑜 +
2

𝜋
𝜂

(1−𝛼𝑠)(1−1
𝜇⁄ )

(1−𝛼𝑠+ 𝜇 𝛼𝑠)
+ 𝜉𝑑  (3) 

Where, o = inherent viscous damping, taken as 5% for this 

study 

hys = hysteretic damping 

d = added damping due to supplemental dampers, 

taken as zero for this study 

 = displacement ductility, ranging from 1.0 to 6.0 

s = post-yield to initial yield stiffness ratio, taken 

as zero for this study 

 = efficiency factor 

The efficiency factor is a function of the ratio between an 

approximate area of the actual hysteresis curve over a perfect 

bilinear hysteresis curve (see Figure 3). This is dependent on 

the structure type, material, and ductility of the system. 

AISPBE provides the empirical values as shown in Table 1. 
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Figure 3: AISPBE - Bilinear curve and hysteretic damping.  

Table 1: AISPBE - Typical damping values. 

 

The efficiency factor, and thus the equivalent viscous 

damping, can vary significantly, depending upon the material, 

as seen in Table 1. This contrasts with the NZS 1170.5 where 

the demand reduction remains the same irrespective of the 

material. 

The scaling factor to be applied to the elastic spectrum to 

calculate the damped spectra is calculated from the commonly 

used equation below, where the equivalent viscous damping e 

is a percentage (%) of critical damping. 

𝐾𝜉 = (
7

2+𝜉𝑒
)

0.5
    (4) 

DBSDS – Damped Spectra 

A series of simplified equations have been provided in the 

“Displacement-Based Seismic Design of Structures” (DBSDS) 

textbook by Priestley et al. (2007). This reference relates 

ductility to structural hysteretic damping. The inherent 

damping is also taken as 5%. The equations for equivalent 

viscous damping, expressed as a fraction of critical damping, 

adopted in this study are as follows: 

RC wall buildings / bridges:  ξe = 0.05 + 0.444 [(μ-1) / μπ] (5) 

RC frame buildings:  ξe = 0.05 + 0.565 [(μ-1) / μπ] (6) 

Steel frame buildings: ξe = 0.05 + 0.577 [(μ-1) / μπ] (7) 

The calculated damping for typical ductilities are shown in 

Table 2. The DBSDS is observed to have lower damping 

compared to AISPBE considering s = 0. The scaling factor 

used to calculate the damped spectra is the same as Equation 

4. 

TSAEB – Damped Spectra 

At the time of writing this paper, a draft document, “The 

Seismic Assessment of Existing Buildings” (TSAEB), has 

been made available for engineering briefings. This document 

is intended to replace the NZSEE-AISPBE once finalised. It 

has retained both the force-based and displacement-based 

approach and has provided an updated set of hysteretic 

damping values for a wider range of material and structure 

types. It is noted that the TSAEB hys damping values 

provided for H and M-H levels (see Table 3) are identical to 

the DBSDS damping for frame and wall buildings 

respectively. Two other levels (M and L) provide lower 

damping values. The TSAEB has lower damping values than 

the AISPBE, which equate to an increase in seismic demands 

for a displacement-based approach once implemented. 

Table 2: DBSDS – Typical damping values. 

 

Table 3: TSAEB – Typical damping values. 

 

ANALYSIS METHODOLOGY 

In order to present a proper comparison, the damped design 

spectra should be directly related to the NZS 1170.5 design 

spectra. This is performed by representing ductile structures 

that have been designed to NZS 1170.5 design loadings as 

single-degree-of-freedom (SDOF) systems which are then 

idealized as bilinear curves on an acceleration-displacement 

graph. Each bilinear curve would have an elastic component 

from origin to a yield acceleration and yield displacement, 

then a plastic component which is assumed to have zero post-

elastic slope with the acceleration as constant and only the 

displacement increasing. The ultimate displacement is taken as 

the yield displacement multiplied by the ductility (see Figure 

2). The relationship between the elastic period, acceleration 

and yield displacement is derived through the simple harmonic 

motion relationship as noted in Equation 2a. 

A representative hysteresis shape and thus equivalent viscous 

damping can then be interpolated from the NZS 1170.5 

idealized bilinear curve (see Figure 4). The damped spectra 
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can then be calculated by multiplying the elastic spectra with 

the reduction factor K (see Equation 4). The effective period 

represents the decrease in stiffness as the structure undergoes 

plastic deformation. This is calculated based on Equation 2 

above using the idealized elasto-plastic design displacement, 

d, and design acceleration, Cd(T). The intersection of the 

effective period with the damped spectrum defines the design 

acceleration and displacement response of the damped system. 

These can then be compared with the NZS 1170.5 idealized 

bilinear design acceleration and displacement. This process is 

repeated across the period range of 0.4 to 4.5 seconds and 

ranging from ductility 1.25 to 6.0 for both NZSEE and 

DBSDS damping approaches. 

 

Figure 4: Damped spectra graphical representation. 

The seismic parameters adopted in this study are as follows: 

Site subsoil class         = Type D 

Hazard Factor, Z         = 0.4 

Risk Factor, R         = 1.0 

Near-fault Factor, N(T,D)        = 1.0 

Structural Performance Factor, Sp = 1.3–0.3 (for  < 2) 

           = 0.7  (for  > 2) 

A Type D site subsoil class is selected for this study since the 

spectral shape factors for the ESM and the MRS or NITH 

methods are identical for this subsoil class. 

The Z, R and N(T,D) factors define the elastic spectra demand 

but do not influence the comparison between the NZS 1170.5 

design spectra and the damped design spectra. These values 

can change but the ratio between the different design spectra 

will remain the same. 

The Structural Performance Factor, Sp, is a reduction 

coefficient to allow for effects that are not explicitly 

represented by the other design spectra factors (e.g. higher 

material strength, strain hardening, redundancy, damping from 

non-structural elements and foundations, maximum 

acceleration occurring only once during duration of shaking, 

etc.). It can be applied for both the force-based and 

displacement-based method as specified in the AISPBE. There 

is no mention of this or any similar factor in the DBSDS 

Textbook. For the purpose of this study, it is universally 

applied to all the spectra, namely the NZS 1170.5, damped 

AISPBE, TSAEB, and DBSDS spectra. This ensures 

consistency of results among all methods. 

Material strength reduction factors are universally applied as 

unity for all methods to minimize inconsistency of results. 

ANALYSIS RESULTS 

The calculated seismic demand spectra for the three methods, 

NZS 1170.5 spectra, AISPBE damped spectra, and DBSDS 

damped spectra, have been compared and discussed below. 

The demand spectra from NZS 1170.5 and the hysteresis-

damped spectra are plotted in three different formats, namely, 

acceleration-period, displacement-period and acceleration-

displacement graphs. Tables of outputs have also been 

presented. 

 

Figure 5a: NZS 1170.5 and AISPBE (steel) spectra demand 

comparison. 
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Figure 5b: NZS 1170.5 and AISPBE (concrete) spectra demand comparison. 
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Figure 5c: NZS 1170.5 and DBSDS (RC wall building/bridges) spectra demand comparison. 
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Figure 5d: NZS 1170.5 and DBSDS (RC frame buildings) spectra demand comparison. 
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Figure 5e: NZS 1170.5 and DBSDS (steel frame buildings) spectra demand comparison. 
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Comparison of Acceleration Demand 

The NZS 1170.5 acceleration demand reduction is directly 

proportional to the ductility as shown in Equation 1 above. 

The damped spectrum, however, shows less demand reduction 

as the ductility increases. The disparity between the NZS 

1170.5 and the damped acceleration spectra thus becomes 

larger with increasing ductility. The damped spectra demands 

(AISPBE and DBSDS) are found to be significantly larger 

than the NZS 1170.5 demands, especially at high ductilities 

and low periods. For periods beyond the elastic corner period, 

the NZS 1170.5 spectra become slightly larger than the 

damped spectra. See Figures 5a to 5e and Tables 4a and 4b for 

comparison of acceleration-period graphs. 

Comparison of Displacement Demand 

The NZS 1170.5 method, for periods greater than 0.7 seconds, 

assumes that the design displacement is equal to the elastic 

displacement demand no matter what the ductility. For periods 

less than 0.7 seconds, the design displacement is slightly 

larger than the elastic displacement (see Figures 2a and 2b). 

The damped spectra show an increase in displacement demand 

as ductility increases for periods up to the corner period, then  

 

becomes constant past the corner period (see Figures 5a to 5e 

and Tables 4a and 4b). 

The corner period is at 3.0 seconds as defined by the NZS 

1170.5 spectral shape factor, Ch(T). For NZS 1170.5, this will 

remain constant as the analysis adopts only the elastic period. 

However, damped spectra require that the effective period is 

utilized in calculating the acceleration and displacement 

demands. The effective period, however, increases 

significantly from the elastic period with increasing ductility. 

This results in a much lower elastic equivalent corner period 

for structures with high ductility. The effective period can be 

3.0 seconds for a significantly lower initial elastic period (see 

Figures 6a and 6b). The extreme case would be at ductility 6.0 

where the elastic corner period would be at 1.22 seconds for 

an equivalent effective corner period of 3.0 seconds. 

The corner period defines where the displacement demand 

becomes constant. Thus, for the damped spectra the 

displacement plateaus earlier than does the NZS 1170.5 

spectra. It has been found that the damped spectra have a 

higher displacement demand for elastic periods less than the 

corner period but become lower for periods greater than the 

corner period. 

Table 4a: Acceleration demand comparison for steel buildings ( = 6.0). 

Table 4b: Acceleration demand comparison for RC buildings ( = 6.0). 
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Figure 6a: Displacement vs. elastic period graph. 

 

Figure 6b: Displacement vs. effective period graph. 

 

Acceleration-Displacement Graph Comparison 

This comparison can also be visualised through an 

acceleration-displacement graph (see Figure 7 as an example). 

As presented in the graph, the NZS 1170.5 acceleration 

demand decreases as the period increases, but the 

displacement demand continues to increase even beyond the 

corner period. The damped spectra acceleration also decreases 

and displacement increases as the period increases, albeit at a 

different rate. However, beyond the corner period, the 

acceleration decreases significantly while the displacement 

remains constant. It should be noted that the NZS 1170.5 

equations change the spectra shape while the damped spectra 

retain the spectra shape. 

Comparison between NZS 1170.5 and Damped Spectra 

An attempt had been made by the author to quantify the 

disparity between the NZS 1170.5 spectra demand with the 

various damped spectra demand defined by the NZSEE-

AISPBE guidelines and the DBSDS textbook. Tables 5a and 

5b provide the approximate ratios of the NZS 1170.5 spectra 

demand over the specified damped spectra demand. The 

outputs have been further grouped into period ranges below 

and above the elastic corner period up to an effective period of 

4.5 seconds. Note that the ratio is the same for either 

acceleration demand or displacement demand. 

Tables 5a, for elastic periods less than the elastic corner 

period, indicates that the ratio of the NZS 1170.5 demand over 

the damped spectra demand ranges from 0.4 (for ductility 6.0) 

to 1.1 (for ductility 1.25). Table 5b, for elastic periods greater 

than the corner period, indicates that the damped spectra have 

lower demand than the NZS 1170.5 spectra for ductility 3 or 

lower with ratios of up to 1.9. However, for ductility up to 6.0, 

it is shown that the damped spectra can produce higher 

demands and thus ratios as low as 0.65. 

Figure 7: Acceleration vs. displacement plots. 
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Table 5a: Ratio of NZS 1170.5 demand over damped spectra 

demand for periods less than elastic corner period. 

 

Table 5b: Ratio of NZS 1170.5 demand over damped spectra 

demand for periods greater than elastic corner period. 

 

Comparison between Damped Spectra 

The AISPBE equivalent viscous damping equation (see 

Equation 3) can be simplified further assuming that d and s 

are equal to zero and o is 5% (see Equation 8).  

𝜉𝑒 = 0.05 +
2

𝜋
𝜂 (

𝜇−1

𝜇
)   (8) 

This is identical to the DBSDS Equations 5 to 7 shown above, 

with the difference mainly being the efficiency factor adopted. 

Note that this factor is based on the ratio of the area of an 

assumed hysteresis shape for a specific material over the area 

of a perfectly bilinear hysteresis. A comparison of the 

efficiency factors is shown in Table 6. It is noted that the 

AISPBE shows good correlation with the DBSDS damping 

equations for concrete type structures, but large disparity for 

steel structures. The DBSDS equations show significantly 

higher demand spectra compared to AISPBE spectra (see 

Table 6 and Figures 8a and 8b). 

The TSAEB damping provided for H and M-H levels are 

identical to the DBSDS damping for frame and wall buildings 

respectively. The other levels M and L represent less ductile 

structures with lower damping. TSAEB also has significantly 

lower damping than the AISPBE. This equates to a higher 

demand spectra for a displacement-based approach compared 

to a force-based approach. 

 

Figure 8a: Damped spectra comparison for concrete. 

 

Figure 8b: Damped spectra comparison for steel. 

Table 6: Damping efficiency factors comparison. 

 

CONCLUSIONS 

In order to compare the NZS 1170.5 seismic design spectra 

with the hysteretic-damped spectra specified in the NZSEE-

AISPBE guidelines, DBSDS textbook and TSAEB draft 

guidelines, this study adopted the following simplified step-

by-step procedure. 

a. Calculate the yield displacement, y, from the NZS 1170.5 

acceleration, Cd(T)1170.5, and the elastic period using the 

simple harmonic motion relationships shown in Equations 

2a to 2c. 

b. Calculate the design displacement, d1170.5, by multiplying 

this yield displacement by the ductility. 

c. Calculate the effective period from Cd(T) and the design 

displacement d1170.5 using the simple harmonic motion 

relationships (i.e. Equations 2a to 2c). 

d. Plot Cd(T), y, and d as an idealized bilinear curve on an 

acceleration-displacement graph as shown in Figures 2 to 

4. This represents the backbone of a hysteresis shape as 

shown in Figure 3. 

e. Calculate damping based on this hysteresis shape using the 

AISPBE, DBSDS or TSAEB methodologies. 

f. Plot the damped spectra in the acceleration-displacement 

graph together with the idealized bilinear curve (Figure 4). 

g. Project the effective period to intersect with the damped 

spectra to quantify the acceleration Cd(T)damped and 

displacement ddamped demands (see Figure 4). 

h. Repeat this for a wide range of period and ductility values. 

i. Establish a direct comparison between the NZS 1170.5 

acceleration and the displacement demand (Cd(T)1170.5, 

d1170.5) as well as the damped spectra (Cd(T)damped, 

ddamped). 

The results of this comparison show disparity between the 

NZS 1170.5 design spectra and the hysteresis-damped spectra 

defined by either NZSEE-AISPBE, DBSDS or TSAEB. This 

disparity becomes significantly larger with increasing 

ductility. The following are the main differences found 

between the NZS 1170.5 design spectra, and the AISPBE, 

DBSDS and TSAEB damped spectra: 

1. The disparity between the acceleration and displacement 

demand of the NZS 1170.5 design spectra compared with 

either the AISPBE or DBSDS design spectra increases 
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significantly the higher the ductility of the system. The 

damped spectra demand is generally higher than the NZS 

1170.5 demand if the structure’s elastic period is below 

the elastic corner period, but is generally lower if the 

structure’s elastic period is above the elastic corner period. 

2. The effective period increases as the ductility increases. 

This results in the elastic corner period of a displacement-

period plot becoming lower with increasing ductility, and 

thus plateauing earlier compared to lower ductility spectra. 

Flexible high ductility structures can potentially have a 

lower demand if the damped spectrum is adopted. 

3. This study also shows a disparity between the NZSEE-

AISPBE and DBSDS damped spectra. The main 

difference is in the ‘efficiency factor’ which is an 

empirical value for both methods. The disparity is small 

for concrete structures but can be substantial for steel 

structures. This disparity becomes significantly large with 

increasing ductility. The AISPBE produces lower loadings 

compared to DBSDS for both concrete and steel.  

4. The damping provided by the draft document TSAEB was 

also reviewed and was shown to be identical to DBSDS 

but with a wider range of material and structure types 

considered. The TSAEB has lesser damping, and thus 

larger loadings, compared to AISPBE. 

The calculation of seismic demand is all based on theoretical 

representation of the physical phenomena of earthquake 

induced motions, and the methods discussed here provide 

differing ways of interpreting this demand. The disparity 

observed here is due to the difference on how the demand is 

calculated. The two methods for calculating seismic loadings 

proposed by the AISPBE and TSAEB, where one adopts the 

NZS 1170.5 equal-energy/equal-displacement approach and 

the other damped spectra, can potentially produce two 

different seismic ratings, especially for structures with high 

ductility. From previous experience as a practitioner, this has 

often led to uncertainty as to what the seismic rating of the 

building actually is, or if the structure is earthquake-prone and 

will require retrofit or not. This can also be a point of 

contention between various parties, e.g. between assessor and 

peer reviewer. This inconsistency of outputs also raises the 

question of which method provides better representation of a 

structure’s ductile behaviour subject to a real earthquake 

event. If the damped spectrum methods, being more 

contemporary, provide more realistic representation, then the 

current NZS 1170.5 approach could potentially be under-

designing structures. 

It is recommended that further scrutiny regarding the NZS 

1170.5 equal-energy/equal-displacement approach and the 

hysteresis-damping approach be carried out. Further study on 

hysteresis-shapes and efficiency factors is also advocated. The 

utilization of either the force-based or the displacement-based 

method set in the NZSEE-ASIPBE and TSAEB could be 

limited to a specific range of period, ductility, material and 

structure type to minimize the conflicting outputs. Additional 

modification factors for either the NZS 1170.5 ductility factor 

k or the damped spectra efficiency factor  specific to a 

material and structure type could also resolve these 

discrepancies. Specific guidelines and detailed explanations 

would provide clarity and could also provide resolution 

regarding the discrepancies between the two methods. 
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