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ABSTRACT 

 
The paper introduces simplified methods for the analysis of multi-storey 

buildings for regions of low to moderate seismicity. Due to functional and architectural 
requirement most newly designed and existing buildings feature irregularities. The 
irregularities can be in a form of vertical irregularity (caused by discontinuity in load 

carrying elements) and plan irregularity (caused by cores that are eccentric ally placed 
within the buildings). Contemporary earthquake design standards and assessment 

procedures require dynamic analyses to be performed on such structures. However, 
dynamic analyses can be computationally expensive and require expert judgment, 
especially as far as three-dimensionally modelling is involved.  

The early part of the paper presents the simplified method for the analysis of 
torsionally balanced (TB) buildings. Generalised modal displacements that were 

derived from parametric studies involving multi-storey buildings with vertical 
irregularities are introduced. The simplified method has been extended to account for 
the effects of torsion due to plan asymmetry to produce estimates of the maximum 

displacement demand at the edges of torsionally unbalanced (TU) buildings.    
   

1. INTRODUCTION 

 
Most multi-storey building stocks in Australia and worldwide consists of 

buildings featuring irregularities.  The irregularities can be in the form of plan 
irregularities which are caused by shear walls or cores that are located eccentrically 

and vertical irregularities that can be caused by setback and discontinuities in the 
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columns within the buildings.  

Although the seismic performance of irregular buildings has been the topic of 
research for the last couple of decades, seismic response behaviour and performance 

of irregular buildings in regions of low to moderate seismicity is largely unknown. Only a 
few seismic bui lding design standards (e.g., Eurocode 8 (EN 1998-1 2004); FEMA 450-
1 (Building Seismic Safety Council 2003); FEMA 356 (ASCE 2000)) currently have 

provisions for the design and analysis of irregular buildings . These design guidelines 
generally require three-dimensional dynamic analysis to be performed, which is 

complex and requires expert judgement. 
The paper introduces a simple and accurate method (referred to as the 

Generalised Lateral Force Analysis Method) for the analysis of multi-storey buildings 

featuring vertical irregularities and plan asymmetries. Research works aimed to develop 
methods to provide seismic demand estimates of multi-storey torsionally balanced (TB) 

buildings have been conducted for decades (e.g., Westergaards 1933; Miranda & 
Akkar 2006). Extensive research has also been conducted on torsionally unbalanced 
(TUB) buildings based on single-storey bui lding idealisation (e.g., Dempsey & Tso 1982; 

Hao & Shen 2001) and restricted class of multi-storey TUB buildings (e.g., Cheung & 
Tso 1987; Ghersi & Rossi 2001). Many of the findings are contradictory making it 

difficult to withdraw definitive design recommendations. 
The method introduced in this paper is aimed at approximating results of 

dynamic analyses required by current codes of practice (e.g., AS1170.4-2007 

(Standards Australia 2007); Eurocode 8 (EN 1998-1 2004)) assuming linear elastic 
behaviour. The displacement demands on the buildings can be estimated by applying 
the behaviour factor, or structural modification factor, in accordance with the codes. 

Section 2 presents the developed method for the analysis of multi -storey buildings 
without plan asymmetry (torsionally balanced buildings). The method will be extended 

in Section 3 to account for the effects of higher modes on the displacement demand of 
multi-storey torsionally balanced buildings. The Generalised Lateral Force Analysis 
Method will also be extended in Section 4 to account for the effects of torsion caused 

by plan asymmetry. The robustness of the method has been demonstrated on 
multi-storey buildings featuring vertical irregularities and plan asymmetries. Dynamic 

analyses can be computationally expensive especially as far as three-dimensional 
dynamic analysis is concerned and hence the developed method will provide significant 
time savings in the seismic assessment of this type of buildings. 

 
2. GENERALISED LATERAL FORCE ANALYSIS METHOD (GLFM) FOR 

TORSIONALLY BALANCED (TB) BUILDINGS 

 
A Generalised Lateral Force Analysis Method (GLFM) for torsionally balanced 

multi-storey buildings is introduced in this section. The proposed method can be used 
to obtain the displacement and inter-storey drift demand of multi-storey buildings 

without the need of conducting dynamic analyses.  
First, an equivalent static analysis can be performed in accordance with 

standard seismic design procedures (e.g., AS 1170.4:2007 (Standards Australia 2007), 

Eurocode 8 (EN 1998-1 2004). The deflection value at each floor can be obtained from 
the equivalent static analysis method as shown schematically in Fig. 1. 



The multi-storey building response can be idealised into a single-degree-of-

freedom (SDOF) response by calculating the effective displacement of the buildings 
(    ): 
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and the effective mass of the buildings (    ): 

     
(∑    )

 

∑    
           (2) 

where, mi and  i are the mass and displacement of floor i, respectively.  

The effective stiffness (keff) and effective natural period (Teff) of the buildings can 

be calculated by: 
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where, V is the horizontal equivalent static shear force, and: 
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          (4) 

The capacity diagram can be plotted in the acceleration vs displacement format 

(Fig. 2a), where the effective acceleration (aeff) is 

     
 

    
           (5) 

 

 
Fig. 1 Displacement values based on equivalent static analysis 

 
(a)          (b) 

 

Fig. 2 (a) Capacity diagram in the acceleration vs displacement format, (b) 
Superposition of the capacity and demand diagrams 



The capacity diagram can be superposed onto the demand diagram in the 

acceleration-displacement response spectrum format (the ADRS diagram) as shown 
schematically in Fig. 2b to identify the performance point representing the displacement 

demand on the bui ldings (*
eff). The construction of the ADRS diagram has been 

presented in Wilson and Lam (2006). The displacement demand (*
eff) is then used to 

obtain the displacement demand values at each floor level of the buildings (Fig. 3). 

 
 

Fig. 3 The displacement demand values of the buildings 
 

The Generalised Lateral Force Analysis Method (GLFM) was used to estimate 

the drift demand imposed on six-storey buildings featuring vertical irregularities. The 
buildings are laterally supported by moment resisting frames and reinforced concrete 
shear walls. The lateral load resisting elements are located such that the building is 

symmetrical in plan. Some of the columns on the 2nd floor in the moment resisting 
frames of the buildings were discontinuous, resulting in vertical irregularities in the 

buildings. The typical plan view and plan view of the 2nd floor of the building is 
presented in Fig. 4a and 4b, respectively. The three-dimensional view of the building 
model is presented in Fig. 5. The height of the bui ldings was 21.2 m. The geometric 

and material properties of the elements of the buildings are summarised in Table 1. 
 

 
(a) typical floor 



 

(b) 2nd floor 

 
Fig. 4 Plan views of the case study TB building 

 
 

Fig. 5 Three-dimensional view of the TB building model 
 

Table 1 Dimensions of principal structural elements and material properties (mm) 

 
Element Slab Walls Beams Columns 

Type  Core Shear Standard Transfer A B 

Material RC RC RC RC RC RC RC 

Width 

(mm) 

- 200 200 280 300 350 300 

Depth 
(mm) 

250 - - 450 1600 350 300 

Length 
(mm) 

-     - -    

RC – reinforced concrete with modulus of elasticity of  24.5 GPa and density of 2500 kg/m
3
 

 



Lateral loads calculated based on the equivalent static analysis in accordance 

with AS1170.4-2007 (Standards Australia, 2007) were applied on the building. The 
building was assumed to be constructed on a class B site in Melbourne (kpZ = 0.08). 

The distribution of the base shear to each floor and the displacement demand 
calculated using the equivalent static analysis are presented in Table 2. 

 

Table 2 The lateral force and displacement demand  
 

 

 

 

Based on Eqs. (1) to (5): 
           ;                ;                 ;             ;  

               ⁄   

The capacity curve plotted based on the effective displacement      and 

acceleration      values was superimposed onto the demand diagram in the 

acceleration-displacement response spectrum format (the ADRS diagram) in Fig. 6. 
The performance point representing the displacement demand on the building     * is 

9.2 mm. The displacement values for each floor based on this performance point is 
shown in Table 3.  

The displacement demand values based on the GLFM was compared with 
results from dynamic modal analysis in Fig. 7. The dynamic analysis was conducted 

based on the design response spectrum in accordance with AS1170.4-2007 for site 
class B. The kp Z value of 0.08g was adopted in the analyses. The GLFM has been 
shown to be able to provide reasonable estimates of the displacement demands of the 

buildings.  

Floor i Mass (m i) 
tonne 

Height (z i) 
m 

Lateral force (   
    

    

∑    
    ) 

kN 

Displacement (i) 

mm 

Story6 1237 21.2 2615.0 12.2 

Story5 1319 18 2290.6 10.2 
Story4 1203 14.8 1865.0 8.0 

Story3 1198 11.6 1449.8 5.8 
Story2 1198 8.4 1132.9 3.8 

Story1 1152 4.2 513.1 1.4 



 
 

Fig. 6 Superimposing the capacity curve onto the ADRS diagram 
 

Table 3 Displacement demands based on the performance point 
 

 

 
 

 
 
 

 
 

 

 
 

Fig. 7 Comparison between results from the GLFM and dynamic analysis, 6-storey TB 
building 
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mm 

  
      

       ⁄  

mm 

Story6 12.2 12.9 
Story5 10.2 10.8 

Story4 8.0 8.5 
Story3 5.8 6.2 

Story2 3.8 4.0 
Story1 1.4 1.5 

aeff 

eff eff* 

aeff* aeff* 



3. GLFM FOR TB BUILDINGS INCORPORATING HIGHER MODES EFFECTS 

 
The effects of higher modes have been ignored in the method introduced in 

Section 2. Higher modes effects on a building become significant when the higher 
modes of response is large enough to contribute to the overall response of the building. 
This is illustrated schematically in Fig. 8 on a displacement response spectrum diagram. 

When the spectral displacement at the fundamental period of a bui lding (RSD(T1)) is 
much larger than that at the second modal period of the building (RSD(T2)) as 

presented schematically in Fig. 8a, the effects of higher modes on the displacement 
demand are insignificant. The effects of higher modes can be significant when the 
response spectral displacement at the second modal period of the building is similar to 

the spectral displacement at the fundamental period of the building (Fig. 8b). 
 

 
(a) insignificant higher modes effects 

 
(b) significant higher modes effects 

 
Fig. 8 Higher modes effects on displacement demand of buildings 

 

Dynamic modal analysis was conducted on a TB 20-storey building with the 
plan views presented in Fig. 4 and geometries presented in Table 1. The building was 

subject to the design response spectrum for site class C (stiff soil site) proposed by 
Tsang et al. (2017) for regions of lower seismicity. The design response spectrum in 



the displacement and ADRS format is presented in Fig. 9. The kp Z value of 0.08g was 

adopted in the analysis. The number of storeys and the design response spectrum 
were selected to illustrate the higher modes effects. Results from the dynamic analysis 

is compared to those obtained from the GLFM in Fig. 10. It is shown that the effects of 
higher modes on the displacement demand of the bui lding are significant. The GLFM is 
not able to provide accurate estimates of the displacement demand for this building.   

  

    
   (a) displacement format    (b) ADRS format 

 

Fig. 9 Design response spectrum for class C site and kp Z of 0.08 (Tsang et al. 2017) 
 

 
 

Fig. 10 Comparison between results from the GLFM and dynamic analysis, 20-storey 
TB building 

 
Parametric studies have been conducted by the authors to investigate the 

effects of vertical irregularities caused by discontinuities of columns on the 

displacement demand of a building (Mehdipanah et al. 2016). The studies have been 
conducted on multi-storey bui ldings of varying heights. The buildings are supported by 

reinforced concrete walls and moment resisting frames. Several building configurations 
with varying contribution of moment resisting frames to the lateral stiffness of the 
building were investigated. The details of the studies have been presented in 

Mehdipanah et al. (2016). Results from the studies presented in the form of modal 
displacement versus normalised height of the buildings are presented in Fig. 11 for the 
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first and second mode of response. The modal displacement is defined as the product 

of participation factor and modal deflection shape (.) obtained from dynamic modal 

analyses.  

    

       
          (a) first mode                          (b) second mode 

 
Fig. 11 Modal displacements obtained from parametric studies (Mehdipanah et al. 2016) 

 

It was found from the studies (Fig. 11) that the modal displacement values are 
not significantly affected by the building parameters. The ratio of the second modal 

period (T2) to the fundamental period of vibration (T1) was also found to be consistent. 
The mean of T2/T1 ratio obtained from the analyses is equal to 0.25. The mean values 
of the modal displacements are presented in Table 4  for the first and second mode of 

response. Based on the mean of T2/T1 ratio and the generalised modal displacements 
presented in Table 4, the contribution from the second mode to the overall 
displacement response (    

 ) can be defined by: 

    
             (      )      (6) 

where,         is the modal displacement value at the i th floor of the building and 

   (      ) is the spectral displacement at the second modal period (taken as 0.25 of 

T1) of the building. 

The contribution from the second mode defined by Equation (6) can be 
combined by the GLFM method introduced in Section 2 based on the square-root-of-
the-sum-of-the-square (SRSS) combination rule: 

               
  √  

             (      )            (7) 

where,                
  is the displacement value at the i th floor of the building taking into 

account higher modes effects and   
  is the displacement value at the i th floor of the 

building based on the GLFM presented in Section 2. T1 is the fundamental period of 



vibration of the building defined by Eq. (4). The displacement estimates taking into 

account higher modes effects are compared with the results of dynamic analysis of the 
20-storey building in Fig. 12. It is shown that the modified GLFM method is able to 

provide reasonable estimates of the displacement demand of the building.  
   
Table 4 Generalised modal displacements 

 

Normalised height 
      

First mode Second mode 

0 0 0 

0.1 0.07 -0.17 
0.2 0.18 -0.35 

0.3 0.32 -0.50 
0.4 0.47 -0.57 

0.5 0.63 -0.55 
0.6 0.81 -0.42 

0.7 0.98 -0.20 
0.8 1.14 0.08 

0.9 1.30 0.37 
1.0 1.43 0.64 

 

 
 

Fig. 12. Comparison between results from the modified GLFM (incorporating higher 

modes effects) and dynamic analysis, 20-storey TB building 
 

4. GLFM FOR TORSIONALLY UNBALANCED (TU) BUILDINGS 

 
In this section, the Generalised Lateral Force Analysis Method (GLFM) is 

introduced for torsionally unbalanced (TU) buildings. The method is based on idealising 
a multi-storey building into an equivalent single-storey building model and applying 

expressions to obtain estimates of the maximum displacement demand at the edges of 
the TU buildings. 
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4.1 Maximum edge displacement for TU buildings  
Expressions to provide estimates of the maximum displacement demand at the 

edges of TU buildings have been derived by Lam et al. (2016). The expressions have 

been derived based on a single-storey building model is summarised in this sub-section. 
The floor plan of building models employed in the investigation had a uni -axial 
asymmetrical arrangement of lateral resisting elements (Fig. 13). Building models with 

uni-axial asymmetry has been shown to be able to provide conservative estimates for 
the torsional response behaviour of buildings with bi-axial asymmetry (Tsicnias 1981; 

Stathopoulos & Anagnostopoulos 2003). 
The torsional response behaviour of a TU building is governed by a few 

parameters:  

i) e is the eccentricity; ii) Kx is the translational stiffness of the TU building; iii) K is the 

torsional stiffness of the TU building; iv) m is the mass of the TU building; v) J is the 
torsional mass of inertia of the TU building (    ), where r is the mass radius of 

gyration; vi) Parameter “b” ( √    ⁄ ) is used to represent the torsional stiffness 

properties of the TU building. 

 
 

Fig. 13 Uni-axial asymmetry single-storey building model 

 
The maximum displacement demand at the edges of the TU building was 

obtained by solving a dynamic equilibrium equation: 
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where,   is the translational natural angular velocity of the uncoupled mode of 

vibration and    is the natural angular velocity of the coupled modes of vibration.  

Letting    
  

  
 

  
  , the eigenvalue solution for Eq. (8) is given by: 
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         (9)  

The dynamic equation equilibrium (Eq. (8)) has two eigenvalues solution.    
defines the first coupled natural angular velocity and is smaller than 1.0,    defines the 

second coupled natural angular velocity and is larger than 1.0. 
 

The eigenvector solutions for Eq. (8) representing the mode shapes of the 
building is given by: 

{
    
  
}  {

 

(
  
   

  
)}          (10) 



where,        and        . 
Based on the eigenvalue and eigenvector solutions provided by Eqs. (9) and 

(10) and using the SRSS combination rule, the maximum displacement at the edges of 

the building (Fig. 13) are provided by Eq. (11). The SRSS combination rule has been 
shown to be able to provide reasonably accurate estimates of the maximum 

displacement demand of TU buildings (Lumantarna et al. 2013).  

   (   )  √∑ (    (   )) 
 

    
     (    )

 
         (11) 

where,     is the maximum displacement at the stiff edge of the building and     is 

the maximum displacement at the flexible edge of the building.    (    )  is the 

response spectral displacement value at the coupled modal period    of the building.  

The maximum displacement of the TU building can be presented in the form of 

displacement ratio (   )⁄ .  is the maximum displacement of the TU building at the 

edges and o is the maximum displacement of the equivalent torsionally balanced (TB) 

building. The displacement ratio is defined for the acceleration, velocity and 
displacement controlled conditions (presented schematically in Fig. 2b) by Eqs. (12a – 

12c).   
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for the acceleration-controlled conditions,  
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for the velocity-controlled conditions, and 
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                    (12c) 

for the displacement-controlled conditions. 
 

4.2 Idealisation of a 3-D TU building into a single storey bui lding model and illustration 
by an example 

 

The torsional behaviour of TU buildings can be represented by single-storey 
building models with similar torsional properties (represented by eccentricity (e) and 

torsional stiffness parameter (b)). A method to determine the values of e and b for the 
multi-storey buildings is presented in this section. The method is illustrated by a case 
study of the six-storey reinforced concrete building presented in Section 2. However, 

the reinforced concrete cores and shear walls were positioned such the building 
features a plan asymmetry (Fig. 14). The building features vertical irregularities caused 

by discontinuities of its columns on the second floor as shown in Fig. 14b. The mass 
radius of gyration of the building is 16 m. The mass and er values of the individual 
floors are listed in Table 5. 

 
 



Table 5 Eccentricity of the building 

 
Floor i Eccentricity      er 

x-direction y-direction 

1 0 0.96 
2 0 0.95 

3 0 0.92 
4 0 0.91 

5 0 0.89 

6 0 0.90 

 

 
(a) typical floor 

 
(b) 2nd floor 

 
Fig. 14 Plan views of TU building 1 

 



To obtain the eccentricity and torsional parameter of the equivalent single-

storey building model, lateral loads calculated in accordance with AS1170.4-2007 
(Standards Australia, 2007) were applied at the center of mass (CM) of each floor. The 

building was assumed to be constructed on a class B site. kp Z of 0.08 was also 
assumed. The effective displacement of the multi-storey building model can be 
determined using Eq. (1). The maximum displacement () and rotation of the building 

( ) as schematically shown in Fig. 15a were obtained based on the effective 

displacement at the edges of the building. To obtain the maximum displacement (2) 
and the rotation of the bui lding (  ) (shown in Fig. 15b), the lateral loads were then 

applied at an arbitrary location which is further away from the CM of the building (for 
example, 0.05 of the building width (2B) from the CM). The displacement and rotation 

values for the TU building presented in Fig. 14 are summarised in Table 6. 
 

    
(a) lateral load applied at CM (b) lateral load applied at 0.05 of the building’s width 
 

Fig. 15 Applying lateral load to determine maximum deflection and rotation of the TU 

building 
 

Table 6 Edges displacement and rotation of the TU building 
 
Lateral load applied at CM (Fig. 15a) Lateral load applied at 0.05 of the 

building’s width (Fig. 15b) 
  2 2 

41 mm 0.0009 rad 50 mm 0.0012 rad 

 
The CR of a building is a location on the building at which the lateral load 

applied will only result in translational displacement of the building ( = 0).   Based on 

the values of  and 2 the value of eccentricity e can be found by extrapolation Fig. 16a. 

Similarly, based on the values of , 2 and e the value of the translational displacement 

(o) can be found by extrapolation (Fig. 16b). 

The torsional stiffness parameter    (normalised with respect to the radius 
gyration of the building (r)) can then be obtained from the relationship between the 

displacement edge ratio and the torsional parameters when a static load is applied at 
the CM of the building:  
 

  
   

  (     )

  
           (13) 

where,   is the maximum displacement of the TU building subject to a static load 

applied at the CM (   is equal to   shown in Fig. 15a),    is the translational 

displacement, er and br are the eccentricity and torsional stiffness parameter, 



respectively, normalised with respect to the radius of gyration of the building (r). Br is 

half of the width of the building normalised with respect to the radius of gyration of the 
building.  

 
 

  
(a) CR location   (b) translational displacement 

 
Fig. 16. The location of CR and the translational displacement of the equivalent single-

storey building model 

 
For the six-storey building presented in Fig. 15,   = 41 mm,    = 9.4 mm, er = 

0.88 and Br =1.3. Based on Equation (13), br = 0.76. As the fundamental period of the 
buildings are in the velocity-controlled range of the response spectrum, Eqs. (9), (10) 

and (12b) were used to calculate the displacement ratio for the stiff and flexible edges 
of the buildings.  

The eccentricity er, torsional stiffness parameters br and the displacement ratio 
(/o) at the flexible and stiff edges for the building are summarised in Table 7. 

 
Table 7 Eccentricity, torsional stiffness parameter and displacement ratio of the building 
   /o 

Building er br Flexible edge Stiff edge 

6-storey TU 
building 1 

0.88 0.76 2.36 0.72 

 
The maximum displacement at the edges of the TU building were estimated by 

multiplying the displacement ratio presented in Table 7 with the translational 

displacement values of the TU buildings. The translational displacement values of the 
buildings were obtained using the GLFM introduced in Section 2 ( i* in Table 3).  

To validate the proposed method, the maximum displacement values at the 
edges of the TU buildings were compared with those obtained from dynamic modal 

analysis. The dynamic analysis was conducted based on the design response 
spectrum in accordance with AS1170.4-2007 (Standards Australia, 2007) for site class 
B and kp Z value of 0.08g. The lateral maximum displacements at the edges obtained 

from both methods of analysis are shown in Fig. 17 demonstrating that the method 
provides reasonable estimates of the displacement demand of the TU building. 
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   (a) flexible edge                           (b) stiff edge 

 

Fig. 17 Comparison between results from the GLFM and dynamic analysis, 6-storey TU 

building 1 with vertical irregularities (plan views - Fig. 14) 
 

To test the robustness of the method further analyses were conducted on 
six-storey building models with and without vertical irregularities. The plan views of the 
building model featuring vertical irregularities are presented in Fig. 18. The typical plan 

views of the building models without vertical irregularities are presented in Figs. 14a 
and 18a. The eccentricity and torsional parameter (er  and br) for the equivalent single 

storey building models are presented in Table 8. The values of er  and br  are not shown 
to be affected by local discontinuities of columns. The lateral maximum displacements 
at the edges obtained from both methods of analysis are shown in Figs. 19 - 22 

demonstrating that the robustness of the method. 
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(a) typical floor 

 
(b) 2nd floor 

 
Fig. 18 Plan views of TU building 2 

 
Table 8 Eccentricity, torsional stiffness parameter 

 
Building Vertical 

irregularities 
er br 

6-storey TU 
building 1 

YES 0.88 0.76 
NO 0.88 0.78 

6-storey TU 
building 2 

YES 0.39 0.71 
NO 0.40 0.70 



     
   (a) flexible edge                           (b) stiff edge 

 
Fig. 19. Comparison between results from the GLFM and dynamic analysis, 6-storey 

TU building 1 without vertical irregularities (plan view - Fig. 14a) 

        
     (a) flexible edge                           (b) stiff edge 
 

Fig. 20. Comparison between results from the GLFM and dynamic analysis, 6-storey 
TU building 2 with vertical irregularities (plan views - Fig. 18) 
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        (a) flexible edge                           (b) stiff edge 

 

Fig. 21. Comparison between results from the GLFM and dynamic analysis, 6-storey 

TU building 2 without irregularities (plan view - Fig. 18a) 
 

5. CONCLUSIONS 

 
Many of new and existing reinforced concrete buildings feature vertical 

irregularities and plan asymmetry. Cotemporary seismic design guidelines generally 
require dynamic analyses to be conducted on such buildings.  

This paper introduces a simple and accurate analysis method, referred to as the 

Generalised Lateral Force Analysis Method, to provide estimates of displacement 
demand of multi-storey buildings including those featuring vertical irregularities and 

plan asymmetries. Sets of equations have been proposed for torsionally balanced (TB) 
multi-storey buildings. The equations have been modified based on generalised modal 
displacements to account for higher modes effects. The method has been extended to 

provide estimates of the maximum displacement demand at the edges of torsiona lly 
unbalanced (TU) buildings.  

The method has been verified by comparison with results from dynamic 
analyses. The Generalised Lateral Force Analysis Method can provide significant time 
savings in the modelling and analysis of asymmetrical buildings.     
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