
















 
 
 
 
 
 

Chrysanthi G. Stathi, Nikolaos P. Bakas, Nikos D. Lagaros and Manolis Papadrakakis 

where for simplification reasons the time step t is excluded in the description that follows. The 
proposed expression for ROT is based on the sum of absolute values of torsion-induced shear 
forces developed on the structural elements normalized to the base shear which is imposed to the 
structure by the seismic action. In this way, the amplification of the imposed base shear VEy due to 
torsion is quantified. It should be noted that for the special case that Eq. (6) becomes equality ROT 
formulation is not affected, since the difference between the sum of the absolute value of shear 
forces and their algebraic sum is equal to zero and consequently its contribution to the numerator 
of ROT formulation is also zero. 

In the case of the unidirectional seismic ground motion along y axis considered, the structural 
elements resisting along the transverse direction x usually contribute to the torsional stiffness in 
the elastic range. Consequently, only torsion-induced shear forces are developed in these elements 
(Paulay 1997). In this case using Eq. (11) ROT becomes 

 
' '' ' '' '' ''

1 1 2 2 3 4yy yy yy yy xy xy Ey

Ey

V V V V V V V
ROT

V

�� �� �� �� �� ��
�                               (12) 

The static equilibrium of forces acting on the diaphragm of the structure is given by 
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Therefore, substituting Eq. (13) in Eq. (12), the ROT becomes 
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or 
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which can be written in a compact form as 
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The numerator of Eq. (16) represents the sum of the absolute values of the additional torsion-
induced shear forces and the denominator represents the base shear imposed by the seismic 
excitation. ROT belongs to the cumulative indices, since the shear component of each individual 
element is added and subsequently the base shear is subtracted in order to obtain the total amount 
of torsional amplification. Thus, the total amount of torsional effect is significantly larger than that 
of each individual element. This divergence increases as the number of elements of the structure 
increases. 

In order to implement the proposed index to multistory buildings, Eq. (11) is calculated for 
every story of the building and the global value of the index is defined as the sum of the ROT 
value at each story 
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Table 5 Test example 3 - Vibration periods and uncoupled frequency ratios 

 1T  2T  3T  t
x

x

�Z
�Z

� : �   t
y

y

�Z
�Z

� : �   

sym 0.9431x 0.8486y 0.5998t 1.5724 1.4148 
ecc0.05 0.9464x 0.8063y 0.5711t 1.6572 1.4118 
ecc0.10 0.3753x 0.3539y 0.2519t 1.4898 1.4049 
ecc0.20 1.0648x 0.8996y 0.6097t 1.7464 1.4755 

 
Table 6 Test example 4 - Vibration periods and uncoupled frequency ratios 

 1T  2T  3T  t
x

x

�Z
�Z

� : �   t
y

y

�Z
�Z

� : �   

ecc 1.0074x 1.0059y 0.6988 t 1.4416 1.4395 
ecc0.05 1.0218x 1.0074y 0.7006 t 1.4585 1.4379 
ecc0.10 1.0633x 1.0074y 0.6851 t 1.5520 1.4704 
ecc0.20 1.1933x 1.0074y 0.6313 t 1.8902 1.5958 

 
 

5.1 Test example 1 
 

The first test example is a 3D single-story structure subjected to bidirectional seismic 
excitation, shown in Fig. 3 along with its CM and some features for the eccentric designs. The 
normalized maximum values with respect to the symmetric design of the shear forces developed at 
the vertical resisting elements along the y direction are provided in Fig. 4 and the corresponding 
normalized diaphragm displacements are shown in Fig. 5. The trend observed for the interstorey 
drifts coincide with that of the displacements and therefore they are omitted due to space 
limitation. The observed trend for torsionally stiff buildings is confirmed in this case for the elastic 
state of response. Reduced values are developed for the displacements and shear forces along y 
direction for the structural elements located at the stiff side (i.e., col1 and col6) and increased 
values for the elements located at flexible edge (i.e., col11 and col16) as shown in Figs. 4 and 5. 
Similar behavior is observed along x direction. Once the system enters the elastoplastic state and 
elements start yielding, as in the case of 2/50 hazard level, the location of the rigidity center cannot 
been defined since the stiffness does not remain constant and therefore it is not possible to define 
accurately the flexible and stiff side of the system.  

Figs. 6(a)-(c) depict the trend of the base torque, diaphragm rotation and ROT values calculated 
for the three hazard levels considered. The base torque, diaphragm rotation and ROT values 
increase proportionally to the magnitude of eccentricity for all states of response. The calculation 
of ROT is based on internal shear forces for each hazard level and can be directly correlated to the 
amplification of the shear forces developed on the vertical structural elements due to torsional 
effect. Taking into account that torque is sustained by a system as pairs of shear forces whose 
resultant is zero, higher ROT values indicate higher effect of torsional effect on the structural 
elements. For the symmetric system, ROT magnitude is zero or almost zero for all states of 
response, while for the system characterized by 20% eccentricity (ecc0.20) the shear forces were 
amplified by more than four times due to torsion for the 10/50 hazard level (Fig. 6(b)) and six  
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