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TABLE 2. Story Shears in Various Frames of Example Building

Frame A Frame B Frame C
Floor j (kN) (kN) (kN)
(1) 2) (3) (4)
4 2.22 3.32 —
3 3.82 5.88 —_
2 4.26 6.32 4.64
1 4.80 5.42 478

_ (4.26-3.82)(0) +(6.32—5.88)(10) + (4.64)(20)
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TABLE 3. Location of Centers of Rigidity and Floor Eccentricities for Example

Building
Floor Location of center of rigidity Floor eccentricity

i (m) (m)
(1) (2) (3)

4 5.99 0.99

3 6.17 1.17

2 17.55 7.55

1 8.59 —1.41
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K}, =1294.711+694.753+3.474 =1992.938 kg/cm
K}, =-520.418-275.471-1377 = —797.266 kg/cm
K} o =K, =-797.266 kg/cm

:zxz =509.635+129.633+0.648 =639.916 kg/cm
Ky, =K, =K., =K, =0 kg/cm

e =K =K, =K, =0 kg/cm

o =Ko =KJ =K =0 kg/cm
K;lyl =441.099+112.433+170.207 =723.739 kg/cm
K;lyz =-254.098 —44.580 - 67.488 = —366.166 kg/cm
K., =K, =-366.166 kg/cm
K;z)’z =215.358+20.979+ 31.759 = 268.096 kg/cm

K}, = (1294.711)(300) + (694.735)(~100) + (3.474)(~100) = 318590.6 kg

K}, =(-520.418)(100) + (~275.471)(~300) + (1.377)(-300) =31012.6 kg

K} , = (~520.418)(300) + (~275.471)(~100) + (~1.377)(~100) = ~128440.6 kg

K}, = (509.635)(100) + (129.633)(~300) + (0.648)(~300) =11879.2 kg
Ky, =K, =318590.6 kg

Ky, =K}, =—128440.6 kg

K, =K., =31012.6 kg

K, =K, =11879.2 kg
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K, = (441.099)(~400) + (112.433)(~200) + (170.207)(200) = ~164884.8 kg

K}, = (~254.098)(~100) + (~44.580)(100) + (~67.488)(500) = ~12792.2 kg
K; , = (~254.098)(~400) + (~44.580)(~200) + (~67.488)(200) = 97057.6 kg
K; ,, = (215.358)(~100) +(20.979)(100) + (31.759)(500) = ~3558.4 kg
Ky, =K, =—164884.8 kg

K,,, = K;, =97057.6 kg

K, =K., =—12792.2 kg

K;,, =K, =—3558.4 kg

K;lgl = (1294.711)(-300)(—300) + (694.753)(100)(100) + (3.474)(100)(100)

+(441.099)(~400)(~400) + (112.433)(~200)(—200) + (170.207)(200)(200) + (181126.608)
+(95274.390) = 2056641.1  kg.cm

K;,, = (~520.418)(~300)(~100) + (—275.471)(100)(300) + (~1.377)(L00)(300)
+ (~254.098)(~400)(~100) + (~44.580)(~200)(100) + (—67.488)(200)(500) + (—103508.954)
+(~54442.511) =—40097051.4  kg.cm

*

K, =Kj, =—40097051.4 kg.cm

K;,,, = (509.635)(~100)(~100) + (129.633)(300)(300) + (0.648)(300)(300) + (215.358)(~100)

+(215.358)(~100)(~100) + (20.979)(100)(100) + (31.759)(500)(500) + (103.508)
1 (54442.511) = 27282711.47  kg.cm
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Abstract

Intensive research in restricting inelastic damage in torsionally unbalanced building
have been done .But It is not clear what can be defined as a torsionally irregular
building? In this study, the torsional irregularities criteria as suggested by 54 countries
seismic codes are compared with each other.

Generally, seismic codes consider either in plan eccentricity or/and story drift for
assessing torsionally irregularity. But seismic codes differ from each other in two
aspects: 1) Definition of the above parameters (i.e. plan eccentricity and story drift) 2)
The numerical limits of the above parameters where a building can be considered
torsionally balanced system.

In order to compare various code provisions, we classified one 8 stories and one 10
stories building either as regular or irregular according to different codes. The results
were in contradiction to each other, i.e. while the building was regular according to
some codes, it was irregular due to others.

These contradictory results are mainly due to non uniform definition for an unbalanced
system. The complexity involved in determining parameters such as location of center
of rigidity can be another reason for contradiction results. Hence, it seems that more
research is needed to reach generally accepted criteria for defining a torsionally
unbalanced system.

The use of energy-based method to derive seismic design forces is discussed in this
paper. TheEnergy balance concept and other equations to prevent the formation of
undesirable mechanisms to be likely formed in the structure are used in deriving seismic
design forces. The aim of this method is to study the ability of predicting structure’s
behavior in the ultimate level and using of the maximum structure capacity to dissipate
seismic input energy. For comparison between response of structures designed with
equivalent static method and energy-based method, two frames with 10 and 15 story are
designed considering above two methods. For which the results from nonlinear analyses
of the frames are compared. The results indicate that the designed by energy-based
method as compared with equivalent static method to cause an improvement in
structure’s behavior.

Key Words: Torsionally Unbalanced Systems, Torsional Irregularity criteria, Plan
eccentricity, Story Drift, Energy method, added damper, Target displacement,
Hysteretic energy, Energy capacity, Energy demand.
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