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SUMMARY: 
Inter-story drift is an important indicator of structural behaviour in performance-based seismic analysis. This 
paper describes the definition and contents of the inter-story drift. Existing calculation methods for harmful and 
harmless inter-story drift are revisited first. Their advantages and shortcomings are compared. Finally, the 
generalized shear deformation of region, which seems to be suitable for structures predominated by 
flexural-shear deformation, is introduced and evaluated. 
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1. INTRODUCTION 
 
Inter-story drift is one of the particularly useful engineering response quantity and indicator of 
structural performance, especially for high-rise buildings. However, many researchers and engineers 
do not notice the difference between inter-story drift and harmful inter-story drift. Also, few 
programmers have considered the harmful inter-story drift in their structural analysis procedure. So 
they may unreasonably use the inter-story drift as unique standard for structural behaviour judgment, 
which may eventually lead to unacceptable results and relatively conservative conclusions. As a result, 
considerable work has been done to investigate on the calculation methods and reasonable limit values 
of the inter-story drift for different structure types (Zhen and Xie, 2010; Deng et al., 2008; Wei and 
Wang, 2006; Xu, 2005; Xin et al., 2000; Zhang et al., 1999). However, these methods focus on 
calculating the harmful displacement of structures predominated by global flexural or flexural shear 
deformation, such as shear wall and frame-shear wall structures. In addition, there are still no 
provisions in current codes in China about a reasonable and formal calculation method for the harmful 
displacement (GB50011, 2010). Therefore, it’s urgent for researches to further study the inter-story 
deformation and put forward a simple and effective approach on harmful inter-story drift calculation. 
 
 
2. INTER-STORY DRIFT 
 
Current codes (GB50011, 2010) in China define the inter-story drift of building structures as relative 
translational displacement between two consecutive floors. It consists of the following three parts. 
(1) Inter-story shear drift induced by vertical members; 
(2) Inter-story flexural drift induced by vertical members in calculated story bu ; 

(3) Inter-story flexural drift induced by vertical members in inferior story '
bu . 

So the inter-story drift of i-th story can be denoted as 
 

'( )i si biu u u u       si  (2.1) 

where i is the story number. Note that the torsion rotation of story is not considered in this study. 



The inter-story drift is divided into two parts including harmful and harmless drift by structural 
researchers in China (Xu, 2005; Zhang et al., 1999). The harmful inter-story drift refers to the drift that 
can directly make damages to the calculated story and is induced by deformation of the vertical 
members of the calculated story. So it can be obtained from Eqn. 2.1, and written as 
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 (2.2) 

 
The harmless inter-story drift is caused by the flexural deformation of vertical members in inferior 
story, or the rotation of the inferior floor. It is considered to be harmless to the calculated story as no 
internal drift but rigid body deformation occurs. So the harmless inter-story drift of i-th story equals 

to . Thus, the relationships between harmful and harmless inter-story drift can also be expressed as '
bu

 
'

i iu u u     (2.3) 

 
For shear-type buildings, such as frame structures, the displacement induced by floor rotation is much 
smaller than translational displacement, so the harmful inter-story drift is usually ignored in 
engineering analysis nowadays. However, with the increment of height, this rotation effect may be rise 
up and can’t be ignored, which need to be further studied in future work. In addition, the inferior floor 
rotation will induce large rigid body displacement for shear wall and frame-shear wall structures, 
based on plane-section of wall bending. The following sections focus on evaluating the current 
methods for inter-story deformation. 
 
 
3. CALCULATION METHODS FOR THE HARMFUL INTER-STORY DRIFT 
 
Four current methods for calculating harmful inter-story drift are introduced in this paper. It should be 
noted that these methods are just suitable for shear wall structures, predominated by global flexural 
deformations and based on plane-section assumption. The following sections describe these methods 
and compare their advantages as well as shortcomings. 
 
3.1. Secant Method 
 
One of the first formal provisions for calculating harmful inter-story drift of buildings is the 
Guangdong provincial additional regulations (JGJ3, 2005). In this code, the harmful inter-story drift 
can be calculated by 
 

1 1 1i i i i i i iu u u h u h           (3.1) 

 
where denotes harmful inter-story drift of the i-th story, ui and ui-1 refer to the i-th and i-1-th story 

horizontal displacement, θi-1 is the horizontal displacement angle of the i-1-th story, hi is the i-th story 
height. This method essentially shows the idea that the harmless inter-story drift, induced by the 
inferior floor rotation (rigid body rotation), should be subtracted from the total deformation. However, 
as can be seen from Fig. 3.1, this method assumes that the inferior floor rotation angle is equal to θi-1, 
the secant angle of the horizontal deformation of i-1-th story. But in actual practice, they may be 
unequal. So we call it secant method. As a result, it may bring some errors and obtain relatively larger 
harmful inter-story drift theoretically, which should be evaluated in future work. 

iu 

 
3.2. Improved Secant Method 
 
Based on the same principles of the secant method, Deng (2008) derived a simple expression of the 
harmful inter-story drift based on recursion method, denotes as 
 



1i iu u u     i  (3.2) 

 
Actually, we can directly obtain Eqn. 3.2 assuming hi-1 equals to hi in Eqn. 3.1. By this assumption, 
Eqn. 3.2 can be also derived easily from Xu’s study (Xu, 2005), in which harmful inter-story drift 
angle is defined as 
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This approach provides an easy and convenient way to calculate harmful displacement. However, it 
actually is equivalent to the first method based on the same principles and assumptions. So it will 
produce the same errors as the first method. 
 
3.3. Tangent Method 
 
To reduce these errors, the tangent method is put forward. Just as the name implies, this method 

replaces θi-1 in Eqn. 3.1 by i , the average value of the tangent angle at the bottom end of all vertical 

members in the whole story (see Fig. 3.2). By comparison, the tangent angle is much approach to the 
practical floor rotation than secant angle mentioned above. However, the tangent angle is a mean value, 
which is averaged by deformation of vertical structural members. It proves in practical engineering 
that the inter-story drifts are sometimes predominated by the deformation of critical member, so it is 
still need to be further studied for the relationships between the global inter-story drift and local 
member deformation. 
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Figure 3.1. The secant method principle             Figure 3.2. The tangent method principle 
 
3.4. Fixing Floor Method 
 
When calculating , fix the i-1-th floor, by limiting all the rotation and translational degrees at the 

bottom ends of all vertical members, and apply the same static loads at floors beyond the i-1-th floor 
as the case without fixing floor. As shown in Fig. 3.3, θi-1 equals to zero. It means that there is no 
harmful drift induced by the rotation of inferior floor, and the total calculated deformation is 
considered to be harmful to structures. So we can easily obtain 

iu 

 

iu   iu  (3.4) 

 



This method provides a direct way to calculate harmful inter-story drift. However, there are such 
shortcomings as follows. Firstly, this method consumes too much time to get the harmful drift at each 
story, as it needs to build n structural models and fix an identical floor at each case. It seems to be too 
complicated in practical analysis. Secondly, the boundary conditions, which are changed when fixing a 
floor, are different form the origin model and may make some errors. Finally, this method is just 
suitable for the static analysis cases, because in dynamic analysis, it becomes impossible to predict the 
dynamic load carried by each floor due to the randomness of earthquakes. 
 

i iu u 

 
 

Figure 3.3. The fixing floor method principle 
 
3.5. Numerical Example 
 
In order to evaluate the above methods, a shear wall model is analysed by structural static/dynamic 
analysis program CANNY (Li, 2010) and the harmful drifts are calculated. For brevity, the shear wall 
structure has been established as a simplified plane model (Fig. 3.4), and the wall elements are 
modelled based on prescribed moment-rotation relationships. The harmful drifts obtained from 
different methods are compared in Fig. 3.5. As shown in the figure, the harmful inter-story drift angle 
is much smaller than the total inter-story drift angle, with larger deformation in lower stories and 
smaller deformation in higher stories. The harmful drifts calculated by the tangent method are much 
approach to that by the fixing floor method, which is considered as a relatively accurate but much 
complicated approach. However, the harmful drifts calculated by the secant method are larger in 
comparison to another two methods, especially in lower stories. 
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Figure 3.4. Shear wall model               Figure 3.5. Harmful drift angle comparison 



4. GENERALIZED SHEAR DEFORMATION OF REGION 
 
Since the high-rise buildings, especially for frame-shear structures, are usually predominated by 
flexural-shear deformation rather than pure flexural or shear deformation and may not be strictly 
confirm to the plane-section assumption, a new parameter named generalized shear deformation was 
put forward by Xin (2000). In his study, the structure is divided into three different regions of wall, 
frame and coupling beam as shown in Fig. 4.1, assuming each region has different generalized shear 
deformation as 
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where i is the story number, j is the member number, lij is the span of j-th member, Δuij and Δvij are the 
horizontal and vertical displacement of the j-th member, respectively. Considering the incompatibility 
of different members, this method offers a way to calculate the harmless displacement induced by each 
region. The rigid body rotation of i-j region is defined as the ratio of vertical displacement difference 
of members and the corresponding span, denoted as 
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Figure 4.1. Definition of generalized shear deformation of region 
 
To demonstrate the general shear deformation of different regions, a simplified plane shear-wall model 
is established (Fig. 4.2) and pushover analyse has been conducted. The general shear drifts in terms of 
wall, coupling beam, and frame regions are presented in Fig. 4.3. As shown in the figure, the general 
shear drifts in shear wall region are much smaller than total inter-story drifts. However, the general 
shear drifts in frame region are much approach to total inter-story drifts, and that in coupling beam 
region are somehow larger than the total inter-story drifts. 
 
This general shear deformation of region is based on the rigid floor assumption in the vertical direction. 
However, in frame members, if the node of vertical member has no rotation but only vertical 
displacement, then it results in no floor rotation but only vertical shear deformation because the floor 



slab is thin and usually treated as no stiffness in the direction of out floor plane, as shown in Fig. 4.4. 
In this case, such definition is not acceptable. Therefore, the CANNY program author (Li, 2010) 
insists that the floor rotation must be accompanied by the rotation of the structural nodes with relevant 
effective connection elements and has included it in the CANNY program, which is much approach to 
the practical analysis. 
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Figure 4.2. Frame hear wall model                 Figure 4.3. Harmful drift angle comparison 
 

 
 

Figure 4.4. Deformation induced by node vertical displacement in frame structure 
 
In wall structure, through plane-section assumption of the wall bending, the node vertical 
displacement seems to be relevant to the inter-story displacement (see Fig. 4.5). However, in this case 
the node rotation can also represent the effect of the vertical displacement on the inter-story 
displacement. 
 

 
 

Figure 4.5. Deformation induced by node vertical displacement in wall structure 
 



5. CONCLUSION 
 
This paper clarifies the contents of inter-story drift, and the definition of the harmful and harmless 
inter-story drift. Four current methods for calculating harmful inter-story drift are presented. Their 
advantages and shortcomings are compared.  
 
The secant method shows the idea that the harmless inter-story drift should be subtracted from total 
inter-story drift, but it may make some errors. By comparison, the improved secant method provides a 
relatively simple expression. However, they are based on the same principles and assumptions. To 
avoid the errors introduced by secant angle, the tangent method seems to be much reasonable, but the 
relationship between the global inter-story drift and local vertical member deformation needs to be 
studied. The fourth approach refers to fixing floor method, can directly calculate the harmful 
inter-story drift, but it is difficult for engineering application and impossible for dynamic analysis. 
 
All these methods focus on the structure types predominated by flexural deformation. Thus, a new 
parameter defined as generalized shear deformation of region is introduced, especially for structure 
predominated by flexural-shear deformation. Finally, the advantages and unreasonableness are 
evaluated. It demonstrates that the definition of region rotation is not comprehensive when calculating 
the region harmful displacement. 
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