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During the earthquake motion, limitation of storey drifts of is important. Maximum storey drifts
for the structures to be constructed in our country has been restricted by Turkish Earthquake
Code (TEC) which is in force since 2007, according to the provision of relative storey drift and
Al, A2 irregularity factors. In the earthquake code which is published as draft in 2016 and is not
in force yet, it has been planning to restrict the storey drifts for with and without gap conditions
of infill wall - frame connections. First of all, it is aimed to investigate the limits of maximum
reduced relative storey drift under specified conditions according to TEC 2007. In this study, the
maximum values of allowable reduced storey drifts were specified separately for reinforced
concrete buildings which have 2.75m — 4.25m storey height interval, according to limitations
specified in section of TEC 2007 that is “Calculation and Limitation of Effective Relative Storey
Drifts” for each of the Structural System Behavior Factors (R). Additionally, as an example,
maximum relative story drifts have calculated according to “Al- Torsional Irregularity” section
of TEC 2007 by using the relative storey drifts which belongs to a building from literature, and
for this building, maximum relative storey drifts has calculated according to “B2- Interstorey
Stiffness Irregularity” section of TEC 2007 for variable interstorey heights. At the end of the
study, maximum values of relative storey drifts in the floor have revealed according to average
storey drifts and storey height ratios.

© 2018, Advanced Researches and Engineering Journal (IAREJ) and the Author(s).

1. Introduction

Due to the fact that a most part of Turkey is located in the

available in the literature [1-5]. However, in this study,
the largest relative reduced storey drifts allowed by the
following sections of the TEC 2007 are calculated.

earthquake zone, earthquake resistant structural design is
very important for our country. The regulations regarding
the earthquake resistant structural design are determined by
standards and regulations. During the earthquake motion,
the drifts that occur in the buildings have an importance in
terms of building safety. The relative storey drifts is limited
by TEC 2007 which is still in force, and TEC 2016 draft
according to some certain conditions. In these two
regulations, the limitation rules for relative storey drifts are
given separately. However, in this study, it is aimed that
first of all the maximum reduced storey drift limits, which
will not cause Al and B2 irregularities, mentioned in the
current TEC 2007 will be revealed by ignoring the second
order effects.

The relative storey drifts of structures can be calculated
by various commercial softwares. In addition, studies that
calculate the relative storey drifts by various methods are
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Limitation on relative storey drifts are found in
sections "2.10.1. Calculation and Limitation of Effective
Relative Storey Drifts", "Al-Torsional Irregularity” and
"B2- Interstorey Stiffness Irregularity (Soft Storey)" in
TEC 2007. In addition, second order effects are excluded
from this study, since it is preferred to specify drift limits
independent of storey weight and shear force, although
there is a restriction on relative storey drifts in the section
of "2.10.2.1 Second Order Effects".

In this study, it is aimed to reveal the largest reduced
relative storey drifts permitted in cast-in-site reinforced
concrete buildings according to TEC 2007. Also in the
second section of this study, the calculations for the relative
storey drift limitations specified in the TEC 2007 are
compared with the TEC 2016. In this context, firstly,
according to "2.10.1. Calculation and Limitation of
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Effective Relative Storey Drifts" section in TEC 2007, the
maximum reduced relative storey drifts were calculated in
the range of 2.75 - 4.25 m storey height for each of the
structural system behavior factors for the cast-in-site
reinforced concrete buildings. Then, using the relative
storey drifts of a reinforced concrete building which is in
the literature [7], the largest relative storey drifts without
forming "Al-Torsional Irregularity” are calculated. Finally,
the maximum average relative storey drifts which do not
cause "B2- Interstorey Stiffness Irregularity " were
calculated for the storey height ratios (hi/hi.1) between
neighboring floors of 0.65 - 1 by using the largest average
relative storey drifts in this structure. The largest reduced
relative storey drifts which have not caused "Al-Torsional
Irregularity” in the storey are calculated according to the
average relative storey drifts obtained.

Table 1. Structural system behavior factor, R (TEC 2007 -Table
2.5)

_ (Ai)max <12 (1)

Nbi = <
bl (Ai)ort

condition must be satisfied. Here (Aj)max; the maximum
reduced relative storey drift on the i floor, (Ai)or; refers to
the average relative storey drift of the i" floor of the
building. If the slabs are taken as a rigid diaphragm, the
average reduced relative storey drift is calculated as
(A)or=1/2[(AD)maxH(Ai)min] (Figure 1).
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2. Limitations on Relative Storey Drifts

Restrictions on Relative storey drifts are found in sections
of "Al-Torsional irregularity”, "B2- Interstorey stiffness
irregularity” and "Calculation and limitation of effective
relative storey drifts” in TEC 2007. In this section, criteria
limiting the relative storey drifts according to the TEC 2007
and the corresponding criteria in TEC 2016 draft are
presented.

2.1 Torsional Irregularity

Torsional irregularity in TEC 2007 is expressed as the
Torsional Irregularity Factor which is defined for any of
the two orthogonal earthquake directions as the ratio of the
maximum relative storey drift at any floor to the average
relative storey drift at the same floor in the same direction,
is greater than 1.2. To avoid torsional irregularity in a
structure;

Earthquake H
Direction
Figure 1. Floor plan in case of torsion (TEC 2007 — Fig. 2.1.)

This rule stated in the TEC 2007 was found without
modification in the TEC 2016 draft.

2.2 Interstorey Stiffness Irregularity

In TEC 2007 interstorey stiffness irregularity is
defined as the case where in each of the two orthogonal
earthquake directions, Stiffness Irregularity Factor 1y,
which is defined as the ratio of the average relative storey
drift at any i floor to the average relative storey drift at
the flooradjacently above or below, is greater than 2.0.
The criteria specified in Equation (2) must be satisfied in
order to avoid interstorey stiffness irregularity.

()
— Wi/ore

Nki = (Ai—1)
hi1/ort

Here, Aj and h; refer to average reduced relative storey
drift and storey height of i floor; Ai1 ve hiy refer to
average reduced relative storey drift and storey height of
i-1" floor.

This rule is valid in the TEC 2016 draft except that
basement floors are excluded from this rule.

<20 (2)

2.3 Calculation and Limitation of Effective Relative
Storey Drifts
According to TEC 2007, for each direction of
earthquake, the maximum value of the effective storey
drifts ((8;)max) Of columns or shear walls on any floor
of the building must satisfy the rule given by Equation

@3).
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(Sil)qﬂ < 0.02 (3)

1

Here, the largest value of the effective relative storey drift
((8;) mayx) is equal to product of structural system behavior

factor (R) and largest reduced relative storey drift ((A))max)-

Accordingly, Equation (3) is obtained in terms of the
maximum reduced relative storey drift, in the form:

R (Ai)max

i

<0.02 (4)

When (Aj)max IS taken the lead in Equation (4), the
maximum value of the reduced relative storey drift is
obtained as in the Equation (5).

0.02.h;
(5)

(Ai)max <

This part of TEC 2007 contains significant changes in the
draft TEC 2016 [8]. The effective relative storey drifts of a
column or a shear wall in any earthquake direction is
obtained by Equation (6).

R
57 = A% (6)

Here, the effective relative storey drift of the x - direction
is Si(x); structural system behavior factor is R; Building
importance factor is I; the reduced relative storey drift in x -
direction is expressed as A% In TEC 2007, effective

1
relative storey drift is obtained by multiplying the reduced
relative storey drift by the structural system behavior factor,
in the TEC 2016 draft, it is obtained by dividing the product
of the structural system behavior factor and the reduced
relative storey drift by the building importance factor.

In the TEC 2016 draft, two separate effective relative
storey drift delimiting criteria have been defined, depending
on the presence or absence of flexible joints between infill
walls and frame. In Equation (7), for the cases where the
flexible joint is not placed between the infill wall and frame
(adjoined), Equation (8) gives the criteria to be satisfied for
the cases where the flexible joints are present between the
infill wall and frame.

X)

S

A % < 0.008 @)
500

A % <0.016 (8)

i

In Equations (7) and (8), the maximum value of the

effective relative storey drifts and storey height are denoted
by Si(,an and h; respectively. The A coefficient in these

equations is expressed as the ratio of the elastic design
spectral acceleration calculated according to the DD-3
earthquake to the elastic design spectral acceleration
calculated according to the DD-2 earthquake.

When these limiting criteria are examined, it is seen that
there are significant differences in TEC 2007 and TEC
2016. While limitation of the effective storey drifts is
affected by the structural system behavior factor and storey
height in TEC 2007, it is affected by the structural system
behavior factor, storey height, building importance factor,
natural period of the structure, joint type of infill wall and
frame, the location of the structure and the distance to the
active fault plane in TEC2016.

3. Calculation of Relative Storey Drifts

In this section, the largest relative storey drifts of the
structure that can be obtained under the specified conditions
are calculated according to TEC 2007. In the calculations,
the maximum allowable relative storey drifts are calculated
for each structural system behavior factor (R = 4, 6-8) in the
storey height range 2.75 m - 4.25 m according to the rule
given in Equation (5) (Figure 1).

According to the calculations, the maximum values of the
relative storey drifts in the floor are in the range of 6.875
mm - 21.25 mm as seen in Figure 2.

The calculation of the relative drifts in the "Al Torsional
Irregularity” section in the TEC 2007 is made according to
Equation (1). According to this rule, there is no torsional
irregularity in buildings where the torsional irregularity
factor ny,; is equal or smaller than 1.2. According to
Equation (1), which determines the torsional irregularity,
the average relative storey drifts of the floors must be
known in order to calculate the maximum relative storey
drift. For this reason, the relative storey drifts obtained in
literature is used here [7]. The relative storey drifts in this
structure vary between 1.5 mm and 6.5 mm.

For relative storey drifts between 1.5 mm and 6.5 mm, the
maximum values ((A;)max) OF the relative storey drifts that
satisfy n,,; = 1.2 are given in Figure 3.

As can be seen in Figure 3, the maximum values for the
relative storey drifts for the average relative storey drift
interval of 1.5 mm - 6.5 mm vary from 1.8 mmto 7.8 mm.

Another rule that requires the control of relative storey
drifts in TEC 2007 is given in the section "B2-
Interstorey stiffness irregularity (Soft Floor)". In order to
avoid Interstorey stiffness irregularity in the structure
according to this section, the Stiffness Irregularity
Coefficient n,;, which is obtained
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Figure 2. Change of maximum reduced relative storey drifts according to storey height and structural system behavior factor
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Figure 3. Change of the maximum values of the relative storey drifts relative to the average relative storey drifts
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by dividing the average relative storey drift ratio by the

average relative storey drift ratio of an upper or lower floors,

must be less than or equal to 2 (Equation 2).

In this part of this study, a calculation was carried out
according to the following assumptions in order to obtain
the largest relative storey drifts which do not cause soft
storey irregularity in the structure;

e In order to obtain the largest relative storey drift
without causing soft storey irregularities in the
construction, the largest average relative storey drift
(Ai_1) ore OF the i-11 floor in the reference structure is
fixed as 6.5 mm.

e Considering that i-1 and i storey heights may be
different, the ratio of hi/hi.; was chosen to be 0.65 —
1.

e According to the specified storey height ratios and
the average relative storey drifts, the largest average
relative storey drifts ((A;)or) Which did not cause
soft storey irregularity were obtained.

e Using the average relative storey drifts ((A;)ort)
obtained for i storey, the largest relative storey
drifts ((A;)max) Were found in the floor providing
Nbi =1.2.

In the given conditions, the largest relative storey drifts in
the floor that do not cause Al and B2 irregularities are
presented in Figure 4 according to the storey height ratios.

As a result of the calculations, the maximum relative
storey drifts((A;) max) in the floor are in the range of 10.1
mm - 15.6 mm.

18
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Figure 4. Change of the maximum values of the relative storey drifts according to storey height ratios

3. Conclusions

In this study, the relative storey drift limitation conditions
in the sections "Al-Torsional irregularity”, "B2- Interstorey
stiffness irregularity” and “calculation and limitation of
effective relative storey drifts" in TEC 2007 and TEC 2016
draft are compared. However, the relative storey drift limit
of a structure to be examined according to the TEC 2016
draft will be examined within a separate study because of
the changing of this limit for each point where the structure
is constructed. Here, according to TEC 2007, the largest
reduced relative storey drifts that frames can make in the
buildings in specified parameter ranges is revealed. For this
purpose, the largest relative storey drifts were found, which

would not cause torsional and interstorey stiffness

irregularity for cast-in-site reinforced concrete buildings in

the range of 2.75 - 4.25 m storey height, which can often be
encountered in practice. In order to provide the needed

parameters for the study, the relative storey drifts of a

reinforced concrete structure in the literature have been

used. The results obtained from the calculations are
expressed below.

e According to the obtained data, the upper limit of
permissible relative storey drift of a normal ductility
level building is 21.25 mm according to the section
"2.10.1. Calculation and Limitation of Effective
Relative Storey Drifts" of TEC 2007.
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When the relative storey drifts of the reference RC
building are checked according to the ALl torsional
irregularity, the maximum relative storey drifts which
is occurred in the frames is calculated as 7.8 mm in
the floor reaching the maximum average relative
storey drift of 6.5 mm.

The maximum average relative storey drift that can be
occurred in it floor according to the "B2- Interstorey
stiffness irregularity” was calculated assuming that
the average relative storey drift of i-1™ floor is 6.5
mm in reference building. Since ground floors are
frequently used as a workplace, it is considered that
floors with different heights can be found in the
buildings, and the maximum average relative storey
drifs of the i floor are calculated by assuming
variable hi/hi.;, ratio between 0.65 - 1. According to
this, the largest relative storey drift is 13 mm when
the i" and i-1" floor heights are equal. The maximum
relative storey drifts of the frames in this floor without
causing torsional irregularity is also calculated as 15.6
mm.
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