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Abstract: Most seismic design codes generally provide formulas to be used for the estimation of the base shear
and lateral loads. For the determination of the lateral loads, it is required to estimate first the fundamental
vibration period of the building theoretically or experimentally. This fundamental period and its length are
relevant to earthquake engineering applications on existing buildings, and must be treated very carefully. In
various current codes and in the recommendations of many researches, empirical formulas relate the building
fundamental period of vibration (T) to the building overall height (H) or the number of stories (N) without
consideration of the soil structure interaction (SSI). In the present study, a data set acquired of about 150
reinforced concrete building in Egypt using ambient vibration measurements (AVM) has been analyzed in order
to investigate the fundamental period. Improved formulas for estimating the fundamental period of vibration
(T) of reinforced concrete moment-resisting frame buildings using regression analysis are developed by taking
the effect (SSI). The results indicate that the value of coefficient (T) in the current international and Egyptian
building codes’ formulas should be modified to be function of the effect of (SSI). Comparisons between the
periods determined using the proposed formula and the measured values show good agreement.
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. Introduction

The determination of the natural period of vibration of a reinforced concrete structure is an
essential procedure in earthquake design and assessment. In the last years many experimental and
numerical studies as well as many research projects have been carried out in order to define in a simplified
way the fundamental period of Reinforced Concrete buildings, Gallipoli et al.[1], Crowley and Pinho[2],
Al-Nimry et al [3]. Particularly, empirical relationships between the height of a building type and its
fundamental period of vibration have been sought, as they can be very useful in many applications.
Simplified expressions are mandatory in large scale applications, where the period of a building (or of a
class of buildings) needs to be estimated in assessing the seismic vulnerability at urban scale. Modern
technology allows performing a detailed assessment of the dynamic properties of a building in a very short
time, thus an empirical relationship between a building’s main characteristics (structural typology, shape,
dimensions, age, etc.) and its dynamic behavior can be obtained. On the basis of a classification scheme,
the relationship can be applied to similar buildings over a large spatial extent, where building
characteristics are obtained from quick field survey or from remote sensing.

Modal identification of existing buildings through the analysis of in-situ vibration measurements
became a classic procedure for providing modal characteristics of a building, for studying the seismic
response of buildings and even for damage detection. Modal characteristics are often identified from
ambient vibration measurements and from seismic records. Ambient vibration testing is generally preferred
to non-destructive forced vibration measurement techniques for obtaining the modal parameters of large
structures for many reasons.

A structure can be adequately excited by wind, traffic, and human activities and the resulting
motions can be readily measured with highly sensitive instruments. Expensive and cumbersome devices to
excite the structure are therefore not needed. Consequently, the overall cost of the measurements
conducted on a large structure is reduced.

Ambient vibration measurements of many buildings have been recorded across the world in the
past to determine their dynamic properties, in particular, to ascertain the properties of the fundamental
modes of vibration, Midorikawa [4], Negulescu et al. [5], Michel et al. [6], and Demetriu et al. [7] etc. It is
also recognized that the experimental data from one region may not be used in another owing to the
differences in the construction methods and materials.

Empirical expressions for the fundamental periods of idealized buildings, T = C, Hx, have been
proposed by Housner and Brady [8]. Furthermore, relative studies for RC buildings have been investigated
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by Goel and Chopra [9,10], Rahimian et al [11], and Chiauzzi et. al.[12].

1. Period Database
The data that used in the regression analysis at this paper are that used by Ismail [13]. These
available data on the fundamental period of buildings measured from their motions recorded under ambient
vibration test. Table 1 shows the subset of this database pertaining 150 data points for 150 RC MRF
buildings with/without shear wall. From these data, it can be noticed that the significant difference of soil
types for the measured buildings are present.

Table 1 Period Data for RC Buildings

EL-Mokatem Naser City Maadi El-Haram Shoubra
H To(s.) H To H To H To H To
(m) (Mm) | (s) | (M) | (s) [ (M) | (s) | (M) | (s)
28 0.67 28 (091|125 ] 318 | 28 | 097 | 21 | 0.78
27 0.65 27 | 0.89 | 120 | 290 | 27 | 1.01 | 21 | 0.83
28 0.48 28 | 091 | 131 | 3.10 | 28 | 1.03 | 30 | 1.09
14 0.42 14 | 054 | 18 | 068 | 14 | 0.62 | 14 | 0.62
38 0.60 14 [ 049 | 18 | 064 | 14 | 055 | 14 | 055
12 0.40 12 | 048 | 22 | 079 | 12 | 055 | 12 | 0.55
15 0.43 15 [ 057 | 22 | 076 | 15 | 092 | 15 | 0.92
15 0.33 15 [ 055 | 18 | 063 | 15 | 062 | 15 | 0.62
33 0.75 33 | 115 | 18 | 071 | 33 | 1.30 | 33 | 1.30
19 0.67 19 [ 075 | 22 | 076 | 19 | 084 | 18 | 0.81
14 0.37 14 | 054 | 14 | 054 | 14 | 0.79 | 14 | 0.69
14 0.35 14 | 053 | 14 | 053 | 14 | 0.78 | 14 | 0.68
14 0.38 14 | 0.51 14 | 051 | 14 | 0.76 | 14 | 0.66
12 0.36 12 | 0.47 12 | 047 | 12 | 0.78 | 12 | 0.08
15 0.43 15 | 0.56 15 | 1.06 | 13 | 0.92
15 0.44 15 | 0.52 15 | 0.78 | 13 | 0.69
33 0.71 33 | 0.94 33 | 152 | 30 | 1.40
19 0.61 19 | 0.67 19 101 | 19 1.07
14 0.25 14 | 0.38 14 | 058 | 14 | 0.60
24 0.60 42 | 1.24 42 | 296 | 42 | 2.04
14 0.30 46 | 1.32 46 | 3.23 | 46 1.82
14 0.39 38 | 1.15 38 | 1.87 | 38 | 1.56
12 0.22 24 | 0.81 24 | 122 | 24 | 1.00
15 0.45 28 | 0.82 28 | 1.22 | 28 | 1.30
15 0.41 21 | 0.74 21 |1 097 | 21 1.00
18 | 0.66 18 | 0.99 | 18 | 1.05
26 | 0.84 26 | 1.02 | 26 | 1.16
46 | 1.49 46 168 | 46 1.24
39 | 131 39 | 1.31 | 39 | 1.33
46 | 1.31 46 149 | 46 151
46 | 1.29 46 | 129 | 46 | 1.30
46 | 1.25 46 125 | 46 1.26
18 | 0.64 18 | 0.64 | 18 | 0.65
16 | 0.59 16 | 0.66 | 16 | 0.68
18 | 0.60 18 | 055 | 18 | 0.55
22 | 0.70 22 | 0.84
22 | 0.74 22 | 0.68
24 | 0.57 24 | 0.64
Rock-crashed Stiff soil Mediumto | Mediumto | Medium to
soil class "B" Stiff soil Stiff soil Stiff soil
class "C" class "C" class "C"

Note:- T, is the measured fundamental period regardless direction or building stiffness.

I11. Evaluation of the Existing Formulas in Current Building Codes

The determination of the natural period of vibration of a reinforced concrete structure is an
essential procedure in earthquake design and assessment. An improved understanding of the global
demands on a structure under a given seismic input can be obtained from this single characteristic. This
property is dependent on the mass, strength and stiffness of the structure and is thus affected by many
factors such as structural regularity, number of storeys and bays, section dimensions, infill panel
properties, axial load magnitude, reinforcement ratio and extent of concrete cracking. For the seismic
design of a reinforced concrete (RC) frame, the period of vibration will not be known a priori and thus
simplified equations are employed in the seismic design codes to relate the fundamental period to the
height of the frame.

DOI: 10.9790/1684-1304043845 www.iosrjournals.org 39 | Page



Estimation of The Period of Vibration of Existing Egypt RC Building Based on Experimental ....

Many design codes (e.g. EC8 [14], ASCE7-10 [15], UBC-97[16]) provide simple relationships to
calculate the fundamental period of vibration of building structures, mainly aimed at verifying if the lateral
force method of analysis may be applied to determine the seismic effects. Typically, empirical height-
period relationships are provided dependent only on the structural type (concrete frames, steel frames,
masonry, etc.), but do not taking into account other important structural characteristics such as member
stiffness, geometry, presence and position of masonry infills. These relationships have been developed
keeping in mind force-based design. For this reason, they provide low estimates of period such that the
lateral shear force is conservatively predicted from an acceleration spectrum.

In the European seismic design regulation, Eurocode-8 (EC8) [14] or Egyptian code 2012 [17], the
period height relationship is specified for force-based design of moment resisting concrete frames and had
the form:-

T =0.075H 7 )
The Uniform Building Code 1997 (UBC97) states that the period shall be determined as following:

T=CH*" )

Where, C; is equal to 0.073 when "H" is in meters, or 0.030 when "H" is in feet. Eq. 2 also applies
to reinforced concrete moment-resisting frames as well as eccentrically braced frames. For all other
buildings C; is equal to 0.0488 in the Sl system or 0.02 in the imperial system, respectively. In this
formulation, "H" is the height of the building above the base. UBC-97 [16] also indicates that the
fundamental period can be calculated using a rational analysis such as Rayleigh's method or Eigen-value
solution. In this case, the base shear should not be less than 80% of the base shear calculated by Eq. 2.

For ASCE7-10 [15] the following equations are given for prediction of fundamental natural frequencies:-

T =0.044H °° ®)
For reinforced concrete moment resisting frame

T=0.073H°%™ (4)
For eccentrically braced frames and

T =0.049H °™ (5)
For Reinforced concrete buildings or building with masonry, shear wall.

Note that the code formula provides the same period in the two directions as long as the lateral
resisting systems in these directions are identical. In most seismic building codes, the role of the soil
structure interaction is usually considered beneficial to the structural system under seismic loading since it
lengthens the lateral fundamental period and leads to higher damping of the system. This conclusion could
be misleading. Recent case studies and post-seismic observations suggest that the soil structure interaction
can be detrimental and neglecting its influence could lead to unsafe design for both the superstructure and
the foundation especially for structures founded on soft soil, Mylonakis and Gazetas, [18], Stewart et
al.[19,20], Mylonakis and Gazetas [21], Boris et al [22], Khalil et al. [23] and Gullu and Pala [24]. They
established that the seismic response of a Single-Degree of Freedom (SDOF) structure with a surface
foundation can be predicted by an equivalent fixed-base SDOF with modified period. The flexible-base

period Tis evaluated from FEMA450 [25] for a structure with a surface foundation as follow:

— —2
= _ ’ k Kyh
T=T 1+_1<y[1+_1(9] (6)

k= 4n? (=) @)

gT?
Where

T = denotes the fixed-base system period,

k= the stiffness of the fixed-base structure,
ky and k9 the lateral stiffness and rocking stiffness of the foundation,
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h=the effective height of the structure which shall be taken as 0.7 times the total height, h,,except that for
structures where the gravity load is effectively concentrated at a single level,it shall be taken as the
height to that level,

W= the effective gravity load of the structure, which shall be taken as 0.7W, except that for structures
where the gravity load is concentrated at a single level, it shall be taken equal to W,

g = the acceleration due to gravity respectively.

From the field measurements presented previously in this paper, it was shown that measured
periods of existing building is longer than that given by most empirical code formulas. Figure 1 shows
significant difference among the values obtained using above-mentioned different formulae. It is clear
from that figure that the results obtained from Codes’ formulae of UBC97, EC8-2006 are almost the same.
The periods obtained using experimental works by researcher are almost longer than that using Codes’
formulae. At the same time, it was observed that buildings with the same height have different periods. The
differences in the measured periods for building with the same height prove that, some major parameters
influencing in the period are not considered in codes equations. In addition, from this figure, the periods
obtained using formulae recommended by different codes in some cases, reach more than twice times the
values obtained from field measurements for Cairo buildings. Ismail [13] proposed equation gives different
values from that obtained using EC8 or UBC97. This due infill brick work type as well as moderate soil
type.

As shown from figure 1, with increasing soil stiffening, the measured period tend to decrease
especially with soil type "A" and "B" as classified by ECP-201 (2012). In other hand, the measured period
in some cases is shorter than that of the seismic codes. These cases lead to increase/decrease of the spectral
acceleration coefficient, which causes the increase/decrease of designbase shear.
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Figure 1 Comparison of measured fundamental period T, and codes formulae for RC building

IV. Improved Expression to Estimate the Fundamental Period of RC Building
From the code formulas and recommended formulas in the recent researches, the suggested
formula, which is adopted in the present paper, is of the form:

B
T=o. H K (8)

In which constants,a,3 and y depend on building and soil properties respectively. "H" is the
building height from the foundation to point located on a complete top roof and "k" is the elastic springs
represent the soil properties in Kg/cm?.

Using computer software, multiple regression analysis technique is developed for the suggested
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equation to obtain the constants,a,Band vy of the plane represented by equation 8. This form is adopted in
the present work and constants,a,f3 and y determined by regression analysis of the measured period data.

The regression analysis technique depends on minimizing the squared error between the measured
and computed periods. This procedure leads to values,o, and y for equation 8 to represent the best fit to
the measured period data using least square method.

In fact, it is hard to have a field period measurement for building with finalized reinforced
concrete Skelton without infill wall. As indicated in NBCC-95 [26], there is a very good agreement
between the predictions and the analytical fundamental periods for buildings of 40 to 60 m. height range
when exterior frames are fully in-filled with masonry walls. The computed values vary only 3% to 10%
compared to the code periods. As expected, the observed trend indicates that when the computed periods
approach the code's estimation, further stiffening of the structure would not affect the fundamental period
considerably. Many researchers study the effect of the infill wall on the fundamental building (Martha
[27]. He also concluded that the effect of infill walls will reduce the fundamental period by about 5-20%.
However, verification of the fundamental period of analytical models with existing building models is still
required.

The simplified typical form of the general form of an empirical formula, equation 8 is as follows:

a=C; ,p=X ,y=y
Xy
T=CiH kK 9)

Where C;, x and y are coefficients derived by using the regression analysis technique. For design
values of fundamental period and based on recommendation of NBCC-95 by increasing the values of
measured periods by about 20% leads to have a good relations between exact building behavior and the
predicted periods used in the design purpose. By doing that and use the field measurements of the
fundamental period multiplied by a certain values for the effects of infill walls the following equation can
be obtained using the regression analysis technique.

0.75 -0.315
T=0075H ~ k (10)

Figure 2 shows the ratios between the modified observed and predicted values of the fundamental
period from equation 10. From this figure, it is clear that there is good correlation between the modified
observed and predicted periods.

The goodness of fit statistics has been checked. The results values of checked regression analysis
and corresponding mathematical properties are presented in table 2.
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Figure 2 Verification of periods obtained from proposed equation,T = 0.075 HO'75k'0-315

Table 2 Regression Variable Results
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Variable | Variable Standard t-ratio Prob.
Value Error ()

o 0.075 0.0326 1.474 0.053

B 0.75 3.8935E-03 | 1.615 0.0

¥ -0.315 0.1015 -0.833 0.4082

Figure 3 shows a comparison of results obtained using the proposed equations (Equation. 10) and modified
filed measurements of the fundamental periodT,. A comparison between the proposed equation and code formulas,
(United States of America ASCE7 (2010), Euro-code (2006), and UBC97, are illustrated in figure 4 for upper limits
represents the very weak soil and the lower limits which represents the very stiff soil.
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Figure 4 Comparison of proposed equation, T = 0.075 HO'75k'0-315, with codes formulae

V. Conclusion
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The creation of a data-base with frequency information on a large amount of different buildings, where
elements dealing with the geometry, in plan and height, type of structure and foundation, soil characteristics,
presence of “infill walls”, etc., is of great potential to provide a better knowledge of building performances.

The equation type T:CtHX is still the most common and simple way to express the variation of period for
the different building types and regional situations, and has been adopted in many countries in Europe and Latin-
America to represent their buildings, through clear differences in construction types, materials and existing loads.

The present study makes an effort to evaluate the effect of soil-structure interaction on primary dynamic
characteristics of RC buildings based on ambient vibration measurement (AVM) on Egypt. The following are the
major inferences from the present paper:-

a) Natural period of the system increases when the ground becoming softer.

b) Natural period of the system on rigid base coincided very well with that of frame resting on soil of very large
stiffness. Further, the empirical period formula which is used to estimate seismic loads and based on general
properties of the buildings should include effect of soil properties beside height H.

c) The upper and lower limit of the proposed equation 10 satisfies in most cases both the range between very weak
soil to very stiff soil.

d) Itis recommended, to include empirical period formula in Egyptian code including soil properties beside height
H.

e) Natural period computed by empirical equation available in the codes provisions needs a thorough scrutiny.

f)  The study shows that the effect of soil-structure interaction may appreciably alter the lateral natural periods of
any structure. This is the primary parameter, which regulates the seismic lateral response of the building frames.
Thus, evaluation of this parameter without considering soil-structure interaction may cause serious errors in
seismic design.

Regression analysis that led to the recommended formula should be increased on larger data sets including
buildings in other parts of the Egyptian cities where building and soil properties are significantly different than that
of available data.
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