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The tool presented here consists of a series of charts meant to evaluate the fundamental periods of regular buildings one to twenty stories high, in which the lateral-force-resisting system is composed of RC moment-resisting frames with variable amounts of masonry infill walls. The charts are based on more than 100,000 two-dimensional calculations realized with a customised FE Matlab program. Most of the parameters used for calculations can serve as variables in the charts: number of levels, story height, building function, beam and floor average span, mechanical characteristics of materials, percentage of infilled frames, earthquake design level, etc. Now, a validation campaign based on the comparison of theoretical curves using point clouds from experimental database is foreseen.

INTRODUCTION

The evaluation of the fundamental period of vibration is a key element in calculating seismic forces. To be determined, designers can use either methods based on FE modal analysis or those based on the use of simplified formulas. The first ones usually allow a precise estimation of the fundamental period, but they happen to be very tedious. The others are simple, but they are imprecise and integrate a very limited number of parameters. Therefore, the designers don't have the tools enabling them to evaluate rapidly and precisely, during the first phases of design, the impact of their schemes on the intensity of seismic forces. Such a tool would also be useful for evaluation campaigns on seismic vulnerability of existing buildings and for educational purposes. The tool presented here tends to respond to these needs. It consists of a series of charts meant to evaluate the fundamental periods of regular RC-MRF buildings.

AUTOMATIC GENERATION OF CHARTS

The whole computer program has been developed with the Matlab computing environment. It is dedicated to generating and pre-dimensioning plane structures, calculating fundamental periods and plotting charts. Thus new versions of charts can quickly be produced after changing some models, calculation assumptions or parameters values. The program allows to easily adapt the charts to new requirements or new contexts.

Generation of plane structures

Charts only deal with RC MRF regular shaped structures. The hypothesis of a horizontal regularity has allowed to imagine the production of plane structure models, supposed to correctly represent the dynamic behavior of tridimensional structures. Thus it has allowed to vary a lot of parameters and to produce a big amount of calculations. Figure 1 represents a typical structure model used for calculations. Main 2-D geometrical parameters are H (story height), SB (mean beam span) and masonry infill locations (A, B, C, D or E bay). All beamcolumn nodes are supposed to be rigid connections. First-floor columns are supposed to have pinned-bases. Soil-structure interactions have not been taken into account. All masonry infills have been modelled by hinged struts using the equivalent strut model proposed by Liaw & Kwan (1984). All models are automatically generated by a dedicated function. 

Pre-dimensioning of plane structures

All the cross sections of the elements are sized using a specific function. Two kinds of structures can be distinguished: those with earthquake design and those without. Those without earthquake design are sized with simplified formulas for vertical load and lateral wind load (vb,0 = 24 m/s and terrain category II). Floors are assumed to be perpendicular to 2D-structure layouts and are empirically sized according to their span and live loads. The latter respects the strong-column-weak-beam principle and are sized with a simplified-EC8 approach. The main parameters are the following: -ag = 3 m/s² -Type B ground -Importance class II for building height higher than 28 m and III for others -DCM ductility class -Inter-story drift limited to 0.005 All design approaches and parameters could be easily modified in order to automatically produce new charts adapted to specific needs and context of use.

Parametric calculation of fundamental periods

Elastic modulus of non-cracked concrete has been taken into account in this version of the charts, allowing further comparisons with data from ambient vibration measurements. Furthermore other elastic modulus values can easily be taken into account using the following simple formula:

TE/ n = TE.n 1/2 (1)
Where TE/ n is the fundamental period with elasticity modulus of cracked concrete, TE/ n is the fundamental period with elasticity modulus of non-cracked concrete, n is the reduction factor of elasticity modulus.

The number of spans being of little impact on the fundamental period, each plane model is made of five spans, the number of infill walls ranging from 0 to 5. Thus the percentages of infilled frames was set to 0, 20, 40, 60, 80 and 100%. Four categories of floors were defined according to their weight (spans ranging from 5 to 15 m and live loads ranging from 250 to 500 daN/m²). Four categories of infill walls were defined according to their stiffness (thickness ranging from 5 to 20 cm and elastic modulus ranging from 1 to 5 GPa).

Other parameters (those presented in this paper are in bold) are: RC strength (25 and 40 MPa), story height (3 and 4 m), beam span (5, 10 and 15 m). Finally two cases are considered here: with (0.3 g ground acceleration) and without earthquake design. Fundamental periods are calculated solving a standard eigen value problem with Timoshenko-beamelement stiffness and mass matrices.

USE OF CHARTS

Each chart is made of six curves showing fundamental period versus number of stories according to the percentage of infilled frames. Top and bottom curves represent both theoretical extreme situations of infill rates: 0% and 100% infilled frames. Red curves represent for indicative purposes the lower and upper formulas recommended by [START_REF] Goel | Period formulas for moment-resisting frames buildings[END_REF].

Here, charts are divided into groups of twelve sharing the same concrete strength, mean beam span and earthquake design level features. For each group, charts are ranked in ascending order according to infill stiffness (three classes) defined as wall thickness multiplied by elasticity modulus and floor weights (four classes) defined as floor spans multiplied by weight per square meter. 

RELEVANCE OF THE ASSESSMENT OF CALCULATION ASSUMPTIONS

Generating charts lies on assumptions that may be classified into the following four categories:

-The computing and mechanical model: number of dimensions of the MRF model, mass and stiffness matrix models, beam-column connections, infill model, etc.

-Sizing methods (codes and simplifications used for pre-sizing elements): EC8, EC1, etc.

-Explicit parameters (those being used for calculation and by chart users): beam span, live loads, etc.

-Implicit parameters (those being used for calculation but not available for chart users): number of bays, infill positions, story height, etc. Some of the implicit parameters (story height for example) may easily become explicit depending on the context and users' needs.

The relevance of the assessment of some implicit parameters as well as some computing and mechanical model characteristics are presented here. All of these assessments have been made with permanent common parameters (as agR = 3 m/s², DCM ductility class, story height = 3 m or fck = 25 MPa) and variable parameters (stiff and flexible infills, heavy and light floors, 5, 10 and 15 m beam spans).

Infill locations

The aim was to check that fundamental periods calculated with default infill locations (A configuration for each infill rate) don't vary too much from those calculated with other possible configurations (figure 9). This parametric study showed the following points:

-Less than a 1% difference for long (10 and 15 m) beam spans, whatever the infill stiffness and the height of the building are.

-Less than a 3% difference for buildings with short (5 m) beam spans and flexible infill panels.

-Less than a 6% difference for most structures with short beam spans and stiff infill panels.

-A 5 to 12% decrease for high structures (more than 10 stories) with stiff and adjacent infill panels (E and F configurations for a 60% infill rate and C configuration for an 80% infill rate). This is probably due to the bending stiffness effect that becomes critical for high structures.

Figure 9. Infill configurations for 20 to 80% infill rates.

Number of bays

All fundamental period calculations was made with 5-bay models (regardless of the beam span). Among other things, it enabled to easily vary the infill rate with multiples of ten values.

Comparisons were made between periods calculated with different numbers of bays and the same three infill rates : 50% (average value of 40% and 60% infill rates for five-bay cases, an average value of 33% and 67% infill rates for 3-bay cases) and limit values 0 and 100%. Conclusions are the following:

-Absolute differences are increasing with structure height for medium and high infill rates and decreasing for low infill rates.

-Differences are generally positive ones (period increase) except for very low structures.

-Differences are weak for long beam spans (less than 5% for 10 m spans, less than 3% for 15 m spans).

-Differences are the highest for 2-bay structures, high structures, stiff infill and high infill rates (up to 15% for 2-bay-20-story buildings with stiff infills).

Base and beam-column connections

Charts presented here were built with the assumption of a rigid-connection for all beam-column nodes and a pinned-base assumption for first-floor columns. Both assumptions are moot points. Parametric studies showed period variations up to 50% for low-rise buildings when switching from pinned-bases assumption to rigid-bases ones, up to 25% for 10-story buildings and up to 10% for 20-story buildings.

The influence of switching from rigid connections to articulations for beam-column nodes is similar even if high-rise buildings are much more concerned than low-rise ones and the evolution is opposite to the previous one. Addressing this sensitive issue with experimental measurements could be a good way to calibrate our model.

Infill model

All infills have been taken into account using the equivalent strut model proposed by Liaw & Kwan (1984). Comparison was made with periods obtained using the strut model proposed by [START_REF] Mainstone | On the stiffness and strength of infilled frames[END_REF]. Conclusions are the following:

-Differences are generally positive ones (period increase due to a more flexible Mainstone model).

-Differences are less than 2% for 15 m beam span ad less than 6% for 10 m beam span.

-Differences are between 10 and 35% for 5 m beam span and stiff infills and increase with infill rates.

-Differences are between 3 and 25% for 5 m beam span and flexible infills and increase with infill rates. As for connection issues, it might be useful, especially for structures with short beam span, to calibrate the infill model with experimental measurements.

CONCLUSIONS

A tool dedicated to the evaluation of fundamental periods of regular RC MRF buildings have been presented. This tool takes the form of charts taking into account many parameters, in particular mechanical and morphological building characteristics. Charts presented here are just examples of what could be produced to respond to designers' needs during earlier design phases. They can easily be adapted to specific needs or contexts, as their production is customizable and automated. Further investigations should be lead in order to calibrate some features of the mechanical model such as connections and infill models. Comparisons with experimental data are foreseen. Further developments are also planned in order to allow users to take into account, in a simplified way, soil-structure interactions (in conjunction with base joints issues) and openings in infilled frames. Some methods, made as simple as possible, should also be proposed to estimate mean values of parameters such as beam span, live loads, infill stiffness, etc. when these are very different from each other.

Figure 1 .

 1 Figure 1. Typical plane structure model

Figure

  Figure 2a & 2b. Use of charts.

  in the following order: -25MPa RC MRF structures (5 m, 10 m and 15 m beam span) -40MPa RC MRF structures (5 m, 10 m and 15 m beam span) For each of these configurations, two cases are presented: structures with (top of the page) and without earthquake design (bottom of the page).

  Figures 3a & 3b. Charts for 25 MPa RC MRF buildings (5 m mean beam span)

Table 1 .

 1 Definition of three floor weight classes.

	Live loads	Floor span	5 m	7 m	10 m	15 m
	250 kg/m²		Light		Medium-weight
	500 kg/m²		Medium-weight	Heavy	

Table 2 .

 2 Definition of four infill stiffness classes.
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