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2. PRELIMINARY EVALUATION
2.1 
GENERAL
Preliminary evaluation of the building - consisting of observing the structural system and noting details which are likely to affect assumptions in analysis and doing rough and simple calculations to estimate member sizes - gives very useful information which must be taken into consideration while performing exact analysis and design. This is so, because results of the analysis and consequently, safety of the design based on those results, are functions of boundary conditions and input parameters. Wrong information can lead to disaster causing loss of life and property. 
Hence, it is important that the structural engineer use his/her full experience and engineering judgment to identify basic assumptions which would be governing the subsequent analysis and design. It gains more importance in the context of unpredictable and reversible loads like earthquake, since identification of irregularities and weak storeys is extremely critical in predicting behaviour and design. Following sections provide general information of the building and brief description of preliminary evaluation.
2.2
PRELIMINARY EVALUATION OF THE BUILDING 
2.2.1
Plan dimensions, Shape and Number of Storeys
The building under consideration is located in Jamnagar, Gujarat and occupies an area of about 1500 m2 spanning 30.18 m × 48.02 m in plan. Built up area is kept 60% of the total plot area i.e. 870 m2 and Floor Space Index is 1.8. The building is eight storeys high and located in Zone IV, as per latest earthquake code. It is an apartment block where the first to sixth floors house four apartments each, while the ground floor is used for parking, recreation and storage etc. The core of the building is occupied with a lift well, a staircase and a service lines. There are four water tanks and a lift machine room on the 7th floor, the remaining area being open terrace. Structural system of building comprises Reinforced Concrete frame and slabs system. Total height of building from ground level to top of lift machine room is 24.5 m, while foundation is assumed to be 1.95 m below ground floor level. Fig. 2.1 shows the elevation of the building while plans of Ground floor, typical floor and topmost floor are shown in Fig. 2.2.
2.2.2 Characteristics of the Plan
Though the building is just eight storeys high, the design is likely to be governed by lateral loads since the building is located in earthquake zone IV and also subjected to severe cyclonic winds. The following are the main characteristics of the building:
1) The building is symmetrical about Y axis but asymmetrical about X axis.
2) There is an ‘open to sky’ (OTS) portion near the core of structure which gives discontinuity to the diaphragm. 
3) The structure is practically divided into two parts which are connected by only four beams per floor, which may break during earthquake and structure may behave independently. 
4) There are re-entrant corners which are also likely to affect seismic behaviour of the building.

5) Though number and distribution of columns is same in ground floor as any other, half of it used for parking purpose and hence not covered with brick infill walls while other half is used for storage and recreation. This may create possible soft storey at the ground floor.
6) Seventh floor contains water tanks mounted on columns thus creating effect of vertical projection. This is likely to influence dynamic analysis.
7) All floors have balconies projecting outward and supported only on cantilever beams, thus affecting dynamic response of the structure.

8) There is no extra lateral load resisting mechanism in form of shear wall or bracings.

9) All R.C. frame panel are filled with non-structural brick infill.

10) Beam and column layout of the building is not very regular and not many continuous frames can be identified. This is because of the architectural plan of the building.
11) In general, the building is expected to be free of significant torsion irregularity, out-of-plane offsets, non-parallel systems, mass irregularity, vertical geometric irregularity, and in-plane discontinuity in vertical elements resisting lateral force as defined by the IS 1893:2002. 
2.2.3 
Preliminary Adjustments in Plan
Original architectural plans of the building did not conform to National Building Code (NBC) of India in terms of lift well and lift machine room dimensioning. Hence, the following minor changes are made in plan:
1) The column locations as provided by architecture were inappropriate, viz. no column was provided at the absolute corners of the building. Hence columns are relocated and their number increased so as to provide better stability against lateral loads.

2) Dimensions of the lift well, for two lifts of capacity four persons each, did not conform to NBC of India as only 3.58 m × 1.60 m space was provided as against required 2.13 m × 1.53 m and hence needed to be modified.
3) Space provided for the lift machine room in original plan was equal to that for lift well, which is not so actually. Hence, its dimensions are adjusted to 3.63 m × 4.03 m as per NBC of India.
4) To accommodate increased area of the lift machine room, one of the water tanks is relocated in the form of two tanks of smaller capacity.
2.2.4
Other Information
2.2.4.1
Structural System: 
The building is a three-dimensional Reinforced Concrete framed structure consisting of beams, columns and slabs. For earthquake analysis and design it is considered Special Moment Resisting Frame (SMRF) where reinforcement detailing is ‘ductile’ and follows special provision of IS 13920:1993. Gravity load is resisted by rectangular beams and columns and transferred to the raft foundation. Lateral load is also resisted by frame action only since there are no shear wall or external lateral load resisting systems.
2.2.4.2
Material: 
In general, concrete is of grade M25 but in the case of columns, particularly on lower floors, higher grades of M35 are also used. These will be specified as and when the design is presented in Chapter 8. Grade of steel is Fe415.
2.2.4.3
Geotechnical Information: 
No data or information is available about soil properties in the vicinity of the building. Hence, it is assumed that rock is available to directly support raft foundation. Thus, columns are considered fixed at the base.
2.3 
MEMBER SIZE ESTIMATIONS

2.3.1
Element Referencing

All the columns and beams are coded alpha-numerically to facilitate referencing as XYZ. The first numeral ‘X’ represents floor number (0 for Ground floor, 1, 2.., 6, and 7 for other floors), second alphabet ‘Y’ represents structural element (B for beams; C, columns; S, slabs; G, balcony) and the last numeral ‘Z’ represents element number within that floor (1, 2…). Due to the symmetry of plan, other half of the plan is coded as XY’Z, since design and analysis are likely to be similar. Thus, 3B’7 refers to beam symmetrical to one numbered 7 on the 3rd floor. Fig. 2.3 shows the codes for structural elements assigned as explained above.
2.3.2
Primary Beam Section 

All beam sections are rectangular with the T-beam effect at mid-spans. As an initial approximation, the depth is estimated by keeping l/d ratio of 10 for isolated (discontinuous) beams and 12 for beams which are continuous at least in one direction. This ratio is kept 4 for cantilevers. The extra margin for l/d as compared to that prescribed by IS 456:2000 (20 for Simply Supported, 26 for Continuous and 7 for Cantilevers) is because of the fact that the building will be subjected to earthquake and wind loads also. Width of the section is kept about half of depth for aesthetic reasons.
2.3.3
Primary Column Section 
The approximate loads on columns are calculated from the tributary areas of columns; based on the assumption that each beam transfers half of its load on both sides. Tributary areas used for column load calculation in this case are shown in Fig. 2.4 along with area of slabs, load on which is assumed to go to the corresponding column. Thus, the load includes self-weight of beams and slabs, LL on slabs and self-weight of column itself – except columns on top-most storey. These loads are totalled for each storey and for each column. The cross-section area is calculated for load obtained above as axial load and increased to twice to allow for the effect of decreased axial load carrying capacity under bending moments. Higher moment of inertia is provided along shorter direction of building, so as to have better response under lateral loads. 

Table 2.1 presents initial dimensions of all beams and columns.

Table 2.1 Preliminary dimensions of members
	ELEMENT
	Width (mm)
	Depth (mm)
	ELEMENT
	Width (mm)
	Depth (mm)

	0-6 B1
	200
	400
	0-6 B27
	200
	450

	0-6 B2
	200
	400
	0-6 B28
	200
	400

	0-6 B3
	150
	250
	0-6 B29
	200
	350

	0-6 B4
	200
	400
	0-6 B30
	200
	350

	0-6 B5
	200
	400
	0-6 B31
	150
	300

	0-6 B6
	250
	500
	0-6 B32
	250
	500

	0-6 B7
	200
	350
	0-6 B33
	100
	200

	0-6 B8
	200
	400
	0-6 B34
	200
	400

	0-6 B9
	200
	400
	0-6 B35
	200
	350

	0-6 B10
	200
	400
	0-6 B36
	200
	350

	0-6 B11
	200
	400
	0-6 B37
	200
	450

	0-6 B12
	200
	350
	0-6 B38
	200
	350

	0-6 B13
	200
	400
	0-6 B39
	200
	400

	0-6 B14
	200
	400
	0-6 B40
	100
	200

	ELEMENT
	Width (mm)
	Depth (mm)
	ELEMENT
	Width (mm)
	Depth (mm)

	0-6 B15
	200
	350
	0-6 B41
	200
	400

	0-6 B16
	200
	350
	0-6 B42
	250
	500

	0-6 B17
	200
	400
	0-6 B43
	200
	350

	0-6 B18
	200
	350
	0-6 B44
	200
	400

	0-6 B19
	200
	400
	0-6 B45
	200
	450

	0-6 B20
	200
	400
	0-6 B46
	200
	350

	0-6 B21
	200
	450
	0-6 B47
	250
	500

	0-6 B22
	200
	400
	0-6 B48
	200
	350

	0-6 B23
	200
	350
	0-6 B49
	200
	350

	0-6 B24
	200
	400
	0-6 B50
	250
	500

	0-6 B25
	250
	500
	0-6 B51
	200
	350

	0-6 B26
	250
	500
	0-6 B52
	300
	600

	0-6 B53*
	300
	600
	7-8 B36
	200
	400

	0-6 B53
	200
	400
	7-8 B37
	200
	350

	0-6 B54
	200
	400
	7-8 B40
	100
	200

	0-6 B55
	250
	500
	7B27
	250
	500

	0-6 B56
	200
	400
	0-8 C1
	250
	300

	0-6 B57
	250
	500
	0-8 C2
	300
	500

	0-6 B58
	200
	350
	0-8 C3
	300
	500

	0-6 B59
	250
	500
	0-8 C4
	250
	250

	0-6 B60
	250
	500
	0-8 C5
	300
	500

	0-6 B61
	250
	500
	0-8 C6
	300
	500

	ELEMENT
	Width (mm)
	Depth (mm)
	ELEMENT
	Width (mm)
	Depth (mm)

	0-6 B62
	200
	350
	0-8 C7
	300
	400

	0-6 B63
	250
	500
	0-8 C8
	300
	500

	7-8 B2
	200
	350
	0-8 C9
	400
	400

	7-8 B4
	250
	500
	0-8 C10
	300
	400

	7-8 B5
	250
	500
	0-8 C11
	300
	500

	7-8 B8
	200
	350
	0-8 C12
	300
	300

	7-8 B14
	200
	400
	0-8 C13
	300
	350

	7-8 B17
	350
	700
	0-8 C14
	350
	350

	7-8 B22
	200
	400
	0-8 C15
	250
	400

	7-8 B34
	200
	350
	0-8 C16
	300
	300

	7-8 B35
	100
	200
	0-8 C17
	300
	300

	0-8 C18
	250
	300
	0-8 C24
	250
	400

	0-8 C19
	250
	400
	0-8 C25
	300
	500

	0-8 C20
	300
	500
	0-8 C26
	250
	400

	0-8 C21
	300
	500
	0-8 C27
	500
	500

	0-8 C22
	300
	400
	0-8 C28
	300
	300

	0-8 C23
	300
	500
	0-8 C29
	400
	450

	0-8 C30
	250
	300
	
	
	


It is expected that the given sizes will be sufficient to resist the worst combination of factored loads. If this could not be done then building has to be reanalyzed with modified section dimensions since results of analysis are based on stiffness of elements. This iterative nature of design makes initial size estimation an important task so as to avoid repeated analysis and checking.
2.3.4 
Primary Slab Sections
Since slabs are not much affected by lateral loads, they are designed and detailed for gravity loads (Dead Load and Live Load) only. Hence, there is no need to assume a section size and then check for governing load combination. Reinforcement is provided to resist 1.5 (DL + LL) combination and thickness is fixed based on l/d ratio of 30.  
Fig. 2.5 shows the structural framing diagram for a typical floor and seventh floor.
2.4
SUMMARY
In this chapter, the importance of careful preliminary evaluation is emphasized since outcome of the analysis and thus consequent design is usually function of assumptions made in analysis stage. Brief description of the type of the building is also presented along with specific characteristics of the plan which are likely to affect dynamic behaviour of the structure. Preliminary dimensions of structural elements are established for iterative analysis and design procedure. Chapter also specifies structural system, material and assumed soil properties for the building.






