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1. Introduction  

	This report outlines a structural design for a residential property proposed to be developed adjacent to the UWTSD campus in Swansea Marina (SA1). It includes: a structural scheme, a loading schedule, a slab design, a two-span beam design, a column design and a footing design. 
	All calculations throughout the report have been rounded to 3 decimal places in order to produce easily readable results throughout.  




















2. Structural scheme 
        1                            2     3             4       5                           6       7	
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J Figure 1: structural scheme w/ column and beam grid

2.1 Comparisons with floorplans  

	The structural scheme provided above in figure 1 pertains to only the first floor, having no structural effect on the suspended ground floor. However, the beams and columns will be present on the ground floor. As such, care has been taken to eliminate their presence in large communal spaces and bedrooms on the ground floor. Instead they are confined to storage areas and hallways, with the only exception being the beam crossing between the dining room and main lounge. A diagram illustrating the positioning of beams in relation the ground floor spaces is included below in figure 2. 
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Fig 2: Diagram showing beam locations (thick black lines) in relation to ground floor spaces.


3. Loading schedule 

	The loading schedule for the proposed development was completed via the following methodology: 
1. Calculate ultimate loads for slabs. 
2. Use the ultimate loads from the slabs to ascertain UDLs imposed upon the beams. 
3. Produce calculations for the beams factoring in loads from the slabs and self-weight of the beams, showing the transferral of loads to the columns. 
4. Produce calculations for loads held by the columns, factoring in self-weight and resultant forces imposed by the beams.  

3.1 Slabs 

	In order to complete these calculations a number of assumptions have been made, these are as follows: 
1. Fixtures and fittings have been assumed to total 1.2kN/m2, this is due to a lack of information provided by the architect and is thought to be suitable for a residential development in this vein. 
2. Slabs are assumed to be 175mm thick, this is because standard residential slabs are 150mm-200mm thick and can be raised or lowered later on based on design calculations. 
3. Partition walls upon the slabs have been assumed to be blockwork and thus weighing 18kN/m3 (Civilsir, 2022). External walls have been exluded as they are not supported by the slabs. 
4. Due to the reinforced nature of the concrete it is assumed to weigh 25kN/m3 based on the below table from Eurocodes. 
[image: ]




Fig.3: Table from Eurocodes showing weight of normal weight concrete (BSI, 2009, Table A.1)

		The first step is to ascertain whether slabs are two-way or one-way slabs, this has been done by dividing the longer side by the shorter one. If the resulting number is less than two the slab is two-way and vice versa. These calculations are included in Appendix A. 
	The calculations (shown in detail in Appendix B) have been produced using the following method: 
1. Calculation of partition wall size in m3 and associated weight in kN. 
2. Calculation of slab area. 
3. Calculation of partition wall weight per m2. 
4. Calculation of slab self-weight. 
5. Calculation of total dead load by adding: partition wall weight, fixtures and fittings weight and self-weight. 
6. Ascertain highest use from the below tables from Eurocodes, this is used for the live loads experienced by the slab. 
7. Apply safety factors: 1.4 for dead load and 1.6 for live load. Use this to calculate total ultimate load. 
[image: ]Fig 4: Table showing alphabetical designations for area usage (BSI, 2002)





[image: ]Fig 5: Table showing live loads associated with area usages as defined by fig.X (BSI, 2002)



	This process was undertaken for all slabs (A-I), a diagram is included below in fig. 6 detailing their location on the structural scheme.  
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Fig 6: Structural scheme with slabs labelled alphabetically


	Total ultimate loads as found from the calculations in Appendix B are as follows: 
Slab A = 17.609kN/m2 
Slab B = 15.849kN/m2 
Slab C = 43.02kN/m2 
Slab D = 14.235kN/m2 
Slab E = 17.253kN/m2 
Slab F = 16.434kN/m2 
Slab G = 11.805kN/m2 
Slab H = 16.664kN/m2 
Slab I = 11.805kN/m2 
















3.2 Beams 

	The first step in the beam calculations was to convert loads imposed by the slabs into UDLs, the calculations and process used to achieve this are included in Appendix C. These were used along with the self-weight of the beams to calculate resultant forces exerted by the columns. Loads from ‘two-way’ slabs have been assumed to be split evenly between the four beams; in reality the load on longer beams around these slabs will be slightly higher. Additionally, all beams have been assumed to be simply supported. 
	The beams are steel and thus assumed to weigh 100kg/m, with a safety factor applied this equates to 1.4kN/m. 
	Beams are designated alphabetically and numerically based on the grid shown in fig.1 (page 5). All beams have associated calculations shown in appendixes D-F, with: D containing single-span calculations, E containing two-span calculations and F containing three-span calculations.  
















3.3 Columns 

	Loads held by the columns have been calculated using resultant forces calculated via the beam calculations combined with the self-weight of the columns themselves, detailed calculations in Appendix E. 
	The columns are steel and thus the self-weight is assumed to be the same as the beams, 1.4kN/m. Each column is the same height as shown in the provided drawings, 3.6m. Thus, each column exerts a load of 5.04 kN. 
	Each column is designated both alphabetically and numerically based on the grid in fig.1 (page 5). The load experienced by each is as follows:  
Column A1 = 88.636kN 
Column A6 = 88.636kN 
Column B1 = 128.077kN 
Column B3 = 256.302kN 
Column B6 = 108.896kN 
Column C4 = 161.44kN 
Column C6 = 167.577kN 
Column D7 = 15.955kN 
Column E1 = 95.739kN 
Column E3 = 158.653kN 
Column F7 = 15.955kN 
Column G1 = 121.481kN 
Column G4 = 150.852kN 
Column H6 = 187.662kN 
Column I1 = 120.795kN 
Column I4 = 229.642kN 
Column I6 = 80.331kN 
Column J2 = 21.127kN 
Column J5 = 21.127kN 
4. Durability design 

	The proposed development is in a coastal area, situated upon former dockland in Swansea. Being residential, it is required under the Eurocodes to have a design life of 50 years, classified as S4 (as shown in the below figure).  Both these factors raise a number of implications from a durability design perspective. 
[image: ]Fig 7: Table showing design life for a number of different building types (BSI, 2005).

 
[image: ]	The structure will be exposed to both corrosion induced by carbonation (XC2) and corrosion induced by chlorides from sea-water (XS1). This is due to its coastal location. A table detailing this is included below in figure 8.   












Fig 8: Table detailing exposure classes according to Eurocodes (BSI, 2002) 

[image: ]	In response to the aforementioned exposure conditions it is important to choose a concrete strength and nominal reinforcement cover that can withstand said pressures. The most significant exposure must be designed for (XS1). As such, concrete of strength C40 with nominal reinforcement cover of 35mm plus allowance (in this case 10mm), thus the overall nominal cover for reinforcement will be 45mm. These selections are based off the table included below in fig 9. 
 Fig 9: Table showing minimum concrete strength and minimum reinforcement cover for various weather conditions according to Eurocodes (Bond et al, 2006).




5. Design of critical slab 

	For this project the critical slab is slab C. This is due to its large span of 9.275m coupled with its high load of 43.02kN/m2 (imposed mainly by the heavy walls present upon it). This section outlines the full analysis of loads on the slab and details the slabs design using reinforced concrete. The concrete used will be C40 as previously detailed with a nominal reinforcement cover of at least 45mm, the slab is assumed to be 175mm thick (subject to change).
	The full analysis of loads on the slab is included in Appendix B (fig. 16). This determined the total ultimate load to be 43.02kN/m2. The next step to take before designing the reinforcement required is to evaluate the moments present within the slab, this can be determined through use of the following formula:  
 
When divided by the length of the slab (9.275m) this equates to 49.876kN per metre length of the slab. As the calculations in this section need mm precision this is converted to 49,876,000Nmm
	With the loadings and moments ascertained the next step is obtaining the K value. (Bond et al, 2006) cite this can be obtained using the following formula:  
  
In which: m = moment (49.876kNm or 49,876,000Nmm), b = breadth (9.275m or 9275mm), d = depth (0.175m or 175mm) and = characteristic cylinder strength (40N/mm2 or 40000kN/m2 as concrete is class C40). When entered correctly the formula gives the following result: 
 
As such, the K value is lower than 0.156 and thus no compression reinforcement is required (Bond et al, 2006). 
	The next step in the process is defining the level of reinforcement required for the slab. In order to complete the process a link diameter of 12mm will be assumed for the reinforcement, this can be changed if necessary. As part of this section effective depth of the slab (d) must also be calculated, this can be calculated from the following formula in which: h = slab depth (175mm), b = half of link diameter (6mm) and c = nominal cover (45mm). 
 
 
As such, d = 124mm. 
	This can now be applied to the following formula to find a z value to be used in upcoming calculations (Bond et al, 2006).  
 
 123.560  
	As 123.560 is higher than 0.95d, 0.95d will be used as the z value. This is 117.8. 
	This can now be applied to a formula along with the characteristic strength of steel (assumed to be 500N/mm2 or 500000kN/m2) to ascertain the area of reinforcement required by the slab.  Bond et al (2006) state the following formula can be used: 
  
	The area of reinforcement can now be compared to the table below to find a suitable level of reinforcement for the slab. The most efficient choice is 12mm bars at a spacing of 125mm, this provides slightly higher than the requirement.


[image: ]	 Fig. 10: Table of rebar with cross-sectional area and spacing.





6. Design of two-span steel beam 

	This section contains a detailed design for beam B1-B6, loading calculations are included in Appendix D (figs 33 & 34).  
 	As the beam is two-span it must be designed to hold to load produced by its heaviest span, this is ‘span A’ holding both slabs B and C and its own self-weight. When added together this equates to 39.659kN/m. 
	The next step is to ascertain the moment present within the beam; this can be achieved with the following formula: 
 
	As the beam is 9.275m long this equates to 45.98kN per metre length of the beam or 45,980,000Nmm. Assumed permissible bending stress for the beam is 460N/mm2. Thus, both figures can be entered into the following formula to find the required section modulus: 
 
	This equates to 99.956cm3. The table below can be used to find the correct Universal beam for the section modulus required.  In this case ‘305x165x46’ would be best providing slightly more strength than required, this is based on elastic modulus figures in the below table
[image: ]


 





Fig 11: Table of universal beam sections

7.Design of column 

	The column chosen for design is column A1, the load carried by it is 88.636kN including self-weight (calculations shown in appendix G). The height of the column (and all other columns) is 3.6m. When dividing the load by the height we get a load of 24.621kN/m. Thus, the moment within the column can be calculated with the following formula:  

	This equates to 39,886,000 Nmm. The assumed permissible bending strength for the steel to be used is 460N/mm2. Thus, the following formula can be used to ascertain the section modulus required: 

	This equates to 86.708cm3. Through use of the below table a suitable column can be chosen. The most suitable choice is ‘305x164x40’, providing slightly higher than the required amount.

[image: ]








Fig. 12: Table of universal beam sections.
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9. Appendix A – Calculations to determine slab load directions
Fig 13: Calculations for slab load directions, i.e. one-way/two-way.

[image: ] 






10. Appendix B – Slab loadings 
[image: ] Fig. 14: Loading calculations for slab A


 Fig. 15: Loading calculations for slab B

[image: ] 
[image: ] Fig. 16: Loading calculations for slab C



[image: ]Fig. 17: Loading calculations for slab D




[image: ]Fig. 18: Loading calculations for slab E




[image: ]Fig. 19: Loading calculations for slab F



[image: ]Fig. 20: Loading calculations for slab G




[image: ]Fig. 21: Loading calculations for slab H


	 

[image: ]Fig. 22: Loading calculations for slab I


	

11. Appendix C – UDL conversions 
[image: ]Fig. 23: Calculations for UDLs (used in beam calculations), part 1.

 
[image: ][image: ]Fig. 24: Calculations for UDLs (used in beam calculations), part 2.


 

12. Appendix D – Beam calculations (single-span)  
[image: ]Fig. 25: Calculations for beam A1-A6










[image: ]Fig. 26: Calculations for beam B1-E1













[image: ]Fig. 27: Calculations for beam G1-I1












[image: ]Fig. 28: Calculations for beam E1-E3










[image: ]Fig. 29: Calculations for beam D7-F7











[image: ]Fig. 30: Calculations for beam J2-J5










[image: ]Fig. 31: Calculations for beam H4-H6










[image: ]Fig. 32: Calculations for beam G1-G4




13. Appendix E – Beam calculations (two-span) 
[image: ]Fig. 33: Calculations for beam B1-B6 (part 1).


 



[image: ]Fig. 34: Calculations for beam B1-B6 (part 2).













[image: ]
Fig. 35: Calculations for beam I1-I6, part 1.





[image: ][image: ]Fig. 36: Calculations for beam I1-I6 (part 2).

[image: ]Fig. 37: Calculations for beam C4-I4 (part 1)







[image: ][image: ]Fig. 38: Calculations for beam C4-I4 (part 2)




[image: ][image: ]Fig. 39: Calculations for beam C3-C6.

[image: ]Fig. 40: Calculations for beam B3-E3, part 1.









[image: ] Fig. 41: Calculations for beam B3-E3, part 2.




14. Appendix F – Beam calculations (three-span) 
[image: ]	Fig. 42: Calculations for beam B6-I6, part 1.




[image: ]Fig. 43: Calculations for beam B6-I6, part 2.










[image: ]Fig. 44: Calculations for beam B6-I6, part 3.














15. Appendix G – Column loadings calculations 
[image: ]Fig. 45: Column loading calculations, part 1.





[image: ][image: ]	Fig. 46: Column loading calculations, part 2.
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