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1.0 Scheming 
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Dots indicate column positions.
Red lines indicate beams.




2.0 Scheduling 

	SCHEDULE OF LOADING

	
Level
	
Functional Spaces
	Superimposed Dead Load (KN/sqm)
	Total Imposed Dead Load (KN/sqm)
	Live Load (KN/sqm) -
Table and sub-category from Eurocode

	
	
	
Finishes
	
Services
	
Ceilings
	Blockwall Partitions 
	
	

	













1st Floor
	Master bedroom
	1.2
	0.3
	0
	0.0
	1.5
	1.5 (A2)
Table NA.2

	
	
	
	
	
	
	
	

	
	Bedroom 2
	1.2
	0.3
	0
	1.5
	3.0
	1.5 (A2)
Table NA.2

	
	
	
	
	
	
	
	

	
	Bedroom 3
	1.2
	0.3
	0
	0.0
	1.5
	1.5 (A2)
Table NA.2

	
	
	
	
	
	
	
	

	
	Bedroom 4
	1.2
	0.3
	0
	1.5
	3.0
	1.5 (A2)
Table NA.2

	
	
	
	
	
	
	
	

	
	Toilet
	1.2
	0.3
	0
	1.5
	3.0
	2.0 (A3)
Table NA.2

	
	
	
	
	
	
	
	

	
	Toilet
	1.2
	0.3
	0
	1.5
	3.0
	2.0 (A3)
Table NA.2

	
	
	
	
	
	
	
	

	
	Toilet
	1.2
	0.3
	0
	0.0
	1.5
	2.0 (A3)
Table NA.2

	
	
	
	
	
	
	
	

	
	Toilet
	1.2
	0.3
	0
	0.0
	1.5
	2.0 (A3)
Table NA.2

	
	
	
	
	
	
	
	

	
	Closet
	1.2
	0.3
	0
	0.0
	1.5
	2.0 (E11)
Table NA.5

	
	
	
	
	
	
	
	

	
	Closet
	1.2
	0.3
	0
	0.0
	1.5
	2.0 (E11)
Table NA.5

	
	
	
	
	
	
	
	

	
	Family lounge
	1.2
	0.3
	0
	0.0
	1.5
	2.0 (A1)
Table NA.2

	
	
	
	
	
	
	
	

	
	Balcony
	1.2
	0.3
	0
	0.0
	1.5
	2.5 (A5)
Table NA.2

	
	
	
	
	
	
	
	

	
	Stairs
	1.2
	0.3
	0
	0.0
	1.5
	3.0 (C32)
Table NA.2

	Roof Level
	
	
	
	
	
	
	

	
	Roof
	0
	0.3
	0.15
	0
	0.45
	0.9
Table NA.7



Information taken from: UK National Annex to 
Eurocode 1: Actions on  structures — Part 1-1: General actions — Densities, self-weight, imposed loads for buildings. NA to BS EN 1991-1-1:2002. 








































3.0 Design Calculation for Durability

This durability design will be referenced to Eurocode 2: Design of concrete structures – Part 1-1: General rules and rules for buildings.

	Ref
	Description
	Output


	
	FLOOR SLAB
	

	
	Bar Size
Assumed Bar Size = 16mm
Nominal Cover C ≥ 16mm

	

	Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Slab Thickness = 0.25 x 150 = 37.5mm
Nominal cover ≥ 20mm

	

Hagg is Ok


	Table 4.1
Table 4.3
Table 4.4
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water.
Concrete Grade C40 is intended to be used.
Nominal cover ≥ 25mm

	

	Cl.  4.4.1.2
	Fire Resistance
1hr fire resistance is intended
Nominal cover ≥ 20mm
Minimum depth of slab panel = 100mm
Depth of slab panel =150mm. 

	



Slab depth ok

	
	Nominal cover to all floor slab = 25mm
	C = 25mm

	
	
	

	
	FLOOR BEAMS
	

	
	Bar Size
Assumed Bar Size = 20mm
Nominal Cover C ≥ 20mm

	

	Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Beam width = 0.25 x 200 = 50mm
Nominal cover ≥ 20mm


	

Hagg is Ok


	Ref
	Description
	Output


	Table 4.1
Table 4.3
Table 4.4
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water
Concrete Grade C40 is intended to be used.
Nominal cover ≥ 25mm

	

	Cl.  4.4.1.2
	Fire Resistance
1hr fire resistance is intended
Nominal cover ≥ 20mm
Minimum width of beam = 200mm
Width of beam = 250mm

	



Beam width ok

	
	Nominal cover to all floor beams = 25mm
	C = 25mm

	
	
	

	
	COLUMNS
	

	
	Bar Size
Assumed Bar Size = 20mm
Nominal Cover C ≥ 20mm

	

	Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x col. width = 0.25 x 175 = 43.75mm
Nominal cover ≥ 20mm

	

Hagg is Ok


	Table 4.1
Table 4.3
Table 4.4
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water
Concrete Grade C40 is intended to be used.
Nominal cover ≥ 25mm

	

	Cl.  4.4.1.2
	Fire Resistance
1hr fire resistance is intended
Nominal cover ≥ 20mm
Minimum width of fully exposed = 175mm
Minimum width of 50% exposed = 150mm
Minimum width of one face exposed =125mm

	





	
	Nominal cover to all columns = 25mm
	C = 25mm

	
	
	

	
	FOUNDATION BEAMS
	

	
	Bar Size
Assumed Bar Size = 20mm
Nominal Cover C ≥ 20mm

	

	Ref
	Description
	Output


	Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Beam width = 0.25 x 250 = 62.5mm
Nominal cover ≥ 20mm

	

Hagg is Ok


	
	Concrete is cast against an adequate 50mm concrete blinding.
Nominal cover ≥ 40mm

	

	Table 4.1
Table 4.3
Table 4.4

Cl  4.1
Cl  4.4.1.2
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water
Concrete Grade C40 is intended to be used.
Nominal cover ≥ 40mm
As Grade C40 is to be used, nominal concrete cover is increased to 50mm to provide adequate minimum cover against corrosion.

	

	Cl.  4.4.1.2
	Fire Resistance
1hr fire resistance is intended
Nominal cover ≥ 20mm
Minimum Beam width = 250mm
	





	
	Nominal cover to all foundation beams = 50mm

	C = 50mm

	
	FOUNDATION SLABS
	

	
	Bar Size
Assumed Bar Size = 16mm
Nominal Cover C ≥ 16mm

	

	Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Assumed Slab depth = 0.25 x 150 = 37.5mm
Nominal cover ≥ 20mm

	


Hagg is Ok


	
	Concrete is cast against an adequate 50mm concrete blinding.
Nominal cover ≥ 40mm


	

	Ref
	Description
	Output


	Table 4.1
Table 4.3
Table 4.4

Cl  4.1
Cl  4.4.1.2
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water
Concrete Grade C40 is intended to be used.
Nominal cover ≥ 40mm
As Grade C40 is to be used, nominal concrete cover is increased to 50mm to provide adequate minimum cover against corrosion.

	

	Cl.  4.4.1.2
	Fire Resistance
1hr fire resistance is intended
Nominal cover ≥ 20mm
Assumed minimum Slab depth = 100mm
	





	
	Nominal cover to all foundation slabs = 50mm

	C = 50mm

	
	
	













4.0 Slab Design

Process for slab design taken from “How to Design Concrete Structures using Eurocode 2”. Page 19.

Loading on Slab

· Dead Load (gk) includes, the self-weight of the slab, weight of finishes and services.
Self-weight = density x volume (for slab estimate per area)
SW = density x thickness of the slab (say 150mm) = 24 x 0.150 = 3.6KNm-2.	
Total gk = 1.5+1.5+1.5+3.6 = 8.1KNm-2
· Live Load (qk) includes load due to usage
Panel 1 qk = 2+2+1.5 = 5.5KNm-2

Total Ultimate load = 1.4gk + 1.6qk

Dead load = 8.1 x 1.4 = 11.34
Live load = 5.5 x 1.6 = 8.8
                 = 11.34 + 8.8 = 20.14KNm-2

P1 = 20.14KNm-2 – Loading on the slab

Information on loading of slab taken from: Eurocode 1: Actions on structures — Part 1-1: General actions — Densities, self-weight, imposed loads for buildings. BS EN 1991-1-1:2002
Weight of concrete taken from: Table A.1 - Construction materials-concrete and mortar
Imposed loads taken from: Table 6.2 - Imposed loads on floors, balconies and stairs in buildings
 



Moment for slab

Toilet
Bedroom 3
Closet
5425
3890






















Slab load = 20.14KNm-2

Design moment = M=wL2

20.14 x 3.82        = 36.4KNm
                8
Per metre of the slab

K = M/Fcu bd2

M = 36.4KNm

Fcu = 40

b = 1000mm  

h = 150mm

d = 125mm

K =     36,400,000          =  0.058
        40 x 1000 x 1252

K = <0.156

z = d/2 [0.5 + √(1 – 3.53K)]
z = 125/2 [1 + √(1 – 3.53 x 0.058) <0.95d

Obtain lever arm z from Euro code 2 (table 5). Page 53
0.944 x 125 = 118mm


M = 76400000Nmm
Fyd = 500Nmm-2
Z = 118
As = M/Fydz
     = 76400000/500x118 = 1294.9mm2

Provide H16 @ 150 c/c As = 1340mm2

Minimum reinforcement = 0.13%AC
Maximum reinforcement = 4%AC

Reinforcement value taken from page 90 (table 15)















5.0 Beam Design

Process for beam design taken from “How to Design Concrete Structures using Eurocode 2”. Page 26.

Loading on Beam - Analysis

Each beam on grid 1 and 2 supports a uniformly distributed load from the width of slab plus their self-weight.
                                 SW = Unit weight (100kg/m steel) = 100 x 10 = 1KNm-1
                                 Beam Ultimate load = 1.4*1 = 1.4KNm-1
Toilet
Bedroom 3
Closet
5425
3890
A
1
B
2






















A1-B1, A2-B2 indicated on drawing above.

Total load on Beam = load from the slab + self weight;
Total load on Beam A1-B1 = (20.14*0.9) + (1.4) = 19.53KNm-1
Total load on Beam A2-B2 = (20.14*0.9*2) + (1.4) = 37.65KNm-1


Design Moment

M = wl2/8
     = 19.53 x 5.42/8
     = 71.19kNM

K = M/Fcubd2
    = 71190000 / 40 x 250 x 4252
    = 0.04

Fcu = 40

b = 250mm

d = 425mm

Obtain lever arm z from Eurocode 2 (Table 5). Page 27
0.95 x 425 = 403.75mm

As = M/Fydz
     = 71190000 / 500 x 403.75
     = 353mm2

Provide 2H20; As = 628mm2
Reinforcement value taken from page 90 (table 15)

Section Modulus

The section modulus required, W = M / Fy

M = 71.19KNm
Fy = 780

Steel strength is 780 as it is required to be safe. Instead of permissible strength as 460, we take it as 780.

W = 71190000 / 780 = 91269.2 = 91.3cm3

91.3cm3 is required, so we look at the final column (wy) and decide to provide slightly higher = 92cm3. Which is UB 254 x 146 x 43 Steel beam.
Universal beam value taken from “Table 1: universal beams”


Classification of Section

Depth = 259.6mm
Width = 147.3mm
Web thickness = 7.2mm
Sectional Area = 54.8cm2
Weight = 43






























6.0 Column Design

Process for column design taken from “How to Design Concrete Structures using Eurocode 2”. Page 34.


Column details

300mm square column
Fck = 40
Cover = 25mm
Slab thickness = 150mm
Axial load = 39.67KN (Slab load and beam load)
Moment = 107.59N
Vertical centre is 4000
The structural grid is 5.4 in each direction

Effective length & slenderness

3004 / 12
2712
2 x 2712 x 1503 / 12     = 0.89             From table 4, F = 0.83
5425

So I0 = 0.83 x 2.7 = 2.24m

3.46 x 2.24 / 0.3 = 25.8 = Slender ratio

Slenderness Limit

Ei = I0 / 400
     = 2240 / 400 = 5.6m
NEd = 39.67KN
eiNd = 39.67 x 0.0056
         = 0.22KN

A = 0.7 (Default)
B = 1.1 (Default)
C = 1.7 – rm
    = 1.7 – M01 / M02
    = 1.7 – ((-107.59 + 0.22) / (107.59 + 0.22)
    = 1.7 -   -107.37 / 107.81 = 2.7
n = Ned / AcFcd
   = 39.67 x 103 / (3002 x 0.85 x 40 / 1.5)
   = 0.02

lim = 20 ABC / √n        = 20 x 0.7 x 1.1 x 2.7 / 0.020.5 = 294
lim = 294      i.e. > 25.8    
Therefore column is not slender

Design Moments

M02 = 107.59 + 39.67 x 0.0056
        = 107.59 + 0.22
        = 107.81 

M01 = -107.81 +0.22 = -107.59
Moed = 0.6 x 107.81 + 0.4 x (-107.59)> 0.4 x 107.81
         = 21.65 < 43.12
         = 43.12

M2 = 0KNm

Med = max [M02; Moed + M2; M01 + 0.5 M2; Ned E0]
        = M02 = 107.81; 43.12 + 0; -107.59 +0;
Med = 107.81

Determine As

Ned / bhFck = 39.67 x 103 / (3002 X 40) = 0.01
Med / bh2fck = 107.81 x 106 / (3003 x 40) = 0.1

Answers came out false here, so assume a value of 0.2 on interaction chart to carry on with calculations. (Figure 9a of Eurocode 2)

Asfyk / bhfck
As = 0.2 x 3002 x 40    = 923mm2
                   780

Try H20 @ 300 c/c = (1050mm2)
Reinforcement value taken from page 90 (table 15)


Design summary
H20 @ 300 c/c
25mm cover
Fck = 40 MPa

































7.0 Foundation Design

Process for foundation design taken from “How to Design Concrete Structures using Eurocode 2”. Page 44.

Not sure where dead load and live load comes from for pad foundation. So, assume dead load as 610kN Gk and Qk as 450kN. The presumed allowable bearing pressure of the non-aggressive soil is 250kN/m2.

Base Area: (610 + 450) / 250 = 4.24m2
2.1 x 2.1 x 0.5 (deep)
[image: ]


















“Section through this pad foundation”


Loading = 1.4 x 610 + 1.6 x 450
               = 1574kN

ULS bearing pressure = 1574 / 2.12
                                       = 356.9kN/m2


Critical section at face of column
Med = 356.9 x 2.1 x 0.92 / 2
        = 303.5Knm

d = 500-50-16
   = 434mm

k = 303.5 x 106
    (2100 x 4342 x 40)
   = 0.019

z = 0.95d
As = Med / fydz

= 0.95 x 434 = 412mm
As = 303.5 x 106
        (400 x 412)
     = 1841.6mm2

Provide 16H@ 100 c/c (2010mm2)

Reinforcement value taken from page 90 (table 15)



Beam Shear

Ved = 356.9 x (0.95 – 0.434) = 184.1kN/m2
Ved = 184.1 / 434 = 0.41MPa
P = 2010 / (434 x 2100) = 0.0022 = 0.2%

VRd,c (from table = 0.42MPa
Beam shear is ok.
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