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qk: Live Load
The live loads in the loading schedule, are values based on the functionality and usage of the specific spaces. The functional spaces are first categorised using Table NA.2 in the NA to BS EN 1991-1-1:2002 (BSI, 2002). Values are then allocated to these categorised areas which are taken from Table NA.3, which is also from the NA to BS EN 1991-1-1:2002 (BSI, 2002).

gk: Dead Load
The dead loads, for the loading schedule, are a combination of the finishes, services, ceilings and block wall partitions, are in accordance with BS EN 1991-1-1:2002, Annex A. Where the density of material was not specified in BS EN 1991-1-1:2002, Annex A, a manufacturers or contractors’ recommendation/specification was used (BSI, 2002).

Material Densities
	Material
	Density (KN/m3)
	Reference

	Chipboard [Particle Board]
	7.00 
	(BSI, 2002)

	Concrete [Normal Weight]
	24.00 
	(BSI, 2002)

	Tiles
	19.61 
	(Seniorcareto, n.d.)

	Wood Laminate 
	8.34 
	(Hiziroglu, 2012)

	Carpet
	8.86 
	(Northland carpets Ltd, n.d.)

	Gypsum Wallboard [Ceiling]
	6.55
		(Thomas et al, 2005)

	Cement Board
	15.69
	(BuildSupply, 2021)

	Concrete blocks [Partitions]
	14.71
	(Concrete block association, 2017)



Either chipboard or cement board will be used as the underlay for all flooring. Chipboard is a low-cost material and can easier maintain the budget whilst not compromising on other features. Chipboard is also a strong and durable material to be used as the underlay. Cement board will substitute for chipboard where tile finishing is used, due to the possibility of water seeps and leaks in the bathrooms. In a situation where moisture penetrates the flooring system, cement board will maintain its form, whereas chipboard will absorb the moisture and deform, causing an uneven surface for the tiles (Lewitin, 2022).


Flooring Finishes
	Functional Space
	Primary Material
	Primary Material Thickness
	Chipboard Underlay
	Cement Board Underlay

	Master Bedroom
	Carpet
	9mm
	20mm
	

	Closet
	Wood Laminate
	10mm
	20mm
	

	Toilet 1
	Tiles
	10mm
	
	13mm

	Closet
	Wood Laminate
	10mm
	20mm
	

	Family Lounge
	Carpet
	9mm
	20mm
	

	Bedroom 4
	Carpet
	9mm
	20mm
	

	Toilet 2
	Tiles
	10mm
	
	13mm

	Bedroom 2
	Carpet
	9mm
	20mm
	

	Toilet 3
	Tiles
	10mm
	
	13mm

	Stairs
	Carpet
	9mm
	20mm
	

	Toilet 4
	Tiles
	10mm
	
	13mm

	Closet 2
	Wood Laminate
	10mm
	20mm
	

	Bedroom 3
	Carpet
	9mm
	20mm
	

	Roof
	[NA]
	[NA]
	[NA]
	[NA]






Carpet: 
[carpet] (0.009m x 8.86 KN/m3) + [chipboard] (0.02m x 7 KN/m3) = 0.22 KN/m2

Wood Laminate: 
[wood laminate] (0.01m x 8.34 KN/m3) + [chipboard] (0.02m x 7 KN/m3) = 0.22 KN/m2

Tiles: 
[tiles] (0.01m x 19.61 KN/m3) + [cement board] (0.013m x 15.69 KN/m3) = 0.4 KN/m2













Loading Schedule
	Loading Schedule

	Level
	Functional Spaces
	Superimposed Dead Load (KN/m2)
	Total Imposed Dead Load (KN/m2)
	Live Load (KN/m2)

	
	
	Finishes
	Services
	Ceilings
	Block wall Partitions
	
	

	First Floor
	Master Bedroom
	0.22
	0.00
	0.00
	0.00
	0.22
	(A1) 1.50

	
	Closet 1
	0.22
	0.00
	0.00
	1.50
	1.72
	(E11) 1.50

	
	Toilet 1
	0.40
	0.30
	0.00
	1.50
	2.20
	(A3) 2.00

	
	Family Lounge
	0.22
	0.00
	0.00
	0.00
	0.22
	2.00

	
	Bedroom 4
	0.22
	0.00
	0.00
	0.00
	0.22
	(A1) 1.5

	
	Toilet 2
	0.40
	0.30
	0.00
	1.50
	2.20
	(A3) 2.0

	
	Bedroom 2
	0.22
	0.00
	0.00
	0.00
	0.22
	(A1) 1.5

	
	Toilet 3
	0.40
	0.30
	0.00
	1.50
	2.20
	(A3) 2.0

	
	Stairs
	0.22
	0.00
	0.00
	0.00
	0.22
	(C32) 3.00

	
	Toilet 4
	0.40
	0.30
	0.00
	1.50
	2.20
	(A3) 2.0

	
	Closet 2
	0.22
	0.00
	0.00
	1.50
	1.72
	(E11) 1.50

	
	Bedroom 3
	0.22
	0.00
	0.00
	0.00
	0.22
	(A1) 1.50

	Roof
	Roof
	0.00
	0.30
	0.15
	0.00
	0.45
	[NA]
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Exposure Conditions:
[image: Table

Description automatically generated]
(Source: BSI, 2014 – Table 4.1, pp.48)

Table 4.1 in BS EN 1992-1-1:2004+A1:2014 outlines the various exposure conditions. The current project will be based in SA1, near the IQ building, which is in close proximity to the coast. Therefore, the class designation for the exposure condition will be XS1.  XS1 is classed as structures that are exposed to airborne salt but not in direct contact with sea water (Structures near to or on the coast). An XD1 class designation could be considered, due to the building possibility of the building being sheltered by surrounding buildings in the area and so it might not receive as much impact from the airborne chlorides from sea water. However, to account for all possible conditions, XS1 will be taken as the class designation.
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(Source: BSI, 2014 – Table 4.3N, pp.51)

The design working life of the structure will be taken as 100 years. Therefore, from the table, the class designation of XS1 is stated as ‘increase class by 2’. From the table the strength class can be taken as C40. 
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(BSI, 2014 – Table 4.4N, pp.52)

Due to the exposure class being XS1 and it being stated as ‘increase class by 2’, the structural class is to be taken as S2. The environmental requirement for cmin,dur, which is the value of the minimum cover requirement, is to be taken as 25mm.









Fire Resistance
Slab 

[image: Table
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(Source: BSI, 2019 – Table 5.8, pp.53)

Slab thickness = 150mm
ly/lx ≤ 1.5
1.11 ≤ 1.5 ∴ Minimum = 30mm













Fire Resistance for Beams 
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(Source: BSI, 2019 – Table 5.6, pp.51)

Fire Resistance for Columns
[image: Table
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(Source: BSI, 2019 – Table 5.2a, pp.42)


Durability Design Table:

	Ref
	Description
	Output

	
	
Floor Slab

	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Bar Size
Assumed Bar Size = 12mm
Nominal Cover C ≥ 12mm
	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Slab Thickness (150mm)
Hagg ≤ 37.5mm
Nominal cover ≥ 20mm
	Hagg is OK

	BS EN 1992-1-1:2004+A1:2014, Table 4.4N

BS EN 1992-1-1:2004+A1:2014, 4.4.1.1 
	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 ≥ 35mm
	

	EN 1992-1-2:2004+A1:2019, Table 5.8 
	Fire Resistance
1 hour Fire resistance is intended
Nominal cover ≥ 35mm
Minimum depth of slab panel = 95mm
Depth of slab panel = 150mm. 
	Slab Depth OK

	
	
Nominal Cover to all floor slab = 35mm

	C=35mm

	
	
Floor Beams

	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Bar Size
Assumed Bar Size = 16mm
Nominal Cover C ≥ 16mm
	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Beam width (225mm)
Hagg ≤ 56.25mm
Nominal cover ≥ 20mm
	Hagg is OK

	BS EN 1992-1-1:2004+A1:2014, Table 4.4N

BS EN 1992-1-1:2004+A1:2014, 4.4.1.1
	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 ≥ 35mm
	

	BS EN 1992-1-2:2004+A1:2019, Table 5.6
	Fire Resistance
1 hour Fire resistance is intended
Nominal cover ≥ 20mm
Minimum width of beam = 200mm
Width of beam = 225mm
	Beam width OK

	
	
Nominal cover to all floor beam = 35mm

	C=35mm

	
	
Columns

	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Bar Size
Assumed Bar Size = 16mm
Nominal Cover C ≥ 16mm
	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x col. width (150mm)
Hagg ≤ (37.5mm)
Nominal cover ≥ 20mm
	Hagg is OK

	BS EN 1992-1-1:2004+A1:2014, Table 4.4N

BS EN 1992-1-1:2004+A1:2014, 4.4.1.1
	Exposure Condition
Environment is considered to be exposed to airborne salt but not in direct contact with sea water.
Concrete Grade C30 is intended to be used.
Nominal cover ≥ 35mm
	

	EN 1992-1-2:2004+A1:2019, Table 5.2a
	Fire Resistance
1 hour Fire resistance is intended
Nominal cover ≥ 20mm
Minimum width of fully exposed = 150mm
Minimum width of 50% exposed = 125mm
Minimum width of one face exposed =100mm
	

	
	
Nominal cover to all column = 35mm

	C=35mm

	
	
Foundation Beams

	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Bar Size
Assumed Bar Size = 16mm
Nominal Cover C ≥ 16mm
	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Beam width (225mm)
Hagg ≤ (57.5mm)
Nominal cover ≥ 20mm
	Hagg is OK

	BS EN 1992-1-1:2004+A1:2014, Table 4.4N

BS EN 1992-1-1:2004+A1:2014, 4.4.1.1
	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 ≥ 50mm
	

	BS EN 1992-1-2:2004+A1:2019, Table 5.6
	Fire Resistance
1 hour Fire resistance is intended
Nominal cover ≥ 20mm
Minimum Beam width = 95mm
	

	
	
Nominal cover to all foundation beams = 50mm

	C = 50mm

	
	
Foundation Slab

	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Bar Size
Assumed Bar Size = 12mm
Nominal Cover C ≥ 12mm
	

	BS EN 1992-1-1:2004+A1:2014, Table 4.2
	Aggregate Size
Nominal maximum size of aggregate Hagg = 20mm
Hagg ≤ 0.25 x Assumed Slab depth (150mm) 
Hagg ≤ 37.5
Nominal cover ≥ 20mm
	Hagg is OK

	BS EN 1992-1-1:2004+A1:2014, Table 4.4N

BS EN 1992-1-1:2004+A1:2014, 4.4.1.1
	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 ≥ 50mm
	

	EN 1992-1-2:2004+A1:2019, Table 5.8
	Fire Resistance
1 hour Fire resistance is intended
Nominal cover ≥ 20mm
Assumed minimum Slab depth = 95mm
	

	
	
Nominal cover to all foundation slab = 50mm

	C = 50
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Critical Slab
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Identifying and selecting the critical slab is dependent upon the span and the heaviest load. Panel P1 (L:4m x W:3.6m) takes the heaviest imposed dead load, from the floor above. P1 takes loads from the spaces above of; toilet 1, closet 2 and the family lounge. Therefore:
Total imposed dead load: Toilet 1 + Closet 1 + Family Lounge
Total imposed dead load: 2.20 + 1.72 + 0.22 = 4.14 KN/m2

Loading Analysis
Slab P1: Two-way Slab
ly/lx ≥2: P1 = L:4m x W:3.6m
4/3.6 = 1.11 ∴ Two-way slab
Total gk
[Assumed slab thickness = 150mm]
Self-weight (SW) = Density x Volume 
SW = Density x Thickness of Slab
SW = 24 KN/m3 x 0.150m = 3.6KNm-2
Total gk = Total Imposed Dead Load (P1) + Self-weight
Total gk = 4.14 + 3.6 = 7.74KNm-2

Total qK
Live Load (qK) for P1 = 2.0 + 2.0 + 1.5 
(qK) P1 = 5.5 KNm-2

Ultimate Load = 1.35gk + 1.5qK (EN 1990)
Ultimate Load = 1.35 gk + 1.5 qK
Ultimate Load = 7.74 (1.35) + 5.5 (1.5)
Ultimate Load = 18.7 KNm-2

Nominal Cover – [4.4.1.1 in BS EN 1992-1-1:2004+A1:2014]
cnom = cmin + cdev
cdev = 10mm ((Recommended allowance for deviation.   (BSI, NA+A2:2014, pp.3)
cnom = 25 + 10mm 
cnom = 35mm















Slab Design Flow Chart 
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(Source: Bond et al., 2006, pp.19)

Data from Durability Design
Fck = 40 Nmm-2
Design Life: 100 years
Exposure Condition: Structures that are exposed to airborne salt but not in direct contact with sea water (Structures near the coast)
Cover = 35 mm 




Design Moment: 
M = wl2/8
M = 18.7 x 3.62 / 8
Per meter length of slab M = 30.3KNm 

Data: 
h: overall depth of slab = 150mm
c: cover = 35mm
b: Breadth = 1m
d: effective depth of slab 
 
 
d = 109mm 

Determining K
K =  

M = 30.3KNm (30.3 E6) 
(M = 30.3 x 1000000 = 30300000)
Fcu = 40 Nmm-2 
b = 1000 mm 
h =150mm
d = 109mm 

          K = 0.063

Determining K’
K’ = 0.153 (Bond et al, 2006, table 4, pp.19)
Is K ≤ K’?
0.063 ≤ 0.153

∴ No compression reinforcement required
Obtaining the Lever Arm
≤ 0.95d
≤ 0.95(109)
≤ 103.55


Calculating Tension Reinforcement
As,min = 
As,min = 
As,min = 590.87mm2


Provide H12 @ 175 c/c (Bond et al, 2006, Table 15, pp.90)
As = 646mm2 


Minimum Reinforcement Requirements 
As,min = 0.18% x Ac (Bond et al, 2006, Table 6, pp.19)
Minimum Reinforcement (As,min) = 0.0018 (0.18) x Ac
As,min = 0.0018 x 1000 x 109
As,min = 196.2mm2

Maximum Reinforcement Requirements 
Maximum Reinforcement (As,max) = 0.04 (4%) x Ac
As,max = 0.04 x 1000 x 109
As,max = 4360mm2
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(Source: Bond et al., 2006, pp.27)



Chosen Continuous Beam 
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L:8.4m W:0.225m D:0.45m

Loading Analysis on P1 & P2
Total gk
[Assumed slab thickness = 150mm]
P1
Self-weight (SW) = Density x Volume 
SW = Density x Thickness of Slab
SW = 24 KN/m3 x 0.150m = 3.6KNm-2
Total gk = Total Imposed Dead Load of P1 + Self-weight
Total gk = (1.5+2.0) + 3.6 = 7.1KNm-2
P2
Self-weight (SW) = Density x Volume 
SW = Density x Thickness of Slab
SW = 24 KN/m3 x 0.150m = 3.6KNm-2
Total gk = Total Imposed Dead Load of P2 + Self-weight
Total gk = 2.0 + 3.6 = 5.6KNm-2


Live Loads (qK) on P1 & P2
qK for P1 = 2.0 + 2.0 + 1.5 = 5.5 KNm-2
qK for P2 = 1.5 KNm-2

Total Ultimate Load on Slabs P1 & P2
Total Ultimate Load = 1.35gk + 1.5qK
P1 = (1.35 x 7.1) + (1.5 x 5.5) = 17.84KNm-2
P2 = (1.35 x 5.6) + (1.5 x 1.5) = 9.81KNm-2


Loading on Beam

[image: Diagram
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Beam Self-weight
SW: Unit weight (concrete) x Width x Depth
SW = 24 x 0.225 x 0.45 = 2.43KNm-2

Beam Ultimate Load: 1.35 x SW
Beam Ultimate Load = 3.28KNm-2

Total Load on Beams (Two-way Slabs)
(P1) 17.84 / 4 (two-way load distribution) + Beam SW = 10.17 KNm-2
(P2) 9.81 / 4 (two-way load distribution) + Beam SW = 8.16 KNm-2



Design Moment of Continuous Beam – (Moment Distribution Method)

Stiffness: 

Stiffness coefficient of AB (KAB) =  = 0.24
Stiffness coefficient of BC (KBC) =  = 0.24

Distribution Factor  (DFBA) = KAB / (KAB +KBC)
(DFBA) = 0.5

Distribution Factor  (DFBC) = KBC / (KAB +KBC)
(DFBC) = 0.5

Fixed End Moments (FEM)

 =  = 14.9KNm

 = = 12KNm


8.16KN/m
10.17KN/m

A                                                         B                                                           C                                      

  4.2m
4.2m




	DF
	1                                            0.5
	0.5                                             0

	FEM
	14.9                                    -14.9
	12                                          -12

	BAL
	-14.9                                    1.45
	1.45                                           0

	COM
	0.73                                    -7.45
	0                                           0.73

	BAL
	-0.73                                    3.73
	3.73                                           0

	COM
	1.87                                    -0.37
	0                                           1.87

	BAL
	-1.87                                    0.17
	0.17                                           0

	COM
	0.09                                    -0.94
	0                                           0.09

	BAL
	-0.09                                    0.47
	0.47                                           0

	Final M
	0                                       -17.84
	17.84                                  -9.31 



Data from Durability Design
Fck = 40 Nmm-2
Design Life: 100 years
Exposure Condition: Structures that are exposed to airborne salt but not in direct contact with sea water (Structures near the coast)
Cover = 35 mm 

Data:
M =  17.84KNm (E6)
b: Width/breadth of beam = 225mm
h: overall depth of beam = 450mm
c: cover = 35mm
d: effective depth of beam = 407mm

 
 
d = 407mm 

Determining K
K = 
K =  = 0.01

Determining K’
K’ = 0.153 (Bond et al, 2006, Table 4, pp.27)
Is K ≤ K’?
0.01 ≤ 0.153 (no comp reinforcement)

Obtaining the Lever Arm
≤ 0.95d
≤ 0.95 (407)
≤ 386.7

mm

Calculating Tension Reinforcement
As,min = 

As,min = 

As,min = mm2

Provide 2H12  (Bond et al., 2006, Table 14, pp.90)
As = 226mm2 

Minimum Reinforcement Requirements 
Minimum percentage of reinforcement = 0.18% (Bond et al., 2006, Table 6, pp.47)
As,min = 0.0018 x Ac (b x d)
As,min = 0.0018 x (225 x 407)
As,min = 164.8mm2

Maximum Reinforcement Requirements
As,max = 0.04 x Ac (b x d)
As,max = 0.04 x (225 x 407) = 3663mm2
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Actions on the Column

Loading (following from Beam section):

10.17KN/m
8.16KN/m
VAB

VCB
VBC
VBA


4.2m
4.2m

9.31  KN-m
17.84 KN-m



Span AB

MB       

(VAB x 4.2) – (10.17 x 4.2 x 2.1) + 17.84 = 0

4.2VAB – 89.7 + 17.84 = 0

VAB = 17.10KN

MA       

- (VBA x 4.2) + (10.17 x 4.2 x 2.1) + 17.84 = 0

- 4.2VBA + 89.7 + 17.84 = 0

VBA = 25.6KN

Span BC

MC       

(VBC x 4.2) – 17.84 – (8.16 x 4.2 x 2.1) + 9.31 = 0

4.2VBC – 17.84 – 71.97 + 9.31 = 0

VBC = 19.17KN

VB = VBA + VBC = 25.6 + 19.17 


MB       

(-VCB x 4.2) – 17.84 + (8.16 x 4.2 x 2.1) + 9.31 = 0

- 4.2VCB – 17.84 + 71.97 + 9.31 = 0
4.2VCB  + 17.84 - 71.97 - 9.31 = 0

VCB = 15.10KN

VA = 17.10KN 
VB = 44.77KN
VC =15.10KN


Axial Load = Load on column + self-weight

Load on column = 44.77KN

SW = Density x volume
SW = 24 x 0.3 x 0.3 x 3 = 6.5

Ultimate axial Load = 44.77 + 6.5

Ultimate axial Load (Ned) = 51.27KN



Column Data 
Dimensions: 0.3m x 0.3m x 3m
Slab = 150mm thickness
Ultimate axial Load (Ned) = 1500KN
Moment at the top of column = 17.84
Moment at the bottom of column (pinned) = 0 
Half bay width for flat slab = 4200mm (4.2m)
Concrete = C30

Allow for Imperfections (Factor of Safety)
(Source: BSI, 2014)

ei = l0 / 400
ei = 2200/400
ei = 5.5mm

Determine Slenderness & Effective Length
Effective Length (l0) 

K =  =  = 0.48

Effective length factor ‘F’ (Bond et al., 2006, Table 4, pp.37)
F = 0.74
l0 = Fl
F = 0.74 
l0 = 0.74 x 3 = 2.22m





Slenderness, λ = l0 / i 

(i) = radius of gyration

For Rectangular section: 

λ = 3.46 l0 / h

λ = 3.46 x 2.22 / 0.3

λ = 25.6

Slenderness Limit
ei = 5.5mm
Ned = 1500KN
M02 = 17.84

ei x Ned = 0.0055 x 1500 = 8.25KNm

Λlim = 20 ABC / 

A = 0.7
B = 1.1

C = 1.7 – rm
C = 1.7 – M01 / M02
C = 1.7 – (-17.84 + 8.25) / (17.84 + 8.25)
C = 2.06

n = NEd / Ac fcd
n = 1500 x 103 / (3002 x 40)
n = 1500 x 103 / 3600000
n = 0.42

Λlim = 20 x 0.7 x 1.1 x 1.38 / 
Λlim = 32.8

32.8 > 25.6

∴ Column is not slender

Design Moments
MEd = max [M02; M0Ed + M2; M01 + 0.5M2 ; NEde0]

M02 = M + ei NEd
Where:
M = 17.84
ei = 5.5mm
NEd = 1500

∴ M02 = 17.84 + 0.0055 x 1500

M02 = 26.09

M01 = -17.84 + 8.25 = -9.59

M0Ed = (0.6 M02 + 0.4 M01) ≥ 0.4 M02
M0Ed = (0.6 x 26.09) + (0.4 x -9.59) ≥ 0.4 x 26.09
M0Ed = 11.82 ≥ 10.44

∴ M0Ed = 11.82

M2 = 0

e0 = h/30 (EC2 Section 6.1(4)


Design Moment Solution
MEd = max [M02; M0Ed + M2; M01 + 0.5M2 ; NEde0]

M02 = 26.09kNm
M01 = -9.59kNm
M0Ed = 11.82kNm
M2 = 0kNm
NEd e0 = 32.4kNm

MEd = max [26.09; 11.82 + 0; -9.59 + 0.5(0) ; 32.4]
= 32.4kNm
Determining As 
d2 = cnom + link + ⌀/2
d2 = 35 + 8 + 16/2 = 51 mm

d2 / h = 51/300 = 0.17

NEd / bhfck = 1500 x 103 / (3002 x 30) = 0.56

MEd / bh2fck = 32.4 x 106 / (3003 x 30) = 0.04

[image: ]
(Source: Bond et al., 2006, pp.38)

Asfyk / bhfck = 0.1
As = 0.1 x 3002 x 30 / 500
As = 540mm2

Provide: 3H16 (Bond et al., 2006, Table 14, pp.90)

As = 603mm2


Links Design Summary 
3H16
H8 Links @ 175 c/c
35mm cover
Fck = 30MPa

Diam min ≥ ⌀ / 4
Diam min ≥ 16/4 = 4mm

Max spacing = 0.6 x 300 =180mm

∴ use H8 links @ 175c c/c
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Assumed bar diameter – 16mm 
Concrete = C30
Column dimensions 300 x 300
Assumed bearing pressure = 210kN/m2

gk = 590kN
qK = 500kN
300

Category 2. So, using prescriptive methods:

Base area: (590 + 500) / 210 = 5.2m2


1000

1000


2.3 x 2.3 x 0.5m (deep)

Loading = 1.35 x 590 + 1.5 x 500
Loading = 1546.5kN

ULS bearing Pressure = 1546.5 / 2.32
ULS bearing Pressure = 292.34kN/m2

Critical section at face of column

MEd = 292.34 x 2.3 x 12 / 2
MEd = 336.2

d = 500 – 50 – 16
d = 434mm

K = 336.2 x 106 / (2300 x 434 x 30)
K = 0.011

Z = 0.95d 
Z = 0.95 x 434 
Z = 412.3mm

As = MEd / Fyd z
As = 336.2 x 106 / 500 x 412.3
As = 1630.85mm2

Provide: 9H16 @ 250 c/c (both ways [b.w.]) (1810mm2) 
(Bond et al., 2006, Table 14, pp.90) 


(804mm2 / m) (Bond et al., 2006, Table 15, pp.90)


Beam Shear:

VEd = 292.34 x (1 – 0.434) = 165.5kN/m
vEd = 165.5 / 434 = 0.38MPa
ρ = 1810 / (434 x 2300) = 0.0018 = 0.18%

vRd,c = 0.42MPa (Bond et al, 2006, Table 6, pp.47)

∴ Beam shear OK
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Table 4.1: Exposure classes related to environmental conditions in accordance

with EN 206-1
Class Description of the environment Informative examples where exposure classes
designation may occur
1 _No risk of corrosion or attack
For concrete without reinforcement or
X0 embedded metal: all exposures except where
there is freeze/thaw, abrasion or chemical
attack
For concrete with reinforcement or embedded
metal: very dry Concrete inside buildings with very low air humidity
2 Corrosion induced by carbonation
XC1 Dry or permanently wet Concrete inside buildings with low air humidity
Concrete permanently submerged in water
XC2 Wet, rarely dry Concrete surfaces subject to long-term water
contact
Many foundations
XC3 Moderate humidity Concrete inside buildings with moderate or high air
humidity
External concrete sheltered from rain
XC4 Cyclic wet and dry Concrete surfaces subject to water contact, not
within exposure class XC2
3 Corrosion induced by chlorides
XD1 Moderate humidity Concrete surfaces exposed to airborne chlorides
XD2 Wet, rarely dry ‘Swimming pools
Concrete components exposed to industrial waters
containing chlorides
XD3 Cyclic wet and dry Parts of bridges exposed to spray containing
chlorides
Pavements
Car park slabs
4 Corrosion induced by chlorides from sea water
Xs1 Exposed to airborne salt but not in direct Structures near to or on the coast
contact with sea water
XS2 Permanently submerged Parts of marine structures
XS3 Tidal, splash and spray zones Parts of marine structures

R Y T PR
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Table 4.3N: Recommended structural classification

Structural Class

Criterion Exposure Class according to Table 4.1
X0 XC1 XC2/XC3 XC4 XD1 XD2/XS1 [XD3 /XS2/XS3
Design Working Life of | increase | increase increase increase | increase | increase | increase class
100 years classby 2 | class by 2 | class by 2 | class by 2 | class by 2 | class by 2 by 2
Strength Class "2 >C30/37 | >C30/37 | >C35/45 | >C40/50 | > C40/50 | > C40/50 > C45/55
reduce reduce reduce reduce reduce reduce |reduce class by
classby 1 | classby 1 | classby 1 | classby 1 | class by 1 | class by 1 1
Member with slab reduce reduce reduce reduce reduce reduce |reduce class by
geometry classby 1 | classby 1 | classby 1 | classby 1 | class by 1 | class by 1 1
(position of reinforcement
not affected by construction
process)
Special Quality reduce reduce reduce reduce reduce reduce |reduce class by
Control of the concrete | class by 1 | class by 1 | class by 1 | class by 1 | class by 1 | class by 1 1
production ensured
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Table 4.4N: Values of minimum cover, Cmin,qur, requirements with regard to durability for
reinforcement steel in accordance with EN 10080.

Environmental Requirement for cpin dur (MmM)

Structural Exposure Class according to Table 4.1
Class X0 XC1 | XC2/XC3 XC4 XD1/XS1 | XD2/XS2 | XD3/XS3
S1 10 10 10 15 20 25 30
S2 10 10 15 20 25 30 35
S3 10 10 20 25 30 35 40
S4 10 15 25 30 35 40 45
S5 15 20 30 35 40 45 50
S6 20 25 35 40 45 50 55
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Table 5.8: Minimum dimensions and axis distances for reinforced and prestressed
concrete simply supported one-way and two-way solid slabs

Standard fire resistance Minimum dimensions (mm)
slab axis-distance a
thickness one way two way:
hs (mm) I <15 1,5<Wh<2
1 2 3 4 5

REI 30 60 10* 10* 10*

REI 60 80 20 10* 15"

REI 90 100 30 15* 20

REI'120 120 40 20 25

REI 180 150 55 30 40

REI 240 175 65 40 50
Ixand Iy are the spans of a two-way slab (two directions at right angles) where Jy is the longer
span.
For prestressed slabs the increase of axis distance according to 5.2(5) should be noted.
The axis distance a in Column 4 and 5 for two way slabs relate to slabs supported at all four
edges. Otherwise, they should be treated as one-way spanning slab.
* Normally the cover required by EN 1992-1-1 will control.
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Table 5.6: Minimum dimensions and axis distances for continuous beams made
reinforced and prestressed concrete (see also Table 5.7).

Standard
fire Minimum dimensions (mm)
resistance
Possible combinations of a and bmin Web thickness bw
where a is the average axis
distance and bmin is the width of | Class WA | Class WB | Class WC
beam
1 2 3 4 5 6 7 8
R 30 bric= 80 | 160 80 80 80
a = 15" 12*
R 60 bmin=120 | 200 100 80 100
a= 25| 12"
R 90 bmin=150 | 250 110 100 100
a= 35| 25
R 120 bmin=200 | 300 | 450 | 500 130 120 120
a= 45 35 35 30
R 180 bmin=240 | 400 | 550 | 600 150 150 140
a= 60 50 50 40
R 240 bmin=280 | 500 | 650 | 700 170 170 160
a= 75| 60 60 50
asg=a+10mm (see note
below)
For prestressed beams the increase of axis distance according to 5.2(5) should be
noted.

asq is the axis distance to the side of beam for the corner bars (or tendon or wire) of
beams with only one layer of reinforcement. For values of by, greater than that
given in Column 3 no increase of agq is required.

* Normally the cover required by EN 1992-1-1 will control.
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Table 5.2a: Minimum column dimensions and axis distances for columns with
rectangular or circular section

Standard Minimum dimensions (mm)
fire Column width bmir/axis distance a of the main bars
resistance -
Column exposed on more than one side Exposed on one
side
p=0.2 ui=0.5 ui=0.7 ui=07
1 2 3 4 5
R 30 200/25 200/25 200/32 155/25
300/27
R 60 200/25 200/36 250/46 155/25
300/31 350/40
R 90 200/31 300/45 350/53 155/25
300/25 400/38 450/40**
R 120 250/40 350/45** 350/57** 175/35
350/35 450/40** 450/51**
R 180 350/45** 350/63** 450/70** 230/55
R 240 350/61** 450/75** - 295/70

Minimum 8 bars
For prestressed columns the increase of axis distance according to 5.2. (5) should be
noted.
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Slab

Carry out analysis of slab to determine design moments (M)
(Where appropriate use coefficients from Table 3)

Concrete class >N Outside scope of
<C50/607 this publication
Yes
M
Determine K from: K =
b fex
Determine K’ from Table 4 or
K'= 0604 - 0.18 62 - 0.21 where 6 < 1.0

Compression

No reinforcement

required - not
recommended for

typical slabs

Yes

No compression reinforcement required

Y

Obtain lever arm z from Table 5 or

d
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y

Calculate tension reinforcement required from
|
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Y

Check minimum reinforcement requirements (see Table 6)
026 ferm b d

where fi 2 25
e
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Y

Check maximum reinforcement requirements
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reinforcement outside lap locations
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Carry out analysis of beam to determine
design moments (M) (see Table 3)

Concrete class No
<C50/60?

Yes

M
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bd? fx

v
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Determine the actions on the column

+
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¥
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