Bridge Design - Category (most likely C), Location 

Exposure Conditions 

Table 1:  Exposure classes related to environmental conditions in accordance with EN 206-1 
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Description automatically generated]
(Source: BSI, 2014 – Table 4.1, pp.48)

Table 1 outlines the various exposure conditions. The current bridge project will be based in SA1, in close proximity to the IQ building, near 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). 






[bookmark: _Hlk103797426]Table 2: Recommended structural classification
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(Source: BSI, 2014 – table 4.3N, pp.50)

The design working life of the structure will be taken as 100 years. Therefore, from table 2, the class designation of XS1 is stated as ‘increase class by 2’. From the table the strength class can be taken as C40. 

Table 3: Values of minimum cover, cmin,dur, requirements with regard to durability for 
reinforcement steel in accordance with EN 10080.
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(Source: 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 (Table 3).







Nominal Cover – (BSI, 2014, pp.50)  
cnom = cmin + cdev
cdev = 10mm ((Recommended allowance for deviation. (BSI, NA+A2:2014, pp.3)
cnom = 25 + 10mm 
cnom = 35mm

Loading Analysis
Dead load (gk): Self weight + Finishes	

Finishes: 
Kinetic walkway: [Recycled Rubber Density – 10.4KN/m3] (Yu and Zhu, 2016)

Kinetic walkway: Density x volume = 10.4KN/m3 x 0.01 = 0.1KNm-2

Energy Fixings: [Services] - 0.3KNm-2

Total Imposed Dead Load: 0.3 + 0.1 = 0.4KNm-2

Self-weight: 
[Assumed slab thickness = 500mm]
Self-weight (SW) = Density x Volume 
SW = Density x Thickness of Slab
SW = 24 KN/m3 (density of concrete) x 0.5m = 12KNm-2

Total gk
Total gk = Total Imposed Dead Load (Finishes) + Self-weight
Total gk = 0.4 + 12 = 12.4KNm-2

Live load (qK): 
Both the DMRB and the MCHW are national standards applicable throughout the UK, produced by the Highways England in conjunction with the governments of Wales, Scotland and Northern Ireland.  (DMRB Highway Standards England - CS 454, 2020, pp.41).

Live Load: 5KN/m2

Ultimate Load = 1.35gk + 1.5qK (EN 1990)
Ultimate Load = 1.35 (12.4) + 1.5 (5)
Ultimate Load = 24.24 KNm-2

Flexural Analysis on Deck
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(Source Bond et al, 2006, pp.19).

Reinforcement Bar: 16mm
L: 150m (total) – (5) Prefab sections 30m    
w: 6m     
h: 0.5m



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 = 24.24 x 62 / 8
M = 109.08KNm  (Per meter length of slab)

Data: 
h: overall depth of slab = 500mm
c: cover = 35mm
b: Breadth = 1m
d: effective depth of slab = 457mm

 
 
d = 457mm 

Determining K
K =  
M = 109.8 (E6)
Fcu = 40 Nmm-2
b = 1000mm
D = 457mm

K = 

K = 0.013
Determining K’
K’ = 0.153 (Bond et al, 2006 -Table 4, Section 3, pp.19)
Is K ≤ K’?
0.013 ≤ 0.153
∴ No compression reinforcement required

Obtaining the Lever Arm
≤ 0.95d
≤ 0.95 (457)
≤ 434.2


Calculating Tension Reinforcement
As,min = 
As,min = 
As,min = 505.76mm2

Minimum Reinforcement Requirements
As,min =  0.18% x Ac (Bond et al, 2006 - Table 6, Section 3, pp.19)
Minimum reinforcement (As,min) = 0.0018 (0.18%) x Ac
As,min = 0.0018 x 1000 x 457
As,min = 822.6mm2

Maximum Reinforcement Requirements
Maximum reinforcement (As,max) = 0.04 (4%) x Ac
As,max = 0.04 x 1000 x 457
As,max = 18280mm2


Provide H16 @ 225 c/c (Bond et al, 2006 - Table 15, Section 10, pp.90)
As = 894mm2 
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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
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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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