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Settlement Assessment 

1.1 Parameters 

Block E1 is located adjacent to the safeguarded Crossrail 2 tunnel alignment, as shown in Figure 1 below. 

The critical horizontal distances between the proposed Block E1 development and the centre lines of the 

two Crossrail 2 running tunnels have been taken from the current Crossrail 2 overlay drawing. The 

minimum horizontal distances from the Block E1 footprint to the respective tunnel centre lines are 

approximately 27.0 m and 33.1 m. 

These dimensions have been adopted for the ground movement assessment presented in the following 

sections. 

 

 

 

Figure 1 – Plan showing critical horizontal distances from Block E1 to the centre lines of the proposed Crossrail 2 tunnels 
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1.2 Settlement assessment 

The following settlement assessment is based on the method set out in Appendix A of Crossrail 2 

Information for Developers, April 2021. 

 Tunnel excavated diameter, D: 7.8 m, as specified in the Crossrail 2 Information for Developers 

guidance. 

 Tunnel centreline depth, z: 25.0 m. Indicative depth advised by TfL / Crossrail 2 Safeguarding 

and adopted as the tunnel centreline depth for the purposes of this assessment. 

 Volume loss, Vl: 1.2%. Crossrail 2 Information for Developers. 

 Ground coefficient, K: 0.5, adopted for London Clay / cohesive soil in accordance with the 

Crossrail 2 Information for Developers guidance. 

 Horizontal offset to running tunnel 1: 27.0 m 

 Horizontal offset to running tunnel 2: 33.1 m 

 Maximum screw pile length: 12.0 m. Preliminary foundation design envelope. 

 Building width perpendicular to tunnel alignment: 25.0 m 

 Building height, H: 22.0 m 

Settlement trough width parameter 

i = K × z 

i = 0.5 × 25.0 = 12.50 m 

Appendix A, Section 2.1, Equation 4. 

Practical settlement trough limit 

2.5i 

2.5i = 2.5 × 12.50 = 31.25 m 

Assessment extent in accordance with Appendix A, Section 3.1. 

Tunnel excavated area 

At = πD² / 4 

At = π × 7.8² / 4 = 47.78 m² 

Circular tunnel geometry. 

Settlement trough volume 

Vs = Vl × At 

Vs = 0.012 × 47.78 = 0.573 m³/m 

Appendix A, Section 2.1. 

Vertical settlement 
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Maximum Vertical Settlement  

Smax = Vs / (√(2π) × i) 

Smax = 0.573 / (√(2π) × 12.50) 

Smax = 0.01830 m = 18.30 mm 

Appendix A, Section 2.1. 

Vertical settlement – Tunnel 1 

Sv1 = Smax × exp[-y1² / (2i²)] 

Sv1 = 18.30 × exp[-27.0² / (2 × 12.5²)] 

Sv1 = 1.78 mm 

Vertical settlement – Tunnel 2 

Sv2 = Smax × exp[-y2² / (2i²)] 

Sv2 = 18.30 × exp[-33.1² / (2 × 12.5²)] 

Sv2 = 0.55 mm 

Sv,total = Sv1 + Sv2 

Sv,total = 1.78 + 0.55 = 2.33 mm 

 

Predicted vertical settlement at the nearest edge of Block E1. 

 

Horizontal settlement 

 

Sh = (Vs × y / (√(2π) × K × z²)) × exp[-y² / (2 × K² × z²)] 

 

For Tunnel 1: 

Sh = (0.573 × 27.0 / (√(2π) × 0.5 × 25.0²)) × exp[-27.0² / (2 × 0.5² × 25.0²)] 

Sh = 0.00192 m = 1.92 mm 

For Tunnel 2: 

Sh = (0.573 × 33.1 / (√(2π) × 0.5 × 25.0²)) × exp[-33.1² / (2 × 0.5² × 25.0²)] 

Sh = 0.00073 m = 0.73 mm 

Appendix A, Section 2.2. 
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Location Tunnel offset y (m) Vertical settlement Sv (mm) 
Horizontal movement Sh 
(mm) 

Point A - Tunnel 1 27.00 1.776 1.918 
Point A - Tunnel 2 33.10 0.549 0.727 
Point A - combined - 2.325 2.645 
Point B - Tunnel 1 31.25 0.804 1.005 
Point B - Tunnel 2 37.35 0.211 0.315 
Point B - combined - 1.015 1.320 

Combined vertical settlement at the nearest Block E1 edge = 2.33 mm. 

1.3 Building strain assessment 

The building strains are assessed by treating the affected part of Block E1 as a deforming idealised beam 

in accordance with Appendix A of the IFD. 

• Building height, H: 22.0 m 

• Ratio of Youngs: Shear modulus ratio, E/G ratio: 2.6, as recommended in the IFD, Appendix A, page 

23. 

• Settlement trough limit, 2.5i: 31.25 m from tunnel centreline 

• Nearest Block E1 edge: 27.0 m from tunnel 1 centreline 

• Relevant affected building span, L: 31.25 - 27.0 = 4.25 m 

• Zone: The relevant 4.25 m affected span is assessed as a hogging zone 

 
Figure 2 – Sagging and hogging zone lengths 

For the hogging zone: 

I = H³ / 3 = 22³ / 3 = 3549.3 m³ 

t = H = 22.0 m 
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The average horizontal tensile strain over the relevant affected span is: 

εh = (Sh,A - Sh,B) / L 

εh = (2.645 - 1.320) / 4250 = 0.000312 = 0.0312% 

The maximum relative deflection, Δ, is obtained numerically from the combined settlement profile over 

the 4.25 m affected span. The maximum deviation from the straight line joining the two span ends 

occurs at approximately x = 2.04 m: 

Δ = 0.113 mm 

Δ / L = 0.113 / 4250 = 2.65 × 10⁻⁵ 

 
Figure 3 Combined settlement profile across the affected Block E1 span 

Bending and diagonal strains 

The maximum bending strain and diagonal strain are determined by rearranging Equations 13 and 14 of 

Appendix A, Section 3.2 of the IFD. 

Δ/L = [L/(12t) + (3I/(2tLH))(E/G)] εb 

εb = 3.93 × 10⁻⁶ = 0.000393% 

Δ/L = [1 + (HL²/(18I))(G/E)] εd 

εd = 2.64 × 10⁻⁵ = 0.00264% 

The horizontal strain is combined with the bending and diagonal strains using Equations 15 and 16 of 

Appendix A: 

εbt = εh + εb = 0.000316 = 0.0316% 

εdt = 0.35εh + √[(0.65εh)² + εd²] = 0.000313 = 0.0313% 
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Assessment item Result 
Combined vertical settlement at Point A 2.325 mm 
Average horizontal tensile strain, εh 0.0312% 
Bending strain, εb 0.000393% 
Diagonal strain, εd 0.00264% 
Combined bending tensile strain, εbt 0.0316% 
Combined diagonal tensile strain, εdt 0.0313% 
Governing tensile strain 0.0316% 

 

The governing maximum tensile strain is 0.0316%. This is below the 0.05% limiting tensile strain for 

Damage Category 0. The predicted degree of damage is therefore Class 0: Negligible. 

 

Table 1 - Classification of visible damage 

 
Reference: Crossrail 2 Information for Developers, Appendix A, Table 1 (after Burland, Broms and de Mello, 1977; Boscardin and 

Cording, 1989). 


