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1                Introduction

1.1       Instructions

1.2       Brief

2                Construction works

All the construction works must be done by experienced builder or contractor. 

 If the builder/contractor has any queries regarding the above-mentioned works during the installation 
process, please contact me.

Project:
Calculation package for the Retaining 

walls

Adress:

As there is no ground investigation I use the worst case GBP=75kN/m2.  The minimum reinforcement 
cover in the concrete base should be 50mm.  The concrete for the Retaining wall is C40. Movement 
joints must be provided at a maximum of 6m space with a maximum 3m from a corner or change of 
direction, They must commence at concrete foundation level and continue through the coping 
courses.The backfill material must be granular type to relieve hydrostatic pressure. 

ICE Membership: 92007313

I have been requested to carry out a Structural calculation for new Retaining wall at: 

In accordance with instructions received from the client I have carried out a Structural calculations for 
the Retaining wall

beacon heights, merthyr tydfil,
CF48 1BW

………………….
Marcin Krawucki

BSc (Hons) GMICE 

Date: 25-06-2024 Rev. C01
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MASTERKEY : RETAINING WALL DESIGN TO BS 8002 : 1994, BS EN 

1996-1-1:2005 AND BS 8110 : 1997 

Basic RC Retaining Wall 

Reinforced Masonry Cavity Filled Retaining Wall with Reinforced 
Concrete  Base 

Summary of Design Data 
Notes All dimensions are in mm and all forces are per metre run  
Material Densities (kN/m³) Soil 18.00, Concrete 24.00, Masonry 20.00   
Concrete grade fcu 40 N/mm², Permissible tensile stress 0.250 N/mm²  
Concrete covers (mm) Cavity inner cover 30 mm, Cavity outer cover 60 mm, Base cover 50 mm 
Reinforcement design fy 460 N/mm², fyb 460 N/mm² designed to BS 8110: 1997  
Surcharge and Water Table Surcharge 10.00 kN/m², Fully drained   
Unplanned excavation depth Front of wall 350 mm   
† The Engineer must satisfy him/herself to the reinforcement detailing requirements of the relevant codes of practice 

Soil Properties 
Soil bearing pressure Allowable pressure @ front 75.00 kN/m², @ back 75.00 kN/m²  
Back Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°   
Base Friction and Cohesion δ = Atn(0.75xTan(Atn(Tan(30)/1.2))) = 19.84°, c = 0.75x25/1.5 = 12.5 kN/m² 
Front Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°, c = 25/1.5 = 16.667 kN/m²  

Loading Cases 
GSoil - Soil Self Weight, GWall - Wall & Base Self Weight, FvHeel - Vertical Loads over Heel,   
Pa - Active Earth Pressure, Psurcharge - Earth pressure from surcharge, Pp - Passive Earth Pressure,   
Pa(nib) - Nib Passive Earth Pressure, Pp(nib) - Nib Active Earth Pressure   
Case 1: Geotechnical Design 1.00 GSoil+1.00 GWall+1.00 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp 
Case 2: Structural Ultimate Design 1.40 GSoil+1.40 GWall+1.60 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp+ 
 1.00 Pa(nib)+1.00 Pp(nib)   

Geotechnical Design 
Wall Stability - Virtual Back Pressure 

Case 1 Overturning/Stabilising 62.397/253.470 0.246 OK 

Wall Sliding - Virtual Back Pressure 
Fx/(RxFriction + RxPassive) 56.209/(92.135+78.569) 0.329 OK 

Soil Pressure 
Virtual Back (No uplift) Max(59.092/75, 46.806/75) kN/m² 0.788 OK 
Wall Back (No uplift) Max(63.345/75, 42.553/75) kN/m² 0.845 OK 

Structural Design 
Outer Leaf Details 

Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 10.4 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 7.8 N/mm² Table NA.6 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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MASTERKEY : RETAINING WALL DESIGN TO BS 8002 : 1994, BS EN 

1996-1-1:2005 AND BS 8110 : 1997 

Basic RC Retaining Wall 

Reinforced Masonry Cavity Filled Retaining Wall with Reinforced 
Concrete  Base 

Summary of Design Data 
Notes All dimensions are in mm and all forces are per metre run  
Material Densities (kN/m³) Soil 18.00, Concrete 24.00, Masonry 20.00   
Concrete grade fcu 40 N/mm², Permissible tensile stress 0.250 N/mm²  
Concrete covers (mm) Cavity inner cover 30 mm, Cavity outer cover 60 mm, Base cover 50 mm 
Reinforcement design fy 460 N/mm², fyb 460 N/mm² designed to BS 8110: 1997  
Surcharge and Water Table Surcharge 10.00 kN/m², Fully drained   
Unplanned excavation depth Front of wall 350 mm   
† The Engineer must satisfy him/herself to the reinforcement detailing requirements of the relevant codes of practice 

Soil Properties 
Soil bearing pressure Allowable pressure @ front 75.00 kN/m², @ back 75.00 kN/m²  
Back Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°   
Base Friction and Cohesion δ = Atn(0.75xTan(Atn(Tan(30)/1.2))) = 19.84°, c = 0.75x25/1.5 = 12.5 kN/m² 
Front Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°, c = 25/1.5 = 16.667 kN/m²  

Loading Cases 
GSoil - Soil Self Weight, GWall - Wall & Base Self Weight, FvHeel - Vertical Loads over Heel,   
Pa - Active Earth Pressure, Psurcharge - Earth pressure from surcharge, Pp - Passive Earth Pressure,   
Pa(nib) - Nib Passive Earth Pressure, Pp(nib) - Nib Active Earth Pressure   
Case 1: Geotechnical Design 1.00 GSoil+1.00 GWall+1.00 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp 
Case 2: Structural Ultimate Design 1.40 GSoil+1.40 GWall+1.60 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp+ 
 1.00 Pa(nib)+1.00 Pp(nib)   

Geotechnical Design 
Wall Stability - Virtual Back Pressure 

Case 1 Overturning/Stabilising 62.397/253.470 0.246 OK 

Wall Sliding - Virtual Back Pressure 
Fx/(RxFriction + RxPassive) 56.209/(92.135+78.569) 0.329 OK 

Soil Pressure 
Virtual Back (No uplift) Max(59.092/75, 46.806/75) kN/m² 0.788 OK 
Wall Back (No uplift) Max(63.345/75, 42.553/75) kN/m² 0.845 OK 

Structural Design 
Outer Leaf Details 

Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 10.4 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 7.8 N/mm² Table NA.6 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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MASTERKEY : RETAINING WALL DESIGN TO BS 8002 : 1994, BS EN 

1996-1-1:2005 AND BS 8110 : 1997 

Basic RC Retaining Wall 

Reinforced Masonry Cavity Filled Retaining Wall with Reinforced 
Concrete  Base 

Summary of Design Data 
Notes All dimensions are in mm and all forces are per metre run  
Material Densities (kN/m³) Soil 18.00, Concrete 24.00, Masonry 20.00   
Concrete grade fcu 40 N/mm², Permissible tensile stress 0.250 N/mm²  
Concrete covers (mm) Cavity inner cover 30 mm, Cavity outer cover 60 mm, Base cover 50 mm 
Reinforcement design fy 460 N/mm², fyb 460 N/mm² designed to BS 8110: 1997  
Surcharge and Water Table Surcharge 10.00 kN/m², Fully drained   
Unplanned excavation depth Front of wall 350 mm   
† The Engineer must satisfy him/herself to the reinforcement detailing requirements of the relevant codes of practice 

Soil Properties 
Soil bearing pressure Allowable pressure @ front 75.00 kN/m², @ back 75.00 kN/m²  
Back Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°   
Base Friction and Cohesion δ = Atn(0.75xTan(Atn(Tan(30)/1.2))) = 19.84°, c = 0.75x25/1.5 = 12.5 kN/m² 
Front Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°, c = 25/1.5 = 16.667 kN/m²  

Loading Cases 
GSoil - Soil Self Weight, GWall - Wall & Base Self Weight, FvHeel - Vertical Loads over Heel,   
Pa - Active Earth Pressure, Psurcharge - Earth pressure from surcharge, Pp - Passive Earth Pressure,   
Pa(nib) - Nib Passive Earth Pressure, Pp(nib) - Nib Active Earth Pressure   
Case 1: Geotechnical Design 1.00 GSoil+1.00 GWall+1.00 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp 
Case 2: Structural Ultimate Design 1.40 GSoil+1.40 GWall+1.60 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp+ 
 1.00 Pa(nib)+1.00 Pp(nib)   

Geotechnical Design 
Wall Stability - Virtual Back Pressure 

Case 1 Overturning/Stabilising 62.397/253.470 0.246 OK 

Wall Sliding - Virtual Back Pressure 
Fx/(RxFriction + RxPassive) 56.209/(92.135+78.569) 0.329 OK 

Soil Pressure 
Virtual Back (No uplift) Max(59.092/75, 46.806/75) kN/m² 0.788 OK 
Wall Back (No uplift) Max(63.345/75, 42.553/75) kN/m² 0.845 OK 

Structural Design 
Outer Leaf Details 

Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 10.4 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 7.8 N/mm² Table NA.6 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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MASTERKEY : RETAINING WALL DESIGN TO BS 8002 : 1994, BS EN 

1996-1-1:2005 AND BS 8110 : 1997 

Basic RC Retaining Wall 

Reinforced Masonry Cavity Filled Retaining Wall with Reinforced 
Concrete  Base 

Summary of Design Data 
Notes All dimensions are in mm and all forces are per metre run  
Material Densities (kN/m³) Soil 18.00, Concrete 24.00, Masonry 20.00   
Concrete grade fcu 40 N/mm², Permissible tensile stress 0.250 N/mm²  
Concrete covers (mm) Cavity inner cover 30 mm, Cavity outer cover 60 mm, Base cover 50 mm 
Reinforcement design fy 460 N/mm², fyb 460 N/mm² designed to BS 8110: 1997  
Surcharge and Water Table Surcharge 10.00 kN/m², Fully drained   
Unplanned excavation depth Front of wall 350 mm   
† The Engineer must satisfy him/herself to the reinforcement detailing requirements of the relevant codes of practice 

Soil Properties 
Soil bearing pressure Allowable pressure @ front 75.00 kN/m², @ back 75.00 kN/m²  
Back Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°   
Base Friction and Cohesion δ = Atn(0.75xTan(Atn(Tan(30)/1.2))) = 19.84°, c = 0.75x25/1.5 = 12.5 kN/m² 
Front Soil Friction and Cohesion Φ = Atn(Tan(30)/1.2) = 25.69°, c = 25/1.5 = 16.667 kN/m²  

Loading Cases 
GSoil - Soil Self Weight, GWall - Wall & Base Self Weight, FvHeel - Vertical Loads over Heel,   
Pa - Active Earth Pressure, Psurcharge - Earth pressure from surcharge, Pp - Passive Earth Pressure,   
Pa(nib) - Nib Passive Earth Pressure, Pp(nib) - Nib Active Earth Pressure   
Case 1: Geotechnical Design 1.00 GSoil+1.00 GWall+1.00 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp 
Case 2: Structural Ultimate Design 1.40 GSoil+1.40 GWall+1.60 FvHeel+1.00 Pa+1.00 Psurcharge+1.00 Pp+ 
 1.00 Pa(nib)+1.00 Pp(nib)   

Geotechnical Design 
Wall Stability - Virtual Back Pressure 

Case 1 Overturning/Stabilising 62.397/253.470 0.246 OK 

Wall Sliding - Virtual Back Pressure 
Fx/(RxFriction + RxPassive) 56.209/(92.135+78.569) 0.329 OK 

Soil Pressure 
Virtual Back (No uplift) Max(59.092/75, 46.806/75) kN/m² 0.788 OK 
Wall Back (No uplift) Max(63.345/75, 42.553/75) kN/m² 0.845 OK 

Structural Design 
Outer Leaf Details 

Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 10.4 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 7.8 N/mm² Table NA.6 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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Inner Leaf Details 
Partial Safety Factor (γmc/γmf) Units Category II, Execution Control Class 2 3/2.7 Table NA.1 
Material Concrete blocks, γ=20 kN/m³   
Units and Mortar Strength 5.2 N/mm², Mortar designation M12/(i)   
Blocks Ratio Unit height=215, Least horizontal dimensions=102.5 2.10  
Compressive Strength (fk) Group 1 3.9 N/mm² Table NA.6 

Wall Design (Inner Steel) 
Critical Section Critical @ 0 mm from base, Case 2   
Steel Provided (Cover)   Dist. B10@200 (30 mm in cavity)   
 Main B10@125 (30 mm in cavity) 628 mm² OK 
Leverarm z=fn(d,b,As,fy,fk) 255 mm, 1000 mm, 628 mm², 460 N/mm², 7.8 N/mm² 212 mm  
Mr=fn(above,γmf,γms) 2.70, 1.15 53.2 kN.m  
Moment Capacity Check (M/Mr) M 49.9 kN.m, Mr 53.2 kN.m 0.938 OK 
Shear Capacity Check F 43.8 kN, fvk 0.544 N/mm², Fvr 55.5 kN 0.79 OK 

Base Top Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 21.5 kN.m, Mr 145.1 kN.m 0.149 OK 
Shear Capacity Check F 36.8 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.20 OK 

Base Bottom Steel Design 
Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm² OK 
Compression Steel Provided (Cover) Main B10@100 (50 mm)   Dist. B10@100 (60 mm)  785 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 445 mm, 1000 mm, 785 mm², 460 N/mm², 40 N/mm² 423 mm  
Mr=fn(above,As',d',x,x/d) 785 mm², 55 mm, 22 mm, 0.05 145.1 kN.m  
Moment Capacity Check (M/Mr) M 26.5 kN.m, Mr 145.1 kN.m 0.182 OK 
Shear Capacity Check F 51.1 kN, vc 0.404 N/mm², Fvr 179.7 kN 0.28 OK 

Nib Design 
Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm² OK 
Compression Steel Provided (Cover) Main B10@200 (50 mm)   Dist. B10@200 (60 mm)  393 mm²  
Leverarm z=fn(d,b,As,fy,Fcu) 245 mm, 1000 mm, 393 mm², 460 N/mm², 40 N/mm² 233 mm  
Mr=fn(above,As',d',x,x/d) 393 mm², 55 mm, 11 mm, 0.04 39.9 kN.m  
Moment Capacity Check (M/Mr) M 4.6 kN.m, Mr 39.9 kN.m 0.115 OK 
Shear Capacity Check F 30.1 kN, vc 0.454 N/mm², Fvr 111.2 kN 0.27 OK 
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