
 

   

 

 
 
 
 
 
 
 
 

  

 Hall School 

  

  

  

 

Structural Calculations 
 
Basement – Preliminary 

  

  

 Job number. 2150206 

 Revision: P1 

 Status: Planning 

 Date: March 2017 

  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Hall School 

 
 

Structural Calculations – Basement Preliminary 
 

 

L:\EWP Projects\2015\2150206\02 ew docs\05 calculations\Retaining Wall\Basement 

Preliminary Calculations.docx 
2 of 3 Elliott Wood Partnership Ltd 

QF029 ver_06    February 2017 

 

Document Control 
 
 

 

  remarks: Preliminary  

revision: P1 
prepared 
by: 

Paul Stuart Davies  
BEng (Hons), MSc 

checked by: 

David Dempster  
MEng (Hons) 
(Cantab) 
 

approved by: 

James Souter 
MEng CEng 
MIStructE 
 

date: 03/03/17 signature:  signature:  signature:  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Hall School 

 
 

Structural Calculations – Basement Preliminary 
 

 

L:\EWP Projects\2015\2150206\02 ew docs\05 calculations\Retaining Wall\Basement 

Preliminary Calculations.docx 
3 of 3 Elliott Wood Partnership Ltd 

QF029 ver_06    February 2017 

 

Design Philosophy 
 
The basement construction consists of two techniques:  
 

1) New double height basement: 
 

Construction, contiguous piled wall retaining wall, waterproof concrete liner wall – 200 to 250mm.  
 
Design location; in all areas of new basement there will be a new intermediate slab, pile restrained by slabs 
at Ground, Basement 1 and Basement 2. 
 
Design method: analysis of retaining wall as continuous member with pinned connections at slabs. Design 
of maximum moment for 450mm diameter RC column.  
 
2) Underpinning of existing basement. 
 
Reinforced concrete underpinning, width to match existing basement plus 250mm liner wall. Total width 
625mm. 
 
Design location; worst case is full double height basement restrained by slabs at Ground and Basement 2. 
 
Design method: analysis of retaining wall propped at top and bottom. Design is conservative as it assumes 
full height clay and that the dead load surcharge acts at the top of the retained level.  
 

 
 

Design Aids 

 

 

Design Codes 
 
Eurocode 1: BS EN        
1991-1-1:2002 

Actions on structures - Part 1-1: General actions - Densities, self-weight, 
imposed loads for buildings 
 

Eurocode 2: BS EN  
1992-1-1:2004 
 

Design of concrete structures - Part 1-1: General rules and rules for 
buildings 
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex 

incorporating Corrigendum No.1

Tedds calculation version 2.6.09

Retaining wall details

Stem type; Propped cantilever

Stem height; hstem = 7400 mm

Prop height; hprop = 7400 mm

Stem thickness; tstem = 625 mm

Angle to rear face of stem; α = 90 deg

Stem density; γstem = 25 kN/m3

Toe length; ltoe = 1500 mm

Base thickness; tbase = 500 mm

Base density; γbase = 25 kN/m3

Height of retained soil; hret = 7400 mm

Angle of soil surface; β = 0 deg

Depth of cover; dcover = 0 mm

Height of water; hwater = 6400 mm

Water density; γw = 9.8 kN/m3

Retained soil properties

Soil type; Stiff clay

Moist density; γmr = 19.6 kN/m3

Saturated density; γsr = 19.6 kN/m3

Characteristic effective shear resistance angle; φ'r.k = 24 deg

Characteristic wall friction angle; δr.k = 12 deg

Base soil properties

Soil density; γb = 19.6 kN/m3

Characteristic effective shear resistance angle; φ'b.k = 24 deg

Characteristic wall friction angle; δb.k = 12 deg

Characteristic base friction angle; δbb.k = 12 deg

Presumed bearing capacity; Pbearing = 200 kN/m2

Loading details

Permanent surcharge load; SurchargeG = 5 kN/m2

Variable surcharge load; SurchargeQ = 10 kN/m2
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General arrangement

 

Calculate retaining wall geometry

Base length; lbase = ltoe + tstem = 2125 mm

Saturated soil height; hsat = hwater + dcover = 6400 mm

Moist soil height; hmoist = hret - hwater = 1000 mm

Length of surcharge load; lsur = lheel = 0 mm

 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 2125 mm

Effective height of wall; heff = hbase + dcover + hret = 7900 mm

 - Distance to horizontal component; xsur_h = heff / 2 = 3950 mm

Area of wall stem; Astem = hstem × tstem = 4.625 m2

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 1813 mm

Area of wall base; Abase = lbase × tbase = 1.063 m2

 - Distance to vertical component; xbase = lbase / 2 = 1063 mm

Using Coulomb theory

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × sin(φ'r.k 

- β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.382

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 3.337

Bearing pressure check

Vertical forces on wall

Wall stem; Fstem = Astem × γstem = 115.6 kN/m

Wall base; Fbase = Abase × γbase = 26.6 kN/m
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Total; Ftotal_v = Fstem + Fbase + Fwater_v = 142.2 kN/m

Horizontal forces on wall

Surcharge load; Fsur_h = KA × cos(δr.d) × (SurchargeG + SurchargeQ) × heff = 44.3 kN/m

Saturated retained soil; Fsat_h = KA × cos(δr.d) × (γsr' - γw') × (hsat + hbase)2 / 2 = 87.3 kN/m

Water; Fwater_h = γw' × (hwater + dcover + hbase)2 / 2 = 233.5 kN/m

Moist retained soil; Fmoist_h = KA × cos(δr.d) × γmr' × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) × 

(hsat + hbase)) = 54.3 kN/m

Base soil; Fpass_h = -KP × cos(δb.d) × γb' × (dcover + hbase)2 / 2 = -8 kN/m

Total; Ftotal_h = Fsat_h + Fmoist_h + Fpass_h + Fwater_h + Fsur_h = 411.3 kN/m

Moments on wall

Wall stem; Mstem = Fstem × xstem = 209.6 kNm/m

Wall base; Mbase = Fbase × xbase = 28.2 kNm/m

Surcharge load; Msur = -Fsur_h × xsur_h = -174.9 kNm/m

Saturated retained soil; Msat = -Fsat_h × xsat_h = -200.7 kNm/m

Water; Mwater = -Fwater_h × xwater_h = -537.1 kNm/m

Moist retained soil; Mmoist = -Fmoist_h × xmoist_h = -201.1 kNm/m

Total; Mtotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur = -876 kNm/m

Check bearing pressure

Propping force to stem; Fprop_stem = (Ftotal_v × lbase / 2 - Mtotal) / (hprop + tbase) = 130 kN/m

Propping force to base; Fprop_base = Ftotal_h - Fprop_stem = 281.3 kN/m

Moment from propping force; Mprop = Fprop_stem × (hprop + tbase) = 1027.1 kNm/m

Distance to reaction; x = (Mtotal + Mprop) / Ftotal_v = 1063 mm

Eccentricity of reaction; e = x - lbase / 2 = 0 mm

Loaded length of base; lload = lbase = 2125 mm

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 66.9 kN/m2

Bearing pressure at heel; qheel = Ftotal_v / lbase × (1 + 6 × e / lbase) = 66.9 kN/m2

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 2.989

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex 

incorporating National Amendment No.1

Tedds calculation version 2.6.09

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class; C40/50

Characteristic compressive cylinder strength; fck = 40 N/mm2

Characteristic compressive cube strength; fck,cube = 50 N/mm2

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 48 N/mm2

Mean value of axial tensile strength; fctm = 0.3 N/mm2 × (fck / 1 N/mm2)2/3 = 3.5 N/mm2

5% fractile of axial tensile strength; fctk,0.05 = 0.7 × fctm = 2.5 N/mm2

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2 × (fcm / 10 N/mm2)0.3 = 35220 N/mm2

Partial factor for concrete - Table 2.1N; γC = 1.50

Compressive strength coefficient - cl.3.1.6(1); αcc = 0.85

Design compressive concrete strength - exp.3.15; fcd = αcc × fck / γC = 22.7 N/mm2

Maximum aggregate size; hagg = 20 mm
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Reinforcement details

Characteristic yield strength of reinforcement; fyk = 500 N/mm2

Modulus of elasticity of reinforcement; Es = 200000 N/mm2

Partial factor for reinforcing steel - Table 2.1N; γS = 1.15

Design yield strength of reinforcement; fyd = fyk / γS = 435 N/mm2

Cover to reinforcement

Front face of stem; csf = 40 mm

Rear face of stem; csr = 50 mm

Top face of base; cbt = 50 mm

Bottom face of base; cbb = 75 mm
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Check stem design at 4094 mm

Depth of section; h = 625 mm
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Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 219.6 kNm/m

Depth to tension reinforcement; d = h - csf - φsx - φsfM / 2 = 555 mm

K = M / (d2 × fck) = 0.018

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5 × (1 - 3.53 × K)0.5, 0.95) × d = 527 mm

Depth of neutral axis; x = 2.5 × (d – z) = 69 mm

Area of tension reinforcement required; AsfM.req = M / (fyd × z) = 958 mm2/m

Tension reinforcement provided; 20 dia.bars @ 150 c/c

Area of tension reinforcement provided; AsfM.prov = π × φsfM
2 / (4 × ssfM) = 2094 mm2/m

Minimum area of reinforcement - exp.9.1N; AsfM.min = max(0.26 × fctm / fyk, 0.0013) × d = 1013 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); AsfM.max = 0.04 × h = 25000 mm2/m

max(AsfM.req, AsfM.min) / AsfM.prov = 0.484

PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4

Reference reinforcement ratio; ρ0 = √(fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio; ρ = AsfM.req / d = 0.002

Required compression reinforcement ratio; ρ' = AsfM.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk × AsfM.req / AsfM.prov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a; Ks × Kb × [11 + 1.5 × √(fck / 1 N/mm2) × ρ0 / ρ + 3.2 × √(fck / 1 N/mm2) × 

(ρ0 / ρ - 1)3/2] = 200.6

Actual span to depth ratio; hprop / d = 13.3

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; ψ2 = 0.6

Serviceability bending moment; Msls = 155.6 kNm/m

Tensile stress in reinforcement; σs = Msls / (AsfM.prov × z) = 140.9 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5 × (h - d), (h – x) / 3, h / 2) = 175000 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.5 N/mm2

Reinforcement ratio; ρp.eff = AsfM.prov / Ac.eff = 0.012

Modular ratio; αe = Es / Ecm = 5.679

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3 × csf + k1 × k2 × k4 × φsfM / ρp.eff = 420 mm

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es

wk = 0.178 mm

wk / wmax = 0.592

PASS - Maximum crack width is less than limiting crack width
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Check stem design at base of stem

Depth of section; h = 625 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 491 kNm/m

Depth to tension reinforcement; d = h - csr - φsr / 2 = 559 mm

K = M / (d2 × fck) = 0.039

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5 × (1 - 3.53 × K)0.5, 0.95) × d = 531 mm

Depth of neutral axis; x = 2.5 × (d – z) = 70 mm

Area of tension reinforcement required; Asr.req = M / (fyd × z) = 2127 mm2/m

Tension reinforcement provided; 32 dia.bars @ 100 c/c

Area of tension reinforcement provided; Asr.prov = π × φsr
2 / (4 × ssr) = 8042 mm2/m

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26 × fctm / fyk, 0.0013) × d = 1020 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04 × h = 25000 mm2/m

max(Asr.req, Asr.min) / Asr.prov = 0.264

PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4

Reference reinforcement ratio; ρ0 = √(fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio; ρ = Asr.req / d = 0.004

Required compression reinforcement ratio; ρ' = Asr.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk × Asr.req / Asr.prov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a; Ks × Kb × [11 + 1.5 × √(fck / 1 N/mm2) × ρ0 / ρ + 3.2 × √(fck / 1 N/mm2) × 

(ρ0 / ρ - 1)3/2] = 56.5

Actual span to depth ratio; hprop / d = 13.2

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; ψ2 = 0.6

Serviceability bending moment; Msls = 350.6 kNm/m

Tensile stress in reinforcement; σs = Msls / (Asr.prov × z) = 82.1 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5 × (h - d), (h – x) / 3, h / 2) = 165000 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.5 N/mm2

Reinforcement ratio; ρp.eff = Asr.prov / Ac.eff = 0.049

Modular ratio; αe = Es / Ecm = 5.679

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3 × csr + k1 × k2 × k4 × φsr / ρp.eff = 282 mm

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es

wk = 0.069 mm
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wk / wmax = 0.231

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 398 kN/m

CRd,c = 0.18 / γC = 0.120

k = min(1 + √(200 mm / d), 2) = 1.598

Longitudinal reinforcement ratio; ρl = min(Asr.prov / d, 0.02) = 0.014

vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.447 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c × k × (100 N2/mm4 × ρl × fck)1/3, vmin) × d

VRd.c = 413.9 kN/m

V / VRd.c = 0.962

PASS - Design shear resistance exceeds design shear force

Check stem design at prop

Depth of section; h = 625 mm

Rectangular section in shear - Section 6.2

Design shear force; V = 103 kN/m

CRd,c = 0.18 / γC = 0.120

k = min(1 + √(200 mm / d), 2) = 1.598

Longitudinal reinforcement ratio; ρl = min(Asr1.prov / d, 0.02) = 0.001

vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.447 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c × k × (100 N2/mm4 × ρl × fck)1/3, vmin) × d

VRd.c = 250 kN/m

V / VRd.c = 0.412

PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement – cl.9.6.3(1); Asx.req = max(0.25 × Asr.prov, 0.001 × tstem) = 2011 mm2/m

Maximum spacing of reinforcement – cl.9.6.3(2); ssx_max = 400 mm

Transverse reinforcement provided; 20 dia.bars @ 150 c/c

Area of transverse reinforcement provided; Asx.prov = π × φsx
2 / (4 × ssx) = 2094 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe

Depth of section; h = 500 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 82.6 kNm/m

Depth to tension reinforcement; d = h - cbb - φbb / 2 = 417 mm

K = M / (d2 × fck) = 0.012

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5 × (1 - 3.53 × K)0.5, 0.95) × d = 396 mm

Depth of neutral axis; x = 2.5 × (d – z) = 52 mm

Area of tension reinforcement required; Abb.req = M / (fyd × z) = 480 mm2/m

Tension reinforcement provided; 16 dia.bars @ 150 c/c

Area of tension reinforcement provided; Abb.prov = π × φbb
2 / (4 × sbb) = 1340 mm2/m

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 × fctm / fyk, 0.0013) × d = 761 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04 × h = 20000 mm2/m
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max(Abb.req, Abb.min) / Abb.prov = 0.568

PASS - Area of reinforcement provided is greater than area of reinforcement required

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; ψ2 = 0.6

Serviceability bending moment; Msls = 61.2 kNm/m

Tensile stress in reinforcement; σs = Msls / (Abb.prov × z) = 115.3 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5 × (h - d), (h – x) / 3, h / 2) = 149292 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.5 N/mm2

Reinforcement ratio; ρp.eff = Abb.prov / Ac.eff = 0.009

Modular ratio; αe = Es / Ecm = 5.679

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3 × cbb + k1 × k2 × k4 × φbb / ρp.eff = 558 mm

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es

wk = 0.193 mm

wk / wmax = 0.643

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 110.2 kN/m

CRd,c = 0.18 / γC = 0.120

k = min(1 + √(200 mm / d), 2) = 1.693

Longitudinal reinforcement ratio; ρl = min(Abb.prov / d, 0.02) = 0.003

vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.487 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c × k × (100 N2/mm4 × ρl × fck)1/3, vmin) × d

VRd.c = 203.3 kN/m

V / VRd.c = 0.542

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement – cl.9.3.1.1(2); Abx.req = 0.2 × Abb.prov = 268 mm2/m

Maximum spacing of reinforcement – cl.9.3.1.1(3); sbx_max = 450 mm

Transverse reinforcement provided; 12 dia.bars @ 200 c/c

Area of transverse reinforcement provided; Abx.prov = π × φbx
2 / (4 × sbx) = 565 mm2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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32 dia.bars @ 100 c/c16 dia.bars @ 150 c/c

20 dia.bars @ 150 c/c 12 dia.bars @ 150 c/c

16 dia.bars @ 150 c/c 12 dia.bars @ 150 c/c

20 dia.bars @ 150 c/c
horizontal reinforcement

parallel to face of stem

40 50

16 dia.bars @ 150 c/c

16 dia.bars @ 150 c/c

12 dia.bars @ 200 c/c
transverse reinforcement
in base

75

50

Reinforcement details

 


