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TEDDS calculation version 1.2.01.08
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Wall details

Retaining wall type; Unpropped cantilever

Height of retaining wall stem; hstem = 3000 mm

Thickness of wall stem; twall = 375 mm

Length of toe; ltoe = 1750 mm

Length of heel; lheel = 0 mm

Overall length of base; lbase = ltoe + lheel + twall = 2125 mm

Thickness of base; tbase = 250 mm

Depth of downstand; dds = 0 mm

Position of downstand; lds = 1125 mm

Thickness of downstand; tds = 250 mm

Height of retaining wall; hwall = hstem + tbase + dds = 3250 mm

Depth of cover in front of wall; dcover = 300 mm

Depth of unplanned excavation; dexc = 0 mm

Height of ground water behind wall; hwater = 0 mm

Height of saturated fill above base; hsat = max(hwater - tbase - dds, 0 mm) = 0 mm

Density of wall construction; γwall = 23.6 kN/m3

Density of base construction; γbase = 23.6 kN/m3

Angle of rear face of wall; α = 90.0 deg

Angle of soil surface behind wall; β = 0.0 deg

Effective height at virtual back of wall; heff = hwall + lheel × tan(β) = 3250 mm

Retained material details

Mobilisation factor; M = 1.5

Moist density of retained material; γm = 18.0 kN/m3
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Saturated density of retained material; γs = 21.0 kN/m3

Design shear strength; φ' = 27.5 deg

Angle of wall friction; δ = 21.3 deg

Base material details

Moist density; γmb = 18.0 kN/m3

Design shear strength; φ'b = 27.5 deg

Design base friction; δb = 21.3 deg

Allowable bearing pressure; Pbearing = 100 kN/m2

Using Coulomb theory

Active pressure coefficient for retained material

Ka = sin(α + φ')2 / (sin(α)2 × sin(α - δ) × [1 + √(sin(φ' + δ) × sin(φ' - β) / (sin(α - δ) × sin(α + β)))]2) = 0.326

Passive pressure coefficient for base material

Kp = sin(90 - φ'b)2 / (sin(90 - δb) × [1 - √(sin(φ'b + δb) × sin(φ'b) / (sin(90 + δb)))]2) = 5.571

At-rest pressure

At-rest pressure for retained material; K0 = 1 – sin(φ’) = 0.538

Loading details

Surcharge load on plan; Surcharge = 1.5 kN/m2

Applied vertical dead load on wall; Wdead = 0.0 kN/m

Applied vertical live load on wall; W live = 0.0 kN/m

Position of applied vertical load on wall; lload = 0 mm

Applied horizontal dead load on wall; Fdead = 0.0 kN/m

Applied horizontal live load on wall; Flive = 0.0 kN/m

Height of applied horizontal load on wall; hload = 0 mm

2

39.0 6.7

0.5 17.751.4

 

Loads shown in kN/m, pressures shown in kN/m2

Vertical forces on wall

Wall stem; wwall = hstem × twall × γwall  = 26.6 kN/m
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Wall base; wbase = lbase × tbase × γbase  = 12.5 kN/m

Soil in front of wall; wp = ltoe × dcover × γmb  = 9.5 kN/m

Total vertical load; W total = wwall + wbase + wp = 48.5 kN/m

Horizontal forces on wall

Surcharge; Fsur = Ka × cos(90 - α + δ) × Surcharge × heff = 1.5 kN/m

Moist backfill above water table; Fm_a = 0.5 × Ka × cos(90 - α + δ) × γm × (heff - hwater)2 = 28.8 kN/m

Total horizontal load; Ftotal = Fsur + Fm_a = 30.3 kN/m

Calculate stability against sliding

Passive resistance of soil in front of wall; Fp = 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 14.1 kN/m

Resistance to sliding; Fres = Fp + W total × tan(δb) = 33.1 kN/m

PASS - Resistance force is greater than sliding force

Overturning moments

Surcharge; Msur = Fsur × (heff  - 2 × dds) / 2 = 2.4 kNm/m

Moist backfill above water table; Mm_a = Fm_a × (heff + 2 × hwater - 3 × dds) / 3 = 31.2 kNm/m

Total overturning moment; Mot = Msur + Mm_a = 33.6 kNm/m

Restoring moments

Wall stem; Mwall = wwall × (ltoe + twall / 2) = 51.4 kNm/m

Wall base; Mbase = wbase × lbase / 2 = 13.3 kNm/m

Soil in front of wall; Mp_r = wp × ltoe / 2 = 8.3 kNm/m

Total restoring moment; Mrest = Mwall + Mbase + Mp_r = 73 kNm/m

Check stability against overturning

Total overturning moment; Mot = 33.6 kNm/m

Total restoring moment; Mrest = 73.0 kNm/m

PASS - Restoring moment is greater than overturning moment

Check bearing pressure

Total moment for bearing; Mtotal = Mrest - Mot = 39.4 kNm/m

Total vertical reaction; R = W total = 48.5 kN/m

Distance to reaction; xbar = Mtotal / R = 812 mm

Eccentricity of reaction; e = abs((lbase / 2) - xbar) = 251 mm

Reaction acts within middle third of base

Bearing pressure at toe; ptoe = (R / lbase) + (6 × R × e / lbase
2) = 39 kN/m2

Bearing pressure at heel; pheel = (R / lbase) - (6 × R × e / lbase
2) = 6.7 kN/m2

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors

Dead load factor; γf_d = 1.4

Live load factor; γf_l = 1.6

Earth and water pressure factor; γf_e = 1.4

Factored vertical forces on wall

Wall stem; wwall_f = γf_d × hstem × twall × γwall  = 37.2 kN/m

Wall base; wbase_f = γf_d × lbase × tbase × γbase  = 17.6 kN/m

Soil in front of wall; wp_f = γf_d × ltoe × dcover × γmb  = 13.2 kN/m

Total vertical load; W total_f = wwall_f + wbase_f + wp_f = 68 kN/m

Factored horizontal at-rest forces on wall

Surcharge; Fsur_f = γf_l × K0 × Surcharge × heff = 4.2 kN/m

Moist backfill above water table; Fm_a_f = γf_e × 0.5 × K0 × γm × (heff - hwater)2 = 71.6 kN/m

Total horizontal load; Ftotal_f = Fsur_f + Fm_a_f = 75.8 kN/m

Passive resistance of soil in front of wall; Fp_f = γf_e × 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 19.8 

kN/m

Factored overturning moments

Surcharge; Msur_f = Fsur_f × (heff  - 2 × dds) / 2 = 6.8 kNm/m

Moist backfill above water table; Mm_a_f = Fm_a_f × (heff + 2 × hwater - 3 × dds) / 3 = 77.6 kNm/m

Total overturning moment; Mot_f = Msur_f + Mm_a_f = 84.4 kNm/m

Restoring moments

Wall stem; Mwall_f = wwall_f × (ltoe + twall / 2) = 72 kNm/m

Wall base; Mbase_f = wbase_f × lbase / 2 = 18.6 kNm/m

Soil in front of wall; Mp_r_f = wp_f × ltoe / 2 = 11.6 kNm/m

Total restoring moment; Mrest_f = Mwall_f + Mbase_f + Mp_r_f = 102.2 kNm/m

Factored bearing pressure

Total moment for bearing; Mtotal_f = Mrest_f - Mot_f = 17.8 kNm/m

Total vertical reaction; Rf = Wtotal_f = 68.0 kN/m

Distance to reaction; xbar_f = Mtotal_f / Rf = 262 mm

Eccentricity of reaction; ef = abs((lbase / 2) - xbar_f) = 800 mm

Reaction acts outside middle third of base

Bearing pressure at toe; ptoe_f = Rf / (1.5 × xbar_f) = 172.8 kN/m2

Bearing pressure at heel; pheel_f = 0 kN/m2 = 0 kN/m2

Rate of change of base reaction; rate = ptoe_f / (3 × xbar_f) = 219.67 kN/m2/m

Bearing pressure at stem / toe; pstem_toe_f = max(ptoe_f - (rate × ltoe), 0 kN/m2) = 0 kN/m2

Bearing pressure at mid stem; pstem_mid_f = max(ptoe_f - (rate × (ltoe + twall / 2)), 0 kN/m2) = 0 kN/m2

Bearing pressure at stem / heel; pstem_heel_f = max(ptoe_f - (rate × (ltoe + twall)), 0 kN/m2) = 0 kN/m2

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties

Characteristic strength of concrete; fcu = 35 N/mm2

Characteristic strength of reinforcement; fy = 500 N/mm2
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Base details

Minimum area of reinforcement; k = 0.13 %

Cover to reinforcement in toe; ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure; Vtoe_bear = 3 × ptoe_f × xbar_f / 2 = 68 kN/m

Shear from weight of base; Vtoe_wt_base = γf_d × γbase × ltoe × tbase = 14.5 kN/m

Shear from weight of soil; Vtoe_wt_soil = wp_f - (γf_d × γm × ltoe × dexc) = 13.2 kN/m

Total shear for toe design; Vtoe = Vtoe_bear - Vtoe_wt_base - Vtoe_wt_soil = 40.3 kN/m

Calculate moment for toe design

Moment from bearing pressure; Mtoe_bear = 3 × ptoe_f × xbar_f × (ltoe - xbar_f + twall / 2) / 2 = 113.8 kNm/m

Moment from weight of base; Mtoe_wt_base = (γf_d × γbase × tbase × (ltoe + twall / 2)2 / 2) = 15.5 kNm/m

Moment from weight of soil; Mtoe_wt_soil = (wp_f - (γf_d × γm× ltoe× dexc)) × (ltoe + twall) / 2 = 14.1 kNm/m

Total moment for toe design; Mtoe = Mtoe_bear - Mtoe_wt_base - Mtoe_wt_soil = 84.3 kNm/m

100
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Check toe in bending

Width of toe; b = 1000 mm/m

Depth of reinforcement; dtoe = tbase – ctoe – (φtoe / 2) = 204.0 mm

Constant; Ktoe = Mtoe / (b × dtoe
2 × fcu) = 0.058

Compression reinforcement is not required

Lever arm; ztoe = min(0.5 + √(0.25 - (min(Ktoe, 0.225) / 0.9)),0.95) × dtoe

ztoe = 190 mm

Area of tension reinforcement required; As_toe_des = Mtoe / (0.87 × fy × ztoe) = 1020 mm2/m

Minimum area of tension reinforcement; As_toe_min = k × b × tbase = 325 mm2/m

Area of tension reinforcement required; As_toe_req = Max(As_toe_des, As_toe_min) = 1020 mm2/m

Reinforcement provided; B1131 mesh

Area of reinforcement provided; As_toe_prov = 1131 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe

Design shear stress; vtoe = Vtoe / (b × dtoe) = 0.197 N/mm2

Allowable shear stress; vadm = min(0.8 × √(fcu / 1 N/mm2), 5) × 1 N/mm2 = 4.733 N/mm2

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 – Table 3.8

Design concrete shear stress; vc_toe = 0.687 N/mm2

vtoe < vc_toe - No shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000
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Wall details

Thickness of outer leaf of wall; touter = 100 mm

Thickness of inner leaf of wall; tinner = 100 mm

Thickness of reinforced cavity; tcavity = twall - touter - tinner = 175 mm

Depth of stem reinforcement; dstem = 240 mm

Masonry details

Masonry type; Aggregate concrete blocks no voids

Compressive strength of units; punit = 10.4 N/mm2

Mortar designation; (ii)

Category of manufactoring control of units; Category I

Partial safety factor for material strength; γmm = 2.0

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units; bunit = 100.0 mm

Height of masonry units; hunit = 215.0 mm

Ratio of height to least horizontal dimension; ratio = hunit / bunit = 2.2

From BS5628:2 Table 3d, mortar ii

Characteristic compressive strength; fk = 8.4 N/mm2

Factored horizontal at-rest forces on stem

Surcharge; Fs_sur_f = γf_l × K0 × Surcharge × (heff - tbase - dds) = 3.9 kN/m

Moist backfill above water table; Fs_m_a_f = 0.5 × γf_e × K0 × γm × (heff - tbase - dds - hsat)2 = 61 kN/m

Calculate shear for stem design

Shear at base of stem; Vstem = Fs_sur_f + Fs_m_a_f = 64.9 kN/m

Calculate moment for stem design

Surcharge; Ms_sur = Fs_sur_f × (hstem + tbase) / 2 = 6.3 kNm/m

Moist backfill above water table; Ms_m_a = Fs_m_a_f × (2 × hsat + heff - dds + tbase / 2) / 3 = 68.7 kNm/m

Total moment for stem design; Mstem = Ms_sur + Ms_m_a = 75 kNm/m

Check maximum design moment for wall stem

Width of wall; b = 1000 mm/m

Maximum design moment; Md_stem = 0.4 × fk × b × dstem
2 / γmm = 96.8 kNm/m

PASS - Applied moment is less than maximum design moment

Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem
2 = 1.301 N/mm2
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Q = 2 × c × (1 - c) × fk / γmm

Lever arm factor; c = 0.808

Lever arm; zstem = min(0.95, c) × dstem = 194.0 mm

Area of tension reinforcement required; As_stem_des = Mstem × γms / (fy × zstem) = 889 mm2/m

Minimum area of tension reinforcement; As_stem_min = k × b × twall = 488 mm2/m

Area of tension reinforcement required; As_stem_req = Max(As_stem_des, As_stem_min) = 889 mm2/m

Reinforcement provided; B1131 mesh

Area of reinforcement provided; As_stem_prov = π × φstem
2 / (4 × sstem) = 1131 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress; vstem = Vstem / (b × dstem) = 0.270 N/mm2

Basic characteristic shear strength of masonry; fvbas = min[0.35 + (17.5 × As_stem_prov / (b × dstem)), 0.7] × 1 N/mm2 

fvbas = 0.432 N/mm2

Shear span; a = Mstem / Vstem = 1154.9 mm

Characteristic shear strength of masonry; fv = Min(fvbas × max(2.5 - 0.25 × (a / dstem), 1), 1.75 N/mm2)

fv = 0.561 N/mm2

Allowable shear stress; vadm = fv / γmv = 0.280 N/mm2

PASS - Design shear stress is less than maximum shear stress

Check limiting dimensions

Limiting span/effective depth ratio; ratiomax = 18.00

Actual span/effective depth ratio; ratioact = (hstem + dstem / 2) / dstem = 13.00

PASS - Span to depth ratio is acceptable

Axial load check

Factored axial load on wall; Nwall = ([twall × hstem × γwall + Wdead] × γf_d) + (W live × γf_l) = 37.2 kN/m

Limiting axial load; Nlimit = 0.1 × fk × twall = 315.0 kN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

Stem reinforcement

 

Toe mesh - B1131 - (1131 mm2/m)

Stem mesh - B1131 - (1131 mm2/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
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Wall details

Retaining wall type; Unpropped cantilever

Height of retaining wall stem; hstem = 2500 mm

Thickness of wall stem; twall = 350 mm

Length of toe; ltoe = 1500 mm

Length of heel; lheel = 0 mm

Overall length of base; lbase = ltoe + lheel + twall = 1850 mm

Thickness of base; tbase = 250 mm

Depth of downstand; dds = 0 mm

Position of downstand; lds = 1125 mm

Thickness of downstand; tds = 250 mm

Height of retaining wall; hwall = hstem + tbase + dds = 2750 mm

Depth of cover in front of wall; dcover = 300 mm

Depth of unplanned excavation; dexc = 0 mm

Height of ground water behind wall; hwater = 0 mm

Height of saturated fill above base; hsat = max(hwater - tbase - dds, 0 mm) = 0 mm

Density of wall construction; γwall = 23.6 kN/m3

Density of base construction; γbase = 23.6 kN/m3

Angle of rear face of wall; α = 90.0 deg

Angle of soil surface behind wall; β = 0.0 deg

Effective height at virtual back of wall; heff = hwall + lheel × tan(β) = 2750 mm

Retained material details

Mobilisation factor; M = 1.5

Moist density of retained material; γm = 18.0 kN/m3
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Saturated density of retained material; γs = 21.0 kN/m3

Design shear strength; φ' = 27.5 deg

Angle of wall friction; δ = 21.3 deg

Base material details

Moist density; γmb = 18.0 kN/m3

Design shear strength; φ'b = 27.5 deg

Design base friction; δb = 21.3 deg

Allowable bearing pressure; Pbearing = 100 kN/m2

Using Coulomb theory

Active pressure coefficient for retained material

Ka = sin(α + φ')2 / (sin(α)2 × sin(α - δ) × [1 + √(sin(φ' + δ) × sin(φ' - β) / (sin(α - δ) × sin(α + β)))]2) = 0.326

Passive pressure coefficient for base material

Kp = sin(90 - φ'b)2 / (sin(90 - δb) × [1 - √(sin(φ'b + δb) × sin(φ'b) / (sin(90 + δb)))]2) = 5.571

At-rest pressure

At-rest pressure for retained material; K0 = 1 – sin(φ’) = 0.538

Loading details

Surcharge load on plan; Surcharge = 1.5 kN/m2

Applied vertical dead load on wall; Wdead = 0.0 kN/m

Applied vertical live load on wall; W live = 0.0 kN/m

Position of applied vertical load on wall; lload = 0 mm

Applied horizontal dead load on wall; Fdead = 0.0 kN/m

Applied horizontal live load on wall; Flive = 0.0 kN/m

Height of applied horizontal load on wall; hload = 0 mm

2

33.0 9.9

0.5 15.051.4

 

Loads shown in kN/m, pressures shown in kN/m2
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Vertical forces on wall

Wall stem; wwall = hstem × twall × γwall  = 20.7 kN/m

Wall base; wbase = lbase × tbase × γbase  = 10.9 kN/m

Soil in front of wall; wp = ltoe × dcover × γmb  = 8.1 kN/m

Total vertical load; W total = wwall + wbase + wp = 39.7 kN/m

Horizontal forces on wall

Surcharge; Fsur = Ka × cos(90 - α + δ) × Surcharge × heff = 1.3 kN/m

Moist backfill above water table; Fm_a = 0.5 × Ka × cos(90 - α + δ) × γm × (heff - hwater)2 = 20.6 kN/m

Total horizontal load; Ftotal = Fsur + Fm_a = 21.9 kN/m

Calculate stability against sliding

Passive resistance of soil in front of wall; Fp = 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 14.1 kN/m

Resistance to sliding; Fres = Fp + W total × tan(δb) = 29.6 kN/m

PASS - Resistance force is greater than sliding force

Overturning moments

Surcharge; Msur = Fsur × (heff  - 2 × dds) / 2 = 1.7 kNm/m

Moist backfill above water table; Mm_a = Fm_a × (heff + 2 × hwater - 3 × dds) / 3 = 18.9 kNm/m

Total overturning moment; Mot = Msur + Mm_a = 20.6 kNm/m

Restoring moments

Wall stem; Mwall = wwall × (ltoe + twall / 2) = 34.6 kNm/m

Wall base; Mbase = wbase × lbase / 2 = 10.1 kNm/m

Soil in front of wall; Mp_r = wp × ltoe / 2 = 6.1 kNm/m

Total restoring moment; Mrest = Mwall + Mbase + Mp_r = 50.8 kNm/m

Check stability against overturning

Total overturning moment; Mot = 20.6 kNm/m

Total restoring moment; Mrest = 50.8 kNm/m

PASS - Restoring moment is greater than overturning moment

Check bearing pressure

Total moment for bearing; Mtotal = Mrest - Mot = 30.1 kNm/m

Total vertical reaction; R = W total = 39.7 kN/m

Distance to reaction; xbar = Mtotal / R = 759 mm

Eccentricity of reaction; e = abs((lbase / 2) - xbar) = 166 mm

Reaction acts within middle third of base

Bearing pressure at toe; ptoe = (R / lbase) + (6 × R × e / lbase
2) = 33 kN/m2

Bearing pressure at heel; pheel = (R / lbase) - (6 × R × e / lbase
2) = 9.9 kN/m2

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors

Dead load factor; γf_d = 1.4

Live load factor; γf_l = 1.6

Earth and water pressure factor; γf_e = 1.4

Factored vertical forces on wall

Wall stem; wwall_f = γf_d × hstem × twall × γwall  = 28.9 kN/m

Wall base; wbase_f = γf_d × lbase × tbase × γbase  = 15.3 kN/m

Soil in front of wall; wp_f = γf_d × ltoe × dcover × γmb  = 11.3 kN/m

Total vertical load; W total_f = wwall_f + wbase_f + wp_f = 55.5 kN/m

Factored horizontal at-rest forces on wall

Surcharge; Fsur_f = γf_l × K0 × Surcharge × heff = 3.6 kN/m

Moist backfill above water table; Fm_a_f = γf_e × 0.5 × K0 × γm × (heff - hwater)2 = 51.3 kN/m

Total horizontal load; Ftotal_f = Fsur_f + Fm_a_f = 54.8 kN/m

Passive resistance of soil in front of wall; Fp_f = γf_e × 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 19.8 

kN/m

Factored overturning moments

Surcharge; Msur_f = Fsur_f × (heff  - 2 × dds) / 2 = 4.9 kNm/m

Moist backfill above water table; Mm_a_f = Fm_a_f × (heff + 2 × hwater - 3 × dds) / 3 = 47 kNm/m

Total overturning moment; Mot_f = Msur_f + Mm_a_f = 51.9 kNm/m

Restoring moments

Wall stem; Mwall_f = wwall_f × (ltoe + twall / 2) = 48.4 kNm/m

Wall base; Mbase_f = wbase_f × lbase / 2 = 14.1 kNm/m

Soil in front of wall; Mp_r_f = wp_f × ltoe / 2 = 8.5 kNm/m

Total restoring moment; Mrest_f = Mwall_f + Mbase_f + Mp_r_f = 71.1 kNm/m

Factored bearing pressure

Total moment for bearing; Mtotal_f = Mrest_f - Mot_f = 19.2 kNm/m

Total vertical reaction; Rf = Wtotal_f = 55.5 kN/m

Distance to reaction; xbar_f = Mtotal_f / Rf = 345 mm

Eccentricity of reaction; ef = abs((lbase / 2) - xbar_f) = 580 mm

Reaction acts outside middle third of base

Bearing pressure at toe; ptoe_f = Rf / (1.5 × xbar_f) = 107.3 kN/m2

Bearing pressure at heel; pheel_f = 0 kN/m2 = 0 kN/m2

Rate of change of base reaction; rate = ptoe_f / (3 × xbar_f) = 103.60 kN/m2/m

Bearing pressure at stem / toe; pstem_toe_f = max(ptoe_f - (rate × ltoe), 0 kN/m2) = 0 kN/m2

Bearing pressure at mid stem; pstem_mid_f = max(ptoe_f - (rate × (ltoe + twall / 2)), 0 kN/m2) = 0 kN/m2

Bearing pressure at stem / heel; pstem_heel_f = max(ptoe_f - (rate × (ltoe + twall)), 0 kN/m2) = 0 kN/m2

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties

Characteristic strength of concrete; fcu = 35 N/mm2

Characteristic strength of reinforcement; fy = 500 N/mm2
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Base details

Minimum area of reinforcement; k = 0.13 %

Cover to reinforcement in toe; ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure; Vtoe_bear = 3 × ptoe_f × xbar_f / 2 = 55.5 kN/m

Shear from weight of base; Vtoe_wt_base = γf_d × γbase × ltoe × tbase = 12.4 kN/m

Shear from weight of soil; Vtoe_wt_soil = wp_f - (γf_d × γm × ltoe × dexc) = 11.3 kN/m

Total shear for toe design; Vtoe = Vtoe_bear - Vtoe_wt_base - Vtoe_wt_soil = 31.8 kN/m

Calculate moment for toe design

Moment from bearing pressure; Mtoe_bear = 3 × ptoe_f × xbar_f × (ltoe - xbar_f + twall / 2) / 2 = 73.8 kNm/m

Moment from weight of base; Mtoe_wt_base = (γf_d × γbase × tbase × (ltoe + twall / 2)2 / 2) = 11.6 kNm/m

Moment from weight of soil; Mtoe_wt_soil = (wp_f - (γf_d × γm× ltoe× dexc)) × (ltoe + twall) / 2 = 10.5 kNm/m

Total moment for toe design; Mtoe = Mtoe_bear - Mtoe_wt_base - Mtoe_wt_soil = 51.8 kNm/m

100

25
0 2
05

 

Check toe in bending

Width of toe; b = 1000 mm/m

Depth of reinforcement; dtoe = tbase – ctoe – (φtoe / 2) = 205.0 mm

Constant; Ktoe = Mtoe / (b × dtoe
2 × fcu) = 0.035

Compression reinforcement is not required

Lever arm; ztoe = min(0.5 + √(0.25 - (min(Ktoe, 0.225) / 0.9)),0.95) × dtoe

ztoe = 195 mm

Area of tension reinforcement required; As_toe_des = Mtoe / (0.87 × fy × ztoe) = 611 mm2/m

Minimum area of tension reinforcement; As_toe_min = k × b × tbase = 325 mm2/m

Area of tension reinforcement required; As_toe_req = Max(As_toe_des, As_toe_min) = 611 mm2/m

Reinforcement provided; B785 mesh

Area of reinforcement provided; As_toe_prov = 785 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe

Design shear stress; vtoe = Vtoe / (b × dtoe) = 0.155 N/mm2

Allowable shear stress; vadm = min(0.8 × √(fcu / 1 N/mm2), 5) × 1 N/mm2 = 4.733 N/mm2

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 – Table 3.8

Design concrete shear stress; vc_toe = 0.607 N/mm2

vtoe < vc_toe - No shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000
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Wall details

Thickness of outer leaf of wall; touter = 100 mm

Thickness of inner leaf of wall; tinner = 100 mm

Thickness of reinforced cavity; tcavity = twall - touter - tinner = 150 mm

Depth of stem reinforcement; dstem = 200 mm

Masonry details

Masonry type; Aggregate concrete blocks no voids

Compressive strength of units; punit = 7.3 N/mm2

Mortar designation; (ii)

Category of manufactoring control of units; Category I

Partial safety factor for material strength; γmm = 2.0

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units; bunit = 100.0 mm

Height of masonry units; hunit = 215.0 mm

Ratio of height to least horizontal dimension; ratio = hunit / bunit = 2.2

From BS5628:2 Table 3d, mortar ii

Characteristic compressive strength; fk = 6.4 N/mm2

Factored horizontal at-rest forces on stem

Surcharge; Fs_sur_f = γf_l × K0 × Surcharge × (heff - tbase - dds) = 3.2 kN/m

Moist backfill above water table; Fs_m_a_f = 0.5 × γf_e × K0 × γm × (heff - tbase - dds - hsat)2 = 42.4 kN/m

Calculate shear for stem design

Shear at base of stem; Vstem = Fs_sur_f + Fs_m_a_f = 45.6 kN/m

Calculate moment for stem design

Surcharge; Ms_sur = Fs_sur_f × (hstem + tbase) / 2 = 4.4 kNm/m

Moist backfill above water table; Ms_m_a = Fs_m_a_f × (2 × hsat + heff - dds + tbase / 2) / 3 = 40.6 kNm/m

Total moment for stem design; Mstem = Ms_sur + Ms_m_a = 45.1 kNm/m

Check maximum design moment for wall stem

Width of wall; b = 1000 mm/m

Maximum design moment; Md_stem = 0.4 × fk × b × dstem
2 / γmm = 51.2 kNm/m

PASS - Applied moment is less than maximum design moment

Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem
2 = 1.127 N/mm2
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Q = 2 × c × (1 - c) × fk / γmm

Lever arm factor; c = 0.772

Lever arm; zstem = min(0.95, c) × dstem = 154.4 mm

Area of tension reinforcement required; As_stem_des = Mstem × γms / (fy × zstem) = 671 mm2/m

Minimum area of tension reinforcement; As_stem_min = k × b × twall = 455 mm2/m

Area of tension reinforcement required; As_stem_req = Max(As_stem_des, As_stem_min) = 671 mm2/m

Reinforcement provided; B785 mesh

Area of reinforcement provided; As_stem_prov = π × φstem
2 / (4 × sstem) = 785 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress; vstem = Vstem / (b × dstem) = 0.228 N/mm2

Basic characteristic shear strength of masonry; fvbas = min[0.35 + (17.5 × As_stem_prov / (b × dstem)), 0.7] × 1 N/mm2 

fvbas = 0.419 N/mm2

Shear span; a = Mstem / Vstem = 987.8 mm

Characteristic shear strength of masonry; fv = Min(fvbas × max(2.5 - 0.25 × (a / dstem), 1), 1.75 N/mm2)

fv = 0.530 N/mm2

Allowable shear stress; vadm = fv / γmv = 0.265 N/mm2

PASS - Design shear stress is less than maximum shear stress

Check limiting dimensions

Limiting span/effective depth ratio; ratiomax = 18.00

Actual span/effective depth ratio; ratioact = (hstem + dstem / 2) / dstem = 13.00

PASS - Span to depth ratio is acceptable

Axial load check

Factored axial load on wall; Nwall = ([twall × hstem × γwall + Wdead] × γf_d) + (W live × γf_l) = 28.9 kN/m

Limiting axial load; Nlimit = 0.1 × fk × twall = 224.0 kN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

Stem reinforcement

 

Toe mesh - B785 - (785 mm2/m)

Stem mesh - B785 - (785 mm2/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08

2 kN/m2

1450

1100 350

2
0

0
3
0

0

2
1

5
0

2
3
5

0
 

Wall details

Retaining wall type; Unpropped cantilever

Height of retaining wall stem; hstem = 2150 mm

Thickness of wall stem; twall = 350 mm

Length of toe; ltoe = 1100 mm

Length of heel; lheel = 0 mm

Overall length of base; lbase = ltoe + lheel + twall = 1450 mm

Thickness of base; tbase = 200 mm

Depth of downstand; dds = 0 mm

Position of downstand; lds = 1125 mm

Thickness of downstand; tds = 200 mm

Height of retaining wall; hwall = hstem + tbase + dds = 2350 mm

Depth of cover in front of wall; dcover = 300 mm

Depth of unplanned excavation; dexc = 0 mm

Height of ground water behind wall; hwater = 0 mm

Height of saturated fill above base; hsat = max(hwater - tbase - dds, 0 mm) = 0 mm

Density of wall construction; γwall = 23.6 kN/m3

Density of base construction; γbase = 23.6 kN/m3

Angle of rear face of wall; α = 90.0 deg

Angle of soil surface behind wall; β = 0.0 deg

Effective height at virtual back of wall; heff = hwall + lheel × tan(β) = 2350 mm

Retained material details

Mobilisation factor; M = 1.5

Moist density of retained material; γm = 18.0 kN/m3
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Saturated density of retained material; γs = 21.0 kN/m3

Design shear strength; φ' = 27.5 deg

Angle of wall friction; δ = 21.3 deg

Base material details

Moist density; γmb = 18.0 kN/m3

Design shear strength; φ'b = 27.5 deg

Design base friction; δb = 21.3 deg

Allowable bearing pressure; Pbearing = 100 kN/m2

Using Coulomb theory

Active pressure coefficient for retained material

Ka = sin(α + φ')2 / (sin(α)2 × sin(α - δ) × [1 + √(sin(φ' + δ) × sin(φ' - β) / (sin(α - δ) × sin(α + β)))]2) = 0.326

Passive pressure coefficient for base material

Kp = sin(90 - φ'b)2 / (sin(90 - δb) × [1 - √(sin(φ'b + δb) × sin(φ'b) / (sin(90 + δb)))]2) = 5.571

At-rest pressure

At-rest pressure for retained material; K0 = 1 – sin(φ’) = 0.538

Loading details

Surcharge load on plan; Surcharge = 1.5 kN/m2

Applied vertical dead load on wall; Wdead = 0.0 kN/m

Applied vertical live load on wall; W live = 0.0 kN/m

Position of applied vertical load on wall; lload = 0 mm

Applied horizontal dead load on wall; Fdead = 0.0 kN/m

Applied horizontal live load on wall; Flive = 0.0 kN/m

Height of applied horizontal load on wall; hload = 0 mm

2

33.4 8.7

0.5 12.846.7

 

Loads shown in kN/m, pressures shown in kN/m2
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Vertical forces on wall

Wall stem; wwall = hstem × twall × γwall  = 17.8 kN/m

Wall base; wbase = lbase × tbase × γbase  = 6.8 kN/m

Soil in front of wall; wp = ltoe × dcover × γmb  = 5.9 kN/m

Total vertical load; W total = wwall + wbase + wp = 30.5 kN/m

Horizontal forces on wall

Surcharge; Fsur = Ka × cos(90 - α + δ) × Surcharge × heff = 1.1 kN/m

Moist backfill above water table; Fm_a = 0.5 × Ka × cos(90 - α + δ) × γm × (heff - hwater)2 = 15.1 kN/m

Total horizontal load; Ftotal = Fsur + Fm_a = 16.1 kN/m

Calculate stability against sliding

Passive resistance of soil in front of wall; Fp = 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 11.7 kN/m

Resistance to sliding; Fres = Fp + W total × tan(δb) = 23.6 kN/m

PASS - Resistance force is greater than sliding force

Overturning moments

Surcharge; Msur = Fsur × (heff  - 2 × dds) / 2 = 1.3 kNm/m

Moist backfill above water table; Mm_a = Fm_a × (heff + 2 × hwater - 3 × dds) / 3 = 11.8 kNm/m

Total overturning moment; Mot = Msur + Mm_a = 13.1 kNm/m

Restoring moments

Wall stem; Mwall = wwall × (ltoe + twall / 2) = 22.6 kNm/m

Wall base; Mbase = wbase × lbase / 2 = 5 kNm/m

Soil in front of wall; Mp_r = wp × ltoe / 2 = 3.3 kNm/m

Total restoring moment; Mrest = Mwall + Mbase + Mp_r = 30.9 kNm/m

Check stability against overturning

Total overturning moment; Mot = 13.1 kNm/m

Total restoring moment; Mrest = 30.9 kNm/m

PASS - Restoring moment is greater than overturning moment

Check bearing pressure

Total moment for bearing; Mtotal = Mrest - Mot = 17.8 kNm/m

Total vertical reaction; R = W total = 30.5 kN/m

Distance to reaction; xbar = Mtotal / R = 583 mm

Eccentricity of reaction; e = abs((lbase / 2) - xbar) = 142 mm

Reaction acts within middle third of base

Bearing pressure at toe; ptoe = (R / lbase) + (6 × R × e / lbase
2) = 33.4 kN/m2

Bearing pressure at heel; pheel = (R / lbase) - (6 × R × e / lbase
2) = 8.7 kN/m2

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors

Dead load factor; γf_d = 1.4

Live load factor; γf_l = 1.6

Earth and water pressure factor; γf_e = 1.4

Factored vertical forces on wall

Wall stem; wwall_f = γf_d × hstem × twall × γwall  = 24.9 kN/m

Wall base; wbase_f = γf_d × lbase × tbase × γbase  = 9.6 kN/m

Soil in front of wall; wp_f = γf_d × ltoe × dcover × γmb  = 8.3 kN/m

Total vertical load; W total_f = wwall_f + wbase_f + wp_f = 42.8 kN/m

Factored horizontal at-rest forces on wall

Surcharge; Fsur_f = γf_l × K0 × Surcharge × heff = 3 kN/m

Moist backfill above water table; Fm_a_f = γf_e × 0.5 × K0 × γm × (heff - hwater)2 = 37.5 kN/m

Total horizontal load; Ftotal_f = Fsur_f + Fm_a_f = 40.5 kN/m

Passive resistance of soil in front of wall; Fp_f = γf_e × 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 16.3 

kN/m

Factored overturning moments

Surcharge; Msur_f = Fsur_f × (heff  - 2 × dds) / 2 = 3.6 kNm/m

Moist backfill above water table; Mm_a_f = Fm_a_f × (heff + 2 × hwater - 3 × dds) / 3 = 29.3 kNm/m

Total overturning moment; Mot_f = Msur_f + Mm_a_f = 32.9 kNm/m

Restoring moments

Wall stem; Mwall_f = wwall_f × (ltoe + twall / 2) = 31.7 kNm/m

Wall base; Mbase_f = wbase_f × lbase / 2 = 6.9 kNm/m

Soil in front of wall; Mp_r_f = wp_f × ltoe / 2 = 4.6 kNm/m

Total restoring moment; Mrest_f = Mwall_f + Mbase_f + Mp_r_f = 43.2 kNm/m

Factored bearing pressure

Total moment for bearing; Mtotal_f = Mrest_f - Mot_f = 10.3 kNm/m

Total vertical reaction; Rf = Wtotal_f = 42.8 kN/m

Distance to reaction; xbar_f = Mtotal_f / Rf = 241 mm

Eccentricity of reaction; ef = abs((lbase / 2) - xbar_f) = 484 mm

Reaction acts outside middle third of base

Bearing pressure at toe; ptoe_f = Rf / (1.5 × xbar_f) = 118.2 kN/m2

Bearing pressure at heel; pheel_f = 0 kN/m2 = 0 kN/m2

Rate of change of base reaction; rate = ptoe_f / (3 × xbar_f) = 163.30 kN/m2/m

Bearing pressure at stem / toe; pstem_toe_f = max(ptoe_f - (rate × ltoe), 0 kN/m2) = 0 kN/m2

Bearing pressure at mid stem; pstem_mid_f = max(ptoe_f - (rate × (ltoe + twall / 2)), 0 kN/m2) = 0 kN/m2

Bearing pressure at stem / heel; pstem_heel_f = max(ptoe_f - (rate × (ltoe + twall)), 0 kN/m2) = 0 kN/m2

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties

Characteristic strength of concrete; fcu = 35 N/mm2

Characteristic strength of reinforcement; fy = 500 N/mm2
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Base details

Minimum area of reinforcement; k = 0.13 %

Cover to reinforcement in toe; ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure; Vtoe_bear = 3 × ptoe_f × xbar_f / 2 = 42.8 kN/m

Shear from weight of base; Vtoe_wt_base = γf_d × γbase × ltoe × tbase = 7.3 kN/m

Shear from weight of soil; Vtoe_wt_soil = wp_f - (γf_d × γm × ltoe × dexc) = 8.3 kN/m

Total shear for toe design; Vtoe = Vtoe_bear - Vtoe_wt_base - Vtoe_wt_soil = 27.2 kN/m

Calculate moment for toe design

Moment from bearing pressure; Mtoe_bear = 3 × ptoe_f × xbar_f × (ltoe - xbar_f + twall / 2) / 2 = 44.2 kNm/m

Moment from weight of base; Mtoe_wt_base = (γf_d × γbase × tbase × (ltoe + twall / 2)2 / 2) = 5.4 kNm/m

Moment from weight of soil; Mtoe_wt_soil = (wp_f - (γf_d × γm× ltoe× dexc)) × (ltoe + twall) / 2 = 6 kNm/m

Total moment for toe design; Mtoe = Mtoe_bear - Mtoe_wt_base - Mtoe_wt_soil = 32.8 kNm/m
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Check toe in bending

Width of toe; b = 1000 mm/m

Depth of reinforcement; dtoe = tbase – ctoe – (φtoe / 2) = 155.0 mm

Constant; Ktoe = Mtoe / (b × dtoe
2 × fcu) = 0.039

Compression reinforcement is not required

Lever arm; ztoe = min(0.5 + √(0.25 - (min(Ktoe, 0.225) / 0.9)),0.95) × dtoe

ztoe = 147 mm

Area of tension reinforcement required; As_toe_des = Mtoe / (0.87 × fy × ztoe) = 512 mm2/m

Minimum area of tension reinforcement; As_toe_min = k × b × tbase = 260 mm2/m

Area of tension reinforcement required; As_toe_req = Max(As_toe_des, As_toe_min) = 512 mm2/m

Reinforcement provided; B785 mesh

Area of reinforcement provided; As_toe_prov = 785 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe

Design shear stress; vtoe = Vtoe / (b × dtoe) = 0.175 N/mm2

Allowable shear stress; vadm = min(0.8 × √(fcu / 1 N/mm2), 5) × 1 N/mm2 = 4.733 N/mm2

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 – Table 3.8

Design concrete shear stress; vc_toe = 0.714 N/mm2

vtoe < vc_toe - No shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000
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Wall details

Thickness of outer leaf of wall; touter = 100 mm

Thickness of inner leaf of wall; tinner = 100 mm

Thickness of reinforced cavity; tcavity = twall - touter - tinner = 150 mm

Depth of stem reinforcement; dstem = 200 mm

Masonry details

Masonry type; Aggregate concrete blocks no voids

Compressive strength of units; punit = 7.3 N/mm2

Mortar designation; (ii)

Category of manufactoring control of units; Category I

Partial safety factor for material strength; γmm = 2.0

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units; bunit = 100.0 mm

Height of masonry units; hunit = 215.0 mm

Ratio of height to least horizontal dimension; ratio = hunit / bunit = 2.2

From BS5628:2 Table 3d, mortar ii

Characteristic compressive strength; fk = 6.4 N/mm2

Factored horizontal at-rest forces on stem

Surcharge; Fs_sur_f = γf_l × K0 × Surcharge × (heff - tbase - dds) = 2.8 kN/m

Moist backfill above water table; Fs_m_a_f = 0.5 × γf_e × K0 × γm × (heff - tbase - dds - hsat)2 = 31.3 kN/m

Calculate shear for stem design

Shear at base of stem; Vstem = Fs_sur_f + Fs_m_a_f = 34.1 kN/m

Calculate moment for stem design

Surcharge; Ms_sur = Fs_sur_f × (hstem + tbase) / 2 = 3.3 kNm/m

Moist backfill above water table; Ms_m_a = Fs_m_a_f × (2 × hsat + heff - dds + tbase / 2) / 3 = 25.6 kNm/m

Total moment for stem design; Mstem = Ms_sur + Ms_m_a = 28.9 kNm/m

Check maximum design moment for wall stem

Width of wall; b = 1000 mm/m

Maximum design moment; Md_stem = 0.4 × fk × b × dstem
2 / γmm = 51.2 kNm/m

PASS - Applied moment is less than maximum design moment

Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem
2 = 0.722 N/mm2
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Q = 2 × c × (1 - c) × fk / γmm

Lever arm factor; c = 0.870

Lever arm; zstem = min(0.95, c) × dstem = 174.1 mm

Area of tension reinforcement required; As_stem_des = Mstem × γms / (fy × zstem) = 381 mm2/m

Minimum area of tension reinforcement; As_stem_min = k × b × twall = 455 mm2/m

Area of tension reinforcement required; As_stem_req = Max(As_stem_des, As_stem_min) = 455 mm2/m

Reinforcement provided; B785 mesh

Area of reinforcement provided; As_stem_prov = π × φstem
2 / (4 × sstem) = 785 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress; vstem = Vstem / (b × dstem) = 0.171 N/mm2

Basic characteristic shear strength of masonry; fvbas = min[0.35 + (17.5 × As_stem_prov / (b × dstem)), 0.7] × 1 N/mm2 

fvbas = 0.419 N/mm2

Shear span; a = Mstem / Vstem = 845.8 mm

Characteristic shear strength of masonry; fv = Min(fvbas × max(2.5 - 0.25 × (a / dstem), 1), 1.75 N/mm2)

fv = 0.604 N/mm2

Allowable shear stress; vadm = fv / γmv = 0.302 N/mm2

PASS - Design shear stress is less than maximum shear stress

Check limiting dimensions

Limiting span/effective depth ratio; ratiomax = 18.00

Actual span/effective depth ratio; ratioact = (hstem + dstem / 2) / dstem = 11.25

PASS - Span to depth ratio is acceptable

Axial load check

Factored axial load on wall; Nwall = ([twall × hstem × γwall + Wdead] × γf_d) + (W live × γf_l) = 24.9 kN/m

Limiting axial load; Nlimit = 0.1 × fk × twall = 224.0 kN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

Stem reinforcement

 

Toe mesh - B785 - (785 mm2/m)

Stem mesh - B785 - (785 mm2/m)
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RETAINING WALL ANALYSIS (BS 8002:1994)

TEDDS calculation version 1.2.01.08
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Wall details

Retaining wall type; Unpropped cantilever

Height of retaining wall stem; hstem = 1750 mm

Thickness of wall stem; twall = 325 mm

Length of toe; ltoe = 700 mm

Length of heel; lheel = 0 mm

Overall length of base; lbase = ltoe + lheel + twall = 1025 mm

Thickness of base; tbase = 200 mm

Depth of downstand; dds = 0 mm

Position of downstand; lds = 825 mm

Thickness of downstand; tds = 200 mm

Height of retaining wall; hwall = hstem + tbase + dds = 1950 mm

Depth of cover in front of wall; dcover = 300 mm

Depth of unplanned excavation; dexc = 0 mm

Height of ground water behind wall; hwater = 0 mm

Height of saturated fill above base; hsat = max(hwater - tbase - dds, 0 mm) = 0 mm

Density of wall construction; γwall = 23.6 kN/m3

Density of base construction; γbase = 23.6 kN/m3

Angle of rear face of wall; α = 90.0 deg

Angle of soil surface behind wall; β = 0.0 deg

Effective height at virtual back of wall; heff = hwall + lheel × tan(β) = 1950 mm

Retained material details

Mobilisation factor; M = 1.5

Moist density of retained material; γm = 18.0 kN/m3
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Saturated density of retained material; γs = 21.0 kN/m3

Design shear strength; φ' = 27.5 deg

Angle of wall friction; δ = 21.3 deg

Base material details

Moist density; γmb = 18.0 kN/m3

Design shear strength; φ'b = 27.5 deg

Design base friction; δb = 21.3 deg

Allowable bearing pressure; Pbearing = 100 kN/m2

Using Coulomb theory

Active pressure coefficient for retained material

Ka = sin(α + φ')2 / (sin(α)2 × sin(α - δ) × [1 + √(sin(φ' + δ) × sin(φ' - β) / (sin(α - δ) × sin(α + β)))]2) = 0.326

Passive pressure coefficient for base material

Kp = sin(90 - φ'b)2 / (sin(90 - δb) × [1 - √(sin(φ'b + δb) × sin(φ'b) / (sin(90 + δb)))]2) = 5.571

At-rest pressure

At-rest pressure for retained material; K0 = 1 – sin(φ’) = 0.538

Loading details

Surcharge load on plan; Surcharge = 1.5 kN/m2

Applied vertical dead load on wall; Wdead = 0.0 kN/m

Applied vertical live load on wall; W live = 0.0 kN/m

Position of applied vertical load on wall; lload = 0 mm

Applied horizontal dead load on wall; Fdead = 0.0 kN/m

Applied horizontal live load on wall; Flive = 0.0 kN/m

Height of applied horizontal load on wall; hload = 0 mm

2

41.6 1.4

0.5 10.646.7

 

Loads shown in kN/m, pressures shown in kN/m2
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Vertical forces on wall

Wall stem; wwall = hstem × twall × γwall  = 13.4 kN/m

Wall base; wbase = lbase × tbase × γbase  = 4.8 kN/m

Soil in front of wall; wp = ltoe × dcover × γmb  = 3.8 kN/m

Total vertical load; W total = wwall + wbase + wp = 22 kN/m

Horizontal forces on wall

Surcharge; Fsur = Ka × cos(90 - α + δ) × Surcharge × heff = 0.9 kN/m

Moist backfill above water table; Fm_a = 0.5 × Ka × cos(90 - α + δ) × γm × (heff - hwater)2 = 10.4 kN/m

Total horizontal load; Ftotal = Fsur + Fm_a = 11.3 kN/m

Calculate stability against sliding

Passive resistance of soil in front of wall; Fp = 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 11.7 kN/m

Resistance to sliding; Fres = Fp + W total × tan(δb) = 20.3 kN/m

PASS - Resistance force is greater than sliding force

Overturning moments

Surcharge; Msur = Fsur × (heff  - 2 × dds) / 2 = 0.9 kNm/m

Moist backfill above water table; Mm_a = Fm_a × (heff + 2 × hwater - 3 × dds) / 3 = 6.7 kNm/m

Total overturning moment; Mot = Msur + Mm_a = 7.6 kNm/m

Restoring moments

Wall stem; Mwall = wwall × (ltoe + twall / 2) = 11.6 kNm/m

Wall base; Mbase = wbase × lbase / 2 = 2.5 kNm/m

Soil in front of wall; Mp_r = wp × ltoe / 2 = 1.3 kNm/m

Total restoring moment; Mrest = Mwall + Mbase + Mp_r = 15.4 kNm/m

Check stability against overturning

Total overturning moment; Mot = 7.6 kNm/m

Total restoring moment; Mrest = 15.4 kNm/m

PASS - Restoring moment is greater than overturning moment

Check bearing pressure

Total moment for bearing; Mtotal = Mrest - Mot = 7.8 kNm/m

Total vertical reaction; R = W total = 22.0 kN/m

Distance to reaction; xbar = Mtotal / R = 352 mm

Eccentricity of reaction; e = abs((lbase / 2) - xbar) = 160 mm

Reaction acts within middle third of base

Bearing pressure at toe; ptoe = (R / lbase) + (6 × R × e / lbase
2) = 41.6 kN/m2

Bearing pressure at heel; pheel = (R / lbase) - (6 × R × e / lbase
2) = 1.4 kN/m2

PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (BS 8002:1994)

TEDDS calculation version 1.2.01.08

Ultimate limit state load factors

Dead load factor; γf_d = 1.4

Live load factor; γf_l = 1.6

Earth and water pressure factor; γf_e = 1.4

Factored vertical forces on wall

Wall stem; wwall_f = γf_d × hstem × twall × γwall  = 18.8 kN/m

Wall base; wbase_f = γf_d × lbase × tbase × γbase  = 6.8 kN/m

Soil in front of wall; wp_f = γf_d × ltoe × dcover × γmb  = 5.3 kN/m

Total vertical load; W total_f = wwall_f + wbase_f + wp_f = 30.9 kN/m

Factored horizontal at-rest forces on wall

Surcharge; Fsur_f = γf_l × K0 × Surcharge × heff = 2.5 kN/m

Moist backfill above water table; Fm_a_f = γf_e × 0.5 × K0 × γm × (heff - hwater)2 = 25.8 kN/m

Total horizontal load; Ftotal_f = Fsur_f + Fm_a_f = 28.3 kN/m

Passive resistance of soil in front of wall; Fp_f = γf_e × 0.5 × Kp × cos(δb) × (dcover + tbase + dds - dexc)2 × γmb = 16.3 

kN/m

Factored overturning moments

Surcharge; Msur_f = Fsur_f × (heff  - 2 × dds) / 2 = 2.5 kNm/m

Moist backfill above water table; Mm_a_f = Fm_a_f × (heff + 2 × hwater - 3 × dds) / 3 = 16.8 kNm/m

Total overturning moment; Mot_f = Msur_f + Mm_a_f = 19.2 kNm/m

Restoring moments

Wall stem; Mwall_f = wwall_f × (ltoe + twall / 2) = 16.2 kNm/m

Wall base; Mbase_f = wbase_f × lbase / 2 = 3.5 kNm/m

Soil in front of wall; Mp_r_f = wp_f × ltoe / 2 = 1.9 kNm/m

Total restoring moment; Mrest_f = Mwall_f + Mbase_f + Mp_r_f = 21.5 kNm/m

Factored bearing pressure

Total moment for bearing; Mtotal_f = Mrest_f - Mot_f = 2.3 kNm/m

Total vertical reaction; Rf = Wtotal_f = 30.9 kN/m

Distance to reaction; xbar_f = Mtotal_f / Rf = 75 mm

Eccentricity of reaction; ef = abs((lbase / 2) - xbar_f) = 438 mm

Reaction acts outside middle third of base

Bearing pressure at toe; ptoe_f = Rf / (1.5 × xbar_f) = 274.5 kN/m2

Bearing pressure at heel; pheel_f = 0 kN/m2 = 0 kN/m2

Rate of change of base reaction; rate = ptoe_f / (3 × xbar_f) = 1220.76 kN/m2/m

Bearing pressure at stem / toe; pstem_toe_f = max(ptoe_f - (rate × ltoe), 0 kN/m2) = 0 kN/m2

Bearing pressure at mid stem; pstem_mid_f = max(ptoe_f - (rate × (ltoe + twall / 2)), 0 kN/m2) = 0 kN/m2

Bearing pressure at stem / heel; pstem_heel_f = max(ptoe_f - (rate × (ltoe + twall)), 0 kN/m2) = 0 kN/m2

Design of reinforced concrete retaining wall toe (BS 8002:1994)

Material properties

Characteristic strength of concrete; fcu = 35 N/mm2

Characteristic strength of reinforcement; fy = 500 N/mm2
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Base details

Minimum area of reinforcement; k = 0.13 %

Cover to reinforcement in toe; ctoe = 40 mm

Calculate shear for toe design

Shear from bearing pressure; Vtoe_bear = 3 × ptoe_f × xbar_f / 2 = 30.9 kN/m

Shear from weight of base; Vtoe_wt_base = γf_d × γbase × ltoe × tbase = 4.6 kN/m

Shear from weight of soil; Vtoe_wt_soil = wp_f - (γf_d × γm × ltoe × dexc) = 5.3 kN/m

Total shear for toe design; Vtoe = Vtoe_bear - Vtoe_wt_base - Vtoe_wt_soil = 20.9 kN/m

Calculate moment for toe design

Moment from bearing pressure; Mtoe_bear = 3 × ptoe_f × xbar_f × (ltoe - xbar_f + twall / 2) / 2 = 24.3 kNm/m

Moment from weight of base; Mtoe_wt_base = (γf_d × γbase × tbase × (ltoe + twall / 2)2 / 2) = 2.5 kNm/m

Moment from weight of soil; Mtoe_wt_soil = (wp_f - (γf_d × γm× ltoe× dexc)) × (ltoe + twall) / 2 = 2.7 kNm/m

Total moment for toe design; Mtoe = Mtoe_bear - Mtoe_wt_base - Mtoe_wt_soil = 19.1 kNm/m
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Check toe in bending

Width of toe; b = 1000 mm/m

Depth of reinforcement; dtoe = tbase – ctoe – (φtoe / 2) = 155.0 mm

Constant; Ktoe = Mtoe / (b × dtoe
2 × fcu) = 0.023

Compression reinforcement is not required

Lever arm; ztoe = min(0.5 + √(0.25 - (min(Ktoe, 0.225) / 0.9)),0.95) × dtoe

ztoe = 147 mm

Area of tension reinforcement required; As_toe_des = Mtoe / (0.87 × fy × ztoe) = 299 mm2/m

Minimum area of tension reinforcement; As_toe_min = k × b × tbase = 260 mm2/m

Area of tension reinforcement required; As_toe_req = Max(As_toe_des, As_toe_min) = 299 mm2/m

Reinforcement provided; A393 mesh

Area of reinforcement provided; As_toe_prov = 393 mm2/m

PASS - Reinforcement provided at the retaining wall toe is adequate

Check shear resistance at toe

Design shear stress; vtoe = Vtoe / (b × dtoe) = 0.135 N/mm2

Allowable shear stress; vadm = min(0.8 × √(fcu / 1 N/mm2), 5) × 1 N/mm2 = 4.733 N/mm2

PASS - Design shear stress is less than maximum shear stress

From BS8110:Part 1:1997 – Table 3.8

Design concrete shear stress; vc_toe = 0.567 N/mm2

vtoe < vc_toe - No shear reinforcement required
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Design of cavity reinforced masonry retaining wall stem - BS5628-2:2000
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Wall details

Thickness of outer leaf of wall; touter = 100 mm

Thickness of inner leaf of wall; tinner = 100 mm

Thickness of reinforced cavity; tcavity = twall - touter - tinner = 125 mm

Depth of stem reinforcement; dstem = 150 mm

Masonry details

Masonry type; Aggregate concrete blocks no voids

Compressive strength of units; punit = 7.3 N/mm2

Mortar designation; (ii)

Category of manufactoring control of units; Category I

Partial safety factor for material strength; γmm = 2.0

Characteristic compressive strength of masonry

Least horizontal dimension of masonry units; bunit = 100.0 mm

Height of masonry units; hunit = 215.0 mm

Ratio of height to least horizontal dimension; ratio = hunit / bunit = 2.2

From BS5628:2 Table 3d, mortar ii

Characteristic compressive strength; fk = 6.4 N/mm2

Factored horizontal at-rest forces on stem

Surcharge; Fs_sur_f = γf_l × K0 × Surcharge × (heff - tbase - dds) = 2.3 kN/m

Moist backfill above water table; Fs_m_a_f = 0.5 × γf_e × K0 × γm × (heff - tbase - dds - hsat)2 = 20.8 kN/m

Calculate shear for stem design

Shear at base of stem; Vstem = Fs_sur_f + Fs_m_a_f = 23 kN/m

Calculate moment for stem design

Surcharge; Ms_sur = Fs_sur_f × (hstem + tbase) / 2 = 2.2 kNm/m

Moist backfill above water table; Ms_m_a = Fs_m_a_f × (2 × hsat + heff - dds + tbase / 2) / 3 = 14.2 kNm/m

Total moment for stem design; Mstem = Ms_sur + Ms_m_a = 16.4 kNm/m

Check maximum design moment for wall stem

Width of wall; b = 1000 mm/m

Maximum design moment; Md_stem = 0.4 × fk × b × dstem
2 / γmm = 28.8 kNm/m

PASS - Applied moment is less than maximum design moment

Check wall stem in bending

Moment of resistance factor; Q = Mstem / dstem
2 = 0.729 N/mm2

Q = 2 × c × (1 - c) × fk / γmm
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Lever arm factor; c = 0.869

Lever arm; zstem = min(0.95, c) × dstem = 130.3 mm

Area of tension reinforcement required; As_stem_des = Mstem × γms / (fy × zstem) = 289 mm2/m

Minimum area of tension reinforcement; As_stem_min = k × b × twall = 423 mm2/m

Area of tension reinforcement required; As_stem_req = Max(As_stem_des, As_stem_min) = 423 mm2/m

Reinforcement provided; B503 mesh

Area of reinforcement provided; As_stem_prov = π × φstem
2 / (4 × sstem) = 503 mm2/m

PASS - Reinforcement provided at the retaining wall stem is adequate

Check shear resistance at wall stem

Design shear stress; vstem = Vstem / (b × dstem) = 0.154 N/mm2

Basic characteristic shear strength of masonry; fvbas = min[0.35 + (17.5 × As_stem_prov / (b × dstem)), 0.7] × 1 N/mm2 

fvbas = 0.409 N/mm2

Shear span; a = Mstem / Vstem = 712.0 mm

Characteristic shear strength of masonry; fv = Min(fvbas × max(2.5 - 0.25 × (a / dstem), 1), 1.75 N/mm2)

fv = 0.537 N/mm2

Allowable shear stress; vadm = fv / γmv = 0.268 N/mm2

PASS - Design shear stress is less than maximum shear stress

Check limiting dimensions

Limiting span/effective depth ratio; ratiomax = 18.00

Actual span/effective depth ratio; ratioact = (hstem + dstem / 2) / dstem = 12.17

PASS - Span to depth ratio is acceptable

Axial load check

Factored axial load on wall; Nwall = ([twall × hstem × γwall + Wdead] × γf_d) + (W live × γf_l) = 18.8 kN/m

Limiting axial load; Nlimit = 0.1 × fk × twall = 208.0 kN/m

Applied axial load may be ignored - calculations valid
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Indicative retaining wall reinforcement diagram

Toe reinforcement

Stem reinforcement

Stem reinforcement

 

Toe mesh - A393 - (393 mm2/m)

Stem mesh - B503 - (503 mm2/m)
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CANTILEVER MASONRY RETAINING WALL DESIGN (BS8110&BS5628);MASONRY CANTILEVER RETAINING WALL 

DESIGN TO CP2 & BS5628 (PART 1)

RETAINING WALL PRESSURES - GRANULAR FILL - NO WALL FRICTION – ASSUMED FULLY DRAINED

General Soil Data

; Density of retained soil; γs = 18.0 kN/m3 

; Angle of internal friction; φ = 32.0 ° 

; Angle of soil surface; θ = 0.0 ° 

; Ground cover over base at front of wall 

– if > 0mm, assumed permanent; tc = 300 mm

Loads on wall and ground

; Surcharge load (horizontal plan area); ws = 1.5 kN/m2

; Design vertical dead load on wall (unfactored); Wv = 0.00 kN/m

; Design vertical live load on wall (unfactored); W l = 0.00 kN/m

Stem details

; Density of wall stem brickwork; γw = 19.0 kN/m3

; Wall base section thickness; tw = 440.0 mm

; Height retained; h = 970 mm 

Base details

; Density of wall base; γb = 23.6 kN/m3

; Length of heel; lheel = 150 mm
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; Length of toe; ltoe = 200 mm

; Base thickness; tb = 200 mm

Length of base; lo_a = ltoe + tw + lheel = 790 mm

Height of active soil (at back of stem and heel)

Height of wall stem; hstem = h - tb = 770 mm

hsoil = h + lheel × tan (θ) = 970 mm

Load factors

; Dead Load Factor; γf_d = 1.40

; Imposed Load Factor; γf_i = 1.60

Coefficients using Rankine

Active coefficient (Sloping Surface) - no friction

ka_s = ( cos(θ) - √((cos(θ))2 - (cos(φ))2 )) / ( cos(θ) + √((cos(θ))2 - (cos(φ))2 )) = 0.307

Active coefficient (level surface); ka = ( 1 - sin( φ )) / ( 1 + sin( φ )) = 0.307

Passive coefficient (level surface); kp = ( 1 + sin( φ )) / ( 1 - sin( φ )) = 3.255

At - rest coefficient; ko = (1 - sin( φ )) = 0.470 

For a one metre width - (Horizontal Components - Active Earth Pressures)

At the virtual back of the wall (back of heel)

Surcharge

pressure; ps = ka_s × ws = 0.5 kN/m2 

force – horizontal; Fs = (ps × hsoil) × (cos(θ))2 = 0.4 kN/m 

overturning moment about toe; Ms = Fs × hsoil /2 = 0.2 kNm/m 

Backfill

pressure; pa = ka_s × γs × hsoil = 5.4 kN/m2 

force – horizontal; Fa = (pa × hsoil / 2) × (cos(θ))2 = 2.6 kN/m 

overturning moment about the toe; Ma = Fa × hsoil / 3 = 0.8 kNm/m 

Total horizontal force (unfactored); Ft = Fs + Fa = 3.0 kN/m 

Total horizontal force (factored); Ft_ult = γf_i × Fs + γf_d × Fa = 4.4 kN/m 

Total overturning moment (unfactored); Mt =  Ms + Ma = 1.1 kNm/m 

Total overturning moment (factored); Mt_ult = γf_i × Ms + γf_d × Ma = 1.5 kNm/m 

Average load factor; γf_av = Mt_ult / Mt = 1.44
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STABILITY CHECKS

(Unfactored Loads - Active Soil Pressures)

1) SLIDING

; Coefficient of friction; µ = tan (φ) × factor = 0.469 ; factor = 0.75

Passive pressures in front of wall

Top of base; pp1 = kp × tc × γs = 17.6  kN/m2

Underside of base; pp2 =  kp × ( tc + tb ) × γs = 29.3 kN/m2

Total resistance

Base; PPbase = ( pp1 + pp2 ) × tb / 2 = 4.7 kN/m

;Passive resistance; Soil in front of wall assumed to resist sliding

P = PPbase × soil_resists = 4.7 kN/m

Factor of safety against sliding

; Factor of safety required; FOS_reqdsliding = 2.00

Length of heel provided; lheel = 150 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on 

the heel in the sliding calculation.

FOSsliding = ((((lheel × (γs×(hstem+lheel×tan(θ)/2)+γb×tb))+ltoe×γb×tb+Wv +(tw×(γw×hstem+γb×tb))) × µ )+ P) / Ft 

FOSsliding = 3.419

Factor of safety against sliding = 3.4 i.e. > 2.0 - OK

2) OVERTURNING

Factor of safety against overturning

; Factor of safety required; FOS_reqdo_turn = 2.00

Length of toe provided; ltoe = 200 mm

Conservatively, it is assumed that the surcharge load does not provide downward pressure on 

the heel in the overturning calculation.

Taking Moments about front of the toe

Mr1 = ( Wv + hstem × tw × γw ) × (ltoe + tw / 2) = 2.7 kNm/m

Mr2 = lheel × hstem  × γs × (ltoe + tw + lheel / 2) = 1.5 kNm/m

Mr3 = (ltoe + tw + lheel )2 × tb × γb / 2 = 1.5 kNm/m

Mr4 = lheel × lheel× tan(θ) / 2 × γs × (ltoe + tw + lheel × 2/3 ) = 0.0 kNm/m

Resisting moment; Mr  = Mr1 + Mr2 + Mr3 + Mr4 = 5.7 kNm/m

Factor of safety against overturning ; FOSo_turn = Mr / abs(Mt) = 5.35

Factor of safety against overturning = 5.4 i.e. > 2.0 - OK

Overall length of base; lo_a = ltoe + tw + lheel = 0.790 m
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3) BEARING PRESSURE (INCLUDING LIVE LOADS AND TOE COVER)

Total overturning moment for bearing calculation; Mt = 1.1 kNm/m 

Total resisting moment for bearing calculation; Mr = 5.7 kNm/m 

Total vertical load on base

N = tw × hstem × γw + (hstem+lheel×tan(θ)/2) × lheel × γs + tc × ltoe × γs + lo_a × tb × γb + Wv + ws × lheel + W l 

N = 13.6 kN/m

Eccentricity of vertical load

e1 = (Mr – abs(Mt) + tc × ltoe
2 × γs/2 + ws × lheel × (ltoe + tw + lheel/2) + W l × (ltoe + tw/2)) / N = 0.360 m

e = lo_a / 2 - e1 = 0.035 m

Resultant lies inside middle third;

Maximum bearing pressure; pmax = if(abs(e)<(lo_a /6) , σmax2 , σmax1) = 21.8 kN/m2

;Permissible bearing pressure; pbearing = 100 kN/m2

Maximum bearing pressure is 22 kN/m2 i.e. < Allowable  - OK

DESIGN BASE PRESSURES BASED UPON AT REST EARTH PRESSURES

For a one metre width - (Horizontal Components - At Rest Earth Pressures)

Surcharge

pressure; pso = ko × ws = 0.7 kN/m2 

force; Fso = pso × h = 0.7 kN/m 

moment; Mso = Fso × h /2 = 0.3 kNm/m 

Backfill

pressure; po = ko × γs × h = 8.2 kN/m2 

force; Fo = po × h / 2 = 4.0 kN/m 

moment; Mo = Fo × h / 3 = 1.3 kNm/m 

Total horizontal force (unfactored); Ft_o = Fso + Fo = 4.7 kN/m 

Total horizontal force (factored); Ft_ult_o = γf_i × Fso + γf_d × Fo = 6.7 kN/m 

Total moment (unfactored); Mt_o =  Mso + Mo = 1.6 kNm/m 

Total horizontal force (factored); Mt_ult_o = γf_i × Mso + γf_d × Mo = 2.3 kNm/m 

Average load factor; γf_av = Mt_ult_o / Mt_o = 1.44
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Total vertical load on base

N = tw × hstem × γw + ( hstem + lheel × tan(θ) / 2 ) × lheel × γs + tc × ltoe × γs + lo_a × tb × γb + Wv + ws × lheel +  W l 

N = 13.6 kN/m

Total resistance moment (no live loads included or toe cover)

Mr = 5.663 kNm/m

Eccentricity of vertical load

e1 = (Mr - Mt_o + tc × ltoe
2 × γs/2 + ws × lheel × (ltoe + tw + lheel/2) + W l × (ltoe + tw/2)) / N = 0.318 m

e = lo_a / 2 - e1 = 0.077 m

Resultant lies inside middle third

1) Resultant outside middle third;This Section is Invalid as Resultant is within Middle Third

σmax1 = (2  × N) / (3 × (lo_a / 2 - abs(e))) = 28 kN/m2

 lb1 = (N × 2 / σmax1) = 0.955 m

2) Resultant inside middle third;

σmax2 =  N / lo_a + 6 × N × abs(e) / lo_a
2 = 27 kN/m2

σmin2 =  N / lo_a - 6 × N × abs(e) / lo_a
2 = 7 kN/m2

lb2 = lo_a = 0.790m

Pressures under the base

σmax = if(abs(e) < lo_a / 6,σmax2,σmax1 ) = 27.1 kN/m2

σmin = if(abs(e) < lo_a / 6,σmin2, 0 kN/m2) = 7.2 kN/m2

Bearing length; lp = if(abs(e)<(lo_a / 6) , lb2 , lb1) = 0.790 m

Pressures under the heel/stem interface

lp_heel = lp - ltoe - tw = 0.150 m

σheel = max (((σmax - σmin ) × lp_heel / lp ) + σmin , 0 kN/m2 ) = 11.0 kN/m2

Pressures under the toe/stem interface

σtoe = ((σmax - σmin ) × (lp_heel + tw ) / lp ) + σmin= 22.1 kN/m2

BASE DESIGN - HEEL

Shears and Moments

Vertical load downward;  wult_heel = ( hstem × γs + γb × tb ) × γf_d + ws × γf_i  = 28.4 kN/m2

wult_heel1 = (lheel × tan(θ)/2 × γs) × γf_d = 0.0 kN/m2

Ultimate Shear (at wall face)

downward; Vult_pos_heel = (wult_heel + wult_heel1 ) × lheel = 4.3 kN/m
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upward

Vult_neg_heel = ( σmin × max(lp_heel,0 mm) + (σheel - σmin) × (max(lp_heel,0 mm))2 / (2 × lp_heel )) × γf_av 

Vult_neg_heel = 2.0 kN/m

Nett Ultimate Shear; Vult_heel = abs( Vult_pos_heel - Vult_neg_heel ) = 2.3 kN/m

Ultimate Moment (at centre of wall)

clockwise;Mult_pos_heel = wult_heel × lheel × ( lheel + tw )/2 + wult_heel1 × lheel  × ( 2×lheel / 3 + tw/2) = 1.3 kNm/m

anticlockwise

Mult_neg_heel  = (( σmin × lp_heel × (lp_heel + tw) / 2 )+ (σheel - σmin) / 2 × lp_heel × (lp_heel / 3 + tw / 2 )) × γf_av 

Mult_neg_heel = 0.6 kNm/m

Nett Ultimate Moment; Mult_heel = abs( Mult_pos_heel - Mult_neg_heel ) = 0.7 kNm/m

HEEL REINFORCEMENT - MESH

Tension Reinforcement

;Cover to bars in the top of the heel;  cr_heel = 40 mm

Effective depth to bars;  dheel = tb - cr_heel - (6mm) = 154 mm

Assume the base is a cantilevered slab

;Characteristic strength of reinforcement;  fy = 460 N/mm2 

;Characteristic strength of concrete;  fcu = 35 N/mm2 

Area of reinforcement required

Kheel = abs(Mult_heel) / ( dheel
2 × fcu ) = 0.001 ; K' = 0.156 

Compression steel not required 

Lever arm; zheel = min (( 0.95 × dheel),(dheel×(0.5+√(0.25-Kheel/0.9)))) = 146 mm 

;Reinforcement required; As_heel = abs(Mult_heel) / (1/γms × fy × zheel) = 11 mm2/m

Minimum reinforcement;As_min_heel = if(fy == 460 N/mm2,0.0013×tb,0.0024×tb) = 260 mm2/m

As_req_heel = max(As_heel, As_min_heel) = 260 mm2/m

Tension steel provided

;Use A393 Mesh; As_prov_heel = Asl_heel = 393 mm2/m 

Area of main tension steel provided in heel sufficient

Heel - Check min and max areas of steel

Total area of concrete;  Ac = tb = 200000 mm2/m

; Minimum percentage area of reinforcement; k = 0.13 %

Minimum area of steel required;  As_min = k × Ac = 260 mm2/m 

Maximum area of steel allowed; As_max = 4 % × Ac = 8000 mm2/m 

Area of main steel provided OK  
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Heel Distribution Steel

; Minimum percentage of distribution reinforcement; k1 = 0.13 %

Minimum Area Required; As_dist_req = k1 × Ac = 260 mm2/m

Area Provided; As_dist_base = Ast_heel = 393 mm2/m 

Area of distribution steel provided OK

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement

cheel = tb - dheel - dsl_heel / 2 = 41.0 mm

Permissible minimum nominal cover to all reinforcement (Table 3.4)

; cmin_heel = 35 mm 

Cover over outer steel  OK (top of heel)

HEEL SHEAR RESISTANCE – AT WALL FACE

Applied shear stress at wall face

vheel = Vult_heel / dheel = 0.01 N/mm2 

Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

vallowable = min ((0.8 N1/2/mm) × √(fcu ), 5 N/mm2 ) = 4.73 N/mm2 

Shear stress < maximum - OK 

Shear stresses to clause 3.4.5.4 (BS8110:Pt1)

Allowable shear stress

vc_heel = 0.57 N/mm2 

No shear reinforcement required

BASE DESIGN - TOE

Shears and Moments

Conservatively all soil overburden on the toe is ignored

Ultimate Shear (conservatively - at face of wall)

Vult_toe =  (( σtoe × ltoe ) + (((σmax − σtoe) / 2 ) × ltoe )) × γf_av - ltoe × tb × γb × γf_d = 5.8 kN/m

Ultimate Moment (at centre of wall)

Mult_toe =((σtoe × ltoe × ( ltoe+ tw)/2)+(σmax-σtoe )/2 × ltoe × (2×ltoe/3 + tw/2 )) × γf_av - ltoe × tb × γb × γf_d × (ltoe/2+tw/2)

Mult_toe = 1.9 kNm/m

TOE REINFORCEMENT - MESH

Tension Reinforcement

;Cover to bars in the bottom of the toe;  cr_toe = 40 mm

Effective depth to bars;  dtoe = tb - cr_toe - (6mm) = 154 mm

Assume the base is a cantilevered slab
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;Characteristic strength of reinforcement;  fy = 460 N/mm2 

;Characteristic strength of concrete;  fcu = 35 N/mm2 

Area of reinforcement required

Ktoe = abs (Mult_ toe ) / ( dtoe
2 × fcu ) = 0.002 ; K' = 0.156 

Compression steel not required 

Lever arm; ztoe = min (( 0.95 × dtoe),(dtoe×(0.5+√(0.25-Ktoe/0.9)))) = 146 mm 

;Reinforcement required; As_toe = abs(Mult_toe) / (1/γms × fy × ztoe) = 29 mm2/m

Minimum reinforcement;As_min_toe = if(fy == 460 N/mm2,0.0013×tb,0.0024×tb) = 260 mm2/m

As_req_toe = max(As_toe, As_min_toe) = 260 mm2/m

Tension steel provided

;Use A393 Mesh; As_prov_toe = Asl_toe = 393 mm2/m 

Area of main tension steel provided in toe sufficient 

Toe - Check min and max areas of steel

Total area of concrete;  Ac = tb = 200000 mm2/m

; Minimum percentage area of reinforcement; k = 0.13 %

Minimum area of steel required;  As_min = k × Ac = 260 mm2/m 

Maximum area of steel allowed; As_max = 4 % × Ac = 8000 mm2/m 

Area of main steel provided OK  

Toe Distribution Steel

; Minimum percentage of distribution reinforcement; k1 = 0.13 %

Minimum Area Required; As_dist_req = k1 × Ac = 260 mm2/m

Area Provided; As_dist_base = Ast_toe = 393 mm2/m 

Area of distribution steel provided OK

CHECK OF NOMINAL COVER

Cover to outer tension reinforcement

ctoe = tb - dtoe - dsl_toe / 2 = 41.0 mm

Permissible minimum nominal cover to all reinforcement (Table 3.4)

; cmin_toe = 35 mm 

Cover over outer steel  OK (bottom of toe)

TOE SHEAR RESISTANCE

Applied shear stress

vtoe = Vult_toe / dtoe = 0.04 N/mm2 

Check shear stress to clause 3.4.5.2 (BS8110:Pt 1)

vallowable = min ((0.8 N1/2/mm) × √(fcu ), 5 N/mm2 ) = 4.73 N/mm2 
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Shear stress < maximum - OK 

Shear stresses to clause 3.4.5.4 (BS8110:Pt 1)

Allowable shear stress

vc_toe = 0.57 N/mm2 

No shear reinforcement required 

STEM DESIGN

Width of base of wall; tw = 440.0 mm

Height of stem of wall; hstem = 770 mm

DESIGN OF WALL SECTION 1 (AT REST PRESSURES)

;Wall base section thickness; tw = 440.0 mm

Depth from top of wall to base

; hstem = 770 mm; Warning the height of the wall is not a complete number of bricks

Applied moment at base of section

Mbase = (ko × ws × hstem
2 / 2) ×γf_i + (ko × γs × hstem

3 / 6) × γf_d = 1.2 kNm/m

Applied shear force at base of section

Fbase = (ko × ws × hstem) ×γf_i + (ko × γs × hstem
2 / 2) × γf_d = 4.4 kN/m

CHECK RESISTANCE TO MOMENT WITHOUT FLEXURAL STRENGTH (BS5628:PT 1:CL 36.5.3)

; Compressive strength (Table 2); fk = 6.40 N/mm2 

;Design vertical load per unit length of wall; nw_base = γfd × (Wv + tw × hstem × γw) = 5.8 kN/m 

;;Moment of resistance; MRC_base = ( nw_base / 2 ) × (tw - (nw_base × γm / fk )) = 1.3 kNm/m 

Wall bending - OK

STEM SHEAR (BS5628:PT 1:CL 33)

; Mortar designation; Mortar = "iii"

Design dead load at the base of the wall; Vbase = Wv + tw × hstem × γw = 6.44 kN/m

;; Design vertical dead load per unit area; gA_base = Vbase × γfd / tw = 0.01 N/mm2 

Characteristic shear strength of masonry

fv_i = min(1.75 N/mm2, 0.35 N/mm2  + (0.6 × gA_base )) = 0.36 N/mm2

fv_iii = min(1.4 N/mm2, 0.15 N/mm2  + (0.6 × gA_base )) = 0.16 N/mm2

fv = if((Mortar == "i")||(Mortar == "ii"), fv_i, fv_iii) = 0.16 N/mm2

Ref BS 5628 Pt 1: Clause 25

Shear stress; vbase = Fbase / tw = 0.01 N/mm2

;Partial safety factor for shear; γmv = 2.5

Wall base shear OK
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SUMMARY OF RESULTS

Wall Dimensions

Masonry Compressive Strength ;Masonry Compressive Strength -  6.4 N/mm^2

Stem Base section ;440mm thick and 770mm from base to the top of the wall

Base Top Reinforcement - Mesh

Heel ( Top ) Reinforcement ;Provide A393 Mesh (Top)

Base Bottom Reinforcement - Mesh

Toe ( Bottom ) Reinforcement ;Provide A393 Mesh (Bottom)

;

;


