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Material Properties

Characteristic strength of concrete, fcu (≤ 60N/mm
2
; HSC N/A) 40 N/mm

2 OK

Yield strength of longitudinal steel, fy 460 N/mm
2

Yield strength of shear link steel, fyv 460 N/mm
2

Type of concrete and density, rc 24 kN/m
3

Concrete modulus of elasticity, Ec 7000 N/mm
2

Steel sheet pile steel grade

Steel sheet pile design strength, py 270 N/mm
2

Steel sheet pile modulus of elasticity, Es 205000 N/mm
2

Factor of Safety

Factor of safety method

Factor of safety (soil strength), FOS1 = {FOSc', FOStanf', FOSSu, FOStand'}

Factor of safety, FOSc' = 1.2 1.0 BS8002

Factor of safety, FOStanf' = 1.2 1.0 BS8002

Factor of safety, FOSSu = 1.5 1.0 BS8002

Factor of safety, FOStand' = 1.2 1.0 BS8002

Factor of safety (overall net (effective) bearing), FOS2 (usually 2.5 to 3.0)2.5 2.5

Factor of safety (overall sliding resistance), FOS3 (usually 1.6) 1.4 1.4

Factor of safety (overall uplift resistance), FOS4 (usually 1.0) 1.0 1.0

Factor of safety (overall overturning resistance for concrete gravity or cantilever retaining walls | overall moment equilibrium calculation for concrete or steel embedded retaining walls), FOS5 (usually 1.6)1.4 1.4

Factor of safety (base heave instability), FOS6 (usually 1.2) 1.2 1.2 Kohsaka & Ishizuka

Loading factor, K (between 1.20 and 1.40) 1.40 BS8110

Note loading factor K multiplies SLS loads for ULS loads for section (reinforcement) design; cl. 2.4.3.1.1

Soil Description

Water unit weight, gw = 9.81kN/m
3 9.8 kN/m

3

Soil name

Dry bulk unit weight, gdry 18.0 kN/m
3

Saturated bulk unit weight, gsat 20.0 kN/m
3

Undrained shear strength limit to adopt ?

Undrained shear strength (lower limit) (factored), Su,ll / FOSSu 50.0 kPa

Undrained shear strength (upper limit) (factored), Su,ul / FOSSu 50.0 kPa

Undrained shear strength limit adopted (factored), Su / FOSSu = {Su,ll/FOSSu, (Su,ll/FOSSu+Su,ul/FOSSu)/2, Su,ul/FOSSu}50.0 kPa

Note that S u  can be obtained from SPT (Stroud) values; Tomlinson

Ignore effective cohesion (factored), c' / FOSc' ? 0.0 kPa

Effective angle of shear resistance (factored), tan
-1

 (tanf' / FOStanf') 30.0 degrees

Note that f ' can be obtained from SPT (Peck) or CPT (Durgunoglu and Mitchell) values; Tomlinson

Effective angle of friction on active wall face (factored), tan
-1

 (tand' / FOStand') 19.8 degrees

Effective angle of friction on passive wall face (factored), tan
-1

 (tand' / FOStand') 15.0 degrees

Effective angle of friction on base (factored), tan
-1

 (tand' / FOStand') 30.0 degrees

Note that for Coulomb (but not Rankine) theory, d ' reduces K a  and increases K p , conservatively ignored;

Note that for both Coulomb and Rankine theories, d ' considered on active wall, passive wall and base;

Undrained, Drained or Empirical Overall (Effective) Bearing Capacity

Gross (effective) bearing capacity, qf or qf' 250 kPa

Note that the gross (effective) bearing capacity above is unfactored;
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Analysis Method

Undrained or drained analysis ?

For clays, perform undrained and drained analyses;

For sands / gravels, perform drained analysis;

For rocks, perform drained analysis;

Rankine or Coulomb theory for Ka and Kp (for drained analysis only) ?

At Rest or Active Ka (for drained analysis only) ?

Evaluate overall uplift resistance ?

Note that overall uplift resistance (mid third) is conservative to overturning, thus may in certain

instances be deemed to be overconservative and subsequently ignored;

Retaining Wall Dimensions

Retaining wall type

Depth of retained soil (active earth pressure), da 3.900 m

Depth of resisting soil (passive earth pressure), dp 1.200 m

Note that d p  should be specified in anticipation of possible unplanned excavation to the minimum BS8002

of the larger of 0.5m and 0.10d a ;

Dry or saturated soil bulk unit weight ?

Depth of water table from surface of retained soil, daw 2.400 m OK

Depth of water table from surface of resisting soil, dpw 0.000 m OK

Note that d aw  and d pw  are required to be positive downwards; Underwater retaining wall not catered for;

Angle of soil slope from horizontal, b (<= 90°) 0.0 degrees OK

Retaining Wall Reinforcement

Cover to all (wall internal face) reinforcement, cover1 (usually MAX(25, f)) 25 mm

Cover to all (wall external face) reinforcement, cover2 (usually 40 exposed; 50 shuttered earth; 75 unshuttered earth)50 mm

Cover to all (base bottom and side) reinforcement, cover3 (usually 75) 50 mm

Cover to all (base top) reinforcement, cover4 (usually MAX(25, f) internal; 40 exposed; 50 earth)50 mm

Retaining Wall SLS Loading

Surcharge at surface (on active side), ps,a (minimum 10kPa) 10 kPa BS8002

Surcharge at surface (on passive side), ps,p 0 kPa cl. 3.3.4.1
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Executive Summary

Overall net (effective) bearing capacity 15% OK

Overall sliding resistance capacity 97% OK

Overall uplift resistance capacity 96% OK

Overall overturning resistance capacity 80% OK

Concrete Gravity Retaining Wall

Note concrete gravity retaining wall reinforcement design not required since there is

no axial, shear or bending effects;

Concrete Cantilever Retaining Wall

Bending moment in stem 56% OK

% Min longitudinal reinforcement in stem 25% OK

Ultimate shear stress in stem 7% OK

Shear design capacity in stem 49% OK

Bending moment in heel 0% OK

% Min longitudinal reinforcement in heel 58% OK

Ultimate shear stress in heel 0% OK

Shear design capacity in heel 0% OK

Bending moment in toe 81% OK

% Min longitudinal reinforcement in toe 58% OK

Ultimate shear stress in toe 2% OK

Shear design capacity in toe 26% OK

Deflection requirements in stem 133% NOT OK

Detailing requirements

Concrete or Steel Cantilever Embedded Retaining Wall

Iteration for moment equilibrium calculation

Bending moment in wall N/A N/A

% Min longitudinal reinforcement in wall N/A N/A

Ultimate shear stress in wall N/A N/A

Shear design capacity in wall N/A N/A

Deflection requirements in wall (first principles) N/A N/A

Deflection requirements in wall (BS8110 method) N/A N/A

Detailing requirements

Concrete Propped (Basement) Retaining Wall

Bending moment in stem N/A N/A

% Min longitudinal reinforcement in stem N/A N/A

Ultimate shear stress in stem N/A N/A

Shear design capacity in stem N/A N/A

Deflection requirements in stem N/A N/A

Detailing requirements

Concrete or Steel Propped (Basement) Embedded Retaining Wall

Iteration for moment equilibrium calculation

Bending moment in wall N/A N/A

% Min longitudinal reinforcement in wall N/A N/A

Ultimate shear stress in wall N/A N/A

Shear design capacity in wall N/A N/A

Deflection requirements in wall (first principles) N/A N/A

Deflection requirements in wall (BS8110 method) N/A N/A

Detailing requirements
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Overall utilisation summary 133%

% Sagging reinforcement in stem 0.52 %

% Sagging reinforcement in heel 0.22 %

% Sagging reinforcement in toe 0.22 %

% Vertical reinforcement in pile / wall N/A %

Estimated steel reinforcement quantity 38 kg/m
3

[Note that steel quantity in kg/m
3
 can be obtained from 78.5 x % rebar];

Material cost: concrete, c 250 units/m
3 steel, s 3500 units/tonne

Reinforced concrete material cost = c+(est. rebar quant).s 383 units/m
3

Design total length of embedded retaining wall, LT N/A m

Note that further to the above, the susceptibility of the retaining wall to the following should

also be investigated: -

(i) base heave instability

(ii) piping instability

(iii) slope instability

(iv) water pressure on sheet piled excavations in clay
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Factor of Safety Method for Retaining Walls

Two approaches to the application of factor of safety are adopted in the calculations herein, i.e.

FOS on soil strength, or

FOS on overall effect;

Note that FOS on soil strength in lieu of FOS on overall effect effectively results in a double counting

of FOS / load factor for ULS member design since the ULS design is subject to the loading factor, K.

Although conservative, should economy be required, FOS on overall effect should be employed in lieu

of FOS on soil strength for ULS member design, although both approaches should be investigated for

the overall stability effects;

The former method i.e. the FOS on soil strength is described as the strength factor method, F s ; Tomlinson

The latter method i.e. the FOS on overall effect is described as the factor on moments method, F p ; Tomlinson
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Scheme Design
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Relevant Retaining Wall Parameters

Relevant retaining wall type Concrete Cantilever Retaining Wall

Concrete Gravity Retaining Wall N/A N/A

Concrete Cantilever Retaining Wall 90.0 90.0

Concrete or Steel Cantilever Embedded Retaining Wall N/A N/A

Concrete Propped (Basement) Retaining Wall N/A N/A

Concrete or Steel Propped (Basement) Embedded Retaining Wall N/A N/A

90.0 90.0

Gross working pressure, qw 28 kPa

Concrete Gravity Retaining Wall N/A N/A N/A

Concrete Cantilever Retaining Wall2.786 48 19

Concrete or Steel Cantilever Embedded Retaining WallN/A N/A N/A

Concrete Propped (Basement) Retaining WallN/A N/A N/A

Concrete or Steel Propped (Basement) Embedded Retaining WallN/A N/A N/A

2.786 48 19

Note for concrete cantilever retaining wall, surcharge not included in calculation of vertical (downward)

load as it cannot be guaranteed;

Note negative F h  is effectively the additional passive resistance capacity over the active force;

Concrete Gravity Retaining Wall N/A N/A

Concrete Cantilever Retaining Wall 0.657 0.683

Concrete or Steel Cantilever Embedded Retaining Wall N/A N/A

Concrete Propped (Basement) Retaining Wall N/A N/A

Concrete or Steel Propped (Basement) Embedded Retaining Wall N/A N/A

0.657 0.683

Concrete Gravity Retaining Wall N/A N/A

Concrete Cantilever Retaining Wall 89 111

Concrete or Steel Cantilever Embedded Retaining Wall N/A N/A

Concrete Propped (Basement) Retaining Wall N/A N/A

Concrete or Steel Propped (Basement) Embedded Retaining Wall N/A N/A

89 111

Bwidth, 

base' (m)

eeff     

(m)

eeff,limit 

(m)

N/A

N/A

Overall 

Overturning 

Resistance Mot 

(kNm/m

)

Mrt 

(kNm/m

)

Angle, g 

()

Lateral Earth Pressure

Overall Uplift 

Resistance 

Capacity

Fv'

Horizontal Load

Fh

Fconcrete,gravity,h

Fconcrete,cantilever,h

N/A

Vertical Load

Fconcrete,cantilever,v'-W4

Fconcrete,gravity,v'

N/A

N/A

(kN/m)

N/A

Angle, a 

()

(kN/m)

Overall Sliding Resistance Capacity
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Undrained Lateral Earth Pressure

Bulk unit weight, g = gdry or gsat N/A kN/m
3

At At

Surface Base

Vertical total stress, sva = ps,a to sva = ps,a + g.da N/A N/A kN/m
2

Active pressure, sha = MAX(0.0 to 4.8da, sva - 2Su) N/A N/A kN/m
2 BS5975

cl. 4.5.5.1

Active force, Fa = 0.5 . (sha,surface+sha,base) . da N/A kN/m

Note earth pressure acts normal to retaining face, angle b  ignored;

Horizontal component of Fa, Fah = Fa . sina N/A kN/m

Vertical (downward) component of Fa, Fav = Fa . cosa N/A kN/m

Centroid of Fa, ea = da . (2sha,surface+sha,base) / [3.(sha,surface+sha,base)] N/A m

Note the centroid e a  is measured from the base of the retained soil;

At At

Surface Base

Vertical total stress, svp = ps,p to svp = ps,p + g.dp N/A N/A kN/m
2

Passive pressure, shp = svp + 2Su N/A N/A kN/m
2

Passive force, Fp = 0.5 . (shp,surface+shp,base) . dp N/A kN/m

Note earth pressure acts normal to resisting face, angle b  ignored;

Horizontal component of Fp, Fph = Fp . sing N/A kN/m

Vertical (downward) component of Fp, Fpv = Fp . cosg N/A kN/m

Centroid of Fp, ep = dp . (2shp,surface+shp,base) / [3.(shp,surface+shp,base)] N/A m

Note the centroid e p  is measured from the base of the resisting soil;

Lateral (Active) Pressures of Retained Soil

Lateral (Passive) Pressures of Resisting Soil
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Drained Lateral Earth Pressure

Bulk unit weight, g = gdry or gsat 20.0 kN/m
3

At At At

Surface WT Base

Vertical total stress, sva = ps,a to sva = ps,a + g.da 10.0 58.0 88.0 kN/m
2

Hydrostatic pressure, ua = 0.0 to 0.0 + gw.MAX(0.0, da-daw)0.0 0.0 14.7 kN/m
2

Vertical effective stress, sva' = sva - ua 10.0 58.0 73.3 kN/m
2

Active earth pressure coefficient, Ka 0.30 0.30 0.30

At Rest

Ka = (1-sinf') 0.50 0.50 0.50

Rankine Theory

Note Rankine theory assumes d  = 0 , b  = 0° and a  = 90°;

Ka = (1-sinf') / (1+sinf') 0.33 0.33 0.33

Coulomb Theory

Ka 0.30 0.30 0.30

Active effective pressure, sha' = Ka.sva' - 2c'√Ka 3.0 17.3 21.8 kN/m
2

Active force, Fa' 54 kN/m

Note if d aw  < d a , F a ' = 0.5 . ( s ha,surface '+ s ha,wt ') . d aw  + 0.5 . ( s ha,wt '+ s ha,base ') . (d a -d aw );

Note if d aw  ≥ d a , F a ' = 0.5 . ( s ha,surface '+ s ha,base ') . d a ;

Note earth pressure acts normal to retaining face (Rankine theory), angle b  ignored;

Note earth pressure acts at d ' to normal to retaining face (Coulomb theory), angle b  ignored;

Horizontal component of Fa', Fah' = Fa' . cos(90-a+d') 50 kN/m

Vertical (downward) component of Fa', Fav' = Fa' . sin(90°-a+d') 18 kN/m

Centroid of Fa', ea 1.490 m

Note if d aw  < d a , e a  = {[d aw  . (2 s ha,surface '+ s ha,wt ') / [3.( s ha,surface '+ s ha,wt ')] + d a  - d aw ] . [0.5 . ( s ha,surface '+ s ha,wt ') . d aw ]

+ [(d a -d aw ) . (2 s ha,wt '+ s ha,base ') / [3.( s ha,wt '+ s ha,base ')]] . [0.5 . ( s ha,wt '+ s ha,base ') . (d a -d aw )]} / F a ';

Note if d aw  ≥ d a , e a  = d a  . (2 s ha,surface '+ s ha,base ') / [3.( s ha,surface '+ s ha,base ')];

Hydrostatic force, Fua = 0.5 . (ua,surface+ua,base) . (da-daw) 11 kN/m

Note hydrostatic pressure acts normal to retaining face;

Horizontal component of Fua, Fuah = Fua . sina 11 kN/m

Vertical (downward) component of Fua, Fuav = Fua . cosa 0 kN/m

Centroid of Fua, eua = (da-daw) . (2ua,surface+ua,base) / [3.(ua,surface+ua,base)] 0.500 m

Lateral (Active) Pressures of Retained Soil
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At At At

Surface WT Base

Vertical total stress, svp = ps,p to svp = ps,p + g.dp 0.0 0.0 24.0 kN/m
2

Hydrostatic pressure, up = 0.0 to 0.0 + gw.MAX(0.0, dp-dpw)0.0 0.0 11.8 kN/m
2

Vertical effective stress, svp' = svp - up 0.0 0.0 12.2 kN/m
2

Passive earth pressure coefficient, Kp 4.98 4.98 4.98

Rankine Theory

Note Rankine theory assumes d  = 0 , b  = 0° and a  = 90°;

Kp = (1+sinf') / (1-sinf') 3.00 3.00 3.00

Coulomb Theory

Kp 4.98 4.98 4.98

Note that K P  only accurate if d ' <= f '/3; Thus consider adopting zero d ' for K p  above;

Passive effective pressure, shp' = Kp.svp' + 2c'√Kp 0.0 0.0 60.9 kN/m
2

Passive force, Fp' 37 kN/m

Note if d pw  < d p , F p ' = 0.5 . ( s hp,surface '+ s hp,wt ') . d pw  + 0.5 . ( s hp,wt '+ s hp,base ') . (d p -d pw );

Note if d pw  ≥ d p , F p ' = 0.5 . ( s hp,surface '+ s hp,base ') . d p ;

Note earth pressure acts normal to resisting face (Rankine theory), angle b  ignored;

Note earth pressure acts at d ' to normal to resisting face (Coulomb theory), angle b  ignored;

Horizontal component of Fp', Fph' = Fp' . cos(90°-g-d') 35 kN/m

Vertical (downward) component of Fp', Fpv' = Fp' . sin(90°-g-d') -9 kN/m

Centroid of Fp', ep 0.400 m

Note if d pw  < d p , e p  = {[d pw  . (2 s hp,surface '+ s hp,wt ') / [3.( s hp,surface '+ s hp,wt ')] + d p  - d pw ] . [0.5 . ( s hp,surface '+ s hp,wt ') . d pw ]

+ [(d p -d pw ) . (2 s hp,wt '+ s hp,base ') / [3.( s hp,wt '+ s hp,base ')]] . [0.5 . ( s hp,wt '+ s hp,base ') . (d p -d pw )]} / F p ';

Note if d pw  ≥ d p , e p  = d p  . (2 s hp,surface '+ s hp,base ') / [3.( s hp,surface '+ s hp,base ')];

Hydrostatic force, Fup = 0.5 . (up,surface+up,base) . (dp-dpw) 7 kN/m

Note hydrostatic pressure acts normal to resisting face;

Horizontal component of Fup, Fuph = Fup . sing 7 kN/m

Vertical (downward) component of Fup, Fupv = Fup . cosg 0 kN/m

Centroid of Fup, eup = (dp-dpw) . (2up,surface+up,base) / [3.(up,surface+up,base)] 0.400 m

Lateral (Passive) Pressures of Retained Soil
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Overall Net (Effective) Bearing Capacity

Note this section is applicable only for concrete gravity and concrete cantilever retaining walls;

(Effective) surcharge above founding level, p0 or p0' 63 kPa

Case when soil is dry Invalid

p0 = ps,p+gdry.da or p0' = ps,p+gdry.da-gw.MAX(0.0, da-daw) N/A kPa

Case when soil is saturated Valid

p0 = ps,p+gsat.da or p0' = ps,p+gsat.da-gw.MAX(0.0, da-daw) 63 kPa

Net (effective) bearing capacity, qfnet = qf - (p0=0) or qfnet' = qf' - (p0'=0) 250 kPa

Gross (effective) bearing capacity, qf or qf' 250 kPa

Note that for retaining walls, the (effective) surcharge above the founding level, p 0  or p 0 ' is

taken as 0 for both the gross and net (effective) bearing capacity calculations in view of the

fact that it is only on one side of the retaining wall that the overburden pressure above the

founding level exists;

Net (effective) working pressure, qwnet = qw - (p0=0) or qwnet' = qw' - (p0'=0) 15 kPa

Gross working pressure, qw 28 kPa

Water pressure at founding level (active side), ua = gw.MAX(0.0, da-daw) 15 kPa

Water pressure at founding level (passive side), up = gw.MAX(0.0, dp-dpw) 12 kPa

Water pressure at founding level, u = AVERAGE(ua, up) 13 kPa

Gross (effective) working pressure, qw or qw' = qw - u 15 kPa

Note that for retaining walls, the (effective) surcharge above the founding level, p 0  or p 0 ' is

taken as 0 for the net (effective) working pressure calculation in view of the fact that the

retained soil may be formed by building up instead of by excavation;

Overall net (effective) bearing capacity (factored), (qfnet or qfnet') / FOS2 100 kPa

Overall net (effective) bearing capacity utilisation = (qwnet or qwnet') / ((qfnet or qfnet') / FOS2)15% OK

In addition to the above, the susceptibility of the retaining wall to base heave instability in the

case of excavations need to be carried out;

Note if d pw  < d p , e p  = {[d pw  . (2 s hp,surface '+ s hp,wt ') / [3.( s hp,surface '+ s hp,wt ')] + d p  - d pw ] . [0.5 . ( s hp,surface '+ s hp,wt ') . d pw ]
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Overall Sliding Resistance Capacity

Note this section is applicable only for concrete gravity and concrete cantilever retaining walls;

Dead load component of SLS vertical (downward) load, kSLStoDL 1.00

Note that the dead load component is applied to reduce the SLS vertical (downward) load to the

dead vertical (downward) load, this required as the live load component cannot be guaranteed;

Total retaining wall dead vertical load, kSLStoDL.Fv' 48 kN/m

Total retaining wall SLS horizontal load, Fh 19 kN/m

Overall sliding resistance capacity (factored), Fs,cap 20 kN/m

Undrained Analysis Fs,cap = Bwidth,base'.Su / FOS3 N/A kN/m Tomlinson

Drained Analysis Fs,cap = kSLStoDL.Fv'.tand' / FOS3 20 kN/m Tomlinson

Overall sliding resistance capacity utilisation = Fh / Fs,cap 97% OK
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Overall Uplift Resistance Capacity

Note this section is applicable only for concrete gravity and concrete cantilever retaining walls;

Overall uplift resistance capacity utilisation = eeff / eeff,limit 96% OK
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Overall Overturning Resistance Capacity

Note this section is applicable only for concrete gravity and concrete cantilever retaining walls;

Overall overturning resistance capacity utilisation = Mot / Mrt 80% OK
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Cell References

concrete grade 4

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

105

110

115

120

longitudinal reinforcement steel grade 2

250

460

shear link reinforcement steel grade 2

250

460

type of concrete 1

Normal Weight

Light Weight

concrete elastic modulus 3

Uncracked 28000

Cracked 14000

Cracked Long Term (Creep) 7000

steel sheet pile steel grade 2

S240GP 240

S270GP 270

S320GP 320

S355GP 355

S390GP 390

S430GP 430

factor of safety method 2

FOS on Soil Strength

FOS on Overall Effect

soil name 48
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Concrete Gravity Retaining Wall Dimensions

Angle of retaining face from horizontal, a (<= 90) 90.0 degrees N/A

Angle of exposed face from horizontal, g (<= 90) 80.0 degrees N/A

Width of base, Bwidth,base (usually  0.60 to 0.80da) 3.120 m

Width of top, Bwidth,top = Bwidth,base - da/tana - da/tang N/A m N/A

Concrete Gravity Retaining Wall Reinforcement

Note no reinforcement other than for crack control required;
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Concrete Gravity Retaining Wall SLS Loading

Retaining wall wall weight (left triangular portion), W1 = 0.5.(da/tana).da.rc N/A kN/m

Retaining wall wall weight (rectangular portion), W2 = Bwidth,top.da.rc N/A kN/m

Retaining wall wall weight (right triangular portion), W3 = 0.5.(da/tang).da.rc N/A kN/m

Water pressure at founding level (active side), ua = gw.MAX(0.0, da-daw) N/A kPa

Water pressure at founding level (passive side), up = gw.MAX(0.0, dp-dpw) N/A kPa

Water pressure at founding level, u = AVERAGE(ua, up) N/A kPa

Water uplift force at founding level, Fwater = u.Bwidth,base N/A kN/m

Fah (Fah') N/A kN/m ea N/A m

Fuah N/A kN/m eua N/A m

Fph (Fph') N/A kN/m ep N/A m

Fuph N/A kN/m eup N/A m

W1 N/A kN/mew1 = 2.(da/tana)/3-Bwidth,base/2 N/A m

W2 N/A kN/mew2 = da/tana+Bwidth,top/2-Bwidth,base/2 N/A m

W3 N/A kN/mew3 = Bwidth,base/2-2.(da/tang)/3 N/A m

Fav (Fav') N/A kN/m eav = ea/tana-Bwidth,base/2 N/A m

Fuav N/A kN/m euav = eua/tana-Bwidth,base/2 N/A m

Fpv (Fpv') N/A kN/m epv = Bwidth,base/2-ep/tang N/A m

Fupv N/A kN/m eupv = Bwidth,base/2-eup/tang N/A m

-Fwater N/A kN/mewater = Bwidth,base/2-(2ua+up).Bwidth,base/[3.(ua+up)] N/A m

Total retaining wall SLS vertical (downward) load, Fconcrete,gravity,v N/A kN/m

Note F concrete,gravity,v  = W 1 +W 2 +W 3 +F av (F av ')+0(F uav )+F pv (F pv ')+0(F upv ) ;

Total retaining wall SLS effective vertical (downward) load, Fconcrete,gravity,v' N/A kN/m

Note F concrete,gravity,v ' = F concrete,gravity,v -F water ;

Total retaining wall SLS horizontal load, Fconcrete,gravity,h N/A kN/m

Note F concrete,gravity,h  = F ah (F ah ')+0(F uah )-F ph (F ph ')-0(F uph );

Note F concrete,gravity,h  is set to 0 if the sliding resistance capacity exceeds the sliding force;

Total retaining wall SLS moment about base centroid, Mconcrete,gravity N/A kNm/m

Note M concrete,gravity  = F ah (F ah ').e a +0(F uah ).e ua -F ph (F ph ').e p -0(F uph ).e up +W 1 .e w1 +W 2 .e w2 +W 3 .e w3

                                +F av (F av ').e av +0(F uav ).e uav +F pv (F pv ').e pv +0(F upv ).e upv -F water .e water ;

Note M concrete,gravity  is set to 0 if the restoring moment capacity exceeds the overturning moment;

Equivalent eccentricity, eeff = MAX(0, Mconcrete,gravity) / Fconcrete,gravity,v' N/A m

Limiting eccentricity for no overall uplift (factored), eeff,limit = (Bwidth,base / 6) / FOS4 (mid third)N/A m

Total retaining wall SLS overturning moment, Mconcrete,gravity,ot N/A kNm/m

Note M concrete,gravity,ot  = F ah (F ah ').e a +0(F uah ).e ua -F av (F av ').(B width,base /2-e av )

                                   -0(F uav ).(B width,base /2-e uav )+F water .(B width,base /2-e water );

Total retaining wall SLS restoring moment, Mconcrete,gravity,rt N/A kNm/m

Note M concrete,gravity,rt  = [F ph (F ph ').e p +0(F uph ).e up +W 1 .(B width,base /2-e w1 )+W 2 .(B width,base /2-e w2 )

                                   +W 3 .(B width,base /2-e w3 )+F pv (F pv ').(B width,base /2-e pv )+0(F upv ).(B width,base /2-e upv )] / FOS 5 ;

Note surcharge not included in calculation of restoring moment as it cannot be guaranteed;

Maximum gross working pressure, qw1 = Fconcrete,gravity,v/Bwidth,base + 6.Mconcrete,gravity/Bwidth,base
2N/A kPa

Minimum gross working pressure, qw2 = Fconcrete,gravity,v/Bwidth,base - 6.Mconcrete,gravity/Bwidth,base
2N/A kPa

Equivalent width, Bwidth,base' = Bwidth,base - 2eeff N/A m

Gross working pressure, qw = Fconcrete,gravity,v / Bwidth,base' N/A kPa

Structure, Member Design - Geotechnics Retaining Walls 21/11/2021

CONSULTING                                 

E N G I N E E R S

Engineering Calculation Sheet                           

Consulting Engineers jXXX 28

Structure, Member Design - Geotechnics Retaining Walls v2017.01.01.xlsm

Vertical (Downward) Load Eccentricity from Base Centroid

Horizontal Load Eccentricity from Base

Made by Date Chd.

Drg. 

Member/Location

Made by Date Chd.

Drg. 

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

Concrete Gravity Retaining Wall ULS Loading

Note ULS loading not applicable since reinforcement design not required;

                                   +W 3 .(B width,base /2-e w3 )+F pv (F pv ').(B width,base /2-e pv )+0(F upv ).(B width,base /2-e upv )] / FOS 5 ;
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Concrete Gravity Retaining Wall Reinforcement Design

Note concrete gravity retaining wall reinforcement design not required since there is no axial,

shear or bending effects;
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undrained shear strength limit to adopt 1

Lower Limit

Middle Limit

Upper Limit

ignore effective cohesion 2

Include

Exclude

effective angle of friction 1 7 5

1.00ø' (Cast in Place Concrete - Soil Interface) 1.00

0.90ø' (Precast Concrete - Soil Interface) 0.90

0.85ø' (Timber - Soil Interface) 0.85

0.80ø' (Rough Corrugated Steel - Soil Interface) 0.80

0.66ø' (Insitu Concrete Active Zone - Soil Interface) 0.66

0.60ø' (Smooth Coated Steel - Soil Interface) 0.60

0.50ø' (Insitu Concrete Passive Zone - Soil Interface) 0.50

0.40ø' 0.40

0.30ø' 0.30

0.20ø' 0.20

0.10ø' 0.10

0.00ø' (No Friction Interface) 0.00

method of analysis 2

Undrained Analysis

Drained Analysis

Active or At Rest Ka (for drained analysis only) 2

At Rest

Active

Rankine or Coulomb theory for Ka and Kp (for drained analysis only) 2

Rankine Theory

Coulomb Theory

evaluate overall uplift resistance 1

Yes

No

retaining wall type 2

Concrete Gravity Retaining Wall

Concrete Cantilever Retaining Wall

Concrete or Steel Cantilever Embedded Retaining Wall

Concrete Propped (Basement) Retaining Wall

Concrete or Steel Propped (Basement) Embedded Retaining Wall

cantilever retaining wall position of application of dp 2

Above Founding Level (as Drawn)

Below Founding Level (i.e. on Shear Key)

dry or saturated soil bulk unit weight ? 2

Dry Soil

Saturated Soil
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Concrete Cantilever Retaining Wall Dimensions

Angle of retaining face from horizontal, a = 90 90.0 degrees

Angle of exposed face from horizontal, g (<= 90) 90.0 degrees OK

Thickness of base, Tbase 450 mm

Width of base, Bwidth,base,a 0.000 m

Width of base, Bwidth,base,b 3.800 m

Width of base, Bwidth,base,c 300 mm

Width of base, Bwidth,base = Bwidth,base,a + Bwidth,base,b + Bwidth,base,c 4.100 m

Width of top, Bwidth,top = Bwidth,base,c - (da-Bwidth,base,a.tanb-Tbase)/tang 300 mm OK

External sliding resistance passive reaction force, Rs 0 kN/m

Position of application of dp
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Note that for the concrete cantilever

retaining wall, the depth of retained soil, da

is measured at the "virtual back" as

indicated herein;

Note that for the concrete cantilever

retaining wall, the toe may be used to

provide the overall uplift resistance stability

in lieu of the heel, however the overall
sliding resistance stability must then be

provided by an external sliding resistance

passive reaction force, Rs;

Bwidth,top

d
a

d
p

b

g

Tbase

Bwidth,base,b

Bwidth,base Bwidth,base,c

Bwidth,base,a

Rs
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Concrete Cantilever Retaining Wall Reinforcement

Longitudinal steel reinforcement diameter in stem, fstem 20 mm

Longitudinal steel reinforcement pitch in stem, pstem 200 mm

Longitudinal steel area provided in stem, As,prov,stem = (p.fstem
2
/4)/pstem 1571 mm

2
/m

Longitudinal steel reinforcement diameter in heel, fheel 16 mm

Longitudinal steel reinforcement pitch in heel, pheel 200 mm

Longitudinal steel area provided in heel, As,prov,heel = (p.fheel
2
/4)/pheel 1005 mm

2
/m

Longitudinal steel reinforcement diameter in toe, ftoe 16 mm

Longitudinal steel reinforcement pitch in toe, ptoe 200 mm

Longitudinal steel area provided in toe, As,prov,toe = (p.ftoe
2
/4)/ptoe 1005 mm

2
/m

Shear link diameter in stem, flink,stem 0 mm

Number of links per metre in stem, nlink,stem 5 /m

Area provided by all links per metre in stem, Asv,prov,stem = nlink,stem.p.flink,stem
2
/4 0 mm

2
/m

Pitch of links in stem, Sstem 200 mm

Shear link diameter in heel, flink,heel 0 mm

Number of links per metre in heel, nlink,heel 5 /m

Area provided by all links per metre in heel, Asv,prov,heel = nlink,heel.p.flink,heel
2
/4 0 mm

2
/m

Pitch of links in heel, Sheel 200 mm

Shear link diameter in toe, flink,toe 0 mm

Number of links per metre in toe, nlink,toe 5 /m

Area provided by all links per metre in toe, Asv,prov,toe = nlink,toe.p.flink,toe
2
/4 0 mm

2
/m

Pitch of links in toe, Stoe 200 mm

Effective depth to longitudinal steel in stem, dstem = Bwidth,base,c - cover2 - flink,stem - fstem/2240 mm

Effective depth to longitudinal steel in heel, dheel = Tbase - cover4 - flink,heel - fheel/2 392 mm

Effective depth to longitudinal steel in toe, dtoe = Tbase - cover3 - flink,heel - ftoe/2 392 mm

Estimated steel reinforcement quantity 38 kg/m
3

stem [ 7.850 . (A s,prov,stem ) / (B width,top +B width,base,c )/2 ]; 41 kg/m
3

base [ 7.850 . (A s,prov,heel +A s,prov,toe ) / T base  ]; 35 kg/m
3

No curtailment; No laps; Links ignored; Distribution steel ignored;
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Concrete Cantilever Retaining Wall SLS Loading

Bulk unit weight, g = gdry or gsat 20.0 kN/m
3

Retaining wall base weight, W1 = Bwidth,base.Tbase.rc 44 kN/m

Retaining wall wall weight (rectangular portion), W2 = Bwidth,top.(da-Bwidth,base,a.tanb-Tbase).rc25 kN/m

Retaining wall wall weight (triangular portion), W3 = 0.5.(Bwidth,base,c-Bwidth,top).(da-Bwidth,base,a.tanb-Tbase).rc0 kN/m

Retaining wall surcharge, W4 = ps,a.Bwidth,base,a 0 kN/m

Retaining wall earth backfill, W5 = Bwidth,base,a.(da-(Bwidth,base,a.tanb)/2-Tbase).g 0 kN/m

Note weight of earth in front of wall over toe ignored, conservative for overall sliding resistance capacity;

Water pressure at founding level (active side), ua = gw.MAX(0.0, da-daw) 15 kPa

Water pressure at founding level (passive side), up = gw.MAX(0.0, dp-dpw) 0 kPa

Water pressure at founding level, u = AVERAGE(ua, up) 7 kPa

Water uplift force at founding level, Fwater = u.Bwidth,base 30 kN/m

Fah (Fah') 50 kN/m ea 1.490 m

Fuah 11 kN/m eua 0.500 m

Fph (Fph') 35 kN/m ep -0.800 m

Fuph 7 kN/m eup -0.800 m

W1 44 kN/m ew1 = 0.000 0.000 m

W2 25 kN/mew2 = Bwidth,base,a-Bwidth,base/2+Bwidth,top/2 -1.900 m

W3 0 kN/mew3 = Bwidth,base,a-Bwidth,base/2+(2.Bwidth,top+Bwidth,base,c)/3 -1.750 m

W4 0 kN/mew4 = Bwidth,base,a/2-Bwidth,base/2 -2.050 m

W5 0 kN/mew5 = Bwidth,base,a/2-Bwidth,base/2 -2.050 m

Fav (Fav') 18 kN/meav = Bwidth,base,a-Bwidth,base/2 -2.050 m

Fuav 0 kN/meuav = Bwidth,base,a-Bwidth,base/2 -2.050 m

Fpv (Fpv') -9 kN/m epv = Bwidth,base/2 2.050 m

Fupv 0 kN/m eupv = Bwidth,base/2 2.050 m

-Fwater -30 kN/mewater = Bwidth,base/2-(2ua+up).Bwidth,base/[3.(ua+up)] -0.683 m

Note eccentricity of vertical load from base centroid based upon the simplification that

the active pressure acts entirely on the stem (d a -T base ) and that the passive pressure

acts entirely on the base T base , where the shear key (if employed) is assumed to also be;

Total retaining wall SLS vertical (downward) load, Fconcrete,cantilever,v 78 kN/m

Note F concrete,cantilever,v  = W 1 +W 2 +W 3 +W 4 +W 5 +F av (F av ')+0(F uav )+F pv (F pv ')+0(F upv ) ;

Total retaining wall SLS effective vertical (downward) load, Fconcrete,cantilever,v' 48 kN/m

Note F concrete,cantilever,v ' = F concrete,cantilever,v -F water ;

Total retaining wall SLS horizontal load, Fconcrete,cantilever,h 19 kN/m

Note F concrete,cantilever,h  = F ah (F ah ')+0(F uah )-F ph (F ph ')-0(F uph )-R s ;

Note F concrete,cantilever,h  is set to 0 if the sliding resistance capacity exceeds the sliding force;

Total retaining wall SLS moment about base centroid, Mconcrete,cantilever 31 kNm/m

Note M concrete,cantilever  = F ah (F ah ').e a +0(F uah ).e ua -F ph (F ph ').e p -0(F uph ).e up +W 1 .e w1 +W 2 .e w2 +W 3 .e w3

                                   +W 5 .e w5 +F av (F av ').e av +0(F uav ).e uav +F pv (F pv ').e pv +0(F upv ).e upv -F water .e water ;

Note surcharge not included in calculation of restoring moment as it cannot be guaranteed;

Note M concrete,cantilever  is set to 0 if the restoring moment capacity exceeds the overturning moment;

Equivalent eccentricity, eeff = MAX(0, Mconcrete,cantilever) / (Fconcrete,cantilever,v'-W4) 0.657 m

Note surcharge not included in calculation of restoring vertical (downward) load as it cannot be guaranteed;

Limiting eccentricity for no overall uplift (factored), eeff,limit = (Bwidth,base / 6) / FOS4 (mid third)0.683 m
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Total retaining wall SLS overturning moment, Mconcrete,cantilever,ot 89 kNm/m

Note M concrete,cantilever,ot  = F ah (F ah ').e a +0(F uah ).e ua -F av (F av ').(B width,base /2-e av )

                                     -0(F uav ).(B width,base /2-e uav )+F water .(B width,base /2-e water );

Total retaining wall SLS restoring moment, Mconcrete,cantilever,rt 111 kNm/m

Note M concrete,cantilever,rt  = [F ph (F ph ').e p +0(F uph ).e up +W 1 .(B width,base /2-e w1 )+W 2 .(B width,base /2-e w2 )

                                     +W 3 .(B width,base /2-e w3 )+W 5 .(B width,base /2-e w5 )

                                     +F pv (F pv ').(B width,base /2-e pv )+0(F upv ).(B width,base /2-e upv )] / FOS 5 ;

Note surcharge not included in calculation of restoring moment as it cannot be guaranteed;

Maximum gross working pressure, qw1 = Fconcrete,cantilever,v/Bwidth,base + 6.Mconcrete,cantilever/Bwidth,base
230 kPa

Minimum gross working pressure, qw2 = Fconcrete,cantilever,v/Bwidth,base - 6.Mconcrete,cantilever/Bwidth,base
28 kPa

Equivalent width, Bwidth,base' = Bwidth,base - 2eeff 2.786 m

Gross working pressure, qw = Fconcrete,cantilever,v / Bwidth,base' 28 kPa

Concrete Cantilever Retaining Wall ULS Loading

Note it is assumed that the ULS loads act at the

K.Fah (K.Fah') 71 kN/m same eccentricities as the SLS loads;

K.Fuah 15 kN/m

K.Fph (K.Fph') 49 kN/m

K.Fuph 10 kN/m
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Concrete Cantilever Retaining Wall Reinforcement Design

Bending Moment Design in Stem

Moment at stem base per metre, M 87 kNm/m

Note M = MAX [0, K.F ah (K.F ah ').(e a -T base +B width,base,c /2)+0(K.F uah ).(e ua -T base +B width,base,c /2)

               -K.F ph (K.F ph ').(e p -T base +B width,base,c /2)-0(K.F uph ).(e up -T base +B width,base,c /2)];

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dstem
2 359 kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dstem

2
] 1.51 N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu <= 0.156 0.038 OK

Lever arm, z = dstem . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dstem 228 mm

Area of tension steel required, As = M / [(0.95fy).z] 873 mm
2
/m

Area of tensile steel reinforcement provided, As,prov,stem 1571 mm
2
/m

Bending moment in stem utilisation = As / As,prov,stem 56% OK

% Min longitudinal reinforcement in stem (>= 0.0024.1000.Bwidth,base,c G250; >= 0.0013.1000.Bwidth,base,c G460)0.52 %

% Min longitudinal reinforcement in stem utilisation 25% OK

Shear Design in Stem

Shear force at stem base per metre, Vult = MAX [0, K.Fah(K.Fah')+0(K.Fuah)-K.Fph(K.Fph')-0(K.Fuph)]86 kN/m

Shear force at stem base per metre, V = MAX [0, K.Fah(K.Fah')+0(K.Fuah)-K.Fph(K.Fph')-0(K.Fuph)]86 kN/m

Ultimate shear stress in stem, vult=Vult/(1000.dstem) (< 0.8fcu
0.5

 & 5N/mm
2
) 0.36 N/mm

2

Ultimate shear stress in stem utilisation 7% OK

Design shear stress in stem, vd=V/(1000.dstem) 0.36 N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,stem 1571 mm
2
/m

rw = 100As,prov,stem/(1000.dstem) 0.65 %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dstem)
1/4

; rw<3; fcu<40; (400/dstem)
1/4

>0.67 0.73 N/mm
2

Check vd < vc for no links VALID

Concrete shear capacity vc.(1000.dstem) 175 kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >0.92 mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dstem) 271 kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S > 0.92 mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,stem/Sstem).(0.95fyv).dstem + vc.(1000.dstem)175 kN/m

Area provided by all links per metre, Asv,prov,stem 0 mm
2
/m

Tried Asv,prov,stem / Sstem value 0.00 mm
2
/mm/m

Design shear resistance in stem utilisation 49% OK
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Bending Moment Design in Heel

Moment in heel (at stem) per metre, M 0 kNm/m

Note M = K.W 1 .(B width,base,a /B width,base ).(B width,base,a +B width,base,c )/2+K.W 4 .(B width,base,a +B width,base,c )/2

              +K.W 5 .(B width,base,a +B width,base,c )/2

              -K.[2.q w2 +(q w1 -q w2 ).(B width,base,a +B width,base,c /2)/B width,base ].(B width,base,a +B width,base,c /2)/2

              .(B width,base,a +B width,base,c /2).(2q w2 +q w3 ) / [3.(q w2 +q w3 )]

              where q w3  = q w2 +(q w1 -q w2 ).(B width,base,a +B width,base,c /2)/B width,base ;

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dheel
2 959 kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dheel

2
] 0.00 N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu <= 0.156 0.000 OK

Lever arm, z = dheel . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dheel 372 mm

Area of tension steel required, As = M / [(0.95fy).z] -1 mm
2
/m

Area of tensile steel reinforcement provided, As,prov,heel 1005 mm
2
/m

Bending moment in heel utilisation = As / As,prov,heel 0% OK

% Min longitudinal reinforcement in heel (>= 0.0024.1000.Tbase G250; >= 0.0013.1000.Tbase G460)0.22 %

% Min longitudinal reinforcement in heel utilisation 58% OK

Shear Design in Heel

Shear force in heel (at stem) per metre, Vult 0 kN/m

Shear force in heel (at stem) per metre, V 0 kN/m

Note V ult  and V = K.W 1 .B width,base,a /B width,base +K.W 4 +K.W 5 -K.[2.q w2 +(q w1 -q w2 ).B width,base,a

                           /B width,base ].B width,base,a /2;

Ultimate shear stress in heel, vult=Vult/(1000.dheel) (< 0.8fcu
0.5

 & 5N/mm
2
) 0.00 N/mm

2

Ultimate shear stress in heel utilisation 0% OK

Design shear stress in heel, vd=V/(1000.dheel) 0.00 N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,heel 1005 mm
2
/m

rw = 100As,prov,heel/(1000.dheel) 0.26 %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dheel)
1/4

; rw<3; fcu<40; (400/dheel)
1/4

>0.67 0.47 N/mm
2

Check vd < vc for no links VALID

Concrete shear capacity vc.(1000.dheel) 185 kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >0.92 mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dheel) 342 kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S > 0.92 mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,heel/Sheel).(0.95fyv).dheel + vc.(1000.dheel)185 kN/m

Area provided by all links per metre, Asv,prov,heel 0 mm
2
/m

Tried Asv,prov,heel / Sheel value 0.00 mm
2
/mm/m

Design shear resistance in heel utilisation 0% OK
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Bending Moment Design in Toe

Moment in toe (at stem) per metre, M 133 kNm/m

Note M = K.[2.q w1 -(q w1 -q w2 ).(B width,base,b +B width,base,c /2)/B width,base ].(B width,base,b +B width,base,c /2)/2

              .(B width,base,b +B width,base,c /2).(2q w1 +q w3 ) / [3.(q w1 +q w3 )]

              -K.W 1 .(B width,base,b /B width,base ).(B width,base,b +B width,base,c )/2

              where q w3  = q w2 +(q w1 -q w2 ).(B width,base,a +B width,base,c /2)/B width,base ;

Note weight of earth in front of wall over toe conservatively ignored;

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dtoe
2 959 kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dtoe

2
] 0.87 N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu <= 0.156 0.022 OK

Lever arm, z = dtoe . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dtoe 372 mm

Area of tension steel required, As = M / [(0.95fy).z] 818 mm
2
/m

Area of tensile steel reinforcement provided, As,prov,toe 1005 mm
2
/m

Bending moment in toe utilisation = As / As,prov,toe 81% OK

% Min longitudinal reinforcement in toe (>= 0.0024.1000.Tbase G250; >= 0.0013.1000.Tbase G460)0.22 %

% Min longitudinal reinforcement in toe utilisation 58% OK

Shear Design in Toe

Shear force in toe (at stem) per metre, Vult 48 kN/m

Shear force in toe (at stem) per metre, V 48 kN/m

Note V ult  and V = K.[2.q w1 -(q w1 -q w2 ).B width,base,b /B width,base ].B width,base,b /2-K.W 1 .B width,base,b /B width,base ;

Note weight of earth in front of wall over toe conservatively ignored;

Ultimate shear stress in toe, vult=Vult/(1000.dtoe) (< 0.8fcu
0.5

 & 5N/mm
2
) 0.12 N/mm

2

Ultimate shear stress in toe utilisation 2% OK

Design shear stress in toe, vd=V/(1000.dtoe) 0.12 N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,toe 1005 mm
2
/m

rw = 100As,prov,toe/(1000.dtoe) 0.26 %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dtoe)
1/4

; rw<3; fcu<40; (400/dtoe)
1/4

>0.67 0.47 N/mm
2

Check vd < vc for no links VALID

Concrete shear capacity vc.(1000.dtoe) 185 kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >0.92 mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dtoe) 342 kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S > 0.92 mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,toe/Stoe).(0.95fyv).dtoe + vc.(1000.dtoe)185 kN/m

Area provided by all links per metre, Asv,prov,toe 0 mm
2
/m

Tried Asv,prov,toe / Stoe value 0.00 mm
2
/mm/m

Design shear resistance in toe utilisation 26% OK
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Detailing Requirements

All detailing requirements met ? OK

Max longitudinal steel reinforcement pitch in stem (<3dstem, <750mm) 200 mm OK

Max longitudinal steel reinforcement pitch in heel (<3dheel, <750mm) 200 mm OK

Max longitudinal steel reinforcement pitch in toe (<3dtoe, <750mm) 200 mm OK

Max longitudinal steel reinforcement pitch in stem 200 mm OK

Max longitudinal steel reinforcement pitch in heel 200 mm OK

Max longitudinal steel reinforcement pitch in toe 200 mm OK

Min longitudinal steel reinforcement pitch in stem (>75mm+fstem, >100mm+fstem if T40)200 mm OK

Min longitudinal steel reinforcement pitch in heel (>75mm+fheel, >100mm+fheel if T40)200 mm OK

Min longitudinal steel reinforcement pitch in toe (>75mm+ftoe, >100mm+ftoe if T40) 200 mm OK

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.

% Max longitudinal reinforcement in stem (<= 0.04.1000.Bwidth,base,c) 0.34 % OK

% Max longitudinal reinforcement in heel (<= 0.04.1000.Tbase) 0.22 % OK

% Max longitudinal reinforcement in toe (<= 0.04.1000.Tbase) 0.22 % OK

Longitudinal steel reinforcement diameter in stem, fstem (>=12mm) 20 mm OK

Longitudinal steel reinforcement diameter in heel, fheel (>=12mm) 16 mm OK

Longitudinal steel reinforcement diameter in toe, ftoe (>=12mm) 16 mm OK

Deflection Criteria in Stem

Span, l = da-Tbase+Bwidth,base,c/2 3.600 m

Span, l / effective depth, dstem ratio 15.0

Basic span / effective depth ratio criteria (7 cantilever) 7.0

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M/bdstem
2 1.51 N/mm

2

( b b =1.0) 171 N/mm
2

Modification 1.61

Modified span / effective depth ratio criteria 11.3

Deflection in stem utilisation 133% NOT OK
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longitudinal rebar diameter 8 8 5 5 6

6 7 6

6

8

10

12

16

20

25

32

40

shear link diameter 4 4 1 1 1

3 4 1

None

6

8

10

12

16

20

25

type of embedded retaining wall 2 2

Concrete Contiguous / Interlocking / Secant Pile Wall

Concrete Diaphragm Wall

Steel Sheet Pile Wall

contiguous / interlocking / secant pile shaft diameter 7 5

300mm 300

450mm 450

600mm 600

750mm 750

900mm 900

1050mm 1050

1200mm 1200

1350mm 1350

1500mm 1500

1650mm 1650

1800mm 1800

1950mm 1950

2100mm 2100

steel sheet pile section description 48 121

shear case 3 3 3 1 1 1

bending moment and shear design in embedded retaining walls

relevant height of exposed face, HR N/A

Point Depth, y Fah,y ea,y Fph,y ep,y M V

1 N/A N/A N/A N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A

3 N/A N/A N/A N/A N/A N/A N/A

4 N/A N/A N/A N/A N/A N/A N/A

5 N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A

7 N/A N/A N/A N/A N/A N/A N/A

8 N/A N/A N/A N/A N/A N/A N/A



Link Cells

link 1 8.300

link 2 N/A

link 3 6.500

link 4 N/A

link 5 30.000

link 6 30.000
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Angle of retaining face from horizontal, a = 90 90.0 degrees

Angle of exposed face from horizontal, g = 90 90.0 degrees

Height of exposed face, HR (usually <= 5.000) 8.300 m

Note that H R  should be specified in anticipation of possible unplanned excavation to the minimum

of the larger of 0.5m and 0.10 of the original retained height, this increasing the value of H R ;

Note that H R  should also be specified accounting for the fact that the prop location may not be at

the very top of the wall, but instead stepped down, this decreasing the value of H R  by the step down;

Type of embedded retaining wall

Concrete Contiguous / Interlocking / Secant Pile Wall

Note that pile below refers to the hard reinforced pile;

Pile shaft diameter, D N/A mm

Pile clearance spacing, s (usually 50 to 75) 100 mm

Pile pitch, p = D+s N/A mm

Pile shaft second moment of area, I = [pD
4
/64]/p N/A cm

4
/m

Pile shaft cross sectional area, Aps = pD
2
/4 N/A mm

2
/pile

Longitudinal steel reinforcement diameter in pile, fpile 32 mm

Longitudinal steel reinforcement number in pile, npile 18 /pile

Longitudinal steel area provided in pile, As,prov,pile = npile.p.fpile
2
/4N/A mm

2
/pile

Shear link diameter in pile, flink,pile 10 mm

Number of links in a cross section in pile, i.e. number of legs, nlink,pile2 /pile

Area provided by all links in a cross-section in pile, Asv,prov,pile = p.flink,pile
2
/4.nlink,pileN/A mm

2
/pile

Pitch of links in pile, Spile 150 mm

Ratio hs/D = (D - 2.MAX(cover1, cover2) - 2.flink,pile - fpile) / D N/A

Estimated steel reinforcement quantity N/A kg/m
3

[ 7850 . A s,prov,pile  / ( p .D
2
/4) ]; No laps; Links ignored;

Concrete Diaphragm Wall

Wall thickness, t (usually 600 to 1500) 900 mm

Wall second moment of area, I = 100.t
3
/12 N/A cm

4
/m

Longitudinal steel reinforcement diameter in wall, fwall 32 mm

Longitudinal steel reinforcement pitch in wall, pwall 150 mm

Longitudinal steel area provided in wall, As,prov,wall = (p.fwall
2
/4)/pwallN/A mm

2
/m

Shear link diameter in wall, flink,wall 10 mm

Number of links per metre in wall, nlink,wall 7 /m

Area provided by all links per metre in wall, Asv,prov,wall = nlink,wall.p.flink,wall
2
/4N/A mm

2
/m

Pitch of links in wall, Swall 200 mm

Effective depth to longitudinal steel in wall, dwall = t - cover2 - flink,wall - fwall/2N/A mm

Estimated steel reinforcement quantity N/A kg/m
3

[ 7.850 . (A s,prov,wall ) / t ];

No curtailment; No laps; Links ignored; Distribution steel ignored;

Steel Sheet Pile Wall

Section description

Section mass, m N/A kg/m

Section mass, m N/A kg/m
2

Section depth, h N/A mm

Section second moment of area, I N/A cm
4
/m

Section elastic modulus, Z N/A cm
3
/m

Section shear area, h.t/b N/A cm
2
/m
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Concrete or Steel Cantilever Embedded Retaining Wall SLS Loading

Fah (Fah') N/A kN/m ea N/A m

Fuah N/A kN/m eua N/A m

Fph (Fph') N/A kN/m ep N/A m

Fuph N/A kN/m eup N/A m

Total retaining wall SLS horizontal load, Fcantilever,h N/A kN/m

Note F cantilever,h  = F ah (F ah ')+0(F uah )-F ph (F ph ')/FOS 5 -0(F uph );

Note negative F cantilever,h  is effectively the additional passive resistance capacity over the active force;

BS8002

Total retaining wall SLS moment about point of rotation, Mcantilever N/A kNm/m N/A

Note M cantilever  = F ah (F ah ').e a +0(F uah ).e ua -F ph (F ph ')/FOS 5 .e p -0(F uph ).e up ;

Anticipated maximum value of da for commencement of iteration 30.000 m

Employ factor on embedment ?

Note that the factor on embedment should be employed if the other FOS methods are not employed;

Design embedment of embedded retaining wall, L0 = (1.2 or 1.0).dp N/A m Tomlinson

Design total length of embedded retaining wall, LT = L0+HR N/A m

Concrete or Steel Cantilever Embedded Retaining Wall ULS Loading

Note it is assumed that the ULS loads act at the

K.Fah (K.Fah') N/A kN/m same eccentricities as the SLS loads;

K.Fuah N/A kN/m

K.Fph (K.Fph') N/A kN/m

K.Fuph N/A kN/m
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Horizontal Load Eccentricity from Base

ULS Horizontal Load

Goal seek Mcantilever to 0.0 by changing da and dp (fixed earth method)           
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Concrete or Steel Cantilever Embedded Retaining Wall Section Design

Bending Moment Design in Wall, Shear Design in Wall and Detailing Requirements

1 N/A

2 N/A

3 N/A

4 N/A

5 N/A

6 N/A

7 N/A

8 N/A

9 N/A

10 N/A

11 N/A

12 N/A

13 N/A

14 N/A

15 N/A

16 N/A

17 N/A

18 N/A

Note M = K.F ah,y (K.F ah,y ').e a,y -K.F ph,y (K.F ph,y ')/FOS 5 .e p,y +0(K.F uah,y ).e ua,y -0(K.F uph,y ).e up,y ;

Note V = K.F ah,y (K.F ah,y ')-K.F ph,y (K.F ph,y ')/FOS 5 +0(K.F uah,y )-0(K.F uph,y );

where for undrained analysis and for drained analysis

s va,surface  = p s,a s va,surface ' = p s,a -0.0

s va,y  = p s,a + g .y s va,y ' = p s,a + g .y- g w .MAX(0.0, y-d aw )

s ha,surface  = MAX(0, s va,surface - 2S u ) s ha,surface ' = K a . s va,surface ' - 2c' √ K a

s ha,y  = MAX(4.8y, s va,y - 2S u ) s ha,y ' = K a . s va,y ' - 2c' √ K a

F ah,y  = 0.5.( s ha,surface + s ha,y ).y.sin a F ah,y ' = 0.5.( s ha,surface '+ s ha,y ').y.cos(90°- a + d )

e a,y  = y.(2 s ha,surface + s ha,y )/[3.( s ha,surface + s ha,y )] e a,y  = y.(2 s ha,surface '+ s ha,y ')/[3.( s ha,surface '+ s ha,y ')]

s vp,surface  = p s,p u a,surface  = 0.0

s vp,y  = p s,p + g .(y-H R ) u a,y  = 0.0+ g w .MAX(0.0, y-d aw )

s hp,surface  = s vp,surface + 2S u F uah,y  = 0.5.(u a,surface +u a,y ).MAX(0.0, y-d aw ).sin a

s hp,y  = s vp,y + 2S u e ua,y  = (y-d aw ).(2u a,surface +u a,y )/[3.(u a,surface +u a,y )]

F ph,y  = 0.5.( s hp,surface + s hp,y ).MAX(0.0, y-H R ).sin g s vp,surface ' = p s,p -0.0

e p,y  = (y-H R ).(2 s hp,surface + s hp,y )/[3.( s hp,surface + s hp,y )]s vp,y ' = p s,p + g .MAX(0.0, y-H R )- g w .MAX(0.0, y-H R -d pw )

s hp,surface ' = K p . s vp,surface ' + 2c' √ K p

s hp,y ' = K p . s vp,y ' + 2c' √ K p

F ph,y ' = 0.5.( s hp,surface '+ s hp,y ').MAX(0.0, y-H R ).cos(90°- g - d )

e p,y  = MAX(0.0, y-H R ).(2 s hp,surface '+ s hp,y ')/[3.( s hp,surface '+ s hp,y ')]

u p,surface  = 0.0

u p,y  = 0.0+ g w .MAX(0.0, y-H R -d pw )

F uph,y  = 0.5.(u p,surface +u p,y ).MAX(0.0, y-H R -d pw ).sin g

e up,y  = (y-H R -d pw ).(2u p,surface +u p,y )/[3.(u p,surface +u p,y )]
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N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

Bending Moment in 

Wall, M (kNm/m)

Shear Force in 

Wall, V (kN/m)

Depth, y 

(m)
Point

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/AS

N/A N/A

N/A N/A

Bending moment diagram

Shear force diagram
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Moment in wall per metre, M N/A kNm/m

Shear force in wall per metre, Vult or V N/A kN/m

Concrete Contiguous / Interlocking / Secant Pile Wall

Ratio hs/D N/A

Bending stress, M.p/D
3 N/A N/mm

2

From interaction charts, 100As/Aps 2.0 %

Area of tensile steel required, As = (100As/Aps)/100.Aps N/A mm
2
/pile

Area of tensile steel reinforcement provided, As,prov,pile N/A mm
2
/pile

F ah,y ' = 0.5.( s ha,surface '+ s ha,y ').y.cos(90°- a + d ) Bending moment in wall utilisation = As / As,prov,pile N/A N/A

e a,y  = y.(2 s ha,surface '+ s ha,y ')/[3.( s ha,surface '+ s ha,y ')]

Note that pile shear design to be performed as per column design;

F uah,y  = 0.5.(u a,surface +u a,y ).MAX(0.0, y-d aw ).sin a All detailing requirements met ? N/A

e ua,y  = (y-d aw ).(2u a,surface +u a,y )/[3.(u a,surface +u a,y )]

Min longitudinal steel reinforcement number, npile (>=6 circular) N/A N/A

s vp,y ' = p s,p + g .MAX(0.0, y-H R )- g w .MAX(0.0, y-H R -d pw )Min longitudinal steel reinforcement diameter, fpile (>=12mm) N/A mm N/A

Percentage of reinforcement As,prov,pile/Aps x 100% (>0.4% and <6.0%) N/A % N/A

Longitudinal steel reinforcement pitch (>=75mm but >=100mm for T40; <=300mm)N/A mm N/A

F ph,y ' = 0.5.( s hp,surface '+ s hp,y ').MAX(0.0, y-H R ).cos(90°- g - d ) Circular pile bar pitch = p(D-2.MAX(cover1,cover2)-fpile)/(npile-1)N/A mm

e p,y  = MAX(0.0, y-H R ).(2 s hp,surface '+ s hp,y ')/[3.( s hp,surface '+ s hp,y ')]Min link diameter, flink,pile (>=0.25fpile; >=8mm) N/A mm N/A

Max link pitch, Spile (<=12fpile, <=300mm, <=D for circular) N/A mm N/A

Require an overall enclosing link.

F uph,y  = 0.5.(u p,surface +u p,y ).MAX(0.0, y-H R -d pw ).sin g

e up,y  = (y-H R -d pw ).(2u p,surface +u p,y )/[3.(u p,surface +u p,y )]
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Concrete Diaphragm Wall

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dwall
2 N/A kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dwall

2
] N/A N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu N/A N/A

Lever arm, z = dwall . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dwall N/A mm

Area of tension steel required, As = M / [(0.95fy).z] N/A mm
2
/m

Area of tensile steel reinforcement provided, As,prov,wall N/A mm
2
/m

Bending moment in wall utilisation = As / As,prov,wall N/A N/A

% Min longitudinal reinforcement in wall (>= 0.0024.1000.t G250; >= 0.0013.1000.t G460)N/A %

% Min longitudinal reinforcement in wall utilisation N/A N/A

Ultimate shear stress in wall, vult=Vult/(1000.dwall) (< 0.8fcu
0.5

 & 5N/mm
2
)N/A N/mm

2

Ultimate shear stress in wall utilisation N/A N/A

Design shear stress in wall, vd=V/(1000.dwall) N/A N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,wall N/A mm
2
/m

rw = 100As,prov,wall/(1000.dwall) N/A %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dwall)
1/4

; rw<3; fcu<40; (400/dwall)
1/4

>0.67N/A N/mm
2

Check vd < vc for no links N/A

Concrete shear capacity vc.(1000.dwall) N/A kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >N/A mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dwall)N/A kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S >N/A mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,wall/Swall).(0.95fyv).dwall + vc.(1000.dwall)N/A kN/m

Area provided by all links per metre, Asv,prov,wall N/A mm
2
/m

Tried Asv,prov,wall / Swall value N/A mm
2
/mm/m

Design shear resistance in wall utilisation N/A N/A

All detailing requirements met ? N/A

Max longitudinal steel reinforcement pitch in wall (<3dwall, <750mm) N/A mm N/A

Max longitudinal steel reinforcement pitch in wall N/A mm N/A

Min longitudinal steel reinforcement pitch in wall (>75mm+fwall, >100mm+fwall if T40)N/A mm N/A

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.

% Max longitudinal reinforcement in wall (<= 0.04.1000.t) N/A % N/A

Longitudinal steel reinforcement diameter in wall, fwall (>=12mm) N/A mm N/A
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Steel Sheet Pile Wall

Section (elastic) moment capacity per metre, Mc = py.Z N/A kNm/m

Bending moment in wall utilisation = M / Mc N/A N/A

Section shear capacity per metre, Vc = 0.6h.t.py N/A kN/m

Design shear resistance in wall utilisation = V / Vc N/A N/A

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.
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Deflection Criteria in Wall

Span, l = depth, y to zero shear force, V N/A m

SLS moment in wall per metre, MSLS = M/K N/A kNm/m

Equivalent back-calculated triangular distributed loading, W = 3MSLS/l N/A kN/m

Concrete Contiguous / Interlocking / Secant Pile Wall

Maximum deflection in wall, dmax = W.l
3
/(15Ec.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A

Span, l / pile shaft diameter, D ratio N/A

Basic span / effective depth ratio criteria (7 cantilever) N/A

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M.p/D
3 N/A N/mm

2

Note A s,prov,pile /2 as circular section;

( b b =1.0) N/A N/mm
2

Modification N/A

Modified span / effective depth ratio criteria N/A

Deflection in wall (BS8110 method) utilisation N/A N/A

Concrete Diaphragm Wall

Maximum deflection in wall, dmax = W.l
3
/(15Ec.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A

Span, l / effective depth, dwall ratio N/A

Basic span / effective depth ratio criteria (7 cantilever) N/A

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M/bdwall
2 N/A N/mm

2

( b b =1.0) N/A N/mm
2

Modification N/A

Modified span / effective depth ratio criteria N/A

Deflection in wall (BS8110 method) utilisation N/A N/A

Steel Sheet Pile Wall

Maximum deflection in wall, dmax = W.l
3
/(15Es.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A
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9 N/A N/A N/A N/A N/A N/A N/A

10 N/A N/A N/A N/A N/A N/A N/A

11 N/A N/A N/A N/A N/A N/A N/A

12 N/A N/A N/A N/A N/A N/A N/A

13 N/A N/A N/A N/A N/A N/A N/A

14 N/A N/A N/A N/A N/A N/A N/A

15 N/A N/A N/A N/A N/A N/A N/A

16 N/A N/A N/A N/A N/A N/A N/A

17 N/A N/A N/A N/A N/A N/A N/A

18 N/A N/A N/A N/A N/A N/A N/A

Point Depth, y sha,surface' sha,WT' sha,base' Fa,y' Fah,y' ea,y Fuah,y eua,y

1 N/A N/A N/A N/A N/A N/A N/A N/A N/A

2 N/A N/A N/A N/A N/A N/A N/A N/A N/A

3 N/A N/A N/A N/A N/A N/A N/A N/A N/A

4 N/A N/A N/A N/A N/A N/A N/A N/A N/A

5 N/A N/A N/A N/A N/A N/A N/A N/A N/A

6 N/A N/A N/A N/A N/A N/A N/A N/A N/A

7 N/A N/A N/A N/A N/A N/A N/A N/A N/A

8 N/A N/A N/A N/A N/A N/A N/A N/A N/A

9 N/A N/A N/A N/A N/A N/A N/A N/A N/A

10 N/A N/A N/A N/A N/A N/A N/A N/A N/A

11 N/A N/A N/A N/A N/A N/A N/A N/A N/A

12 N/A N/A N/A N/A N/A N/A N/A N/A N/A

13 N/A N/A N/A N/A N/A N/A N/A N/A N/A

14 N/A N/A N/A N/A N/A N/A N/A N/A N/A

15 N/A N/A N/A N/A N/A N/A N/A N/A N/A

16 N/A N/A N/A N/A N/A N/A N/A N/A N/A

17 N/A N/A N/A N/A N/A N/A N/A N/A N/A

18 N/A N/A N/A N/A N/A N/A N/A N/A N/A

shp,surface' shp,WT' shp,base' Fp,y' Fph,y' ep,y Fuph,y eup,y

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

N/A N/A N/A N/A N/A N/A N/A N/A

deflection in cantilever embedded retaining wall

V ABS(V) Depth, y

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A



M V

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A
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Concrete Propped (Basement) Retaining Wall Dimensions

Note should the retaining wall also be subject to axial compressive forces from the superstructure

above as well as bending moments and shears calculated herein, a column design check should

be undertaken over a metre strip of the retaining wall accounting for both axial and bending effects.

Usually for retaining walls subject to low axial stresses (<= 5N/mm
2
), this being the case for

retaining walls supporting its self weight and a suspended deck, the axial compressive force only

serves to reduce the steel area requirement. However for retaining walls subject to high axial

stresses, this being the case for retaining walls supporting column loads from superstructure

above or in the case of core walls, the axial compressive force will increase the steel area

requirement. This phenomenon is apparent when the column interaction chart is studied.

The base of the retaining wall should also be designed as for a strip or a pile foundation to resist

this vertical load;

Angle of retaining face from horizontal, a = 90 90.0 degrees

Angle of exposed face from horizontal, g = 90 90.0 degrees N/A

Thickness of prop, Tprop 250 mm

Thickness of base, Tbase 250 mm

Note that the physical thickness of the prop and base has not been considered in effectively

reducing the effective span of the simply supported retaining wall, instead the full defined

depth dimension, d a  is adopted as the effective span;

Width, Bwidth 350 mm N/A

Concrete Propped (Basement) Retaining Wall Reinforcement

Longitudinal steel reinforcement diameter in stem, fstem 20 mm

Longitudinal steel reinforcement pitch in stem, pstem 200 mm

Longitudinal steel area provided in stem, As,prov,stem = (p.fstem
2
/4)/pstem N/A mm

2
/m

Shear link diameter in stem, flink,stem 0 mm

Number of links per metre in stem, nlink,stem 5 /m

Area provided by all links per metre in stem, Asv,prov,stem = nlink,stem.p.flink,stem
2
/4 N/A mm

2
/m

Pitch of links in stem, Sstem 200 mm

Effective depth to longitudinal steel in stem, dstem = Bwidth - cover1 - flink,stem - fstem/2 N/A mm

Estimated steel reinforcement quantity N/A kg/m
3

stem [ 7.850 . (A s,prov,stem ) / B width  ]; N/A kg/m
3

No curtailment; No laps; Links ignored; Distribution steel ignored;
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Concrete Propped (Basement) Retaining Wall SLS Loading

Fah (Fah') N/A kN/m ea N/A m

sha,surface.sina (sha,surface'.cos(90°-a+d)) N/A kN/m
2

sha,base.sina (sha,base'.cos(90°-a+d)) N/A kN/m
2

Fuah N/A kN/m eua N/A m

ua,surface.sina N/A kN/m
2

ua,base.sina N/A kN/m
2

Note that expressions above are simplified in that the change of slope on the vertical

and horizontal effective stress diagrams due to the water table are unaccounted for;

Prop uniformly distributed SLS compression load, Fconcrete,propped,h N/A kN/m

Note F concrete,propped,h  = (F ah (F ah ').e a +0(F uah ).e ua )/d a ;

Concrete Propped (Basement) Retaining Wall ULS Loading

Note it is assumed that the ULS loads act at the

K.Fah (K.Fah') N/A kN/m same eccentricities as the SLS loads;

K.sha,surface.sina (K.sha,surface'.cos(90°-a+d)) N/A kN/m
2

K.sha,base.sina (K.sha,base'.cos(90°-a+d)) N/A kN/m
2

K.Fuah N/A kN/m

K.ua,surface.sina N/A kN/m
2

K.ua,base.sina N/A kN/m
2

Note that expressions above are simplified in that the change of slope on the vertical

and horizontal effective stress diagrams due to the water table are unaccounted for;

Prop uniformly distributed ULS compression load, K.Fconcrete,propped,h N/A kN/m
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Concrete Propped (Basement) Retaining Wall Reinforcement Design

Bending Moment Design in Stem

Moment in stem (near midspan) per metre, M N/A kNm/m

Note M = [K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].0.125.d a
2

              +0.5.[K. s ha,base .sin a (K. s ha,base '.cos(90°- a + d ))-K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].0.128.d a
2

              +[0(K.u a,surface .sin a )].0.125.d a
2
+0.5.[0(K.u a,base .sin a )-0(K.u a,surface .sin a )].0.128.d a

2
;

Note for simplicity, the maximum bending moments from both the uniform and the triangular

load distributions are added although they occur at slightly different locations;

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dstem
2 N/A kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dstem

2
] N/A N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu <= 0.156 N/A N/A

Lever arm, z = dstem . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dstem N/A mm

Area of tension steel required, As = M / [(0.95fy).z] N/A mm
2
/m

Area of tensile steel reinforcement provided, As,prov,stem N/A mm
2
/m

Bending moment in stem utilisation = As / As,prov,stem N/A N/A

% Min longitudinal reinforcement in stem (>= 0.0024.1000.Bwidth G250; >= 0.0013.1000.Bwidth G460)N/A %

% Min longitudinal reinforcement in stem utilisation N/A N/A
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Shear Design in Stem

Shear force at stem base per metre, Vult N/A kN/m

Shear force at stem base per metre, V N/A kN/m

Note V ult  and V = [K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].d a /2

                          +0.5.[K. s ha,base .sin a (K. s ha,base '.cos(90°- a + d ))-K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].2.d a /3

                          +[0(K.u a,surface .sin a )].d a /2+0.5.[0(K.u a,base .sin a )-0(K.u a,surface .sin a )].2.d a /3;

Ultimate shear stress in stem, vult=Vult/(1000.dstem) (< 0.8fcu
0.5

 & 5N/mm
2
) N/A N/mm

2

Ultimate shear stress in stem utilisation N/A N/A

              +0.5.[K. s ha,base .sin a (K. s ha,base '.cos(90°- a + d ))-K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].0.128.d a
2

Design shear stress in stem, vd=V/(1000.dstem) N/A N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,stem N/A mm
2
/m

rw = 100As,prov,stem/(1000.dstem) N/A %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dstem)
1/4

; rw<3; fcu<40; (400/dstem)
1/4

>0.67 N/A N/mm
2

Check vd < vc for no links N/A

Concrete shear capacity vc.(1000.dstem) N/A kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >N/A mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dstem) N/A kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S > N/A mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,stem/Sstem).(0.95fyv).dstem + vc.(1000.dstem)N/A kN/m

Area provided by all links per metre, Asv,prov,stem N/A mm
2
/m

Tried Asv,prov,stem / Sstem value N/A mm
2
/mm/m

Design shear resistance in stem utilisation N/A N/A
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Detailing Requirements

All detailing requirements met ? N/A

Max longitudinal steel reinforcement pitch in stem (<3dstem, <750mm) N/A mm N/A

                          +0.5.[K. s ha,base .sin a (K. s ha,base '.cos(90°- a + d ))-K. s ha,surface .sin a (K. s ha,surface '.cos(90°- a + d ))].2.d a /3

Max longitudinal steel reinforcement pitch in stem N/A mm N/A

Min longitudinal steel reinforcement pitch in stem (>75mm+fstem, >100mm+fstem if T40)N/A mm N/A

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.

% Max longitudinal reinforcement in stem (<= 0.04.1000.Bwidth) N/A % N/A

Longitudinal steel reinforcement diameter in stem, fstem (>=12mm) N/A mm N/A

Deflection Criteria in Stem

Span, l = da N/A m

Span, l / effective depth, dstem ratio N/A

Basic span / effective depth ratio criteria (20 simply supported) N/A

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M/bdstem
2 N/A N/mm

2

( b b =1.0) N/A N/mm
2

Modification N/A

Modified span / effective depth ratio criteria N/A

Deflection in stem utilisation N/A N/A
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N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

N/A N/A N/A

MIN(ABS(V)) from half wayN/A

employ factor on embedment ? 1 1

Yes, Factor 1.2 1.2

No, Factor 1.0 1.0
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Angle of retaining face from horizontal, a = 90 90.0 degrees

Angle of exposed face from horizontal, g = 90 90.0 degrees

Height of exposed face, HR 6.500 m

Note that H R  should be specified in anticipation of possible unplanned excavation to the minimum

of the larger of 0.5m and 0.10 of the original retained height, this increasing the value of H R ;

Note that H R  should also be specified accounting for the fact that the prop location may not be at

the very top of the wall, but instead stepped down, this decreasing the value of H R  by the step down;

Type of embedded retaining wall

Concrete Contiguous / Interlocking / Secant Pile Wall

Note that pile below refers to the hard reinforced pile;

Pile shaft diameter, D N/A mm

Pile clearance spacing, s (usually 50 to 75) 50 mm

Pile pitch, p = D+s N/A mm

Pile shaft second moment of area, I = [pD
4
/64]/p N/A cm

4
/m

Pile shaft cross sectional area, Aps = pD
2
/4 N/A mm

2
/pile

Longitudinal steel reinforcement diameter in pile, fpile 25 mm

Longitudinal steel reinforcement number in pile, npile 21 /pile

Longitudinal steel area provided in pile, As,prov,pile = npile.p.fpile
2
/4N/A mm

2
/pile

Shear link diameter in pile, flink,pile 10 mm

Number of links in a cross section in pile, i.e. number of legs, nlink,pile2 /pile

Area provided by all links in a cross-section in pile, Asv,prov,pile = p.flink,pile
2
/4.nlink,pileN/A mm

2
/pile

Pitch of links in pile, Spile 200 mm

Ratio hs/D = (D - 2.MAX(cover1, cover2) - 2.flink,pile - fpile) / D N/A

Estimated steel reinforcement quantity N/A kg/m
3

[ 7850 . A s,prov,pile  / ( p .D
2
/4) ]; No laps; Links ignored;

Concrete Diaphragm Wall

Wall thickness, t (usually 600 to 1500) 1000 mm

Wall second moment of area, I = 100.t
3
/12 N/A cm

4
/m

Longitudinal steel reinforcement diameter in wall, fwall 20 mm

Longitudinal steel reinforcement pitch in wall, pwall 200 mm

Longitudinal steel area provided in wall, As,prov,wall = (p.fwall
2
/4)/pwallN/A mm

2
/m

Shear link diameter in wall, flink,wall 8 mm

Number of links per metre in wall, nlink,wall 5 /m

Area provided by all links per metre in wall, Asv,prov,wall = nlink,wall.p.flink,wall
2
/4N/A mm

2
/m

Pitch of links in wall, Swall 200 mm

Effective depth to longitudinal steel in wall, dwall = t - cover1 - flink,wall - fwall/2N/A mm

Estimated steel reinforcement quantity N/A kg/m
3

[ 7.850 . (A s,prov,wall ) / t ];

No curtailment; No laps; Links ignored; Distribution steel ignored;

Steel Sheet Pile Wall

Section description

Section mass, m N/A kg/m

Section mass, m N/A kg/m
2

Section depth, h N/A mm

Section second moment of area, I N/A cm
4
/m

Section elastic modulus, Z N/A cm
3
/m

Section shear area, h.t/b N/A cm
2
/m
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Concrete or Steel Propped (Basement) Embedded Retaining Wall SLS Loading

Fah (Fah') N/A kN/m ea N/A m

Fuah N/A kN/m eua N/A m

Fph (Fph') N/A kN/m ep N/A m

Fuph N/A kN/m eup N/A m

Total retaining wall SLS horizontal load, Fpropped,h N/A kN/m

Note F propped,h  = F ah (F ah ')+0(F uah )-F ph (F ph ')/FOS 5 -0(F uph );

Note positive F propped,h  is effectively the prop uniformly distributed SLS compression load;

BS8002

Total retaining wall SLS moment about prop, Mpropped N/A kNm/m N/A

Note M propped  = F ah (F ah ').(d a -e a )+0(F uah ).(d a -e ua )-F ph (F ph ')/FOS 5 .(d a -e p )-0(F uph ).(d a -e up );

Anticipated maximum value of da for commencement of iteration 30.000 m

Employ factor on embedment ?

Note that the factor on embedment should be employed if the other FOS methods are not employed;

Design embedment of embedded retaining wall, L0 = (1.2 or 1.0).dp N/A m Tomlinson

Design total length of embedded retaining wall, LT = L0+HR N/A m

Concrete or Steel Propped (Basement) Embedded Retaining Wall ULS Loading

Note it is assumed that the ULS loads act at the

K.Fah (K.Fah') N/A kN/m same eccentricities as the SLS loads;

K.Fuah N/A kN/m

K.Fph (K.Fph') N/A kN/m

K.Fuph N/A kN/m

Total retaining wall ULS horizontal load, K.Fpropped,h N/A kN/m

Note positive K.F propped,h  is effectively the prop uniformly distributed ULS compression load;
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Eccentricity from Base

ULS Horizontal Load

Horizontal Load

Goal seek Mpropped to 0.0 by changing da and dp (free earth method)             
(change initial da and click multiple times until convergence to the practical solution)
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Concrete or Steel Propped (Basement) Embedded Retaining Wall Section Design

Bending Moment Design in Wall, Shear Design in Wall and Detailing Requirements

1 N/A

2 N/A

3 N/A

4 N/A

5 N/A

6 N/A

7 N/A

8 N/A

9 N/A

10 N/A

11 N/A

12 N/A

13 N/A

14 N/A

15 N/A

16 N/A

17 N/A

18 N/A

Note M = K.F ah,y (K.F ah,y ').e a,y -K.F ph,y (K.F ph,y ')/FOS 5 .e p,y +0(K.F uah,y ).e ua,y -0(K.F uph,y ).e up,y -K.F propped,h .y;

Note V = K.F ah,y (K.F ah,y ')-K.F ph,y (K.F ph,y ')/FOS 5 +0(K.F uah,y )-0(K.F uph,y )-K.F propped,h ;

where for undrained analysis and for drained analysis

s va,surface  = p s,a s va,surface ' = p s,a -0.0

s va,y  = p s,a + g .y s va,y ' = p s,a + g .y- g w .MAX(0.0, y-d aw )

s ha,surface  = MAX(0, s va,surface - 2S u ) s ha,surface ' = K a . s va,surface ' - 2c' √ K a

s ha,y  = MAX(4.8y, s va,y - 2S u ) s ha,y ' = K a . s va,y ' - 2c' √ K a

F ah,y  = 0.5.( s ha,surface + s ha,y ).y.sin a F ah,y ' = 0.5.( s ha,surface '+ s ha,y ').y.cos(90°- a + d )

e a,y  = y.(2 s ha,surface + s ha,y )/[3.( s ha,surface + s ha,y )] e a,y  = y.(2 s ha,surface '+ s ha,y ')/[3.( s ha,surface '+ s ha,y ')]

s vp,surface  = p s,p u a,surface  = 0.0

s vp,y  = p s,p + g .(y-H R ) u a,y  = 0.0+ g w .MAX(0.0, y-d aw )

s hp,surface  = s vp,surface + 2S u F uah,y  = 0.5.(u a,surface +u a,y ).MAX(0.0, y-d aw ).sin a

s hp,y  = s vp,y + 2S u e ua,y  = (y-d aw ).(2u a,surface +u a,y )/[3.(u a,surface +u a,y )]

F ph,y  = 0.5.( s hp,surface + s hp,y ).MAX(0.0, y-H R ).sin g s vp,surface ' = p s,p -0.0

e p,y  = (y-H R ).(2 s hp,surface + s hp,y )/[3.( s hp,surface + s hp,y )]s vp,y ' = p s,p + g .MAX(0.0, y-H R )- g w .MAX(0.0, y-H R -d pw )

s hp,surface ' = K p . s vp,surface ' + 2c' √ K p

s hp,y ' = K p . s vp,y ' + 2c' √ K p

F ph,y ' = 0.5.( s hp,surface '+ s hp,y ').MAX(0.0, y-H R ).cos(90°- g - d )

e p,y  = MAX(0.0, y-H R ).(2 s hp,surface '+ s hp,y ')/[3.( s hp,surface '+ s hp,y ')]

u p,surface  = 0.0

u p,y  = 0.0+ g w .MAX(0.0, y-H R -d pw )

F uph,y  = 0.5.(u p,surface +u p,y ).MAX(0.0, y-H R -d pw ).sin g

e up,y  = (y-H R -d pw ).(2u p,surface +u p,y )/[3.(u p,surface +u p,y )]

Structure, Member Design - Geotechnics Retaining Walls 21/11/2021

Structure, Member Design - Geotechnics Retaining Walls v2017.01.01.xlsm

jXXX 123

CONSULTING                                 

E N G I N E E R S

Engineering Calculation Sheet                           

Consulting Engineers

S N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

N/A N/A

Bending Moment in 

Wall, M (kNm/m)

Shear Force in 

Wall, V (kN/m)
Point

Depth, y 

(m)

N/A N/A

Bending moment diagram

Shear force diagram
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Moment in wall per metre, M N/A kNm/m

Shear force in wall per metre, Vult or V N/A kN/m

Concrete Contiguous / Interlocking / Secant Pile Wall

Note M = K.F ah,y (K.F ah,y ').e a,y -K.F ph,y (K.F ph,y ')/FOS 5 .e p,y +0(K.F uah,y ).e ua,y -0(K.F uph,y ).e up,y -K.F propped,h .y;

Ratio hs/D N/A

Bending stress, M.p/D
3 N/A N/mm

2

From interaction charts, 100As/Ac 0.5 %

Area of tensile steel required, As = (100As/Aps)/100.Aps N/A mm
2
/pile

Area of tensile steel reinforcement provided, As,prov,pile N/A mm
2
/pile

F ah,y ' = 0.5.( s ha,surface '+ s ha,y ').y.cos(90°- a + d ) Bending moment in wall utilisation = As / As,prov,pile N/A N/A

e a,y  = y.(2 s ha,surface '+ s ha,y ')/[3.( s ha,surface '+ s ha,y ')]

Note that pile shear design to be performed as per column design;

F uah,y  = 0.5.(u a,surface +u a,y ).MAX(0.0, y-d aw ).sin a All detailing requirements met ? N/A

e ua,y  = (y-d aw ).(2u a,surface +u a,y )/[3.(u a,surface +u a,y )]

Min longitudinal steel reinforcement number, npile (>=6 circular) N/A N/A

s vp,y ' = p s,p + g .MAX(0.0, y-H R )- g w .MAX(0.0, y-H R -d pw )Min longitudinal steel reinforcement diameter, fpile (>=12mm) N/A mm N/A

Percentage of reinforcement As,prov,pile/Aps x 100% (>0.4% and <6.0%) N/A % N/A

Longitudinal steel reinforcement pitch (>=75mm but >=100mm for T40; <=300mm)N/A mm N/A

F ph,y ' = 0.5.( s hp,surface '+ s hp,y ').MAX(0.0, y-H R ).cos(90°- g - d ) Circular pile bar pitch = p(D-2.MAX(cover1,cover2)-fpile)/(npile-1)N/A mm

e p,y  = MAX(0.0, y-H R ).(2 s hp,surface '+ s hp,y ')/[3.( s hp,surface '+ s hp,y ')]Min link diameter, flink,pile (>=0.25fpile; >=8mm) N/A mm N/A

Max link pitch, Spile (<=12fpile, <=300mm, <=D for circular) N/A mm N/A

Require an overall enclosing link.

F uph,y  = 0.5.(u p,surface +u p,y ).MAX(0.0, y-H R -d pw ).sin g

e up,y  = (y-H R -d pw ).(2u p,surface +u p,y )/[3.(u p,surface +u p,y )]

Structure, Member Design - Geotechnics Retaining Walls 21/11/2021

Structure, Member Design - Geotechnics Retaining Walls v2017.01.01.xlsm

jXXX 124

CONSULTING                                 

E N G I N E E R S

Engineering Calculation Sheet                           

Consulting Engineers

0.000

0.100

0.200

0.300

0.400

0.500

0.600

0.700

0.800

0.900

1.000

05101520

D
e

p
th

, 
y
 (

m
)

Bending Moment, M (kNm/m) 
Shear Force, V (kN/m)

Bending Moment and Shear Force Diagrams

Bending Moment in Wall, M (kNm/m) Shear Force in Wall, V (kN/m)

Made by Date Chd.

Drg. 

Member/Location

Made by Date Chd.

Drg. 

Member/Location



Job No. Sheet No. Rev.

Job Title

XX

Concrete Diaphragm Wall

Concrete moment capacity per metre, Mu = 0.156fcu.1000.dwall
2 N/A kNm/m

Bending stress, [M/bd
2
] = M / [(1000).dwall

2
] N/A N/mm

2

Bending stress ratio, K = [M/bd
2
] / fcu N/A N/A

Lever arm, z = dwall . [0.5 + (0.25-K/0.9)
0.5

] <= 0.95dwall N/A mm

Area of tension steel required, As = M / [(0.95fy).z] N/A mm
2
/m

Area of tensile steel reinforcement provided, As,prov,wall N/A mm
2
/m

Bending moment in wall utilisation = As / As,prov,wall N/A N/A

% Min longitudinal reinforcement in wall (>= 0.0024.1000.t G250; >= 0.0013.1000.t G460)N/A %

% Min longitudinal reinforcement in wall utilisation N/A N/A

Ultimate shear stress in wall, vult=Vult/(1000.dwall) (< 0.8fcu
0.5

 & 5N/mm
2
)N/A N/mm

2

Ultimate shear stress in wall utilisation N/A N/A

Design shear stress in wall, vd=V/(1000.dwall) N/A N/mm
2

(Conservatively, shear capacity enhancement by either  calculating v d  at d from support and

comparing against unenhanced v c  as clause 3.4.5.10 BS8110 or  calculating v d  at support and

comparing against enhanced v c  within 2d of the support as clause 3.4.5.8 BS8110 ignored;)

Area of tensile steel reinforcement provided, As,prov,wall N/A mm
2
/m

rw = 100As,prov,wall/(1000.dwall) N/A %

vc = (0.79/1.25)(rwfcu/25)
1/3

(400/dwall)
1/4

; rw<3; fcu<40; (400/dwall)
1/4

>0.67N/A N/mm
2

Check vd < vc for no links N/A

Concrete shear capacity vc.(1000.dwall) N/A kN/m

Check vc < vd < 0.4 + vc for nominal links N/A

Provide nominal links such that Asv / S > 0.4.(1000)/(0.95fyv) i.e. Asv / S >N/A mm
2
/mm/m

Concrete and nominal links shear capacity (0.4 + vc).(1000.dwall)N/A kN/m

Check vd > 0.4 + vc for design links N/A

Provide shear links Asv / S > 1000.(vd-vc)/(0.95fyv) i.e. Asv / S >N/A mm
2
/mm/m

Concrete and design links shear capacity (Asv,prov,wall/Swall).(0.95fyv).dwall + vc.(1000.dwall)N/A kN/m

Area provided by all links per metre, Asv,prov,wall N/A mm
2
/m

Tried Asv,prov,wall / Swall value N/A mm
2
/mm/m

Design shear resistance in wall utilisation N/A N/A

All detailing requirements met ? N/A

Max longitudinal steel reinforcement pitch in wall (<3dwall, <750mm) N/A mm N/A

Max longitudinal steel reinforcement pitch in wall N/A mm N/A

Min longitudinal steel reinforcement pitch in wall (>75mm+fwall, >100mm+fwall if T40)N/A mm N/A

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.

% Max longitudinal reinforcement in wall (<= 0.04.1000.t) N/A % N/A

Longitudinal steel reinforcement diameter in wall, fwall (>=12mm) N/A mm N/A
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Steel Sheet Pile Wall

Section (elastic) moment capacity per metre, Mc = py.Z N/A kNm/m

Bending moment in wall utilisation = M / Mc N/A N/A

Section shear capacity per metre, Vc = 0.6h.t.py N/A kN/m

Design shear resistance in wall utilisation = V / Vc N/A N/A

Note an allowance has been made for laps in the min pitch by increasing the criteria by the bar diameter.
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Deflection Criteria in Wall

Span, l = da N/A m

SLS moment in wall per metre, MSLS = M/K N/A kNm/m

Equivalent back-calculated triangular distributed loading, W = MSLS/(0.128.l) N/A kN/m

Concrete Contiguous / Interlocking / Secant Pile Wall

Maximum deflection in wall, dmax = 0.01304W.l
3
/(Ec.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A

Span, l / pile shaft diameter, D ratio N/A

Basic span / effective depth ratio criteria (20 simply supported) N/A

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M.p/D
3 N/A N/mm

2

Note A s,prov,pile /2 as circular section;

( b b =1.0) N/A N/mm
2

Modification N/A

Modified span / effective depth ratio criteria N/A

Deflection in wall (BS8110 method) utilisation N/A N/A

Concrete Diaphragm Wall

Maximum deflection in wall, dmax = 0.01304W.l
3
/(Ec.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A

Span, l / effective depth, dwall ratio N/A

Basic span / effective depth ratio criteria (20 simply supported) N/A

Note multiplier C 1,span more or less than 10m  not applicable;

Modification factor for tension C2

M/bdwall
2 N/A N/mm

2

( b b =1.0) N/A N/mm
2

Modification N/A

Modified span / effective depth ratio criteria N/A

Deflection in wall (BS8110 method) utilisation N/A N/A

Steel Sheet Pile Wall

Maximum deflection in wall, dmax = 0.01304W.l
3
/(Es.I) N/A mm

Deflection in wall (first principles) utilisation = dmax/(l/250) N/A N/A
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