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HIGHWAYS RETAINING WALL DESIGN

RETAINING WALL ANALYSIS

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

National Annex incorporating Corrigendum No.1

Retaining wall details

Stem type Cantilever
Stem height Nstem = 2850 mMm
Stem thickness fstem = 300 MM
Angle to rear face of stem o =90 deg
Stem density ystem = 25 KN/m3
Toe length ltoe = 1000 Mmm
Heel length lheel = 1000 MM
Base thickness foase = 350 mMm
Base density Ybase = 25 KN/m3
Height of retained soil hret = 2850 mm
Angle of soil surface B=0deg
Depth of cover dcover =0 Mm

Retained soil properties

Tedds calculation version 2.9.22

Soil type Medium dense well graded sand
Moist density Ymr = 18 KN/m3
Saturated density Ysr = 23 KN/m3

Characteristic effective shear resistance angle ¢« = 30 deg
Characteristic wall friction angle Sk =15 deg

Base soil properties

Soil type Very dense rock fill
Soil density Yo =18 KN/m3
Characteristic effective shear resistance angle ¢'vx = 42 deg
Characteristic wall friction angle dok =21 deg
Characteristic base friction angle Sobk = 36 deg
Presumed bearing capacity Pbearing = 100 KN/m?

Loading details
Variable surcharge load Surchargea = 10 kN/m?
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General arrangement - sketch pressures relate to bearing check

Calculate retaining wall geometry
Base length

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of walll

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of moist sail

- Distance to vertical component

- Distance to horizontal component

Ibase = ltoe + tstem + lheel = 2300 MM
Nmoist = hsoil = 2850 MM

lsur = lIheel = 1000 MM

Xsurv = lbase - lheet / 2 = 1800 mm

Reft = Nbase + Acover + Nret = 3200 MM
Xsur_h = heft / 2 = 1600 mm

Astern = Nstem X tstem = 0.855 M?2

Xstem = ltoe *+ Tstem / 2 = 1150 mm
Abase = lbase X Tbase = 0.805 M2

Xpase = loase / 2 =1150 mm

Amoist = Nmoist X lheel = 2.85 M2

Xmoist_v = Ibase = (Nmoist X heet® / 2) / Amoist = 1800 mm
Xmoist_h = heft / 3 = 1067 mm
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Using Coulomb theory

Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Moist retained soil
Total

Check bearing pressure
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

Ka = sin(o + ¢'vx)2 / (sin(a)2 x sinfo - 8rk) x [1 + V[sin('rx + Srk)
x Sin(¢'rk - B) / (sin(a - 8rk) x sin(a + B))1]2) = 0.301

Kp = sin(90 - ¢'ox)2 / (SiN(90 + 8b.k) x [1 - V[siN(¢'bk + Sbk) x
Sin(d'ox) / (5iN(90 + 8ox))]12) = 14.662

Fstem = Astem X Ystem = 21.4 KN/m
Foase = Abase X ybase = 20.1 KN/m
Fsurv = Surchargeq x lheel = 10 KN/m
Fmoist_v = Amoist X ymr = 51.3 KN/m

Ftotal_v = Fstem + Foase *+ Fsur_v + Fmoist_v = 102.8 KN/m

Fsur_.h = Ka x cOs(8rk) x Surchargeaq x heft = 9.3 kKN/m

Froist_n = Ka x COS(8rk) X ymr x hef2 / 2 = 26.8 KN/m

Fiotal.n = MAX(Fsur_n + Fmoist_h - Frotalv x taN(8pbb.k), O KN/m) =0
kN/m

Mstem = Fstem X Xstem = 24.6 KNmM/m

Mbase = Foase x Xbase = 23.1 KNmM/m

Msur = Fsur_v x Xsur_v - Fsur_h X Xsur_h = 3.1 KNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_h X Xmoist_h = 63.7 KNm/m
Mitotal = Mstem + Mbase + Msur + Mmoist = 114.5 KNm/m

X = Miotal / Frotalv = 1114 mm
e= X-loase /2 =-36 mm
lload = lbase = 2300 MM
Qtoe = Frotaly / lbase x (1 -6 x € / lbase) = 48.9 KN/m?2
Oheel = Fiotaly / Ibase x (1 + 6 x € / loase) = 40.5 kKN/m?2
FOSbp = Poearing / MAX(Qtoe, Oneel) = 2.046

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

Partial factors on actions - Table A.3 - Combination 1

Partial factor set Al

Permanent unfavourable action vG = 1.350
Permanent favourable action yGf = 1.000
Variable unfavourable action va = 1.500
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Variable favourable action yar = 0.000

Partial factors for soil parameters - Table A.4 - Combination 1

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance to sliding

Factor of safety

M1

o' = 1.00
e = 1.00
v = 1.00

Yo' = Yo / ¥y = 18 KN/m3

vst =vsr /vy = 23 kKN/m3

¢'ra = atan(tan(¢'rk) / y¢) = 30 deg
&ra = atan(tan(rk) / v¢) = 15 deg

Yo' =7vb /vy = 18 KN/m3

d'v.a = atan(tan(¢'vk) / y¢) = 42 deg
dpb.a = atan(tan(dpk) / v¢) = 21 deg
Spb.d = atan(tan(8ewk) / v¢) = 36 deg
C'o.d = C'ok /Yo = 0 KN/m?

Ka = sin(a + ¢'.d)2 / (sin(a)2 x sin(a. - 8.a) x [1 + V[sin(¢'ra + r.q)
x sin(¢'ra - B) / (sin(a - 8r.a) x sin(a + B))]]12) = 0.301

Kp = sin(90 - ¢'0.d)2 / (SiN(90 + 8b.a) x [1 - V[sin(¢'b.d + Sb.q) x
sin(¢'o.d) / (siN(20 + 8v.d))]]2) = 14.662

Fstem = Yot X Astem X stem = 21.4 KN/m
Fbase = yGf X Abase X ybase = 20.1 KN/m
Fmoist v = yGf X Amoist X ymr' = 51.3 KN/m
Fiotalv = Fstem + Foase + Fmoist_v = 92.8 KN/m

Fsurh = Ka x cOs(8ra) x ya x Surchargea x hett = 14 kN/m
Froist_h = yG x Ka x COS(8rd) x ymr' x hef? / 2 = 36.2 KN/m
Fiotalh = Fsur_h + Fmoist_n = 50.2 KN/m

Fexc_h = 0 kKN/m

Firiction = Ftotalv x taN(8bb.a) = 67.4 kKN/m
Frest = Fexc_h + Fiiiction = 67.4 KN/m

FOSsi = Frest / Fiotal h = 1.343
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Overturning check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Total

Check stability against overturning

Factor of safety

PASS - Resistance to sliding is greater than sliding force

Fstem = Y6t X Astem X Ystem = 21.4 KN/m
Foase = yGf X Abase X ybase = 20.1 KN/m
Fmoist_v = yGf X Amoist X ymr' = 51.3 KN/m
Fiotal_v = Fstem + Fbase + Fmoist_v = 92.8 KN/m

Fsurh = Ka x cOS(8ra) x ya x Surchargea x hett = 14 kN/m
Fmoist_h = YG X Ka x COS(&‘d) X Ymr‘ x hef2 / 2 = 36.2 kKN/m
Ftotal_h = Fsur_h + Fmoist_h = 50.2 KN/m

Msur_OT = Fsur_h X Xsur_h = 22.4 kNmMm/m
Mmoist_oT = Fmoist_h X Xmoist_h = 38.6 KNmM/m
Miotal_or = Msur_ot + Mmoist ot = 61 KNm/m

Mstem_r = Fstem x Xstem = 24.6 KNmM/m

Mbase_R = Foase x Xbase = 23.1 KNmM/m

Mmoist_R = Fmoist_v X Xmoist_v = 92.3 KNm/m

Mtotal R = Mstem R + Mbase R + Mmoist R = 140.1 KNm/m

FOSot = Mtotal_r / Miotalot = 2.296

PASS - Maximum restoring moment is greater than overturning moment

Design approach 1

Partial factors on actions - Table A.3 - Combination 2

Partial factor set

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action

Variable favourable action

A2

yG =1.000
Yoi = 1.000
1Q = 1.300
yaf = 0.000

Partial factors for soil parameters - Table A.4 - Combination 2

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

M2

vy = 1.25
v =1.25
v, = 1.00
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Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle
Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Sliding check

Vertical forces on wall
Wall stem

Wall base

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Check stability against sliding
Base soil resistance

Base friction

Resistance fo sliding

Factor of safety

Overturning check

Vertical forces on wall
Wall stem
Wall base

Ymr = ymr / vy = 18 KN/m3

ysr = 7vsr /vy = 23 KN/m3

o'ra = atan(tan(¢'rk) / v¢) = 24.8 deg
dra = atan(tan(érk) / y¢) = 12.1 deg

Yo' =vb /vy = 18 KN/m3

0'n.a = atan(tan(¢'ox) / v¢) = 35.8 deg
dpb.a = atan(tan(dpk) / y¢) = 17.1 deg
dbb.d = atan(tan(dbok) / y¢) = 30.2 deg
C'o.d = C'ok / yo = 0 KN/m?

Ka = sin(o + ¢'ra)2 / (sin(a)2 x sin(o - 8r.a) x [1 + V[sin(¢'ra + &ra)
x SiN(¢'r.a - B) / (sin(a - 8ra) x sin(a + B))1]2) = 0.371

Kp = sin(90 - ¢'0.d)2 / (SiN(90 + 8b.a) x [1 - V[sin(¢'o.d + Sb.q) x
sin(¢'o.d) / (sin(90 + 8v.0))]]2) = 7.553

Fstem = yGt X Astem X ystem = 21.4 KN/m
Fbase = yGf X Abase X ybase = 20.1 KN/m
Fmoist_v = yGf X Amoist X ymr' = 51.3 KN/m
Fiotalv = Fstem + Foase + Fmoist_v = 92.8 KN/m

Fsurn = Ka x c0O5(8r.d) x ya x Surchargeaq x heft = 15.1 kN/m
Froist_h =y x Ka x COS(8rd) x ymr' x hef? / 2 = 33.4 KN/m
Ftotal_h = Fsur_h + Fmoist_h = 48.5 KN/m

Fexc_h = 0 KN/m

Fiiiction = Ftotalv x taN (8bb.a) = 53.9 kN/m
Frest = Fexc_h + Fiiiction = 53.9 KN/m

FOSs = Frest / Fiotalh = 1.112

PASS - Resistance to sliding is greater than sliding force

Fstem = yGt X Astem x ystem = 21.4 KN/m
Foase = yGf X Abase X ybase = 20.1 KN/m
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Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Total

Check stability against overturning

Factor of safety

Frmoist_v = VGt X Amoist X ’Ymr‘ =51.3 kN/m
Ftotal_v = Fstem + Foase + Fmoist_v = 92.8 KN/m

Fsurh = Ka x cO5(8rd) x ya x Surchargeaq x hett = 15.1 kKN/m
Frmoist_n = yG x Ka x COS(8r.a) x ymr' x het2 / 2 = 33.4 KN/m
Ftotal_h = Fsur_h + Fmoist_h = 48.5 KN/m

Msur_OT = Fsur_h X Xsur_h = 24.1 kNmMm/m
Mmmoist o1 = Fmoist h X Xmoist h = 35.7 KNm/m
Miotal_or = Msur_otr + Mmoist_or = 59.8 KNm/m

Mstem_r = Fstem x Xstem = 24.6 KNmM/m

Mbase_R = Foase x Xbase = 23.1 KNmM/m

Mmoist_ R = Fmoist_v X Xmoist_v = 92.3 KNm/m

Mtotal R = Mstem R + Mbase R + Mmoist R = 140.1 KNm/m

FOSot = Miotal R / Miotal_oT = 2.342

PASS - Maximum restoring moment is greater than overturning moment

RETAINING WALL DESIGN

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

National Annex incorporating National Amendment No.1

Tedds calculation version 2.9.22

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

Concrete strength class

Characteristic compressive cylinder strength

C30/37
fek = 30 N/mm?2

Characteristic compressive cube strength  fek.cube = 37 N/mm?
Mean value of compressive cylinder strength fem = fok + 8 N/mm?2 = 38
N/mm?

Mean value of axial tensile strength ferm = 0.3 N/mm2 x (fek / 1T N/mm2)2/3 = 2.9 N/mm?2
fetk0.05s = 0.7 x fetm = 2.0 N/mm?2

Secant modulus of elasticity of concrete  Ecm = 22 kKN/mm2 x (fom / 10 N/mm?2)0:3 = 32837 N/mm?2

5% fractile of axial tensile strength

Partial factor for concrete - Table 2.1N yc =1.50
Compressive strength coefficient - cl.3.1.6(1) Occ = 0.85
Design compressive concrete strength - exp.3.15 fea = otee x fek / yc = 17.0

N/mm?2

Maximum aggregate size
Ultimate strain - Table 3.1

Nagg =20 mMm
gcu2 = 0.0035

Highways Retaining Wall
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Shortening strain - Table 3.1 ecus = 0.0035
Effective compression zone height factor L =0.80
Effective strength factor n =1.00
Bending coefficient ki Ky =0.40
Bending coefficient k2 K2=1.00 x (0.6 + 0.0014/gcu2) = 1.00
Bending coefficient ks K3 =0.40
Bending coefficient k4 Ks=1.00 x (0.6 + 0.0014/gcu2) =1.00
Reinforcement details
Characteristic yield strength of reinforcement fyk = 500 N/mm?2
Modulus of elasticity of reinforcement Es = 200000 N/mm?2
Partial factor for reinforcing steel - Table 2.1N vs =1.15
Design yield strength of reinforcement fya = fyk / ys = 435 N/mm?

Cover to reinforcement

Front face of stem Cst = 40 mm
Rear face of stem Csr =50 mm
Top face of base Cbt =50 mm
Bottom face of base Cbb =75 mMm

Loading details - Combination No. 1 - kN/m 2 Shear force - Combination No.1 - kN/m Bending moment - Combination No.1 - kNm/m

I
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Loading details - Combination No.2 - kN/m? Shear force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m

w
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=
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Check stem design at base of stem
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1
Depth to tension reinforcement

K2))

Lever arm

mm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N

-374 473
274
h =300 mm
M =45 kNm/m

d=h—Csr—¢sr/2=242mm
K=M/ (d2x fe) = 0.026
K'= (2 x1n x acc/yc)x(1 - A x (8 -Ki)/(2 x K2))x (A x (8 -Ki)/(2 x

K'=0.207
K' > K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (n x acc / 7c))05, 0.95) x d = 230

x=25x(d-z) =30 mm

Astreq = M / (fyd x Z) = 451 mm2/m

16 dia.bars @ 200 c/c

Asrprov = 1 X ¢sr2 / (4 x Ssr) = 1005 mm?2/m

Asrmin = Max(0.26 x fetm / fyk, 0.0013) x d = 364 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3) Asrmax = 0.04 x h = 12000

mm2/m

MAax(Asrreq, Astmin) / Asrprov = 0.448

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

Library item: Rectangular single output

Highways Retaining Wall
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Deflection control - Section 7.4
Reference reinforcement ratio
Required tension reinforcement ratio

Required compression reinforcement ratio

Structural system factor - Table 7.4N
Reinforcement factor - exp.7.17
Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

PASS -

Crack control - Section 7.3
Limiting crack width

Variable load factor - EN1990 — Table Al.1

Serviceability bending moment
Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

po = V(fex / 1 N/mm?2) / 1000 = 0.005
p = Asreq / d = 0.002
p' = Asr.2req / d2 = 0.000
Ko =0.4
s = min(500 N/mm?2 / (fyk x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x \(fek / 1 N/mm?2) x po / p + 3.2 x V(fex
/ 1 N/mm?2) x (po/ p - 1)32], 40 x Ko) = 16
hstem / d = 11.8
Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2 = 0.6

Msis = 27.3 kKNm/m

Gs = Msis / (Astprov x z) = 118.2 N/mm?2
Long term

ki = 0.4

Aceff =min(2.5x (h-d), (h-x) /3, h/2)
Ac.eff = 89917 mm2/m

feteff = fotm = 2.9 N/mm?2

pp.eff = Asr.prov / Aceff = 0.011

ae = Es / Ecm = 6.091

ki=0.8
k2=10.5
ks =3.4
ks = 0.425

Srmax = K3 x Cor + K1 X k2 x K4 x ¢sr / pp.eff = 413 mm

Wk = Srmax X MaX(os — ki x (feteff / ppeft) x (1 + ae x pp.efi), 0.6 x
os) / Es

Wk = 0.147 mm

Wk / Wmax = 0.488

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force

Longitudinal reinforcement ratio

V =41.2 kN/m

Crdc =0.18 / yc = 0.120

k=min(1 + V(200 mm / d), 2) = 1.909

p1 = mMin({Asprov / d, 0.02) = 0.004

Vmin = 0.035 N172/mm x k3/2 x fo0-5 = 0.506 N/mm?2

Highways Retaining Wall
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Design shear resistance - exp.6.2a & 6.2 Vra.c = Max(Crac x k x (100 N2/mm# x pi x fek)1/3, vmin) x d
VRa.c = 128.5 kKN/m
V / Vrdc = 0.320
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — cl.9.6.3(1) Asxreq = Max(0.25 x Asrprov,
0.001 x tstem) = 300 mMM2/m

Maximum spacing of reinforcement - cl.9.6.3(2) Ssx_max = 400 mm
Transverse reinforcement provided 10 dia.bars @ 200 c/c

Area of fransverse reinforcement provided Ascprov = % ¢sx2 / (4 x Sx) = 393 mm2/m
PASS - Area of reinforcement provided is greater than area of reinforcement required

Check base design at toe
Depth of section h =350 mm

Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M =23.6 kNm/m
Depth to tension reinforcement d=h-Cbb-dob/2=269 Mm
K=M/ (d2x fcx) = 0.011
K'= (2 x1n x acc/yc)x(1 - A x (8 -Ki)/(2 x K2))x(A x (8 - Ki)/(2 x

K2))
K'=0.207
K' > K - No compression reinforcement is required
Lever arm z=min(0.5+0.5x (1 -2x K/ (nx acc / yc))°5, 0.95) x d = 256
mm
Depth of neutral axis x=25x(d-z) =34 mm

Area of tension reinforcement required Abbreq =M/ (fya x z) =212 mm?2/m
Tension reinforcement provided 12 dia.bars @ 200 c/c
Area of tension reinforcement provided — Apbprov =Tt x dob? / (4 x Sbb) = 565 mm2/m
Minimum area of reinforcement - exp.9. 1N Apb.min = Max(0.26 x fctm / fyk, 0.0013) x d = 405 mm2/m
Maximum area of reinforcement - cl.9.2.1.1(3) Abb.max = 0.04 x h = 14000
mm?2/m
Max(Abb.req, Abb.min) / Abb.prov = 0.716
PASS - Area of reinforcement provided is greater than area of reinforcement required

Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1 w2 =0.6

Serviceability bending moment Msis = 15 KNm/m

Tensile stress in reinforcement os = Msis / (Abb.prov x Z) = 103.5 N/mm?2

Highways Retaining Wall 11
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Job No. Section Nos /Page HRW / 12 Calc Calc
12063 No. /Revision / By DSH Date  01/06/2026
Load duration Long term

Load duration factor
Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

ki = 0.4

Acef =min(2.5x (h-d), (h-x) /3, h/2)

Ac.eff = 105458 mm2/m

feteff = fetm = 2.9 N/mm?2

pp.eff = Abb.prov / Ac.eff = 0.005

oe = Es / Ecm = 6.091

ki =0.8

k2=10.5

ks=3.4

ks = 0.425

Srmax = K3 x Cob + K1 x k2 x k4 x ¢bb / pp.eff = 635 mm
Wk = Srmax X MAX(os — Kkt x (feteff / ppeff) x (1 + oe x pp.efr), 0.6 x
os) / Es

Wk = 0.197 mm

Wk / Wmax = 0.658

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

V =47.6 KN/m

Crac=0.18 / yc =0.120

k=min(1 + (200 mm / d), 2) = 1.862

p1 = min(Abb.prov / d, 0.02) = 0.002

Vmin = 0.035 N/2/mm x k3/2 x fc0-5 = 0.487 N/mm?2

VRrd.c = MAX(Crd.c x k x (100 N2/mm# x pi x fek)1/3, Vimin) x d
VRd.c =131.1 KN/m

V / Vrd.c = 0.363

PASS - Design shear resistance exceeds design shear force

Check base design at heel
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1
Depth to tension reinforcement

K2))

h =350 mm

M =16.5 kNm/m

d=h-Cobt-dot/2=294 mm

K=M/ (d2x fe) = 0.006

K'= (2 xn x ace/yc)x(1 - L x (8- Ki)/(2 x K2))x (A x (8 -Ki)/(2 x

K'=0.207
K' > K - No compression reinforcement is required

Highways Retaining Wall
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STRUCTURAL ENGINEERS
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Highways Retaining Wall marshdesign.co.uk
Job No. Section Nos /Page HRW / 13 Calc Calc
12063 No. /Revision By DSH Date  01/06/2026
Lever arm z=min(0.5+0.5x (1 -2xK/ (n x acc/yc))5, 0.95) xd =279
mm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

x=2.5x(d-2z) =37 mm

Abtreq = M / (fyd x Z) = 136 mm2/m

12 dia.bars @ 200 c/c

Abtprov = Tt X Obt2 / (4 x Spt) = 565 mm2/m

Minimum area of reinforcement - exp.9. 1N Aptmin = Max(0.26 x fetm / fyk, 0.0013) x d = 443 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3)

mm?2/m

Abtmax = 0.04 x h = 14000

Max(Abtreq, Aptmin) / Abtprov = 0.783

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

Crack control - Section 7.3
Limiting crack width

Variable load factor - EN1990 — Table Al.1

Serviceability bending moment
Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Library item: Rectangular single output

Wmax = 0.3 mm

y2 = 0.6

Msis = 9.4 KNm/m

6s = Msis / (Abtprov x Z) = 59.5 N/mm?
Long term

ki = 0.4

Aceff = min(2.5x (h-d), (h-x) /3, h/2)
Ac.eff = 104417 mm2/m

feteff = fetm = 2.9 N/mm?2

pp.eff = Abtprov / Ac.eff = 0.005

ae = Es / Ecm = 6.091

ki=0.8
k2=0.5
ks=3.4
ks = 0.425

Srmax = k3 x Cot + K1 x K2 x K4 x dbt / pp.eff = 547 mm

Wk = Srmax X MAX(os — kKt x (feteff / ppeff) x (1 + oe x pp.efr), 0.6 x
os) / Es

Wk = 0.098 mm

Wk / Wmax = 0.325

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force

V =33.5kN/m
Crac=0.18 / yc =0.120
k=min(1 + (200 mm / d), 2) = 1.825

Highways Retaining Wall
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Longitudinal reinforcement ratio p1 = min(Aptprov / d, 0.02) = 0.002

Vmin = 0.035 N/2/mm x k3/2 x fo0-5 = 0.473 N/mm?
Design shear resistance - exp.6.2a & 6.2b  Vrd.c = Max(Crd.c x k x (100 N2/mm# x pi x fek) /3, Vmin) x d
VRd.c = 138.9 kN/m
V / Vrdc = 0.241
PASS - Design shear resistance exceeds design shear force
Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2) Abxreq = 0.2 x Abb.prov = 113
mmz2/m

Maximum spacing of reinforcement - cl.9.3.1.1(3) Sbx_max = 450 mMm
Transverse reinforcement provided 10 dia.bars @ 200 c/c

Area of transverse reinforcement provided Abxprov = Tt x ¢ox2 / (4 x Sbx) = 393 mm2/m
PASS - Area of reinforcement provided is greater than area of reinforcement required

10| je—s{ 50

10 dia.bars @ 200 c/c

] horizontal reinforcement

parallel to face of stem

10 dia.bars @ 200 c/c 16 dia.bars @ 200 c/c
i 12 dia.bars @ 200 c/c 50

150 MK

" ) ] 1
8 T
75

12 dia.bars @ 200 c/c

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

Reinforcement details
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