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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Prop height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Heel length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Retained soil properties
Soil type

Moist density

Saturated density
Characteristic effective shear resistance angle

Characteristic wall friction angle

Base soil properties

Soil type

Moist density

Characteristic cohesion

Characteristic effective shear resistance angle
Characteristic wall friction angle
Characteristic base friction angle

Loading details

Variable surcharge load
Vertical line load at 1200 mm
Vertical line load at 1200 mm
Vertical line load at 1200 mm

Propped cantilever
hstem = 3200 mm
hprop = 3200 mm
tstem = 350 mm
o =90 deg

ystem = 25 KN/m?
ltoe = 1000 mm
lheet = 50 mm
tbase = 350 mm
Ybase = 25 KN/m?
hret = 3200 mm
B =0deg

dcover = 0 mm

Organic clay
ymr = 15 KN/m3
ysr = 15 KN/m3
¢o'rk = 18 deg
Srk = 9 deg

Organic clay
ymb = 15 KN/m?®
C'bx = 33 kN/m?

¢'bk =18 deg
Sbk =9 deg
Sbbk = 12 deg

Surchargea = 5 kN/m?
Pc1 = 8 kKN/m

Pc2 = 8 KN/m

Pes =110 kN/m

Pas = 60 kN/m

Tedds calculation version 2.6.04
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Calculate retaining wall geometry
Base length

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of moist soil

- Distance to vertical component

- Distance to horizontal component

[176.4 kKN/m?

e 1400——»

Ibase = ltoe + tstem + lheet = 1400 mm
hmoist = hsoil = 3200 mm

Isur = lheet = 50 mm

Xsur_v = |base = lheet / 2 = 1375 mm
heff = hbase + dcover + hret = 3550 mm
Xsur h = et / 2 =1775 mm

Astem = hstem x tstem = 1.12 m?

Xstem = ltoe + tstem / 2 = 1175 mm
Abase = Ibase x toase = 0.49 m?

Xbase = lbase / 2 = 700 mm

Amoist = hmoist X Iheel = 0.16 m?
Xmoist_v = Ibase - (Nmoist X Ihee’® / 2) / Amoist = 1375 mm
Xmoist h = heff / 3 = 1183 mm

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

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action
Variable favourable action

ve =1.35
yef = 1.00
ya =1.50

yar = 0.00
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Partial factors for soil parameters — Table A.4 - Combination 1

Angle of shearing resistance
Effective cohesion
Weight density

Retained soil properties
Design effective shear resistance angle
Design wall friction angle

Base soil properties

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

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

Moist retained soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soll

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Line loads

Moist retained soil
Total

Yo' = 1.00
ve = 1.00
vy =1.00

¢'ra = atan(tan(¢'rk) / yo) = 18 deg
8ra = atan(tan(érk) / y¢) = 9 deg

¢'v.d = atan(tan(¢'vk) / y¢) = 18 deg
8b.d = atan(tan(dox) / v¢) = 9 deg
Sbb.d = atan(tan(devk) / y¢) = 12 deg
C'bd = C'ok / Yo' = 33 kKN/m?

Ka = sin(o. + ¢"ra)? / (sin(o)? x sin(o - 8ra) x [1 + V[sin(¢'ra + Sra) x
sin(¢'va - B) / (sin(a - 8ra) x sin(a + B))J?) = 0.483

Kp = sin(90 - ¢'v.d)? / (siN(90 + 8b.d) x [1 - V[sin(¢'b.d + Sb.a) x sin(¢'b.a) /
(SiN(90 + oa))]P?) = 2.359

Fstem = yG x Astem X ystem = 37.8 KN/m

Fbase = yG x Abase X Ybase = 16.5 KN/m

Fsur_v = ya x Surchargea x lheet = 0.4 KN/m

Frp_v =76 x Pa1 + y6 x Pa2 + y6 x Pas + ya x Pasz = 260.1 kN/m
Fmoist_v = Y6 x Amoist X ymr = 3.2 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fsur v + Fp_v = 318.1 KN/m

Fsur_h = Ka x cos(8rd) x ya x Surchargea x heff = 12.7 kN/m

Fmoist_h = v x Ka x €0s(8r.d) x ymr x hef? / 2 = 60.9 KN/m

Fpass_h = -yef x Kp x cOS(8b.d) X ymb x (dcover + hbase)? / 2 = -2.1 KN/m
Ftotal_h = Fmoist_h + Fpass_h + Fsur h = 71.4 KN/m

Mstem = Fstem x Xstem = 44.4 KNm/m

Mbase = Fbase X Xbase = 11.6 KNm/m

Msur = Fsur v X Xsur v = Fsur_h x Xsur h = =22 KNm/m

Mp =v6 x Pa1 x p1 + y6 x Pe2 x p2 + (y6 x Pss + ya x Pas) x ps = 312.1
kNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_h x Xmoist h = -67.6 KNm/m

Mrotal = Mstem + Mbase + Mmoist + Msur + Mp = 278.5 KNm/m
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Check bearing pressure
Propping force to stem

Propping force to base

Moment from propping force
Distance to reaction

Eccentricity of reaction

Loaded length of base

Bearing pressure at toe

Bearing pressure at heel

Effective overburden pressure
Design effective overburden pressure

Bearing resistance factors

Foundation shape factors

Load inclination factors

Net ultimate bearing capacity

Factor of safety

Forop_stem = Min((Frotal_v X Ibase / 2 - Mtotal) / (hprop + toase), Frotal_h) = =15.7
kN/m
Forop_base = Ftotal_h - Fprop_stem = 87.2 KN/m
Moprop = Fprop_stem x (Nprop + tbase) = -55.9 kKNm/m
X = lbase / 2 = 700 mm
€= X-lbase/2=0mm
lioad = lbase = 1400 mm
Qtoe = Frotal_v / Ibase = 227.2 KN/m?
Qheel = Fiotal_v / Ibase = 227.2 KN/m?
g = (tvase + dcover) x ymb = 5.3 KN/m?
q'=q/y, =5.3kN/m?
Nq = Exp(n x tan(¢'v.d)) x (tan(45 deg + ¢'v.a / 2))? = 5.258
Nc = (Ng - 1) x cot(¢'va) = 13.104
Ny =2 x (Ng-1) x tan(¢'va) = 2.767

Sq=1
sy =1
sc=1

H = Fsur_h + Fmoist_h + Fpass_h - Fprop_stem - Fprop_base = 0 KN/m

V = Frotal_v = 318.1 kN/m

m=2

iqg=[1-H/(V + load x C'v.d x cOt($p'b.a))]™ =1

iy =[1-H/(V + load x C'bd x COt(¢'ba))]™* " =1

ic =1iq-(1-1iq)/ (Nc x tan(¢'o.a)) =1

Ni = C'bd X Ne x Sc x ic + @' x Ng x Sq X iqg + 0.5 X ymb x lioad x Ny x Sy x iy =
489.1 KN/m?

FoSbp = nf / max(Qtoe, Gheel) = 2.153

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action
Variable favourable action

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

Angle of shearing resistance
Effective cohesion
Weight density

Retained soil properties
Design effective shear resistance angle

Design wall friction angle

Base soil properties
Design effective shear resistance angle

ve =1.00
yerf = 1.00
va=1.30
yar = 0.00
vo =1.25
ve =1.25
v, = 1.00

¢'ra = atan(tan(¢'rk) / y¢) = 14.6 deg
8ra = atan(tan(drk) / v¢) = 7.2 deg

¢'b.d = atan(tan(d'vk) / y¢) = 14.6 deg
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Design wall friction angle
Design base friction angle
Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

Moist retained soil
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soll

Total

Moments on wall
Wall stem

Wall base
Surcharge load

Line loads

Moist retained soil
Total

Check bearing pressure
Propping force to stem

Propping force to base
Moment from propping force
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Effective overburden pressure

Design effective overburden pressure

Sb.d = atan(tan(dvk) / y¢) = 7.2 deg
Sbb.d = atan(tan(8vb.x) / vo) = 9.7 deg
C'bd = C'bk / Yo = 26.4 KN/m?

Ka = sin(o. + ¢'ra)? / (sin(o)? x sin(o - 8ra) x [1 + V[sin(¢'ra + Sra) x
sin(¢'rd - B) / (sin(a - 8r.d) x sin(a + B))]]?) = 0.553

Kp = sin(90 - ¢'5.0)? / (siN(90 + 8b.a) x [1 - V[sin(¢'o.a + Sb.a) x sin(d'v.a) /
(Sin(90 + 6.0))]1?) = 1.965

Fstem = yG x Astem X ystem = 28 KN/m

Fbase = yG x Abase X ybase = 12.3 KN/m

Fsur_v = ya x Surchargea x Iheet = 0.3 KN/m

Fp_v =76 x Pa1 + y6 x Pa2 + yo x Pas + ya x Pas = 204 kN/m
Fmoist v = ¥ x Amoist X ymr = 2.4 KN/m

Ftotal v = Fstem + Fbase + Fmoist v + Fsur v + Fp_v = 247 KN/m

Fsur_h = Ka x c0s(dr.d) x ya x Surchargea x hest = 12.7 kN/m

Frmoist_h = y6 x Ka x coS(8rd) x ymr x het® / 2 = 51.8 KN/m

Fpass_h = -yaf x Kp x €OS(8b.d) X ymb X (dcover + hbase)? / 2 = 1.8 KN/m
Ftotal_h = Fmoist_h + Fpass_h + Fsur h = 62.7 KN/m

Mstem = Fstem x Xstem = 32.9 KNm/m
Mbase = Fbase X Xbase = 8.6 KNm/m
sur = Fsur v X Xsur v = Fsur h X Xsur h = =22 KNm/m
Mp =y x Pe1 x p1 + y6 x Pe2 x p2 + (ye x Pas + ya x Pas) x ps = 244.8
kNm/m
Mmoist = Fmoist v X Xmoist v - Fmoist_ h X Xmoist h = =58 KNm/m
Miotal = Mstem + Mbase + Mmoist + Msur + Mp = 206.2 kKNm/m

Fprop_stem = Min((Ftotal_v X Ibase / 2 - Mtotal) / (hprop *+ toase), Ftotal_h) = -9.4

kN/m

Fprop_base = Ftotal_h - Fprop_stem = 72.1 KN/m

Mprop = Fprop_stem x (hprop + toase) = =33.3 kNm/m
X = lbase / 2 = 700 mm

€= X-lbase/2=0mm

lioad = Ibase = 1400 mm

Qtoe = Fiotal_v / Ibase = 176.4 KN/m?

Qheel = Fiotal_v / Ibase = 176.4 KN/m?

q = (tbase + doover) x ymb = 5.3 KN/m?

g =q/vy =5.3kN/m?
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Bearing resistance factors

Foundation shape factors

Load inclination factors

Net ultimate bearing capacity

Factor of safety

Ng = Exp(n x tan(¢'b.d)) x (tan(45 deg + ¢'v.a / 2))? = 3.784
Nc¢ = (Ng - 1) x cot(¢'vd) = 10.711
N, =2 x (Ng - 1) x tan(¢'o.a) = 1.447

Sq=1
sy =1
sc=1

H = Fsur_h + Fmoist_h + Fpass_h - Fprop_stem - Fprop_base = 0 KN/m

V = Fiotalv = 247 kN/m

m=2

ig=[1-H/(V + lioad x C'b.d x cOt(¢'n.d))]™ =1

iy =[1-H/(V + lioad x C'bd x COt(¢'b.a))]™* " =1

ic =iq-(1-1iq) / (Nc x tan(¢'b.a)) =1

ni=C'bd X Ne x Sc x ic + q' x Ng x Sq X iqg + 0.5 x ymb x licad x Ny x $y x iy =
317.8 kN/m?

FoSbp = nf/ max(Qtoe, gheel) = 1.802

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

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

incorporating National Amendment No.1

Tedds calculation version 2.6.04

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

Concrete strength class

Characteristic compressive cylinder strength
Characteristic compressive cube strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete
Partial factor for concrete - Table 2.1N
Compressive strength coefficient - ¢l.3.1.6(1)

Design compressive concrete strength - exp.3.15

Maximum aggregate size

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N

Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

C30/37

fok = 30 N/mm?

fekcube = 37 N/mm?

fom = fok + 8 N/mm? = 38 N/mm?

fotm = 0.3 N/mm? x (fok / 1 N/mm?2)%3 = 2.9 N/mm?
fetk,0.05 = 0.7 x fetm = 2.0 N/mm?

Ecm = 22 KN/mm?2 x (fem / 10 N/mm?)°3 = 32837 N/mm?
v = 1.50

oee = 0.85

fod = otee x fok / yc = 17.0 N/mm?

hagg =20 mm

fyk = 500 N/mm?

Es = 200000 N/mm?
ys=1.15

fya = fyk / ys = 435 N/mm?

cst =40 mm
Csr = 50 mm
Cot = 50 mm

Cob = 75 mm
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Check stem design at 1642 mm
Depth of section h =350 mm

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

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

Maximum area of reinforcement - cl.9.2.1.1(3)

M = 11.9 kNm/m
d=h-cCst- ¢sx - psm / 2 =294 mm
K =M/ (d? x fe) = 0.005
K'=0.207
K'>K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)*5, 0.95) x d = 279 mm
x=25x(d-2z)=37mm
Astmreq = M/ (fya x Z) = 98 mm?2/m
12 dia.bars @ 200 c/c
Astmprov = Tt x ¢stv? / (4 x Ssv) = 565 mm?2/m
Asimmin = max(0.26 x fetm / fyk, 0.0013) x d = 443 mm?/m
Astmmax = 0.04 x h = 14000 mm?/m
max(Asireq, Astmmin) / Astv.prov = 0.783

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

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

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
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

po = V(fo« / 1 N/mm2) / 1000 = 0.005
p = Asimreq / d = 0.000
p' = AstM2req / d2 = 0.000
Kb =1
Ks = min(500 N/mm? / (fy x Astvreq / Astprov), 1.5) = 1.5
Ks x Ko x [11 + 1.5 x V(foc / 1 N/mm2) x po / p + 3.2 x (fex / 1 N/mm?) x
(po/ p-1)*]=1803.8
hprop / d =10.9
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2=0.6

Msis = 8 KNm/m

os = Msis / (Astmprov x 2) = 50.6 N/mm?

Long term

ki= 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2)=104417 mm?/m
fetert = fom = 2.9 N/mm?

pp.eff = Asprov / Acerf = 0.005

oe = Es / Ecm = 6.091

k1 =0.8
k2=0.5
ks =3.4

ks = 0.425
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Maximum crack spacing - exp.7.11

Maximum crack width - exp.7.8

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

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

Maximum area of reinforcement - cl.9.2.1.1(3)

Srmax = K3 x Csf + K1 x k2 x ka x ¢pstm / ppef = 513 mm
Wk = Srmax x Max(os — kt x (feteff / ppef) X (1 + 0le X ppeefr), 0.6 x &s) / Es
wk = 0.078 mm
Wi / Wmax = 0.259
PASS - Maximum crack width is less than limiting crack width

h =350 mm

M = 25.7 kNm/m
d=h-Csr-dsr/2=294 mm
K =M/ (d? x f) = 0.010
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)*5, 0.95) x d = 279 mm
x=25x(d-2z)=37mm
Asrreq = M/ (fyd x 2) = 212 mm?/m
12 dia.bars @ 200 c/c
Asrprov = T X ¢siZ [ (4 x Ssr) = 565 mm?/m
Asrmin = max(0.26 x fom / fy, 0.0013) x d = 443 mm?/m
Asrmax = 0.04 x h = 14000 mm?/m
max(Asr.req, Asrmin) / Asr.prov = 0.783

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

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

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
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

po = V(fo« / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.001
p' = Asr2req/ d2 = 0.000
Kb=1
Ks = min(500 N/mm? / (fyk x Asr.req / Asr.prov), 1.5) = 1.5
Ks x Ko x [11 + 1.5 x V(foc / 1 N/mm2) x po / p + 3.2 x (fex / 1 N/mm?) x
(po/ p-1)¥2] =557.4
hprop / d =10.9
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2=0.6

Msis = 17.5 KNm/m

os = Msis / (Asrprov x ) = 110.6 N/mm?

Long term

ki= 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2)=104417 mm?/m
fetert = fom = 2.9 N/mm?

pp.eff = Asrprov / Acerf = 0.005
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Modular ratio
Bond property coefficient
Strain distribution coefficient

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

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check stem design at prop
Depth of section

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

oe = Es/ Ecm = 6.091

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

Srmax = K3 x Csr + K1 x k2 x Ka x ¢sr / ppeff = 547 mm
Wk = Srmax X Max(os — Kt x (feteff / ppeff) X (1 + de X ppeef), 0.6 x os) / Es
wk = 0.181 mm
Wk / Wmax = 0.605
PASS - Maximum crack width is less than limiting crack width

V =46.7 kN/m
Crdc=0.18/yc =0.120
k = min(1 + (200 mm/ d), 2) = 1.825
pi = min(Astprov / d, 0.02) = 0.001
vmin = 0.035 N"2/mm x k%2 x f«%% = 0.473 N/mm?
VRd.c = max(Cra.c x k x (100 N2’mm#* x pi x fe)"3, vimin) x d
Vrdc = 138.9 KN/m
V /VRrdc = 0.336
PASS - Design shear resistance exceeds design shear force

h =350 mm

V =14.2 kN/m
Crdc =0.18/yc =0.120
k = min(1 + (200 mm / d), 2) = 1.825
pi = min(Asf1.prov / d, 0.02) = 0.001
vmin = 0.035 N"2/mm x k32 x fo05 = 0.473 N/mm?
VRrd.c = max(Cra.c x K x (100 N2/mm* x pi x fek)"3, vmin) x d
VRrd.c = 138.9 kN/m
V / Vrdc = 0.102
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1)

Maximum spacing of reinforcement — ¢l.9.6.3(2)

Transverse reinforcement provided
Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 x tstem) = 350 mm?/m
Ssx_max = 400 mm

10 dia.bars @ 200 c/c

Asxprov = T X §sx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe
Depth of section

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

h =350 mm

M =107.7 KNm/m
d=h-cob-dob/2 =269 mm
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K =M/ (d? x f) = 0.050
K'=0.207
K'> K - No compression reinforcement is required
Lever arm z=min(0.5+ 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 256 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
Maximum area of reinforcement - cl.9.2.1.1(3)

x=2.5x (d—2) =34 mm

Abbreq = M/ (fya x z) = 969 mm?/m

12 dia.bars @ 200 c/c

Abb.prov = Tt X dob? / (4 x Sbb) = 565 mm2/m

Abbmin = Max(0.26 x fetm / fy, 0.0013) x d = 405 mm?/m
Abbmax = 0.04 x h = 14000 mm?/m

max(Abb.req, Abb.min) / Abb.prov = 1.714

FAIL - Area of reinforcement provided is less than area of reinforcement required

Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
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

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Wmax = 0.3 mm

y2 = 0.6

Msis = 77.4 KNm/m

65 = Msis / (Abbprov x Z) = 535.4 N/mm?

Long term

ki= 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2)=105458 mm?/m
fetert = fom = 2.9 N/mm?

pp.eff = Abbprov / Acef = 0.005

oe = Es / Ecm = 6.091

k1=0.8
k2=0.5
ks = 3.4
ks = 0.425

Srmax = K3 x Cob + K1 % k2 x Ka x ¢ob / pp.etf = 635 mm
Wk = Srmax X Max(os — Kt x (feteft / ppeff) X (1 + e x ppef), 0.6
wk = 1.021 mm
Wi / Wmax = 3.402
FAIL - Maximum crack width exceeds limiting

V =215.4 kN/m

Crdc =0.18/yc =0.120

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

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

vmin = 0.035 N"2/mm x k%2 x f«%% = 0.487 N/mm?

VRd.c = max(Crd.c x k x (100 N2/mm* x pi x fek)'3, vimin) x d
Vrdc = 131.1 kKN/m

V / VRrdc = 1.643

X Gs) | Es

crack width

FAIL - Design shear resistance is less than design shear force
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Rectangular section in shear - Section 6.2
Design shear force V =7.2 kN/m
Crdc =0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 1.862

Longitudinal reinforcement ratio pi = min(Astprov / d, 0.02) = 0.002

vmin = 0.035 N"2/mm x k%2 x fa%5 = 0.487 N/mm?

Design shear resistance - exp.6.2a & 6.2b Vrde = max(Crd.c x k x (100 N2/mm?* x pi x fek)"3, vmin) x d

VRd.c = 131.1 KN/m
V / Vrdc = 0.055

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2) Abxreq = 0.2 x Abbprov = 113 mm?/m
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)  Sbx_max = 450 mm

Transverse reinforcement provided 10 dia.bars @ 200 c/c

Area of transverse reinforcement provided Abxprov = T X Pox> / (4 x Sbx) = 393 mm?/m

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

10 dia.bars @ 200 c/c
horizontal reinforcement‘wﬂ }« +‘ }«50
parallel to face of stem

)

10 dia.bars @ 200 c/c 12 dia.bars @ 200 c/c

12 dia.bars @ 200 c/c 12 dia.bars @ 200 c/c

10 dia.bars @ 200 c/c 12 dia.bars @ 200 c/c
£2 dia.bars @ 200 c/c 50

150 p

I . w f
) T
75

12 dia.bars @ 200 c/c

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




