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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

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Heel length

Base thickness

Base density

Height of retained soll
Angle of soil surface
Depth of cover

Retained soil properties
Soil type

Moist density

Saturated density

Base soil properties

Soil type

Soil density

Presumed bearing capacity

Loading details
Variable surcharge load

Tedds calculation version 2.9.08

Cantilever

hstem = 3250 mm
tstem = 250 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 1500 mm
Iheet = 500 mm
thase = 250 mm
Ybase = 25 KN/m?®
hret = 3000 mm
B =0deg

doover = 250 mm

Very dense gravel
Ymr = 18 kN/m3
Ysr = 21 kN/fﬂ3

Very loose gravel
Yo = 16 KN/m3
Pbearing =75 kN/m?

Surchargea = 10 kN/m?
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General arrangement

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
Area of base soil

- Distance to vertical component

- Distance to horizontal component
Area of excavated base soll

- Distance to vertical component

- Distance to horizontal component

Retained soil properties
Design moist density

Ibase = loe + tstem + lheet = 2250 mm
hmoist = hsoil = 3250 mm

sur = Iheet = 500 mm

Xsur_v = Ibase - lheet / 2 = 2000 mm
heff = Nbase + deover + hret = 3500 mm
Xsur h = heff / 2 = 1750 mm

Astem = Nstem X tstem = 0.813 m?
Xstem = loe + tstem / 2 = 1625 mm
Abase = lbase x thase = 0.563 m?
Xbase = lbase / 2 = 1125 mm

Anmoist = Nmoist X lheel = 1.625 m?

Xmoist_v = lbase = (Nmoist % Iheel® / 2) | Amgist = 2000 mm

Xmoist_h = hetf / 3 = 1167 mm
Apass = dcover X lioe = 0.375 m?

Xpass_v = Ibase - (dcover X loex (|base - ltoe / 2)) / Apass =750 mm

Xpass_h = (dcover + hbase) /3 =167 mm
Aexc = hpass X |toe =0.375 m2

Xexc_v = lbase - (hpass X loex (|base - loe / 2)) [ Aexc = 750 mm

Xexc_h = (hpass + hbase) /3 =167 mm

'Ymr' = 'Ymr/'Yy =18 I(N/rT]3
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Design saturated density

Base soil properties
Design soil density

Soil coefficients

Coefficient of friction to back of wall
Coefficient of friction to front of wall
Coefficient of friction beneath base
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Moist retained soil
Base 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

Ys' = ver | 1y = 21 KN/m3

Yo' = o / vy = 16 KN/m?®

Kw = 0.325
Kwn = 0.325
Kb = 0.325
Ka=0.333
Kp = 4.977

Fstem = Astem X Ystem = 20.3 KN/m

Foase = Abase X Ybase = 14.1 KN/m

Fsurv = Surchargeaq x lheet = 5 KN/m

Fmoist_v = Amoist X ymr = 29.3 KN/m

Fpass v = Apass x yb = 6 KN/m

Fiotal v = Fstem + Fbase + Fsur v + Fmoist v + Fpass v = 74.6 KN/m

Fsur_h = Ka x Surchargeq x hest = 11.7 kN/m

Frmoist h = Ka x ymr x he? / 2 = 36.8 KN/m

Fpass h = -Kp x yb % (dcover + hbase)? / 2 = =10 kN/m

Fiotal_n = Fsur h + Froist_h + Fpass_h = Fotal v X Kiob = 14.2 KN/m

Mstem = Fstem % Xstem = 33 KNm/m
Mbase = Foase X Xbase = 15.8 KNm/m

sur = Fsurv X Xsur_v = Fsur_h X Xsur_h = =10.4 kKNm/m
Mumoist = Fmoist v X Xmoist v = Fmoist_h X Xmoist h = 15.6 KNm/m
Mpass = Fpass_v X Xpass v = Fpass_h X Xpass_h = 6.2 KNm/m
Miotal = Mstem + Mbase + Msur + Mmoist + Mpass = 60.2 KNm/m

X = Muotal / Fiotal v = 807 mm
€= X-lbase/2=-318 mm
liad = lbase = 2250 mm
Qtoe = Fiotal_v / lbase X (1 -6 x € / Ipase) = 61.3 KN/m?
Qheel = Frotal v / lbase x (1 + 6 x € / Ibase) = 5 KN/m?
FOSbp = Pbearing / Max(Qroe, qheel) = 1.223

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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

Partial factor set

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action

A1
ye=1.35
ver = 1.00

Ya = 1.50
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Variable favourable action yar = 0.00

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

Soil parameter set M1

Angle of shearing resistance ve = 1.00
Effective cohesion ve = 1.00
Weight density vy =1.00

Library item Partial factors output

Retained soil properties

Design moist density Ymr' = Ymr /1y = 18 KN/m3

Design saturated density Ys' = Ysr /1y = 21 KN/m3

Base soil properties

Design soil density o' =vb /v, = 16 kKN/m?3

Soil coefficients

Coefficient of friction to back of wall Ki = 0.325

Coefficient of friction to front of wall K = 0.325

Coefficient of friction beneath base Ko = 0.325

Active pressure coefficient Ka =10.333

Passive pressure coefficient Ke = 4.977

Sliding check

Vertical forces on wall

Wall stem Fstem = yof X Astem X Ystem = 20.3 KN/m

Wall base Foase = yof X Abase X Ybase = 14.1 KN/m

Moist retained soil Fmoist v = Yof X Amoist X ymr' = 29.3 KN/m

Base soil Fexcv = yof X Aexc X 15" = 6 KN/m

Total Frotal_v = Fstem + Fbase + Frmoist v + Fexc.v = 69.6 kKN/m
Horizontal forces on wall

Surcharge load Fsur_h = Ka x ya x Surchargeaq x het = 17.5 kN/m
Moist retained soil Frmoisth = Y& X Ka X ymr' x et / 2 = 49.6 kN/m
Total Frotal_h = Fsur_n + Fmoist h = 67.1 KN/m

Check stability against sliding

Base soil resistance Fexch = vat x Kp X 16’ X (Npass + hpase)® / 2 = 10 kKN/m
Base friction Friction = Frotal_v X Ktbp = 22.6 KN/m

Resistance to sliding Frest = Fexc_h + Frricton = 32.6 KN/m

Factor of safety FoSsi = Frest / Fiota.n = 0.485

FAIL - Sliding force is greater than resistance to sliding
Overturning check

Vertical forces on wall

Wall stem Fetom = Y61 X Astem X Ystom = 20.3 kN/m
Wall base Foase = Y61 X Abase X Ybase = 14.1 KN/m
Moist retained soil Fmoist_v = Yof X Amoist X ymr' = 29.3 KN/m
Base soil Fexc_v = yof X Aexc X 16" = 6 KN/m

Total Ftotalfv = Fstem + Fpase + Fmoistﬁv + Fexcﬁv = 69.6 kN/m
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Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Moist retained soil

Base soil

Total

Check stability against overturning

Factor of safety

Design approach 1

Fsur_h = Ka x ya x Surchargeq x heft = 17.5 KN/m
Frmoist h = Y6 x Ka X ymr' x he? / 2 = 49.6 KN/m

Fexc_h = -yar x Kp x b' x (Npass * hbase)? / 2 = =10 KN/m
Fiotal_n = Fsur h + Frnoist h + Fexc_.n = 57.2 KN/m

Msur_oT = Fsur_h X Xsur_h = 30.6 KNm/m
MmoistﬁOT = Fmoistﬁh X Xmoist_h = 57.9 kKNm/m
MtotaLOT = MsurﬁOT + MmoisLOT = 88.5 kNm/m

Mstem_R = Fstem X Xstem = 33 KNmM/m

Mpase R = Fbase X Xbase = 15.8 KNm/m

Mumoist R = Fmoist v X Xmoist v = 58.5 KNm/m

Mexc R = Fexc v X Xexc_v = Fexc_h X Xexc_h = 6.2 KNm/m

Miotal R = Mstem_R + Mbase_R + Mmoist R + Mexc R = 113.5 KNm/m

FoSot = Miotal R / Miotal_ot = 1.282

PASS - Maximum restoring moment is greater than overturning moment

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

ve =1.00
ver = 1.00
ya=1.30
yar = 0.00

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

Soil parameter set
Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties
Design moist density

Design saturated density

Base soil properties
Design soil density

Soil coefficients

Coefficient of friction to back of wall

Coefficient of friction to front of wall

Coefficient of friction beneath base

Active pressure coefficient
Passive pressure coefficient

M2

1o = 1.25
ye = 1.25
1, =1.00

Library item Partial factors output

'Ymr' = Ymr/’Yy =18 kN/m?®
Ys' = yer | 1y = 21 KN/m3

Yo' =0/ vy = 16 KN/m?®

Ki = 0.325
K = 0.325
Kb = 0.325
Ka =0.333
Kp = 4.977
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Sliding check
Vertical forces on wall
Wall stem Fstem = yof X Astem X Ystem = 20.3 KN/m
Wall base Fbase = yof X Abase X Ybase = 14.1 KN/m
Moist retained soil Fmoist v = Yof X Amoist X ymr' = 29.3 KN/m
Base soil Fexcv = yof X Aexc X 15" = 6 KN/m
Total Fiotalv = Fstem + Foase + Fmoist v + Fexc v = 69.6 KN/m
Horizontal forces on wall
Surcharge load Fsur_h = Ka x ya x Surchargea x het = 15.2 kN/m
Moist retained soil Frmoisth = y& x Ka x ymr' x het? / 2 = 36.8 KN/m
Total Frotal_h = Fsur_h + Fmoist h = 51.9 kKN/m
Check stability against sliding
Base soil resistance Fexc h = Yot x Kp x 10" x (Npass + Nbase)? / 2 = 10 KN/m
Base friction Fiction = Fiotal_v x Kib = 22.6 KN/m
Resistance to sliding Frest = Fexc_h + Firicton = 32.6 KN/m
Factor of safety FoSsi = Frest / Fiota_n = 0.628

FAIL - Sliding force is greater than resistance to sliding
Overturning check

Vertical forces on wall

Wall stem Fstem = vor X Astem X Ystem = 20.3 KN/m

Wall base Foase = Y61 X Abase X Ybase = 14.1 KN/m

Moist retained soil Fmoist_v = Yof X Amoist X ymr' = 29.3 KN/m

Base soil Fexc_v = yof X Aexc X 16" = 6 KN/m

Total Frotal_v = Fstem + Fbase + Frmoist v + Fexc.v = 69.6 kN/m
Horizontal forces on wall

Surcharge load Fsur_h = Ka X ya x Surchargea x hett = 15.2 KN/m
Moist retained soil Frmoisth = Y& X Ka X ymr' x hei? / 2 = 36.8 kKN/m

Base soil Fexc_h = -yat x Kp x yb' x (Npass + Nbase)? / 2 = =10 KN/m
Total Fiotal_h = Fsur h + Fmoist h + Fexc h = 42 KN/m
Overturning moments on wall

Surcharge load Msur o1 = Fsur_h X Xsur h = 26.5 KNm/m

Moist retained soil Mmoist_ 0T = Fmoist_h X Xmoist_ h = 42.9 KNm/m

Total Miotal_oT = Msur_oT + Mmoist_ot = 69.4 KNm/m
Restoring moments on wall

Wall stem Mstem_r = Fstem X Xstem = 33 KNm/m

Wall base Mbase_R = Fbase X Xbase = 15.8 KNm/m

Moist retained soil Mmoist R = Fmoist_v X Xmoist v = 58.5 KNm/m

Base soil Mexc_ R = Fexc_v X Xexc_v = Fexc_h X Xexc_h = 6.2 KNM/m
Total Miotai R = Mstem R + Mbase R + Mmoist R + Mexc R = 113.5 KNm/m

Check stability against overturning
Factor of safety FoSot = Miotal R / Miotal_oT = 1.635
PASS - Maximum restoring moment is greater than overturning moment
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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

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

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient ki

Bending coefficient k2

Bending coefficient ks

Bending coefficient ks

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

C32/40

foc = 32 N/mm?2

fok.cuve = 40 N/mm?

fem = foc + 8 N/mm? = 40 N/mm?

Tedds calculation version 2.9.08

fom = 0.3 N/mm? x (foc / 1 N/mm?)?® = 3.0 N/mm?

fctk,0.05 =0.7 x fem = 2.1 N/mm?

Eem = 22 KN/mm? x (fom / 10 N/mm?)°3 = 33346 N/mm?

vc =1.50

Occ = 0.85

fea = aee x fok / yc = 18.1 N/mm?

hagg = 20 mm

goui2 = 0.0035

gquz = 0.0035

A =0.80

n =1.00

K1 =10.40

K2 =1.00 x (0.6 + 0.0014/ecu2) = 1.00
Ks =0.40

Ks=1.00 x (0.6 + 0.0014/ecu2) =1.00

fy = 500 N/mm?

Es = 200000 N/mm?

s =1.15

fya = fy / ys = 435 N/mm?

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

Cob = 75 mm
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Shear force - Combination No.1 - kN/m Bending moment - Combination No.1 - kNm/m
Loading details - Combination No.1 - kN/m?
B
5
@
5 67.7
3 3 8 116
N -59 72.7
2 Heel o5
8 gy ©
< o8 61.1
Shear force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m
Loading details - Combination No.2 - kN/m?
B33
5
2]
L - 52.3
p d 1
5 -45.8 57.2
Y Heel
g RS 477
Check stem design at base of stem
Depth of section h =250 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

M =72.7 KNm/m
d=h-Csr'¢sr/2=192mm
K =M/ (d? x fx) = 0.062

K'= (2 xn x declyc)x(1 -4 x (8 - Kq)/(2 x K2))x(A x (6 - K1)/(2 x Kz2))

K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (N x ot / yc))*%, 0.95) x d = 181 mm

X =25 x (d —2z) = 28 mm
Asrreq = M/ (fya x z) = 925 mm?2/m




Job no.

Start page no./Revision

9

V. Tekla Project
Tedds
Calcs for
Calcs by
M

Calcs date

Checked by Checked date Approved by Approved date

23/06/2024

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)

16 dia.bars @ 200 c/c

Asrprov = T % §s? | (4 x Sgr) = 1005 mm?/m

Asr.min = max(0.26 x fem / fy, 0.0013) x d = 302 mm?/m
Asrmax = 0.04 x h =10000 mm?/m

max(Asrreq, Asr.min) / Asrprov = 0.92

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

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

Library item: Rectangular single output

po = V(fo / 1 N/mm2) / 1000 = 0.006
p = Asrreq / d = 0.005
p' = Asr2req / d2 = 0.000
Kb = 0.4
Ks = min(500 N/mm? / (fy x Asr.req / Asrprov), 1.5) = 1.087
min(Ks x Ko x [11 + 1.5 x V(o / 1 N/mm2) x po / p + 3.2 x \(fex / 1
N/mm?) x (po / p - 1)¥?], 40 x Kp) = 9.7
hstem / d = 16.9
FAIL - Span to depth ratio exceeds deflection control limit

Wmax = 0.3 mm

y2=0.6

Msis = 44.9 KNm/m

Gs = Mais / (Asrprov X Z) = 246.8 N/mm?
Long term

ki = 0.4

Aceff = min(2.5x (h-d), (h-x)/3,h/2)
Acerf = 74093 mm?/m

feteft = fom = 3.0 N/mm?

Pp.eff = Asrprov | Acer = 0.014

oe = Es / Ecm = 5.998

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

Sr.max = K3 X Csr + K1 X K2 x Ka X Qsr / ppet = 370 mm
Wk = Sr.max X MaxX(os — ki x (feteff / ppeef) X (1 + e X ppefr), 0.6 x os) / Es
wk = 0.279 mm
Wk / Wmax = 0.929
PASS - Maximum crack width is less than limiting crack width

V =59 kN/m

Crdc =0.18/yc =0.120

k = min(1 + ¥(200 mm / d), 2) = 2.000

pi = min(Asrprov / d, 0.02) = 0.005

Vmin = 0.035 N"2/mm x k3?2 x f42® = 0.560 N/mm?

VRd.c = Max(Crac x K x (100 N2’mm#* x pi x f)"3, Vimin) x d
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VRd.c = 117.9 KN/m
V / Vrac = 0.501
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 — cl.9.6.3(2)
Transverse reinforcement provided

Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 251 mm2/m
Ssx_max = 400 mm

10 dia.bars @ 200 c/c

Asxprov = T X Ps® / (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

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)

h =250 mm

M = 61.1 kNm/m
d=h-cob- oo/ 2=169 mm
K=M/(d? x foa) = 0.067
K'=(2 x n x aeclyc)x(1 - A x (8 - K1)/(2 x K2))x(A x (8 - Kq)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (n x acc/ yc))*5, 0.95) x d = 158 mm
x=25x(d-2z)=27 mm
Avbreq = M/ (fya x z) = 888 mm?m
12 dia.bars @ 200 c/c
Avbprov = T X dop? / (4 x Spp) = 565 mm?/m
Apb.min = Max(0.26 x fom / fy,, 0.0013) x d = 266 mm?/m
Abbmax = 0.04 x h =10000 mm?/m
max(Abb.req, Abb.min) / Abb.prov = 1.571

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

Library item: Rectangular single output

Wmax = 0.3 mm

y2=0.6

Msis = 43.4 kKNm/m

Gs = Msis / (Abb.prov x Z) = 484.4 N/mm?
Long term

ki = 0.4

Acort = Min(2.5 x (h - d), (h-x)/3, h/2)
Acert = 74460 mm?2/m

feteft = fom = 3.0 N/mm?

Pp.eff = Abb.prov / Acerf = 0.008

oe = Es/ Ecm = 5.998

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

Srmax = K3 X Cob + K1 x K2 x Ka x ¢bb / Pp.eff = 524 mm

Wk = Sr.max X max(cs — ki x (fct.eff/ pp.eff) X (1 + Ole X pp.eff), 0.6 x Gs) / Es
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wk = 0.832 mm
Wk / Wmax = 2.774
FAIL - Maximum crack width exceeds limiting crack width
Rectangular section in shear - Section 6.2

Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check base design at heel
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 - ¢l.9.2.1.1(3)

Crack control - Section 7.3
Limiting crack width

V = 67.7 kN/m
Crdc=0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 2.000
pi = min(Abbprov / d, 0.02) = 0.003
Vmin = 0.035 N"2/mm x k32 x f4%% = 0.560 N/mm?
VRa.c = Max(Crac x k x (100 N2/mm* x pi x )3, vimin) x d
Vrac = 94.6 KN/m
V/Vrdac =0.715
PASS - Design shear resistance exceeds design shear force

h =250 mm

M = 11.6 kNm/m
d=h-cot-dpt/2=194 mm
K=M/(d? x foa) = 0.010
K'=(2 x n x aeelye)x(1 - A x (8 - K1)/(2 x K2))x(A x (8 - K1)/(2 x Kz))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (N x aee / yc))*5, 0.95) x d = 184 mm
x=25x(d-2z)=24 mm
Abtreq = M/ (fya x 2) = 145 mm?/m
12 dia.bars @ 200 c/c
Abtprov = T % Goi2 / (4 x Spt) = 565 mm2/m
Avtmin = Max(0.26 x feum / fyk, 0.0013) x d = 305 mm?m
Abtmax = 0.04 x h =10000 mm?/m
max(Abt.req, Abtmin) / Abtprov = 0.539

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

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

Library item: Rectangular single output

Wmax = 0.3 mm

y2=0.6

Msis = 7.7 KNm/m

Gs = Msis / (Abtprov x Z) = 73.8 N/mm?
Long term

ki = 0.4

Acef = min(2.5x (h-d), (h-x)/3,h/2)
Acerf = 75250 mm?/m

feteft = fom = 3.0 N/mm?

Pp.eff = Abtprov / Acerr = 0.008

e = Es / Ecm = 5.998

ki=0.8
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Strain distribution coefficient k2= 0.5

ks = 3.4
ks = 0.425

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

Srmax = K3 x Cot + K1 x k2 x kg x ot / ppest = 441 mm
Wk = Srmax X Max(os — ke x (foteft / ppefr) X (1 + ole X ppeefr), 0.6 x os) / Es
wk = 0.098 mm
Wk / Wmax = 0.326
PASS - Maximum crack width is less than limiting crack width

V = 44.8 kN/m
Crdc=0.18/yc = 0.120
k = min(1 + V(200 mm / d), 2) = 2.000
p1 = min(Aotprov / d, 0.02) = 0.003
Vmin = 0.035 N"2/mm x k%2 x % = 0.560 N/mm?
VRd.c = Max(Crac x kK x (100 N2/’mm* x pi x )3, vimin) x d
VRrd.c = 108.6 kKN/m
V/Vrac = 0.412
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)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreq = 0.2 x Avbprov = 113 mm?/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = T X by / (4 % Sbx) = 393 mm?/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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40->{ 4 je-50
10 dia.bars @ 200 c/c
horizontal reinforcement M
parallel to face of stem
10 dia.bars @ 200 c/c 16 dia.bars @ 200 c/c
12 dia.bars @ 200 c/c 50
4 K
C . ] %
g T
75

12 dia.bars @ 200 c/c

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

Reinforcement details




