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Vale Consultancy

DESIGN STATEMENT

The design has been completed in accordance with British Standards B56399, B55628 (Masonry),
BS5268 (Timber) & BS 5950 (Steel).

Information for this has been collated from survey/site visit and information provided by the ciient,
The design is for a reinforcad ravity retaining wall (max 2 8m high}

The steel fabricator and contractor must check all site dimensions for the steel beams and posts prior
to fabrication.

Ground bearing pressure assumed to be 100kPa, to be confirmed on site.

Contractor to check suitability of existing masonry for padstone and steel bearing.

———txisting & proposed tlotkWorK assumed to have minimum 7.3N/mm2 compressive strength.
Refer to gur sketches 15863 SKO1 for refarences.

All dimensions, weights, member lengths, member tables, and any other relevant design information
contained within this package is for analysis, and design purpases only, for submission to buitding
control, and must not be used for pricing or fabrication purposes. All queries are to be directed to the
engineer prior to tendering, pricing or fabrication.

CDM Comments:

- All temporary propping/support is to correspond to contractor’s specification and details.
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RETAINING WALL ANALYSIS

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

Retained soll praperties
Sail type

Moist density

Saturated density

Base soil properties

Sail type
Soil density

Loading details
Variable surcharge load
Vertical line load at 900 mm

Vertical line load at 1150 mm

Tedds caleulation varsion 2,916
Retalning wall details
Stem type Cantilever
Stem height hater = 3300 mm
Stem thickness tstom = 400 mm
Angle to rear face of stem o =90 deg
Stem density ystom = 28 kN/m?
Toe length hoe = 1100 mm
Heel length lheet = 350 mm
Base thickness thase = 300 mm
Base density Yhase = 25 kN/m?3
Height of retained soil hret = 2800 mm
Angle of soil surface f=0dag
Depth of cover deover = 500 mm
Dapth of excavation doxc = 500 mm

Medium dense well graded sand
yme = 19,5 kN/m3
yor = 21.5 kN/m?

Medium dense well graded sand
1 = 18 kN/m3

Surchargea = 1.5 kN/m?
Pg1 = 6.9 kN/m
Pa1 = .2 kN/m
Pez = 1.2 kN/m
Pa2 = 1.2 kN/m
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Calculate retalning wall geometry
Base langth

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 soit

- Distance to vertical component

- Distance to horizontal component

Design approach 1

n,

1
-

General arvangement - skatch pressimes relate to bearing check

Ibase = fton + tstem + Inees = 1850 mm
hmeist = hsot = 3300 mm

lsur = Ineet = 350 mm

Xaur_v = lbase ~ [heel / 2 = 1675 mm
Reft = hbase + doover + hrot = 3600 mm
Xaur_h = hetr / 2 = 1800 mm

Astsen = hatem x tstem = 1.32 m?
Hstem = Jioe + tatem / 2 = 1300 mm
Absse = [bese x tosss = 0.555 m2
¥base = lbese / 2 = B25 mm

Amoist = hmoizt x Inest = 1.155 m2

Xmoist_y = lbasa = (Nmoiat X heei? / 2} / Amaist = 1675 mm

Xmoist_h = hett / 3 = 1200 mm
Appss = Ceover x e = 0.55 m?

Xpass_v = lbase - {doover x hoex (lbsee = lige 12))1 Apass = 550 mm

Xpass_h = (dcover + hiase) / 3 = 267 mm

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

Partial factor set
Pemanent unfavourable action

A1l
v = 1.350
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Permanent favourable action yer = 1.000
Variable unfavourable action ya = 1.500
Variable favourable action yar = 0.000

Partlal factors for soil parameters — Table A4 - Combination 1

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

Retained soil properties
Desigh moist density
Design saturated density

Base soll propertles
Design soil density

M1

y = 1.00
ye = 1.00
*»=1.00

'{mr' = Ymr ! Y= 19.5 kN/m?
¥ = yor = 21.5 kN/m?

¥6'= o /vy = 18 kN/m?

Scil coefficients
| Coeifcent ol Wchon fo back of wall Kr = 0,325
Coefficient of friction to front of wal| Kn = 0.325
_GCosfficlent of friction-beneati base K= U325 T
Active pressure coefficient Ka = 0.371
Passive pressure coefficient Kr = 3.473

Overtuming chack

Vertical forces on wall
Walt stem

Wall base

Line loads

Moist retained soit
Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Overturning moments on wall
Surcharge load

Moist retained sail

Total

Restoring moments on wall
Wall stem

Wall base

Line loads

Moist retained soil
Total

Futem = yat x Astem x yatem = 33 kN/m

Foase = y6r x Apase X Ybase = 13.9 kN/m

Fpv = yor x Pa1 + yai x Pas + yet x Pez + yor x Paz = 8.1 kN/m
Froist_v = yar x Amoist x ymr' = 22,5 kN/m

Fiotaly = Fstem + Fbasa + Fp_y + Fmoist v = 77.4 kN/m

Faur_h = Ka x ya x Surchargea x her = 3 kN/m
Frmoist b = y6 x Ka x ymr' % he? / 2 = 63.3 kN/m
Fexc h = <yot x Kp x 1’ x (hpass + hbese)? / 2 = -2.8 kN/m
Fuotat h = Faur_h + Fotet b + Fexc_h = 63.5 kN/m

er_.OT = Flur_h X Yaur_h = 5.4 kNm/m
Mmotzt_ 0T = Fmoiet_h % Xmaisti_h = 75.9 kNm/m
Miuotal_oT = Meuw_ot + Mmoisi_ot = 81.3 kKNm/m

Matem R = Fetom x Xstem = 42.9 kNm/m

Mozse R = Fbase % Xbase = 12.8 kNm/m

Mr_r = (abs(yer x Pa1 + yar x Pas)) x p1 + (abs{yer x Paz + yar x Paz)) x p2
= 7.5 kNm/m

Mmoist R = Frmofst_v X Xmoiet v = 37.7 kKNm/m

Miotal R = Matem R + Mbasa R + Mp_R + Mmoat R = 101 kNm/m
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Check stability against overtuming

Factor of safety

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

Moist retained soif
Base soil

Total

Horizontal forces on wall
Surcharge load
Moist retained soil

FoSa = Mistal R f Miota ot = 1.242

PASS - Maximum restoring moment Is greater than overturning moment

Fatsm = 76 % Astom x ystem = 44,6 kN/m

Fase = y6 x Abase x oaze = 18,7 kN/m

Fsur_v = ya x Surchargea x hes = 0.8 kN/m

Frv =y x Pe1 + yo x Pa1 + yo x Pez + ya x Paz = 21.9 kN/m
Frcist v = 6 % Amotst % yme' = 30.4 KN/m

Frass_v = ¥6 x Apaes x 7' = 13.4 KN/m

Frowi_v = Fstem + Feass + Faur_v + Fp_y + Fmoist_v + Fpess_v = 129.7 kN/m

Fsur_h = Ka x ya x Surchargea x her = 3 kN/m
Frncist_h = y6 x Ka x v’ x heti? [ 2 = 63.3 kN/m

Base soil
Total

Moments on wall
Wall stem

Wall base
Surcharge load
Line loads

Moist retained soil
Base soil
Total

Check bearing pressure
Propping force

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

Design approach 1

PASS - Allowable bearing pressure exceeds maximum applled bearing pressure

Frass b = =yet x Kp x yb' x {doover + hbssa)? / 2 = -20 kN/m
Fiota_hv = Faur_h + Fmotet_h + Fpess » = 46,3 kN/m

Mstern = Fuom x Xatem = 57.9 kNm/m

Mbasa = Fbase x Xoass = 47.3 KNm/m

Meur = er_v % Yaur v - Faur b X Xeur_h = 4.1 kNm/m

Mr = (yo x Pe1 + yo x Pat) x p1 + (ys x Pez + ya x Paz) x p2 = 20.6
kNm/m

Mmotst = Fmotst_v % Xmoist_v - Fmoist_h X Xmois_n = =25 KNm/m

Mpzss = Fpass_v x Xpses_v = 7.4 kNm/m

Miotal = Msten + Mosse + Msur + Mp + Minoist + Mpass = 74,1 kNm/m

Feorop_bese = Fros h = 46.3 kN/m
X = Mot / Fio v = 571 mm
e= X-lbase/2=-354 mm
hoad =2 x X = 1142 mm
Quoe = Fuotalv / lioat = 113.6 kKN/m?
Qheet = 0 kKN/m?
FoStn = Pooaring / max{quos, gheel) = 1.1

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

Partial factor set

Permanent unfavourable action
Permanent favourable action
Variable unfavourable action

Variable favourable action

A2

ye = 1.000
yat = 1.000
ya=1.300
yor = 0,000
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Partial factors for soll parameters -~ Table A.4 - Combination 2

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

Retained soll 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

M2

w=1.25
ve=1.25
¥y =1.00

Yo' = yme / 1 = 19.5 kN/m3
yar' = yer [ 1y = 24,5 KNfm?

' =76/ = 18 kN/m?3

Ki = 0.325
Kr = 0,325
Knb = 0.325
Ka=0.371

Passive pressure coefficient
Overturning check

Vertical forces on wali
Wall stem

Wall base

Line loads

Moaist retained soil
Total

Horizontal forces on wall
Surcharge load

Moaist retained soil

Base soil

Totat

Overtuming moments on wall
Surcharge load

Moist retained soil

Total

Restoring moments on wall
Wall stem

Wall base

Line loads

Moist retained soil
Total

Check stabllity agalnst overtuming
Factor of safety

Ke = 3.473

Futem = y&r % Astem % yuem = 33 kN/m
Foase = yor x Asase x yoase = 13.9 kN/m

Fe_v = yor x Pat + yar x Pat + yot x Paz + yar x Paz = 8.1 kN/m

Furost v = yot x Amoist X ymr' = 22,5 kN/m
Feotal v = Fatom + Frose + Fp_y + Fmoist v = 77.4 kN/m

Furh = Ka x ya x Surchargea x hett = 2.6 kN/m
Froost n = y6 x Ka x ym' x her? / 2 = 46,9 kN/m

Faxc_n = -y6r x Kp x o' x (hpass + hbasa)? / 2 = -2.8 kN/m
Frotal b = Faur_n + Froist_h + Faxe n = 48,7 kN/m

Msur_oT = Feur_n x Xeurn = 4.7 KNm/m
Mmaist_oT = Frnoist_b X Xmoist_h = 56.3 kNm/m
Mugtai_oT = Maur_oT + Mmowst_oT = 60.9 kNm/m

Matem_R = Fatam x Xatem = 42.9 kNm/m
Mbase R = Foase x Xbase = 12.8 kKNm/m

Mr_r = (abs(yet x Pe1 + yar x Pa1)) x p1 + (abs(yer x Pez + yor x Paz)) x p2

= 7.5 kNm/m
Mrnoh‘l_R = Fmobt_v X Yokt v = 37.7 KNm/m
Mital B = Metom R + Mbess R + Mp_r + Mmatzt R = 101 kNm/m

FoSu = Muota_r / Miow_or = 1,857

PASS - Maximum restoring moment is greater than overturning moment
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Bearing pressure check
Vertical forces on wall
Wall stem Feism = v6 % Astem * Yotem = 33 kN/m
Wall base Fbase = 6 x Avass x yoase = 13.9 kN/m
Surchargs load Few v = ya % Surchargeq x |heat = 0.7 kN/m
Line loads Fev=ye x Pa1 + ya x Pa1 + yo * Paz + yo x Paz = 17.6 kN/m
Moist retained soil Fmotst v = ya 3 Amoist x yne' = 22,5 kN/m
Base soil Foass_v = ¥6 x Agass x 1o’ = 9.9 kN/m
Total Fiotalv = Fetam + Foase + Four v + FP_v + Fmost_v + Fpass v = 97.6 kN/m
Horizontal forces on wall
Surcharge load Fawn = Ka x ya x Surchargea x her = 2.6 KN/m
Moist retained soil Frmoht b = y6 x Ka x yme’ % her? / 2 = 46.9 kN/m
Base soil Fress_h = -ya1 x Kp % 10" x (doover + hbasa)? / 2 = -20 kiN/m
Total Fiotsl_h = Feur_n + Fooist_h + Frass_n = 29.6 kiN/m
Moments on wall
Wall stem Metom = Frzon  Xatam = 42,9 kNm/m
Wall base Misse = Frase x Xinse = 42,8 kblmim- T
1 Surcharge load Msur = Faur v % Xaur v = Faurt x Xaue b = 3.5 kKNm/m
Line loads Me = (ye x Pa1 + ya x Pa1) x p1 + (yo x Pa2 + va x Paz) x p2 = 16.5
kNm/m
Moist retained soit Mrmoist = Fmoist v x Xmois_v - Fmoist_h X Xmoist_h = ~18.5 kNm/m
Base soif Mpaas = Fposs_v x Xpsss v = 5.4 kNm/m
Total Miotat = Matom + Mbaso + Maur + Mp + Mmoist + Mgass = 55.6 kNm/m
Check bearing pressure
Propping force Frrop_bate = Fiotah = 29,5 kKN/m
Distance to reaction X = Miotol / Frotal_v = 570 mm
Eccentricity of reaction 8= X-lbase/2=-355mm
Loaded length of base et =2 x % =1140 mm
Bearing pressure at toe Qtos = Fictss v / load = 85.6 kN/m?
Bearing pressure at heel Qheet = 0 kN/m?
Factor of safety FoSbn = Poearng / Max{qoe, Ghes) = 1.461

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 and EN1996-1-1:2005 incorporating Corrigenda dated February 2006 and
July 2009 and the UK National Annex

Tadds calculation version 2.9.16
Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class C32/40

Characteristic compressive cylinder strength foe = 32 N'mm?

Characterisfic compressive cube strength fokcube = 40 N/mm?2

Mean value of compressive cylinder strength fom = fox + 8 N/mm2 = 40 N/mm2

Mean value of axial tensile strength fam = 0.3 N/mm2 x (o / 1 Nimm?)22 = 3.0 N/mm2

5% fractile of axial tensile strength fek005 = 0.7 x fum = 2,1 N/mm?
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Secant redulus of elasticity of concrete

Partial factor for concrete - Table 2.1N e =1.50

Compressive strength coefficient - cl.3.1.6(1) oce = 0,85

Design compressive concrete strength - exp.3.15  foa = ace x fek / yc = 18.1 Nimim?2
Maximum aggregate size hagg = 20 mm

Ultimate strain - Table 3.1 gz = 0.0035

Shortening strain - Table 3.1 za3 = 0.0035

Effective compression zone height factor =080

Effective strength factor n=1.00

Bending coefficient ki K1 =040

Bending coefficient k2 Kz = 1.00 = (0.6 + 0.0014/¢x2) =

Bending coefficient ka
Bending coefficient k+

Ks =0.40

Reinforcement details

Characteristic yield strength of reinforcemsnt f = 500 N/mm?

Eom = 22 kKN/mm? x (fom / 10 Nimm2)3 = 33346 N/mm2

1.00

K4 =1.00 x (0.6 + 0.0014/2u2) =1.00

I —mﬁmﬂrﬂhﬁmm—mmmm?

Partial factor for reinforcing steel - Table 2.1N ys=1.145
Diasign yeld strength of ralnforcemant = e =438 Mimme
Cover to reinforcement
Top face of base cot =50 mm
Bottom face of base cob = 75 mm

Masonry details - Section 3.1

Masonry type

Normalised mean compressive strength
Characteristic flexural strength - ¢1.6.3.4(1)
Initial shear sirength - Table NA.5

Mortar details - Section 3.2
Mortar type
Compressive strength of mortar

Ultimate limit states - Table NA.1

Aggregate concrete - Group 1
fo = 10.4 N/mm?

fa = 0 N/mm?

fwo = 0.3 N/mm?

fm = 12 Nfmmg2

Class of execution control 1
Category of manufacture control 1
Partial factor for direct or flexural compression ™e=2.0
Partial factor for flexural tension e = 2,3
Partial factor for shear e =2.0

Characteristic strengths of concrete infill - Table 3.2

Concrete infill strength class <28/35
Characteristic compressive strength Tacintn = 25 Nfmm?
Characteristic shear strength Tevkanns = 0,45 N/mm?
Design shear strength

Thin layer - M12, prescribed mix

fovd it = fovcins [ yav = 0,225 N/mm?
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Check stem design at base of stem

Depth of section t =400 mm
Cavity wall details

Front leaf thickness tr= 100 mm
Rear leaf thickness tr=100 mm
Masonry characteristics

Comprassive strength constants - Table NA.4 K =0.800
Characteristic compressive strength - ¢l.3.6.1 2(1) fie= K s 7985 ¢ (1 Nimm2)015 = 5,856 N/mm?

Design compressive strength Ta = min(fe, focmm) / yme = 2.928 N/mm?
Design fiexural strength Ted = fioe / i = 0 Nfmm?
Height of masonry hwt = hstem = 3300 rmm

Compressive axial force combination 0 Fu = (y61 x (ystem x hwa x t + Pa2) + yar x Paz) = 34.9 kN/m
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Moment combinaticn 0 Mx = (yo1 x (ysiom x hwe x 12/ 2 + Pa2 x (p2 - hos)) + Yot x Poz x (p2 - hos)) =
6.7 KNm/m

e = max(abs{t/ 2 - Mx / Fx), 0.05 x t) = 20 mm

b=1-2=xa/t=0.9

Nra = @ x t x f5 = 1054 KN/m

od = min(Fx/t, 0.15 x Nra / t) = 0.087 N/mm?

Trd.app = fra + 6a = 0,087 N/mm?2

fucim = 0.065 x fo = 0,676 N/mm?

fu = min{fua + 0.4 x o4, ftim) = 0.335 N/mm?

fwt = fox /v = 0.167 N/mm?2

Eccentricity of axial load
Capacity reduction factor - exp.6.4
Design vertical resistance - exp.6.2
Design vertical compressive stress
Apparent design flexural strength - exp.6.16
Limit of charact. shear strength - exp. 3.1
Characteristic shear strength - exp.3.5
Design shear strength

Library item: Masonry characteristics output
Relnforced masonry members subjectad to bending, bending and axial loading, or axial loading - Section 6.6

Design bending moment combination 1 M = 63 kNm/m

Tension reinforcement provided 10 dia.bars @ 100 ci/c

Area of tension reinforcement provided Arrproe = T % dur? / (4 % 8u) = 785 mm?m
| Depth to tension reinforcameant d-= 240 me

Mimimum area of reinforcement - ¢.8.2.3(1)
Lever arm - exp.6.23
Moment of resistance - exp.6.22 and exp.6.24a

Asrmin = 0.0005 = d = 120 mm?2/m
2= minii =085 v Sapeoe e Lol fd x $4) 005} = 482 rrem-
Mrd = Min{Asrpov x fye x 2, 0.4 x fa x d2) = 62 kNm/m
M/ Mra=1.016
FAIL - Moment of resIstance is less than applled design moment

Reinforced masonry members subjected to shear loading - Section 8.7

Design shear force V = 55.929 kN/m
Design shear resistance - exp.6.40 VRd = min(fe, fovsnm) x d = 40.19 kN/m
Vi Vre = 1,392

Deslgn shear resistance Is less than applied deslgn shear force - try concrete shear alone

Determine shear resistance due to concrete infill alone - Clause 6.7.1(3)
Effective depth taking in to account concrete only  d = dstem - & = 140 mm
Crdc=0.18/yc = 0.120
k = min{1 + V{200 mm / d), 2) = 2.000
p1= min(Ascerov / d, 0.02) = 0.006
Vein = 0,035 N12/mm x k32 x fucinm®$ = 0,405 N/mm?
VRac = max(Cro.c x k x (100 N2mm#* x p1 x focina)'3, vmin) x d
Vrae = 81 kN/m
V/ Vric = 0.690

PASS - Design shear resistance exceeds design shear force

Longitudinal reinforcement ratlo

Design shear resistance - exp.6.2a & 6.2b

Check stem design at 250 mm

Depth of section t = 400 mm
Cavity wall detalls

Front leaf thickness tr=100 mm
Rear leaf thickness tr=100 mm
Masonry characteristics

Compressive strength constants - Table NA.4 K = 0.800

Characteristic compressive strength - ¢1.3.6.1.2(1)
Design compressive strength

T = K x 085 x (1 Nimm2)°-16 = 5,856 N/mm?
T = min(fi, focnm) / yme = 2.928 Nimm?
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Design flexural strength Tt = fuc / e = 0 Nimm2
Height of masonry bt = hatem - 250 mm = 3050 mm
Compressive axial force combination 0 Fx = (yot x (ystem x hwt x t + Paz) + yar x Pa2) = 32.4 kN/m
Moment combination 0 Mx = {yot % (ystiem = hwt = 12 / 2 + Pgz x (pz - hos)) + yor x Poz x (pz - hoe)) =
6.2 kNm/m
Eccentricity of axial load e = max(abs(t/ 2 - Mx/ F.), 0.05 x t) = 20 mm
Capacity reduction factor - exp.6.4 b=1-2xe/t=0.9
Design vertical resistance - exp.6.2 Nra = ® x 1 x fa = 1054 kN/m
Design vertical compressive stress od = min(Fx/t, 0.15 x Nra / t) = 0.081 N/mm2
Apparent design flexural strength - exp.6.16 frd.aop = fed + 60 = 0,081 N/mm?
Limit of charact. shear strength - exp. 3.1 fuam = 0.065 x fu = 0.676 N/mm?
Characteristic shear strength - exp.3.5 fa = min(fwe + 0.4 x o4, fiim) = 0.332 N/mm?
Design shear strength fua = i / yaee = 0.186 N/mm?2

Library item: Masonry characteristics output
Reinforced masonry members subjected to bending, bending and axial loading, or axlal loading - Section 6.6

Tensien reinforcement provided 10 dia.bars @ 100 c/c
| Area of tension reinforcement provided Bariper = 2% furi? L{d % Gon )= 785-mmiim T
1 Dapth to tension reinforcement d = 240 mm
Minimum area of reinforcement - c1.8.2.3(1) Asrmin = 0,0005 x d = 120 mm2/m
Lever arm - exp.6.23 z=dxmin{1 - 0.5 x Asrpeew x fya / (d x fa), 0.95) = 182 mm
Moment of resistance - exp.6.22 and exp.6.24a Mrd = min{Asr.prov % fya x 2, 0.4 x fa x d2) = 62 kNm/m
M/ Mre = 0.807

PASS - Moment of resistance exceeds applied design moment
Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V = 47.969 kN/m
Design shear resistance - exp.6.40 Vrd = min{fw, fovaim) x d = 39.89 kN/m
V/Vra = 1,203

Design shear resistance Is less than applied design shear force - try concrete shear alone
Determine shear resistance due to concrete Infill alone - Clause 6.7.1(3)
Effective depth taking in to account concrete only d=dusm-tr=140 mm
Cric = 0.18/yc = 0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pt = Min{Asrprev / d, 0.02) = 0,006
Vimin = 0.035 N'2/fmm x k32 x focini®5 = 0,495 N/mm?2
Design shear resistance - exp.6.2a & 6.2b Vrde = max(Cra.c x k x (100 N2/mm x pi x fexni}'®, vmin} x d
Vhrdc = 81 kN/m
V/Vrdc = 0.592

PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem

Minirmum area of reinforcement - cl.8.2.3(4) Ascrag = 0.0005 x d = 120 mm2im
Transversa reinforcement provided 10 dia.bars @ 200 c/c
Area of transverse reinforcament provided Ascprov = 1 % ¢ / (4 x 5w) = 383 mm2/m

PASS - Area of relnforcement provided is greater than area of reinforcement required
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Check base design at toe
Depth of section h =300 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M = 54.9 kNm/m

Depth to tension rginforcement

Lever arm
Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

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
Maximurm crack width - axp.7.8

Rectangular section In shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

d=h-cob-dwn/2 =220 mm
K=M/(d? x fu) = 0,035
K'=(2 x n x ateeye)x(1 - & x {8 - K12 x Kz))x(h x (8 - K1}(2 x Kz2))
=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 -2 x K/ (1 x acc / yc)}05, 0.95) x d = 209 mm
x=25x(d-2)=28 mm
Asbrog = M/ (fu x 2) = 604 mmZm
10 dia.bars @ 100 c/c
Arbprov = 1t x ¢eo? / (4 x seb) = 785 mm2/m
Avt min = Max(0.26 x fam / fx, 0.0013) x d = 346 mm2m

000 mmim
maX(Abbraq. Abbmiﬂ) fAhbptw =0.769

Uhrary item: Rectangular dngle output

Wmax = 0.4 mm
y2=0.6
M = 40.8 kKNm/m
T = Mass / (Avbprov x Z) = 248.3 N/Imm2
Long term
ki=0.4
Acen=min{2,5 x (h-d), (h-x}/3,h/2)
Ac.or = 90833 mmz/m
ferew = fom = 3.0 N/fmm?
po.oft = Anb.prov [ Acon = 0,009
e = Eq / Ecm = 5.808
ki=0.8
k2=0.5
ks=3.4
k+ = 0.425
Srmex = K3 x Cob + K1 x k2 x K4 % ¢oo / ppor = 452 mm
Wi = Sr.max X Max(ds ~ ke x (fot / pp.ot) x (1 + ae x ppon), 0.6 x as) / Es
wi = 0.336 mm
Wi/ Wimax = 0.841
PASS - Maximum crack width Is less than limiting crack width

V = 80.5 kN/m

Crdc=0.18/yc = 0.120

k = min{1 + V(200 mm / d), 2) = 1.953
= min{Asbprv / d, 0.02) = 0.004

vmin = 0,035 N'2/mm x k32 x {205 = 0.541 N/mm?
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Design shear resistance - exp.6.2a & 6.2b

Check base design at heel
Depth of section

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

Lever arm
Depth of neutral axis

Tension reinforcement provided

Arsa of tension reinforcemant provided

Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - ¢/.9.2.1.1(3)

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

Crack control - Section 7.3

Limiting crack width

Vartable 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 cosfficient

Strain distribution coefficient

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

Rectangular section in shear - Section 8.2
Design shear force

MDMWMWM—ammWM

Vrac = max(Crac x Kk x (100 N2/mm* x pi x k)18, ven) x d
Vrac = 118.9 kN/m
V/Vrae = 0.677
PASS - Deslgn shear resistance exceeds design shear force

h =300 mm

M = 5.9 kNm/m
d=h-cu-¢ot/2 =245 mm
K =M/ (d2 x fx) = 0.003
K'= (2 x n x aeclye)x(1 - & x (8 - K1}(2 x Ka2))x(d % (8 - Kiy(2 x Kz))
K'=0.207

K' > K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 -2 x K/ (1 x awe / yc))°5, 0.85) x d = 233 mm
X=25x{d-2)=31 mm

10 dia.bars @ 200 c/c

Aiasione = o dud £ {8 o find = 3G prim

Avtrmin = max(0.26 x fm / fix, 0.0013) x d = 385 mm2/m
Aotmex = 0.04 x h = $2000 mmm

max(Aptreq, Avtmin) / Aotoror = 0,981

Library item: Rectangular single output

Wmex = 0.4 mm
y2=0.6
M:a = 4.4 KNm/m
as = Mass / (AbLrer x 2) = 47.6 Nimm?
Long term
k=04
Acen=min(2.5 x (h-d), (h-x)/3,h/2)
Acor = 89792 mm2/m
fotem = fum = 3.0 N/mm?
Pt = Abtprov / Acer = 0.004
e = Es / Ecn = 5.998
ki=08
k2= 0.5
ks=3.4
ke = 0.425
Srmax = K3 x cot + K1 x k2 x K¢ x ¢t / ppon = 559 mm
Wi = Srmax X Max{as — Ke x {fora / pp.ofl) x (1 + 0te x ppe), 0.6 x as) [ Es
wx = 0.08 mm
Wi / Wmax = 0,199
PASS - Maximum crack width is less than limlting crack width

V=327 kN/m
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Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Crac=0.18/yc = 0,120

k= min(1 + V(200 mm / d), 2) = 1.904
P = min(Agpeor £ d, 0.02) = 0.002

vmin = 0.035 N"/mm x k32 x {05 = 0,520 N/mm?

VRd.c = max(Cra.o x k x (100 N2/mm* x prx fo)1B, vinn) x g

Vrds = 127.4 kN/m
V ! Vrac = 0.257

PASS - Deslgn shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 2.3

Abreq = 0.2 x Asoprov = 157 mm3/m
Maximum spacing of reinforcement — ¢l.8.3.1 A{3) soxmex = 450 mm
Transverse reinforcement provided

Area of transverse reinforcement provided

Minimum area of reinforcement — ¢1.9,3.1.1 (2)

10 dia.bars @ 200 o/

Anxprov = 70 % oo [ (4 x Sbx) = 393 mmm

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