RETAINING WALL ANALYSIS

In accordance with EN1897-1:2004 Incorporating Corvigendum dated Fehruary

Annex incorporsting Cotrigendum No.1

Retaining wall detalls
Stem type; -

Stem height;

Stem thickness;

Angte to rear face of stem;
Stem density;

Toe length;

Heel length;

Base thickness;

Key paosltion;

Key depth;

Key thickness;

Bass density;

Height of retained soil;
Angle of soil surface;
Depth of cover;

Dapth of excavation;
Reteained soll proporties
Soll type,

Moist density;

Saturated density;
Characteristic effsctive shear resistance angle;
Characteristic wall friction angle;

Baso soli properties

Soll type;

Soll density;,

Characteristic cohesion;

Characteristic alfective shear resistanca angle;
Characteristic wall friction angle;
Chareatteriatic base friction angle;

Loading detalls

Permanant surcharge load;
Veriable surcharge load;
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Cantllever
hseen = 3500 mm
tater = 300 mm
a = 90 deg
Yetom = 25 kN/m?
hoe = 400 mm
Inesm = 1800 mm
fiase = 400 mm
DPrwy = 1850 mm
Okey = 500 mm
trey = 350 rm
Youze = 26 kN/m?
hrot = 2700 mm
f=0deg
Joover = 500 mm
e = 200 mm

Medium dense well graded sand and gravel
yme = 20 kiN/m?
Yor = 22,3 kN/m?
'rx = 30 deg
Srx = 18 depg

Stiff or hard glaciat sandy clay
v = 21 kNim?

Cox = 0 kN/m?

¢k = 26 deg

Sox= 13 deg

Soox = 17.3 deg

Surchargec = 4 kN/m?
Surchargeq = 0.5 kiN/m?
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General arvangement

Calculate retalning wail geometry
Bass length;

Base height;

Moiat soil haight,

Length of surcharge load;

- Distance to vertical component,
Effectiva height of wall;

- Distance to horizontel component;
- Distance to horizantal component above key,
Area of wall stem;

- Distance to veriical component;
Araa of wall base;

- Distance to vertical component;

Area of moist soll,

- Digtance to vertical component;

- Distance to horizontal component;

- Distance to horizontal component above key,
Area of base sail;

- Distance to vertical component;

thase = hos * Istem + lhewt = 2300 mm

Hibass = toass + Cay = 800 M

himomt = heot = 3200 mm

lar = o = 1600 mm

Xaw_v = loass - lnewt / 2 = 1500 mm

hr = hbase + Geover + Hat = 4400 mm

Xaue_h = hott / 2 - duay ® 1550 mm

Yeur_h_a = (et - thay) / 2 = 1800 mm

Actem = higiom * Lo = 1.05 m?

Xsten = hios + tatern / 2 = 550 mm

Avase = base % tusse + diey % by = 1,085 m?

Xoose = (loaea? > toase / 2 + Ciay ¥ timy % {Piuey + by / 2)) / Abses =
1306 mm

Amoist ® Rmoist % fheet = 5.12 M2

Yot v = bass = (hmoict X lhwo? / 2) [ Anoiet = 1600 mm

Xmoist_h = hent £ 3 - diey = 867 mm

Ximoiet_ s = (Nt - Oiay) / 3 = 1200 mm

Apess T toover X hoe = 0.2 m?

Xpass_v = loean = (tloover % tinex (Rase = hos / 2)) 1 Aass = 200 mm




~ Distance to harizontal component; Xpass_h = (doover + bess) / 3~ iy = -33 mm
Area of excavated base soll; Asxc = Npasa % koo = 0.12 M2

- Distance to vertical component; Yexr_v = lbase = (Nposs % lioeX (loase = oo / 2)} / Asxe = 200 mm

- Distance to horizontal component; Xees_h = (hpaxe + hiwes) / 3- diey = <100 mm

Dasign approach 1

Partial factora on actions - Table A.3 - Combination 1
Partial factor set; At
Permansnt unfavourabts action; =138

Pamanant favourable action; yer = 1.00
Variable unfavourable action; o= 1.50
Variable favourable action; yor= 0,00
sPartial factors for scil parameters — Table A.4 - Combination 1

Soil parameter sef; M1
Angle of shearing resistance; ye = 1.00

Effective cohesion; ye = 1.00

Weight density; w=1.00

Library item; Parttal factors output

Ratained soll properties

Design moist density; yoor' = yor /= 20 kN/im?

Design saturated density; o' = e ! yy= 223 kKNIm®

Design effective shear resistance angle;

Design wall friction angle;

Base sull properties
Design soil density;

Dasign effective shear resistance angle;

Design wall friction angie;
Dasign base friction angle;
Deslgn effective coheslon;

Using Rankine theary
Active pressure ceefficient;
Passlve pressure coefficient;
8liding check

Vertical forces on wall
Wall stem;

Wail base; .

Molst retained soll;

Base sail;

Total;

Horizontal forces on wall
Surchame load;

Moist retained soil;
Total;

$'ra = atan{tan($’rx) / v4) = 30 deg
5rq = atan{tan(bex) / y¢) = 15 deg

Y =y fyy = 21 kN/m?

¢'na = atan{tan(’os) / v¢) = 206 deg
Sud = atan(tan(Bux) / v¢) = 13 dag
Bene = atan{tan{Swex) / y4) = 17.3 deg
C'ng = Chk f ye = 0 kN/m?

Ka= {1 -sin{¢"a)) / (1 + sin{¢ra)) = 0,338
Kp = (1 + sin{db.0)} / (1 - 8in{es)) = 2.561

Fatam = yor X Astam % Ystem = 26.3 KN/m

Foess = 61 X Absaa X Toase = 274 kN/M

FonoleLy = Y61 X Amoia % Y’ & 102.4 kKN/m

Faxe_v = yor % Asec x W' = 2.5 kN/m

Fitad_v = Fotom + Fioase *+ Frootst_v + Faxe v = 158.8 kN/m

Fer n = Ka x (ye x Surcharges + ya x Surchargea) x hey =2.9
kN/m

Frmotst_h & 76 % Ka %y’ 3 et { 2 = 75.8 kN/m

Fratat @ Feor_p + Frootst_n = 78.5 kN/m




Check stability agsinst silding
Base soll resistance;

Base friction;

Resistance to sliding;

Factor of safety,

Overtuming chack

Vertical forces on wall
Wall stem;

Wall base;

Moist ratained soil;

Base soll;

Total;

Hoarlzontal forces on wall
Surcharge load;

Moist retalned soil;
Base soil;
Total;

Overtuming moments on wall
Surcharge load;

Moist retained soll;

Base soll;

Total;

Restoring moments on wait
Wall stem;

Wall base;

Moist retained soll;

Base soll;

Total,

Check stabifity againat overtuming
Factor of safety;

Foxon = y61 % Kp x o' x (hpesa + hbass)? / 2 = 38,7 kNim

Frricion = Fretat v % t8n{Sbu.a) = 49.4 kN/m

Frost ® Foxc_n + Faison = 88,1 kKN/m

FoSe = Frast / Fouain = 1,422

PASS - Reslstanca to sliding is grester than silding force

Fatem = ¥t % Astom % Youm = 26,3 kN/m

Fuase = Y81  Absso X Yosee = 27.4 kN/m

Fmolst_v B 6t X Amotet % 1w’ = 102.4 kN/m

Fexo_v = yat % Aexc X 7o' = 2.5 kN/m

Fiotet v = Fatem + Foese + Fmotst v + Faxc v = 158,5 kNfm

Faur_h = Ka x (ya x Surcharges + ya x Surchargea) x (het -
Sray) = 2.5 kN/mM

Frnatst_h = 76 % Ka x Yo' % (et - diay)? [ 2 = 58.3 kN/m
Fexs_h = -yt x Kp % 78" % (Bipass + hoase}? / 2 = <38.7 kN/m
Fiot_h = Fur_h # Fmotat b + Faxo n = 22.9 KN/m

Mew_oT = Fua_h X Xar_h s = 4.5 KNm/m

Mmotst_07 = Fmoiat h X Xmolet_n_a = 70 KNm/m

Mexe_ot = Fexm_h % Xaxc h = 3.9 kNm/m

Miott_ot = May_ot + Mot ot + Mexo_or = 78,4 kNm/m

Matom_r ® Fatem % Xatern = 14,4 kNm/m

Mboeso_ = Foase x Soees = 35.7 kNmM/m

Mmoist & = Frmoist v % Xenots1 v = 153.8 kKNm/m

Meg_it = Fexn v % Xexg_v = 0.8 kNm/im

Mot R = Matam R + Mbars_R # Mrmaist R + Maxq 1 = 204.3
kNm/m

FoSo = Mot r / Muow ot = 2.608

PASS - Maximum restoring momant Is greater than overturning moment

Bearing pressure check
Vertical forces on wall
Wall stem;

Wall base;

Surcharge load,;

Moist retained solf,
Base soil;
Total;

Fetam = 70 % Adtam % Yatam = 35.4 kN/m

Foase = 16 X Abme X Youue = 37 kN/m

Faur_v = (o x Surchargea + ya x Surchargen) x bew = 3.4
kN/m

Froist v = 76 x Amolu % Y’ = 138.2 kN/m

Frose_v = yo % Apsss x 1’ = 5,7 kN/m

Fioal v = Fatem + Fuses + Far_v + Fmowt v + Fpess_v = 219,7 kiN/m




Variable favourable action;

Soil parameter sat;
Angle of shearing resistance;
Effective cohesion;

Weight densty;

Retalned agll properties

Design moist density;

Design saturated density;

Design affective shaar resistance anhgle;
Design wall friction angle;

Base soll properties
Deslign scil density;

Design effective shear reslstance angle;
Deslgn wall friction angle;

Design base friction angle;

Design effective coheslon;

Using Rankine theory
Active pressure coefficient;
Passive pressure coefficient;
Sliding check

Vertical forces on wall
Wall stem;

Wall base;

Moist retained soil;

Base soll;

Totaf;

Horlzontal forces on wall
Surcharge load;

Moist retained sofl;

Total;

Check stabliity against stiding
Base soil resistance;

Base friction;

Resistance to sliding;

Factor of safety;

Overtuming check

Vertical forces on wall
Wil stem;
Wall base;

o =0.00

;Partial factors for aoH parametars - Table A.4 - Combination 2

M2
=125
1w=126
w=100
Library itam; Partial factors outpul

Yioe' = yoor / ¥y = 20 kN/m?

o' = yord vy = 22.3 kN/im?

d'r.c = atan(ian(b'rs) / 1) = 24.8 deg
5r.a = atan{tan(rx) / w) = 12.1 deg

Yo = 7o [ 1y = 24 kN/m®

$ba = atanQtan(dx) / y4) = 21.3 deog
3e.0 = atan(tan(Box) / y¢) = 10.5 deg
Bena = atanftan({Sux) / 1¢) = 14 deg
C'oa = Cou/ ye = 0 KNiM?

Ka = (1 - sinfd"a)) / (1 + sin(§*e)) = 0.400
Ko = {1 + gin{§’na)) / (1 - sin{dhs)) = 2.142

Faem = Y01 X Agtem X Yatem = 26.3 kN/mM

Fuas T 70t X Abass X Yoo = 274 kN/m

Fenolet_v = yat x Amotet % ¥me' = 102.4 KN/m

Faxc_v # yo1 X Ages % 0 = 2.5 KN/m

Fiota_v = Fatem + Foase * Froaist v + Foxe v = 158.5 kN/m

Faur_n = Ka x {ya x Surchargeg + yg x Surchargeq) x her = 2.8
kN/m

Fenotstp = 78 % Ka x yo' x het? / 2 = 68.8 kN/m
Fiota_h = Feur_ 1 + Fmoisih = 71.8 kNAm

Fowo_h = 761 x Kp x 1" x (Npass + hoees)? / 2= 32.4 kN/m

Firicton = Frowm)_v x tan(fst.0) = 39.5 kN/m

Frest = Fexg_h + Faiotion = 71.8 kN/m

FoSd = Frest / Fiotep = 1.005

PASS - Resistance o siiding Is greater than sliding force

Foum = 761 X Actem X Yeiom = 26.3 kN/m
Fosse 2 o X Absss X Tosse = 274 KN/M




Horizonta! forces on wall
Surcharge load;

Moist retained soll;
Bage soil;
Total;

Moments on wall

Wall stem;

Wall base;

Surcharge load;

Moist retained soil;

Base soll;

Total;

Check bearing pressure
Distanca to reaction;
Ectentricity of reaction;
Loaded length of bass;
Bsaring pressure at toe;
Bearing pressure at heel;
Effective overburden pressure;
Dasign sffactive overburden pressure;
Bearing resistance factors;

Foundation shaps factors;

Load inclination factors;

Net ultimate bearing capacity

Fur_h = Ka x (ya x Surchargeo + ya x Surchargea) x (her -
diey) = 2.8 kN/m

Folet_h = 76 % Ka x ymr’ % (Mot - clieay)? / 2 = 58.3 kN/m
Fosse_h = =16t X Kp x ' % (Joover + hoasa)? / 2 = 52,7 kiN/m
Frotot_h = MaX{Fus_n + Frnoit b + Fpass p = Fiote) v % tan{Buo.a), 0
kiN/m) = 0 kN/m

Matoam = Fusem X stem = 19,85 kNm/m

Mbase = Frase % Xoase = 48.3 kNmMim

Maur = Frur_v % Xez_v = Faue_n % Xswe_n_s = 0.5 kNm/m

Minoist 5 Frrciet v % Xemoist v = Fmolst_h % Xmoist_h_s = 137.4 kNm/m
Mpees = Fpoea_v % Xpese_v = Fpess_n X Xpaes_h = 0,6 kNm/m
Miats = Mytsn + Miass + Maur + Mmatat + Muaes = 205 kNm/m

% = Miotat / Frotag v = 833 mm

8= X-law!2=-217Tmm

koot =2 x X = 1887 mm

Gioe = Fiowa v / boae = 117.7 KN/m?

Ghest 3 0 KN/m?

G = (toese * doovar) % ' = 18.9 kN/m?

g =q/y =189 kNm?

Ng = Exp(n x tan{p'nd)) x (tan(45 dey + $'ve/2) = 11.854
Ne = (Nq - 1) x cot{¢na) = 22,254

N, = 2 x (Ng - 1) » tan{¢'na) = 10.588

=1

s=1

so=1

M = Faw_n + Falst_h + Fpaseh = 8.1 kN/im

V = Fomi_y = 219.7 kN/m

m=2
tq={1-H/{V * lnad % Cha x col{p’n.a))]™ = 0.827
b= -H/{V + hosa x Cba x cOl{$ba})]™* 1 = 0,893
lc = Ig = (1 - g} / (Nc x tan(¢'v.4)) = 0.921

N = Gl % N % Bg % e + q' x Ny x Sq x g + 0.5 x ' % liowg % Ny % 8y x |y = 383.9 kN/m?

Factor of safety;

FaSve = it / max{Guos, Greel) = 3.34

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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

Partial factor set,

Pemaneant unfavourable action;
Permanent favourable action;
Variable unfavourable action;

A2

ye = 1.00
yer=1.00
ya=1.30




Surcharge load;

Mar = F.,I_V » Xy v~ F;ur_h X Xeur_h_p = 0.4 kNm/m

Moist retained soil; Mmoist = Fncist v X Xmolet_v = Fmoist_h % Xmotst_n_s = 90 kNmim
Base soll; Mpasa = Fpass_v x Xpass_v » Fpasa_h X Xpess_n = 0.8 kNm/m
Total; Miotst = Matarn + Mossa + Maur + Mmoist + Mpass = 139.1 kNm/m
Check bearing pressure
Distance to reaction; % = Muiat  Fiot v = 854 mm
Eccentricity of reaction; €1 X-lbaal2=-206 mm
toaded length of base; losd=2x X= 1708 mm
Bearing pressure st toe; Gwoo = Frosl v / lisss = 85.3 kKN/m?
Bearing presaure at hesl; Qred = 0 kN/M2
Effective ovarburden pressure; G = {tomns + doover) x ' = 18.9 kN/m?
Design effective overburden pressure; g =q/y=18.9 kNim?
Bearing resistance factors; Nq = Exp(n x tan(¢'n.d)) x (tan(45 deg + ¢'b.a/ 2)P = 7.298
Ne = (Ng - 1) x cot{$ne) = 16.141
Ny =2 x (Nq - 1) x tan{$'na) = 4.915
Foundation shape factors; sq=1
sy=1
Scu

Load inclination faclors;

Net ultimate bearing capacity

H = Fasx_h + Froet y + Fpean = 11.4 kN/'m

V = Fiotal_v = 162.9 kN/m

mea2
la={1-H/(V+ liosd x C'n.d x COL{p'no))]™ = 0.865
b= [t -H/(V+ kes x Cha % coti§na)))™* 1) = 0,805
o = g~ (1 - k) / (No x tan{$ea)) = 0.844

fr= glea x Ng x 8o xic + q' x Ng x 8q x lg + 0.5 x 1" x hosd % Ny x 8y x |y = 180.3 kiN/m?

Factor of safety,

FoSuw = nr/ max(Qwe, Grea} = 1.986

PASS - Allowable beering pressure exceeds maximum applied bearing pressure

In accordance with EN1882-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National

Annex Incorporating National Amendment No.1

Tedds calcutation version 2.9.11
Congrete detalls - Table 3.1 - Strength and deformation characteriatics for concrete
Concrete strength class; Ca0/37
Characteristic compressive cylinder strangth; foc = 30 Nfmin?
Characteristic compressive cube sirength; Tox cure = 37 Nimm?

fom = foc + 8 Nimm? = 38 Nfmm?
fem = 0.3 Nimm? x (fc / 1 NImm2)2? = 2.9 Nimm?

Mean valus of cormnpressive cylindar strength;
Mean value of axial tensile strength;

5% fractile of axial tensile sirength; fac005 = 0,7 x fam = 2.0 Nfmm?2

Secant modulus of elasticity of concrate; Ecm = 22 kN/Mm? x {fom / 10 Nimm?)*® = 32837 Nfmim?
Partial factor for concrete - Table 2,1N; yo=1.50

Compressive strength coefficlent - ¢1.3.1.6{1); o= 085

Design compressive concrete sirength - exp.3.15;  fo = e x fx / yc = 17.0 Nimm?

Meaximum aggregate size; hegg = 20 mm




Molst retained eoif;
Base soil;
Total;

Hortzontal farces on wall
Surcharge load;

Molst retained soll;

Base soll;

Tolal;

Overtuming moments on wall
Surcharge load;

Moist retainad soil;

Base soil;

Total;

Restoring moments on wall
Wall stem;

Wall base;

Moist retained soil;

Base sail;

Total;

Check stabllity against overtuming

Fector of safety;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base,

Surcharge load;

Moist ratained soll;

Base soll;

Tolal;

Horizonial forces on wall
Surcharge load;

Moist retained soll;
Basas soil;
Total;

Moments on wall
Wall stem;
" Wali base;

Frmoiet_v = 76t X Amoist X Y’ = 102.4 KN/
Fano_v = Y01 % Agrs x 7' = 2.5 kN/M
Fiotal_v = Fatem + Frasn + Froclat_y *+ Far v 7 158.5 kN/m

Feu_n = Ka x {76 x Surchargee + ya x Surchargea) x (hen -
diey) = 2.4 KNim

Frnotst b = 78 % Ka % Yo' % (hen - Orey)? / 2 = 63 kN/m

Faxo_t = yat x Kp x Yo' x (Npass + hase)? / 2 = -32.4 kN/m
Fiotsi_h = Faur_h + Finolst b * Fexz p = 23.1 kN/m

Mewr_ot = Fou h % Xourn_a = 4.4 KNm/m

Mmotss_07 = Frmatst_h ¥ Xmaleg_n_a = 83.6 KNm/m

Maexc_oT = Faxc_h X Xan_h = 3.2 kNm/m

Miosi 67 = Maur_07 + Mo o7 + Mewc_or = 71.2 KNm/m

Matam_R = Futem x Xamm = 144 kNmim

Muase R = Fuase % Xbase = 35,7 kNm/m

Mmoist R = Frist v % Ymoist v = 153.8 kKNm/m

Mexc_a = Feus_yv x Xeus v = 0.5 kNm/im

Mistal R = Muten R + Mbesa R + Mmoist_k + Mexo_r = 204.3
kNmim

FoSot = Mot r / Moty o1 = 2.868

PASS - Maxtmum restoring moment s greater than overturning mament

Fatom = 70 % Astern % Yatem = 26.3 kN/m

Fiasa = Y0 % Absse % Tomss = 27.4 KN/M

Feu_v = (ya x Surcharges + ya x Surchargsq) x thew = 2.6
kN/m

Frociet_v = Y6 X Amaiat X Trr' = 1024 kN/M

Fpase_v = 78 % Apuss X o' = 4.2 KN/

Frota_v = Fatem + Fiuse + Fur_v + Fmotat v + Fpam_v = 162.9 kN/m

Feur_n = Ka x (ya x Surchargea * ya x Surchargea) x (hes -
Oray) = 2.4 KN/m

Emoirt_f = 76 % Ka x Yo’ % (e - diwy)? / 2 = 53 WN/m

Frasa_h = ~y01 x Kp x 10’ % {Goover + hoeas)? / 2 = 44,9 KN/m
Final_n = MBX(Feur_h + Fmonth + Fosm_n = Fuotsi_v x tan{8ev.d), 0
KN/m) = 0 KN/

Matem = Fien x Nstom = 144 kNm/m
Miaze = Foass % Xoasw = 35.7 KNm/m



oar fovom - Combination b 2 - Khtwn

Lonting ditals - Sambamin i1 . 1 ¢

Check stem design at base of stem
Depth of section;

Rectangular section in floxure ~ Sectlon 8.1
Deslgn bending moment combination 1;
Depth to tension reinforcemeant:

x K2)}

Lever am;

230 mm

Depth of nautral axis;

Ares of tension feinforcement required;
Tension reinforcament provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9,1N;
Maximum area of rainforcement - cl.8.2.1 A3);

EHIOG IO 221 - 426N o « Kurine

h =300 mm

M = 52.7 kNm/m
d2h-Cy-du/2= 242 mm

K=M/(d? x f) = 0.030

K'= (2 % 1 x ceeofyc)x(1 - & x (8 - Kel(2 x Ka)pd. 3 (8 - Ka)i(2

K =0.207
K‘bK-Nooompmslonmfnfomammbmum
Z=min{0.5+0.5x(1-2 x K/ (n x oo/ yc))*5, 0.85) x d =

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

Asrsoq= M/ (bt x 2) = 528 mm¥/m

16 dla.bars @ 150 cic

Asrorov = 1 % do? 1 (4 % 5yr) © 1340 mmim

Aaroin = Max(0.26 x foum / fyx, 0.0013) x d = 364 mmm
Aar.max = 0.04 x h = 12000 mm?/m

Max(Aarreq, Astoin} { At proy = 0,304

PASS - Area of reinforcamont provided Is greater then area of reinforcement required

Deflection control - Saction 7.4
Reference relnforcement ratio;

Required tension reinforcement ratio;
Required compression reinforcement ratio;
Structural system factor - Table 7.4N;
Retnforcement factor - exp.7.17:

Librery fter: Rectangulat single output

po = V(fx/ 1 Nimm?) / 1000 = 0,008

p= A-and =0.002

p' = Awr2seq/ d2 = 0.000

=04

Ko = min(500 Nimm? / (T x Agrraq ! Asr prow), 1.5) = 1.8



Ulimate strain - Table 3.1;

Shortening etrain - Table 3.1;

Effective compression zone height factor;
Effective strength factor;

Bending coefficient k;

Bending coefficient ka;

Bending coefficient ks;

Bending cosfficient ks;

Reinforcement details

Characteristic yleld strength of reinforcement;
Modulus of elasticity of reinforcament;

Partial factor for reinforcing sleel - Table 2.1N;
Design yleld strength of reinforcement;

Cover to reinforcament
Front face of stem;

Rear face of stem;

Top face of base;
Bottom face of base;

Sxaar 10008 - CorEmnanen Ns | - K

Lot b o - Y

a2 = 0.0035

sa3 = 0.0035

A=0.80

n=1.00

K1 = 0.40

Kz =1.00 x {0.6 + 0.0014/¢cuz) = 1.00
K =0.40

Kq = 1,00 x (0.6 + 0.0014/eac) =1.00

fix = 500 N/fmm?

Es = 200000 N/mm?
2115

T = fuc / ys = 435 Nimm?

Cs = 40 mm
Ce = 50 mm
€t ® 50 mm
€ = 78 mm

lradng Vi i | B




Limiting span to depth ratic - exp.7.16.a; min(Ks x Ko x [11 + 1.6 x ¥(fac / 1 Nimm?) x pa 7 p + 3.2 x
Vlfen/ 1 NAmm?) x (oo p - 1732, 40 x Ky) = 16
Actual span to depth ratio; hewem / d = 14.5
PASS - Span to depth ratio is less than deffection controf limit

Crack control - Section 7.3

Limiting crack width; Wmax = 0.3 mm
Variable toad factor - EN1990 ~ Table A1.1 ; v2=0.86
Serviceabllity bending moment; Mo = 38.6 kiNm/m
Tenslle siress in reinforcement; Os = Mats / (Amgrov x Z) = 125.3 Nimm?
Load duration; Long term
Load duration factor; k=04 :
Effective area of concrete in tension; Aceti @ minf2.5x (h-d), (h-x)/3,h! 2)
Acerr = 89917 mmm
Mean value of concrete tensile strength; fouar = fom = 2.9 Nimm?
Reinforcament ratio: Ppet 2 Auprov ] Acan = 0.015
Moduter ratio; Os = Eqy / Eom = 8,081
Bond property coefficient; ki=08
Strain distribttion cosfficient; k2=05
ka=34
k4= 0425
Maximum crack spacing - exp.7.114; Scmax = Ks x Cor + Kt x K2 3 K4 % bor / pran = 352 mm
Maximum crack width - exp.7.8; Wk = 8ramax X Max{cs — ki x (foeer/ ppen) x (1 + cte % pp.ut), 0.6 x
Ol) /1Es
wi= 0,133 mm
Wi / Winax = 0442

PASS-Mummckaﬂabkslehnﬂhgmckwldm

Rectangular section In ahear - Sectlion 6.2
Dasign shear force; V=483 idN/m
Crac=0.18/ yc = 0,120
k= min(1 + ¥(200 mm / d), 2) = 1.909
Longitudinal reinforcement ratio; pr = min{Agprov / d, 0.02) = 0.008
Vmin ® 0,035 N*2/imm x k32 x fo08 = 9,506 NAnm?
Design shear resistance - exp.6.22 & 6.2b; Vrao = max(Crax x k x {100 NF¥mmr* x pi x fu'3, Vmin) x d
Virg.c = 144.5 kNim
ViVrie= 0.342
PASS - Design sheer resistance exceeds design shear force
Horizontal reinforcement parallel to face of atem - Section 9.6

Minimum area of reinforcement — ¢1.8.8.3(1); Accroq = MaX(0.25 x Agrprov, 0.001 x teem) = 336 mmaim
Maximum spacing of reinforcement — c0.6.3(2); S mx= 400 min
Transverse reinforcement provided; * 10 dia.bars @ 200 c/c
Area of transverse reinforcement provided:; Agxpron = 1 % dwl 1 (4 x 8ex) = 393 mm%m

PASS - Area of reinforcement provided iz greater than aree of relnforcement required
Check base design at toe

Dapth of saction; h =480 mm




Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;

Check base design at heel

Dapth of section;

Rectangular section in flexurs - Section 6.1
Design beniding moment combination 1;
Depth to tension reinforcement;

x K2))

Lever am;

325 mm

Depth of neutral axis;

Arsa of tension reinforcement required;
Tension reinforcement provided:

Area of tenslon reinforcement provided;
Minimum area of reinforcement - axp.9.1N;
Maximum area of reinforcement - c1.9.2.1.1(3);

P = min{Assgros / d, 0.02) = 0,002

Virin = 0.035 NY2/mm x k3 x 498 = 0,460 N/mm?

Vids = max(Cra.c x k x {108 N2/mm x oy x fo)'®, SEL
Vrdc = 146.7 kN/m

VI Vrac= 0.387

PASS - Design shear resiatance exceeds design shear force

h =400 mm

M = 83.8 kNm/m

d=h-ci-du/2=342mm

K=M/{d? x fu) = 0,015

K'= {2 x 0 x aocfyo)x(1 - & x (8 - KiJ(2 x )l x {8 - Ka}/(2

K = 0.207
K'> K - No compression teinforcemant Is required
z=min(0.5+ 0.5 (1-2x K/ (n x oo/ y))?*, 0.95) x d =

X=25x(d-2) =43 mm

Autrsa = M/ (ft x 2) = 381 mm?im

16 dia.bars @ 150 c/c

Aviprov = 10 x e / (4 x 8m) = 1340 mm2/m
Avtonn = Max(0.26 x fom / fx, 0.0013) x d = 515 mm2/m
Apmax = 0.04 x h = 16000 mmeim
max({Actreq, Atwmin) / Aotprov = 0,384

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

Crack control - Section 7.3

Limiting crack width;

Variable load factor - EN1880 - Table A1.1;
Serviceabllity bending moment;

Tensile stress in reinforcement;

Load duraticn;

Load duration factor:

Effective area of concrete in tension;

Mean value of concrete tensite strength;
Reinforcament ratio;

Modular ratio;

Bond property cosfiicient;

Strain distribution coefficient;

Maximum crack spacing - exp.?.11;

Ubrary tem: Rectangular single output

Winex = 0,3 mm

yvae=0.6

Mz = 28.9 kNm/m

s = Mas / (Antoroy x 2) = §4.8 N'mm?
Long term

le=04

Acant = MIN(2.5 x (h - d), (h-%)/8,n/2)
Acen = 118083 mmm

ToLer 3 fom 2 2.9 N/mm?

Prott = Astprov [ Acon = 0,011

e = Eo / Ecm = 6.084

ki=08

k:=0.5

ks= 34

ke = 0426

Srmax = Ks x Co + Ky x k2 x Ka % e/ pponre 4912 mm




Rectangular section in flexure - Section 6,1
Deslign banding moment combination 1;
Depth to tension reinforcament;

% Ka))

Lever arm;

303 mm

Depth of newirat axis;

Area of tenslon relnforcament required:;
Tension reinforcoment provided;

Area of tension reinforcement provided:
Minimum area of reinforcemnent - oxp.9,1N:
Maximum area of reinforcement - ¢1.9.2 1 JA63);

M = 8.2 kNm/m
d=h-cob-g/2=318mm

K =M/ (d?x fa) = 0,003

K' = (2 % 1 x doofyc)x{1 - 2, x (B - KaJ(2 % K2))x( x (6 - K2

K =0.207
K'> K - No compression reinforcement Is required
z=min(0.5+0.5x(1-2x K/ {n % ttoo [ )5, 0.85) x d =

x=25x%(d~2z)=40 mm

Astireg = M / (fyt % Z) = 70 mm?/m

12 dia.bars @ 200 ¢/

Aotprov = 10 % den? / (4 x 860) = 588 mn2im

Avbmin = mex(0.26 x fon / 0.0013) x d = 480 mm3/m
Asbmex = 0.04 x h = 16000 mm2/m

Max{Acbreq, Atb.min) I Atk grov = 0,85

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

Crack control - Section 7.3

Limiting crack width;

Variable Icad factor - EN1990 - Tabje Al A;
Serviceabilty bending moment;

Tenslle stress in reinforcement;

L.oad duration;

Load duration factor;

Effective area of concrate in tenslon;

Mean value of concrete tensiie swength;
Reinforcemant ratio;

Moduler ratio;

Bond property cosfficient;

Strain distribution coefficlent;

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

Rectangular gection in shsar - Section 6.2
Design shear force;

Library Rem: Reciangular single outpul

Wax 2 0.3 mim
va2=0.6

Mus = 5.7 kNm/m

O = May / (Ath prow % 2) = 33 N/mm?

Long term

k=04

Ac..n=min(2.5x(h-d).(h-x)l:i,hl?)

Acon = 120042 mMm3m

fot.atr = foum = 2.9 N/mm?

Poett = Acbprow / Acon = 0,005

Qe = By / Eom = 6,001

ki=08

ka= 0.5

kaz 3.4

ki = 0426

Sramax = Ka % Qb+ K1 % K2 % ke x oo / pp.ox = 888 mm
Whe = Bramc x MEX{0s = Kt x (fetott/ pp.em) x (1 + ate x ppot), 0.6 x
ﬂ'l)lEl

wx = 0,068 mm

We / Wenax = 0.227

PASS - Maximurn crack width is less than Hmiting crack wigth

V=45 kNim
Crie = 0,18 / yc = 0.120
k= min(1 + (200 mm / d), 2) = 1.792







