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RETAINING WALL ANALYSIS

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

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;

Key position;

Key depth;

Key thickness;

Base density;

Height of retained soil;
Angle of soil surface;
Depth of cover;
Height of water;
Water density;

Propped cantilever
hstem = 5500 mm
Pprop = 4500 mm
tstem = 500 mm
o =90 deg
Yetem = 25 kKN/m°
ltoe =1000 mm
Iheet = 3000 mm
tbase = 500 mm
Prey = 4150 mm
dkey = 500 mm
tkey = 350 mm
Yoase = 25 kN/m®
hret = 5000 mm
p=0deg

cover = 500 mm
hwater = 150 mm
yw = 9.8 kKN/m®
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Retained soil properties
Soil type;

Moist density;

Saturated density;

Very loose gravel
Ymr = 1_6 kN/m3
Ysr = E kN/m3
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Characteristic effective shear resistance angle; 'tk = 26 deg
Characteristic wall friction angle; Srk = 13 deg
Base soil properties
Soil type; Firm clay
Moist density; Ymb = 18 kN/m®

Characteristic cohesion;

Characteristic adhesion;

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

Loading details
Variable surcharge load;

Calculate retaining wall geometry
Base length;

Base height;

Saturated soil height;

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 saturated soil;

- Distance to vertical component;

- Distance to horizontal component;
Area of water;

- Distance to vertical component;

- Distance to horizontal component;
Area of moist soil;

- Distance to vertical component;

- Distance to horizontal component;

Area of base soil;
- Distance to vertical component;

C'bk = 25 kN/m?
abk = 20 kN/m?

¢'vk =18 deg
Spk = 9 deg
Sbbk = 12 deg

Surchargeq = 50 kN/m?

Ibase = ltoe + tstem + lheet = 4500 mm
hbase = tbase + dkey = 1000 mm

Nsat = Nwater + dcover = 650 mMm

Nmoist = Nret - Nwater = 4850 mm

sur = lheet = 3000 mm

Xsur_v = lbase = Iheet / 2 = 3000 mm
Neft = Nbase *+ doover *+ hret = 6500 mm
Xsur_h = et / 2 - dkey = 2750 mm
Astem = hstem X tsiem = 2.75 m”

Xstem = hoe + tstem / 2 = 1250 mm

Abase = lbase X thase + dkey X tkey = 2.425 m2

Xbase = (lbase2 X thase / 2 + dkey X tkey X (pkey + tkey 12))

! Apase = 2400 mm

Asat = hsat % Iheel = 1.95 m”

Xsat_v = lbase = (Nsat X lheel” / 2) / Asat = 3000 mm
Xsat_h = (hsat + Npase) / 3 - dkey = 50 mm

Awater = hsat % Iheer = 1.95 m”

Xwater v = Ibase = (Nsat X Iheei” / 2) / Asat = 3000 mm
Xwater_h = (Nsat + Nbase) / 3 - dkey = 50 mm

Amoist = hmoist X lheel = 14.55 m2

Xmoist v = Ibase = (Nmoist X |heel2 12) I Amoist = 3000 mm
Xmoist_h = (hmoist X (tbase + hsat + hmoist / 3) 12+ (hsat +

hbase) X ((hsat + hbase)/2 - dkey)) / (hsat + hbase + hmoist/

2) = 1778 mm

— — 2
Apass = deover X lioe =0.5 M

Xpass_v = Ipase - (dcover X lioex (lbase - loe / 2)) / Apass =

500 mm
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- Distance to horizontal component; Xpass_h = (dcover + Nbase) / 3- dkey =0 mm
Area of excavated base soil; Aexc = hpass X loe = 0.5 m?
- Distance to vertical component; Xexc_v = Ibase = (Npass X lioex (Ibase - lioe / 2)) / Aexc = 500

- Distance to horizontal component;

mm
Xexc_h = (Npass + Npase) / 3- dkey = 0 mm

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

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

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;

Design adhesion;

Using Coulomb theory
Active pressure coefficient;

Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Moist retained soil;
Base soil;

v6 = 1.35
ver = 1.00
ya = 1.50
Yar = 0.00
vy = 1.00
e = 1.00
7, = 1.00

¢'ra = atan(tan(¢'rx) / vy) = 26 deg
dra = atan(tan(drk) / yy) = 13 deg

¢'v.a = atan(tan(¢'v.x) / v4) = 18 deg
8b.d = atan(tan(dp.x) / vy) = 9 deg
Sbb.d = atan(tan(dvb.k) / vy) = 12 deg
C'bd = C'ok / Yo = 25 kN/m?

abd = Ak / ye = 20 kN/m?

Ka = sin(o + ¢'r0)® / (sin(a)® x sin(o. - 8r.4) x [1 +

V[sin(¢'r.a + 8ra) x SiN(P'ra - B) / (sin(a. - 8r.a) x sin(o +

B)II) = 0.353

Ke = sin(90 - ¢'o.0)? / (SIN(90 + p.4) x [1 - \[sin(¢'pa +

8b.a) x SiN(@'b.a) / (SIN(90 + 8p.0))]I%) = 2.359

Fstem = Y6 X Astem X Ystem = 92.8 KN/m

Fbase = Y6 X Abase X Ybase = 81.8 KN/m
Fsur v = ya x Surchargeq x lheel = 225 KN/m
Fsat_v = Y6 x Asat X (ysr - Yw) = 26.8 KN/m
Fuwater v = Y6 X Awater X Yw = 25.8 KN/m
Frmoist v = Y6 X Amoist X Ymr = 314.3 KN/m
Fpass v = Y6 X Apass X ymb = 12.2 KN/m
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Total;

Horizontal forces on wall

Surcharge load;

Saturated retained soil;

Water;

Moist retained soil;

Total;

Moments on wall
Wall stem;

Wall base;

Surcharge load;
Saturated retained soil;
Water;

Moist retained soil;

Base soil;
Total;

Check bearing pressure
Maximum friction force;

Maximum base soil resistance;

Base soil resistance;

Propping force;

Friction force;

Moment from propping force;
Distance to reaction;
Eccentricity of reaction;
Loaded length of base;

Ftotal v — Fstem + Fbase + Fsat vt Fm0|st vt Fpass vt
I:water_v + Fsur_v =778.7 kN/m

Fsur h = Ka x cos(8r4) x ya x Surchargeq x hef =
167.8 kN/m

Fsat_h = 76 x Ka x €0S(8r.d) x (ysr - Yw) % (Nsat + hpase)’
/2 = 6.4 KN/m

Fuater n = 76 % Yw X (Nwater + oover + Nbase)’ /2 = 18
kN/m

Fmoist_h = v x Ka x €08(8r.d) X Ymr X ((Neff - Nsat -
hbase)2 [ 2 + (et - hsat - Nbase) % (Nsat + hpase)) = 146.9
kN/m

Fiotal_h = Fsat_h + Fmoist h + Fwater h + Fsur_nh = 339.2
kN/m

Fstem % Xstem = 116 KNm/m

Fpase X Xbase = 196.4 kNm/m

Msur = Fsur v X Xsur v = Fsur_n X Xsur_h = 213.6 kKNm/m
Fsat_h X Xsat_h = 80.2 KNm/m

Mstem

Mbase

Msat = Fsat_v X Xsat v -

Muwater = Fwater v X Xwater_v = Fwater_h X Xwater_h = 76.6
kNm/m

Mmoist = Fmoist_v X Xmoist v = Fmoist_h X Xmoist_h = 681.6
kNm/m

Mpass Fpass v X Xpass_v = 6 1 kNm/m

Mtotal Mstem + Mbase + Msat + Mm0|st + Mpass + Mwater
+ Msyr = 1370.5 KNm/m

= Fotal _v X I:an(abb d) = 165 5 kKN/m

Fpass h_max = YGf X Kp x COS(6b d) X Ymb X (dcover
hbase) /2= ﬂ kN/m

Fpass h = min(max((Motal + Ftotal_n x (hprop + thase) +

Ffrlctlon max —

Ffriction_max X (hprop + tbase) - Ftotal_v X lpase / 2) / (Xpass_h
= Nprop - thase), 0 KN/m), Fpass_h_max) = 0 KN/m
Forop_stem = MiN((Fiotal_v X Ibase / 2 - Mtotal) / (Nprop +
tbase), Ftota_n) = 76.3 KN/m
Friction = Ftotal h= Fpass h= Fprop stem = 262 8 kN/m
Mprop Fprop_stem X (Nprop + thase) = 381.7 KNm/m

= (Miotal + Mprop) / Fiotal v = 2250 mm
€= X-lbase/2=0mm
lioad = lbase = 4500 mm
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Bearing pressure at toe; Qtoe = Ftotal v / lbase = 173.1 kN/m?

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;

Qheel = Frotal_y / lbase = 173.1 kN/m?

q= (tbase + dcover) X Ymb = (tbase + dcover + hwater) X Yw =
6.7 kKN/m?

q'=q/y,= 6.2 kN/m?

Ng = Exp(r x tan(¢'v.q)) x (tan(45 deg + ¢'b.a / 2))2 =
5.258

N = (Ng - 1) x cot(¢'v.a) = 13.104

N, =2 x (Ng - 1) x tan(¢'sa) = 2.767
Sq=1

s, =1

Ssc=1

H = Fiotal_h - Fprop_stem - Firiction = 0 KN/m
V = Fiotal v = 778.7 KN/m

m=2

ig = [1-H/(V+load x Chg x cot(dba))]” =1
= [1-H/(V + loaa x Coa x cOt(@ba)] ™" =1
=ig-(1-iq)/ (Nc x tan(¢'v.a)) = 1

C'bd X Ng x S¢ x ic + @' x Ng x Sq x Iq + 0.5 x
% licad x N, x s, x i, = 413.9 kN/m?

2.392

ng =

- Yw) X
FoSbp = Nt/ max(qtoe, Qheet) =

(Ymb

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;

Design wall friction angle;
Design base friction angle;
Design effective cohesion;
Design adhesion;

ve = 1.00
vef = 1.00
va =130
Yar = 0.00
vy = 1.25
Yo = 1.25
7, = 1.00

¢'ra = atan(tan(¢'rx) / vy) = 21.3 deg
dra = atan(tan(drk) / vy) = 10.5 deg

®'ba = atan(tan(¢'o.x) / v4) = 14.6 deg
db.a = atan(tan(px) / v¢) = 7.2 deg
Sob.d = atan(tan(dpv.k) / vy) = 9.7 deg
C'bd = C'ok / Yo = 20 kN/m?

abd = abk / Yo = 16 kN/m?
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Using Coulomb theory

Active pressure coefficient;

Passive pressure coefficient;

Bearing pressure check

Vertical forces on wall

Wall stem;
Wall base;
Surcharge load;

Saturated retained soil;

Water;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall

Surcharge load;

Saturated retained soil;

Water;

Moist retained soil;

Total;

Moments on wall
Wall stem;

Wall base;
Surcharge load;

Saturated retained soil;

Water;

Moist retained soil;

Base soil;

Ka = sin(o + ¢'ra)’ / (sin(a)® x sin(o. - 8r.a) x [1 +
V[sin(¢'r.a + 8rq) x sin(¢'rq - B) / (sin(a. - 8r.a) x sin(o +
B)II%) = 0.425

Kp = sin(90 - ¢'.a)* / (SiN(90 + p.q) x [1 - \[sin(¢'v.a +
Bb.a) x SiN(¢'.0) / (SIN(90 + 8 4))]I) = 1.965

Fstem = Y6 X Astem X Ystem = 68.8 KN/m

Fbase = YG X Abase X Ybase = 60.6 KN/m

Fsur v = ya x Surchargeq x lheet = 195 kN/m

Fsat v = y6 x Asat X (ysr - Yw) = 19.9 kKN/m

Fuwater v = v % Awater X yw = 19.1 KN/m

Frmoist v = Y6 X Amoist X Ymr = 232.8 KN/m

Fpass v = Y6 X Apass X ymb = 9 KN/m

Fiotal_v = Fstem + Fbase + Fsat v + Fmoist v + Fpass v +

=605.2 kKN/m

Fwater vt Fsur 2

Fsur nh = Ka x c0s(8r.4) x ya x Surchargeq x hest =
176.5 kN/m

Fsat h =y x Ka x COS(Sr.d) X (Ysr - Yw) X (Nsat + hbase)2
/2 =5.8 kN/m

=6 X Yw X (hwater + dcover + hbase) /12=13.4

Fwater nh =
kN/m
Fmoist_h = v x Ka x €08(8r.d) X Ymr X ((Neff - Nsat -
hbase)2 I 2 + (Reft - hsat - Nbase) x (Nsat + hpase)) = 132.1
kN/m

Fiotal_h = Fsat_h + Fmoist h + Fwater h + Fsur nh = 327.8
kN/m

Mstem Fstem X Xstem = 85 9 kNm/m
Mbase Fbase X Xbase — 145 5 kNm/m
Msur = Fsur_v X Xsur_v = Fsur_h X Xsur_h = 99.5 kNm/m

Msat = Fsat_v X Xsat_v = Fsat_nh X Xsat_h = 59.3 KNm/m

Mwater = Fwater v X Xwater_v = Fwater_h X Xwater_h = m
kNm/m
Mmoist = Fmoist_v X Xmoist_v = Fmoist_h X Xmoist_h = 463.5
kNm/m

= 4.5 kNm/m

Mpass Fpass v X Xpass_v =
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Total; Mtotal Mstem + Mbase + Msat + Mm0|st + Mpass + Mwater

Check bearing pressure
Maximum friction force;
Maximum base soil resistance;

Base soil resistance;

Propping force;

Friction force;

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;

+ MSUF -

anctlon

Fpass_h_

hbase)2

915 kNm/m
max = Ftotal_v X tan(8vb.a) = 102.9 kN/m
max = Y&t X Kp x COS(8p.d) X Ymb X (dcover +
/2 =39.5 kN/m

Fpass_h = min(max((Mtotal + Ftotal_h X (hprop + tbase) +

Ffriction_max X (hprop + tbase) - Ftotal_v X lpase / 2) / (Xpass_h

- Nprop -

tbase), 0 kN/m), Fpass,_h_max) = Q kN/m

Fprop_stem = min((FtotaI_v X lpase / 2 - Mtotal) / (hprop +
thase), Ftotal h) =89.3 kN/m

Ffriction = Ftotal h = Fpass h = Fprop stem —

MPFOP

Forop_stem X (Nprop + thase) = 446.7 KNm/m

= (Miotal + Mprop) / Fiotal v = 2250 mm

e= x-

lbase / 2 = 0 mm

load = Ibase = 4500 mm

=238.5 kN/m

Qtoe = Frotal v / lbase = 134 5 kN/m

Qheel = Fiotal_v / Ibase = 134.5 kN/m?

g = (tbase + dcover) X Ymb - (tbase + dcover + Nwater) X Yw =
6.7 kN/m?

q'=q/y,= 6.2 kN/m?

Ng = Exp(n x tan(¢'ba)) x (tan(45 deg + ¢'va / 2))° =
3.784

Nc = (Ng - 1) x cot(¢'ba) = 10.711

N, =2 x (Ng-1) x tan(¢'n.a) = 1.447

Sq=1

s, =1

sc=1

H = Fiotal _h - Fprop stem - Firiction = Q kN/m

V = Fiotal v = 605.2 KN/m

m=2

iqg=[1-H/(V+lioad X Clb.a x COL(¢'sa))]" = 1

= [1 =H/ (V + lioag x Cloa x cot(@pa))]™ " = 1

(1 -ig) / (Ns x tan(¢'v.a)) = 1

nf=CbAdXNcXScX|c+q x Ng x Sq X iq + 0.5 x

- Yw) X

loag x N, x 8, x i, = 266.3 kN/m”

FOpr =n¢/ max(qtoey Qheel) =1.98

(Ymb

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure
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RETAINING WALL DESIGN

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

recommended values

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;
N/mm?

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;

Check stem design for maximum moment
Depth of section;

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

Lever arm;

420 mm

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;

C30/37

fo = 30 N/mm?

fok.cupe = 37 N/mm?

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

fam = 0.3 N/mm? x (fa / 1 N/mm?)?? = 2.9 N/mm?

fetk,0.05 = 0.7 x form = 2.0 N/mm?
Ecm = 22 KN/mm? x (fom / 10 N/mm?)°2 = 32837

o

YC=1-5

occ = 1.00
fed = 0lee x fox / yc = 20.0 N/mm?

Pagg =20 mm

f, = 500 N/mm?
Es = 210000 N/mm?
vs = 1.15

fya = f / ys = 435 N/mm?

Cst = 40 mm
Csr = 50 mm
Cpot = 50 mm
Cob = 75 mm
h =500 mm

M = 94.6 kNm/m
d=h-Cs-dsr/2 =442 mm
K =M/ (d* x fo) = 0.016
K'=0.196

z=min(0.5 + 0.5 x (1 —3.53 x K)*®,0.95) x d =

x=25x(d-2z)=55mm

Asrreq = M/ (fya x z) = 518 mm?m

16 dia.bars @ 200 c/c

Astprov = 0 X s> 1 (4 x Ssr) = 1005 mm?/m

K'> K - No compression reinforcement is required
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Minimum area of reinforcement - exp.9.1N;
mm2/m
Maximum area of reinforcement - ¢l.9.2.1.1(3);

Asr,min = maX(026 X f(;tm / fyk, 00013) X d = @

=0.04 x h =20000 mm 2im
=0.662

ASF max —

maX(Asr reqs ASI’ mln) / ASI’ prov —

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

Crack control - Section 7.3

Limiting crack width;

Variable load factor - EN1990 — Table A1.1;
Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;
mm?/m

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;

Wmax = 0.3 mm
y2=0.3
Msis = 44.8 kNm/m
6s = Msis / (Asr.prov x z) = 106.2 N/mm?
Long term
=04
Acerr = min(2.5 x (h-d), (h—x)/3, h/2)=145000

f(;t eff — f(;tm 2 9 N/mm
Pp.eff = As,rAprov / Aceri = 0.007
oe = Es / Ecm = 6.395

k1=M

k2=%

ks =3.4

ks = 0.425

Sr.max = K3 X Cer + K1 X k2 x Ka x dsr / pp.etf = 562 mm

Wk = Srmax X Max(cs — ki x (feteft / pp.ef) X (1 + ate x
pp.ef), 0.6 x os) / Es
wi = 0.171 mm

Wk / Wmax 0 569

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force;

Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;
Vmin) x d

V = 151.5 kN/m

Crac = 0.18 /yc = 0.120

k = min(1 + ¥(200 mm / d), 2) = 1.673

pi = Min(Asrprov / d, 0.02) = 0.002

Vimin = 0.035 N"2/mm x k*? x f4°° = 0.415 N/mm?
VRa.c = Max(Crac x k x (100 N¥mm* x py x f)'?,

VRrd.c = 183.3 KN/m
V/ VRry.c = 0.827

PASS - Design shear resistance exceeds design shear force

Rectangular section in flexure - Section 6.1
Design bending moment;

M = 63.7 kKNm/m
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Depth to tension reinforcement;

Lever arm;

418 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;
mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3);

d=h'Csf'¢sx'¢sf/2=mmm
K=M/(d* x fa) = 0.011
= 0.196

K'> K - No compression reinforcement is required

z=min(0.5 + 0.5 x (1 —3.53 x K)>*,0.95) x d =

x=25x(d—-2z)=55mm

Astreq = M/ (fyq x 2) = 351 mm?/m

16 dia.bars @ 200 c/c

Ast. prov = T X (|)sf2 /(4 x sgf) = 1 005 mm2/m
Ast.min = max(0.26 x feim / fyk, 0.0013) x d = 663
=0.04 x h = 20000 mm?/m

= 0.659

Asf max —
maX(Asf reqs Asf mln) / Asf prov —

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

Crack control - Section 7.3

Limiting crack width;

Variable load factor - EN1990 — Table A1.1;
Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;
mm?/m

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;

Wmax = 0.3 mm
y2=0.3

Msis = 29.6 kKNm/m

Gs = Msis / (Ast.prov X Z) =
Long term

kt = 0_4

Ace =min(2.5 x (h-d), (h—=x)/3,h/2)=148333

704 N/mm?

feteft = fom = 2.9 N/I’T’Im2
Pp.eff = Astprov / Acerf = 0.007

= Es/ Ecm = 6.395
=M
k2=05
ks =3.4
ks = 0.425
Sr.max = K3 X Csf + K1 x K2 x K4 X ¢sf / pp.eft = 537 mm

Wk = Sr.max X maX(Gs — ki x (fCtAeff/ ppAeff) X (1 + Ol X
PpAeff), 0.6 x Gs) / Es
wk = 0.108 mm

Wk / Wmax 0 36

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force;

V =151.5 kN/m
Cra,c=0.18/yc =0.120
k =min(1 + ¥(200 mm / d), 2) = 1.674
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Longitudinal reinforcement ratio;

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

Vmin) x d

pr= min(Asf.prov / d, 002) =0.002
Vmin = 0.035 N"2/mm x k2 x f4° = 0.415 N/mm?
VRa.c = Max(Crac x k x (100 N¥mm* x py x f)'?,

VRrd.c = 182.7 kKN/m
V/ VR4 = 0.829

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);

mm?/m

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

Transverse reinforcement provided;

Area of transverse reinforcement provided;

Asxreq = Max(0.25 x Agrprov, 0.001 x tsem) = 500

Ssx_max = M mm
12 dia.bars @ 200 c/c

Asx. prov = T X ¢sx / (4 X Ssx) = 565 mm /m

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

Check base design

Depth of section;

Rectangular section in flexure - Section 6.1

Design bending moment at toe;

Depth to tension reinforcement;

Lever arm;
396 mm

Depth of neutral axis;

h =500 mm

M =72 kNm/m
d=h-cbb-¢bb/2=ﬂmm

K =M/ (d? x fs) = 0.014
= 0.196

K'> K - No compression reinforcement is required

Area of tension reinforcement required;

Tension reinforcement provided;

Area of tension reinforcement provided;

Minimum area of reinforcement - exp.9.1N;

mm2/m

Maximum area of reinforcement - ¢l.9.2.1.1(3);

z=min(0.5 + 0.5 x (1 —3.53 x K)*®,0.95) x d =
x=25x(d-2z)=52mm

Abbreqg = M/ (fya x z) = 418 mm ’Im

16 dia.bars @ 200 c/c

Avbprov = T % o / (4 x Spp) = 1005 mm?/m
Avbmin = Max(0.26 x foum / fyi, 0.0013) x d = 628

=0.04 x h =20000 mm 2im
=0.625

Abb max —
max(Abb. req» Abb. min) / Abb. prov =

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

Crack control - Section 7.3

Limiting crack width;
Variable load factor - EN1990 — Table A1.1;
Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Wmax = 0.3 mm
y2=0.3
Msis = 39.8 kNm/m
= Msis / (Ao prov X Z) = 100 N/mm?
Long term
=04
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Effective area of concrete in tension;
mm?/m

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;

Aceii = Min(2.5 x (h - d), (—x) /3, h/ 2) = 149292

feteft = fom = 2.9 N/I’T’Im2
Pp.eff = Avb.prov / Acerr = 0.007

= Es/ Ecm = 6.395
k1 0.8
k2 =0.5
k3=M
ks = 0.425
Sr.max = K3 X Copb + K1 X K2 x Ka x b / pp.err = 659 mm

Wk = Sr.max X Max(os — ki x (feteft / pp.efr) x (1 + e x
PpAeff), 0.6 x Gs) / Es
wi = 0.188 mm

Wk / Wmax 0 628

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force;

Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;
Vmin) x d

V = 144 kN/m

Crac = 0.18 /vc = 0.120

k = min(1 + (200 mm / d), 2) = 1.693

p1 = mMin(Appprov / d, 0.02) = 0.002

Vimin = 0.035 N"2/mm x k%2 x f4°° = 0.422 N/mm?
VRa.c = Max(Crac x k x (100 N¥mm* x py x fu)'?,

VRdc = 176 kN/m
V /Vgr4c=0.818

PASS - Design shear resistance exceeds design shear force

Rectangular section in flexure - Section 6.1
Design bending moment at heel;
Depth to tension reinforcement;

M = 186.4 kNm/m

d=h-cCpt- ot/ 2 =442 mm

K =M/ (d* x fo) = 0.032
=0.196

K'> K - No compression reinforcement is required

Lever arm;

420 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;
mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3);

z=min(0.5+ 0.5 x (1 —3.53 x K)>*,0.95) x d =

x=25x(d—-2z)=55mm

Avtreq = M/ (fyg x 2) = 1021 mm?2/m

16 dia.bars @ 175 c/c

Aptprov = T X Ooi” / (4 x Spr) = 1149 mm*/m
Abtmin = max(0.26 x fem / fyk, 0.0013) x d = 666

Abtmax = 0.04 x h = 20000 mm /m
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=0.888
PASS - Area of reinforcement provided is greater than area of reinforcement required

max(Aut. reqs Abt. min) / A, prov =

Crack control - Section 7.3

Limiting crack width; Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1; y2=0.3

Serviceability bending moment; Msis = 81.2 kNm/m

Tensile stress in reinforcement; = Msis / (Abtprov x Z) = 168.2 N/mm?
Load duration; Long term

Load duration factor; ki = 0.4

Effective area of concrete in tension; Acert =min(2.5 x (h-d), (h—x) /3, h/2)=145000
mm?/m
Mean value of concrete tensile strength; foteff = fom = 2.9 N/mm?

Reinforcement ratio; Pp.eff = Abtprov / Acerr = 0.008

Modular ratio; = Es/ Ecm =6.395
Bond property coefficient; k1 0.8
Strain distribution coefficient; ko =0.5
k3 = u
ks = 0.425
Maximum crack spacing - exp.7.11; Sr.max = K3 x Cpt + K1 X k2 x Ka x ¢t / pp.etf = 513 mm

Maximum crack width - exp.7.8; Wi = Srmax X Max(cs — ki x (fetert / pp.er) X (1 + ae x
PpAeff), 0.6 x Gs) / Es

wi = 0.247 mm

Wk / Wmax = 0 822

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force; V =129.3 kKN/m

Crdc =0.18/yc = 0.120

k = min(1 + ¥(200 mm / d), 2) = 1.673

pi = mMin(Aptprov / d, 0.02) = 0.003

Vimin = 0.035 N"2/mm x k¥ x f4%° = 0.415 N/mm?

VRd.c = max(Crd.c x k x (100 N%/mm* x pI X fck)“3,

Longitudinal reinforcement ratio;

Design shear resistance - exp.6.2a & 6.2b;
Vmin) x d

VRd.c = 183.3 KN/m

V/ Vrdc = 0.705

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3
Abxreq = 0.2 x Aptprov = 230 mm?/m
Sbx_max = 450 mm
8 dia.bars @ 200 c/c
Abx.prov =T X ¢bx2 [ (4 x spx) = & mm2/m
PASS - Area of reinforcement provided is greater than area of reinforcement required

Minimum area of reinforcement — cl.9.3.1.1(2);
Maximum spacing of reinforcement — ¢l.9.3.1.1(3);
Transverse reinforcement provided;

Area of transverse reinforcement provided;
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Check key design
Depth of section;

Rectangular section in flexure - Section 6.1
Design bending moment at key;
Depth to tension reinforcement;

Lever arm;

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;
mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3);

M = 1.3 kNm/m

d=h-cp-¢x/2=269 mm

K'=M/(d* x fu) = 0.001
=0.196

K'> K - No compression reinforcement is required

z=min(0.5 + 0.5 x (1 —3.53 x K)**, 0.95) x d =

x=25x(d-2z)=34mm

Axreq = M/ (fya x 2) = 12 mm?/m

12 dia.bars @ 200 c/c

Axprov = T X o / (4 x s¢) = 565 mm?/m

Ax.min = max(0.26 x fem / fyk, 0.0013) x d = 405

= 0.04 x h = 14000 mm*/m
=0.716

Ak max —
max(Ak.req, Ak.min) / Ak prov =

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

Crack control - Section 7.3

Limiting crack width;

Variable load factor - EN1990 — Table A1.1;
Serviceability bending moment;

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;
mm?/m

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;

Wmax = 0.3 mm
Y2 = 0 3
Msis = 3.3 KNm/m
= Msis / (Akprov X Z)
Long term
kt = M
Acef =min(2.5 x (h-d), (h—x)/3,h/2)=105458

= 23 N/mm?

feteft = fom = 2.9 N/I’T’Im2
Pp.eff = Akprov / Acerf = 0.005

= Es/ Ecm = 6.395
=M
k2=M
k3=M
ks = 0.425
Sr.max = K3 x Cpp + K1 x K2 x K4 x ¢ / pper = 635 mm

Wk = Sr.max X Max(cs — Kt x (ferefr / ppetr) x (1 + oe x
PpAeff), 0.6 x Gs) / Es
wk = 0.042 mm

Wk / Wmax 0 139

PASS - Maximum crack width is less than limiting crack width
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Rectangular section in shear - Section 6.2

Design shear force;

Longitudinal reinforcement ratio;

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

Vmin) x d

V =4 kN/m
Crac = 0.18 / yc = 0.120

k = min(1 + ¥(200 mm / d), 2) = 1.862

p1 = min(Axprov / d, 0.02) = 0.002

Vimin = 0.035 N"2/mm x k%2 x f4°° = 0.487 N/mm?

VRd.c = max(Crd.c x k x (100 N%/mm* x pI X fck)“3,

VRd.c =131.1 kN/m
V / Vg4 = 0.030

PASS - Design shear resistance exceeds design shear force
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40 ¥ »/e 50

12 dia.bars @ 200 c/c
horizontal reinforcement
parallel to face of stem

16 dia.bars @ 200 c/c — <416 dia.bars @ 200 c/c

16 dia.bars @ 175 c/c

150
v
T

50
v
1
T
75

16 dia.bars @ 200 c/c

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

12 dia.bars @ 200 c/c



