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REINFORCED MASONRY RETAINING

WALL ANALYSIS & DESIGN

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

Retaining wall details
Stem type;

Stem height;

Number of steps;
Height of step 1;
Thickness of step 1;
Height of step 2;
Thickness of step 2;
Height of step 3;
Thickness of step 3;
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;

Depth of excavation;

Cantilever with stepped rear face

hstem = 2350 mm
Nsteps = 3

hss = 750 mm
ts1 = 750 mm
hs, = 800 mm
tso = 500 mm
hsz = 800 mm
tss = 250 mm

o =90 deg

Ystom = 25 KN/m®
loe = 600 mm
lheet = 600 mMm
thase = 400 mm
Prey = 1700 mm
diey = 400 mm
tey = 250 mm
Voase = 25 KN/m?
hret = 1950 mm
B =15deg
dcover = 350 mm
dexe = 250 mm
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Retained soil properties

Soil type;
Moist density;
Saturated density;

Characteristic wall friction angle;

Base soil properties

Dense well graded sand
Yor = 20.3 kN/m®
ver = 22 kN/m?®
Characteristic effective shear resistance angle; ¢'rx = 36 deg
ok = 18 deg

Soil type; Dense well graded sand
Moist density; Ymb = 20.3 kN/m?®
Characteristic cohesion; C'ox = 0 kKN/m?
Characteristic effective shear resistance angle; ¢'vx = 36 deg
Characteristic wall friction angle; dpk = 18 deg
Characteristic base friction angle; Sk = 24 deg

Loading details

Permanent surcharge load;
Variable surcharge load;
Vertical line load at 2500 mm;

Horizontal line load at 1000 mm;

Surchargeg = 1 kN/m?
Surchargeq = 10 kN/m?

Par = 25 kN/m
Par = 10 kN/m
Pas = 5 kN/m
Pa2 = 8 KN/m
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Calculate retaining wall geometry

Base length;
Base height;

Ibase = ltoe + ts1 + lheel = 1950 mm

Npase = thase + dkey = 800 mm
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Moist soil height;

Length of surcharge load;

- Distance to vertical component;

Effective height of wall;

- Distance to horizontal component;

- Distance to horizontal component above key;
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;

- Distance to horizontal component above key;
Area of base soil;

- Distance to vertical component;

- Distance to horizontal component;
Area of excavated base soill;
- Distance to vertical component;

- Distance to horizontal component;

hmoist = hsoil = 2300 mm

lsur = (Ineel + ts1 - ts3) = 1100 mm

Xsur_v = Ibase = (Iheet + ts1 - ts3) / 2 = 1400 mm

heff = hpase + doover + hret + lsur x tan(B) = 3395 mm
Xsur_h = heff / 2 - dkey = 1297 mm

Xsur_h_a = (Neff - dkey) / 2 = 1497 mm

Astem = hs1 x ts1 + hep x te + hss x tss = 1.163 m?
Xstem = Ibase = (Ns1 X ts1 X (Iheel + ts1 - ts1/2) + hsa x 52
X (Ineel + ts1 - ts2 / 2) + hsz x ts3 X (Iheet + ts1 - ts3/ 2)) /
Astem = 889 mm

Abase = lbase X thase + key X tkey = 0.88 M

Xpbase = (lbase2 X thase / 2 + dkey X tkey X (Pkey * tkey / 2))
/ Apase = 1072 mm

Amoist = lheel X hs1 + (lheel + ts1 - ts2) X hs2 + (Iheel + ts1 -
ts3) x (hsoil - hs1 + hs2) + tan(B) x (lheel + ts1 - tsa) /2 =
3.877m’

Xmoist_v = lbase = (Iheel X Ns1 X lheet / 2 + (lheet + ts1 - ts2) x
hs2 % (lheel + ts1 - ts2) / 2 + (lheel + ts1 - ts3) x (Nsoil = Ns1
+ Ns2) X (lheel + ts1 - ts3) / 2 + tan(B) x (lheet + ts1 - ts3)3
1 6) / Amoist = 1459 mm

Xmoist_h = Neff / 3 - dkey = 732 mm

Xmoist_h_a = (heff - dkey) /3 =998 mm

Apass = deover X hoe = 0.21 m*

Xpass_v = Ibase = (cover X ltoex (Ibase = hoe / 2)) / Apass =
300 mm

Xpass_h = (doover + Nbase) / 3~ diey = -17 mm

Aexc = hpass  hoe = 0.06 m?

Xexc_v = Ibase = (Npass X hoex (lbase - ltoe / 2)) / Aexc = 300
mm

Xexc_h = (Npass + Nbase) / 3- dkey = =100 mm

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

Permanent unfavourable action; ve =1.35
Permanent favourable action; vaf = 1.00
Variable unfavourable action; va = 1.50
Variable favourable action; var = 0.00
Partial factors for soil parameters — Table A.4 - Combination 1
Angle of shearing resistance; Yy = 1.00
Effective cohesion; ve = 1.00
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Weight density;

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

Base soil properties

Design effective shear resistance angle;
Design wall friction angle;

Design base friction angle;

Design effective cohesion;

Using Coulomb theory
Active pressure coefficient;

Passive pressure coefficient;

Sliding check

Vertical forces on wall
Wall stem;

Wall base;

Line loads;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Line loads;
Moist retained soil;

Total;

Check stability against sliding
Base soil resistance;

=62.6 kN/m

Base friction;

Resistance to sliding;

Factor of safety;

v, =1.00

¢'ra = atan(tan(¢'rk) / v4) = 36 deg
Sra = atan(tan(drk) / vy) = 18 deg

¢'v.a = atan(tan(¢'v) / v4) = 36 deg
db.q = atan(tan(dvx) / v4) = 18 deg
Sob.a = atan(tan(Spn.x) / v4) = 24 deg
C'bd = C'ok / Yo = 0 kKN/m?

Ka = sin(a + ¢'ra)? / (sin(o)® x sin(o - 8ra) x [1 +
V[sin(§'ra + 8r.a) x sin(d'ra - B) / (sin(a - 8r.a) x sin(a +
B)II%) = 0.282

Kp = sin(90 - ¢'va)* / (sin(90 + p.g) x [1 - V[sin(¢'p.a +
Sb.g) x SiN(P'b.a) / (SIN(90 + Sp.0))]I7) = 8.022

Fstem = Y61 X Astem X Ystem = 29.1 KN/m

Fbase = Yot X Abase X Ybase = 22 KN/m

Fp_v = yaf X Pa1 + yar x Pa1 = 25 KN/m

Frmoist v = Y&f X Amoist X Ymr = 78.5 KN/m

Fexc v = Y61 X Aexe X Ymb = 1.2 KN/m

Ftotal_v = Fstem *+ Fbase + Fmoist v + Fexc v + Fp_v =
155.8 kN/m

Fsur h = Ka x €0S(8r.4) x (ys x Surchargeg + yq x
Surchargeq) x he = 14.9 KN/m

Fp h=7yc x Pa2 + ya x Pqz = 18.8 kN/m

Frmoist_h = Y6 x Ka x c0S(8r.d4) X Ymr X hei? / 2 = 42.3
kN/m

Ftotal_h = Fmoist_h + Fsur_n + Fp_n = 75.9 KN/m

Fexc h = Yot X Kp x COS(8b.4) X Ymb X (Npass + hbase)’ / 2

Friction = Ftotal_v % tan(8ppb.a) = 69.4 KN/m
Frest = Fexc_n + Firiction = 131.9 KN/m
FOSsi = Frest / Frotal_h = 1.738
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PASS - Resistance to sliding is greater than sliding force

Overturning check

Vertical forces on wall
Wall stem;

Wall base;

Line loads;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Line loads;
Moist retained soil;

Base soil;

Total;

Overturning moments on wall
Surcharge load;
Line loads;

Moist retained soil;
Base soil;
Total;

Restoring moments on wall
Wall stem;
Wall base;
Line loads;

Moist retained soil;
Base soil;
Total;

Fstem = Yot X Astem X Ystem = 29.1 KN/m

Foase = Yot X Abase X Ybase = 22 KN/m

Fp_v = y6f x Pa1 + yaf x Par = 25 KN/m

Froist v = YGf X Amoist X Ymr = 78.5 KN/m

Fexc v = Y6f X Aexc X ymb = 1.2 KN/m

Frotal_v = Fstem * Foase + Fmoist v * Fexc_v + Fp_v =
155.8 KN/m

Fsur h = Ka x €0s(8r.4) x (ye x Surchargeg + yq x
Surchargeq) x (hef - dkey) = 13.1 kN/m

Fp h=vc x Pg2 + yq x Pq2 = 18.8 KN/m

Froist h = 16 x Ka x COS(8r4) % ymr x (Nefr - dkey)” / 2 =
32.9 KN/m

Fexc_n = -yaf X Kp x €08(8p.d) X Ymb X (Npass + hbase)2 /
2 =-62.6 KN/m

Ftotal_h = Fmoist_h * Fexc_h + Fsur_.h + Fp_h = 2.2 KN/m

Msur ot = Fsur h X Xsur_h_a = 19.7 KNm/m

Mp_or = (abs(ye x Paz + va x Paz)) x (P2 + toase) =
26.3 kNm/m

Mmoist_ 0T = Fmoist_h X Xmoist_h_a = 32.8 KNm/m
Mexc_oT = Fexc_v X Xexc_v = 0.4 KNm/m

MtotaI_OT = Mmoist_OT + Mexc_OT + Msur_OT + Iv'P_OT =
79.1 kKNm/m

Mstem_R = Fstem X Xstem = 25.8 KNm/m

Mbase R = Fbase X Xpase = 23.6 KNmM/m

Mp_r = (abs(yaf x Pa1 + yar x Pa1)) x p1 = 62.5
kNm/m

Mmoist R = Fmoist v X Xmoist v = 114.5 KNm/m
Mexc R = Fexc_v X Xexc_v = 0.4 KNm/m

Mtotal R = Mstem R + Mbase R + Mmoist R + Mexc R +
Mp r =226.8 kNm/m
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Check stability against overturning
Factor of safety; FoSet = Miotal R / Miotal_oT = 2.866
PASS - Maximum restoring moment is greater than overturning moment

Bearing pressure check

Vertical forces on wall

Wall stem; Fstem = v X Astem X Ystem = 39.2 KN/m

Wall base; Foase = Y6 X Abase X Ybase = 29.7 KN/m

Surcharge load; Fsur v = (ya x Surchargeg + ya x Surchargeq) x (lheel
+ 151 - ts3) = 18 KN/m

Line loads; Fp v =1vc x Pg1 + ya x Pa1 = 48.8 kKN/m

Moist retained soil; Froist.v = Y6 X Amoist X Ymr = 106 KN/m

Base soil; Foass_v = Y6 X Apass X Ymb = 5.7 KN/m

Total; Fiotal_v = Fstem + Foase + Fmoist v + Fpass v + Fsur v +

Fp , = 247.4 kN/m

Horizontal forces on wall

Surcharge load; Fsur n = Ka x c0s(8r.q) x (ye x Surchargeg + yaq x
Surchargeq) x (heff - dkey) = 13.1 kN/m

Line loads; Fp h=7vc x Pg2 + yq x Pqz = 18.8 kN/m

Moist retained soil; Froist h = 76 x Ka x COS(8r.d) X mr x (Neft - dkey)® / 2 =
32.9 kN/m

Total, Ftotal_h = MaxX(Fmoist h + Fpass_h + Fsur h + Fp_h - Ftotal v

x tan(dpb.a), 0 KN/m) = 0 KN/m

Moments on wall

Wall stem; Mstem = Fstem X Xstem = 34.9 KNm/m

Wall base; Mbase = Fbase X Xbase = 31.8 KNm/m

Surcharge load; Msur = Fsur v X Xsur_v = Fsur_h X Xsur_h_a = 5.5 KNm/m

Line loads; Mp = (ye x Pa1 *+ ya x Pa1) x p1 - (yer x Pa2 + yar x
Pq2) x (p2 * tbase) = 114.9 KNm/m

Moist retained soil; Mmaist = Fmoist v X Xmoist_v = Fmoist_h X Xmoist_h_a = 121.8
kNm/m

Base soil; Mpass = Fpass_v X Xpass_v = 1.7 KNm/m

Total; Miotal = Mstem + Mbase + Mmoist + Mpass + Msur + Mp =
310.6 kNm/m

Check bearing pressure

Distance to reaction; X = Motal / Fotal v = 1255 mm

Eccentricity of reaction; €= X-lpase /2 =280 mm

Loaded length of base; lioad = 2 x (Ibase - X) = 1389 mm
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Bearing pressure at toe; Qtoe =0 kN/m?
Bearing pressure at heel; Oheel = Frotal v / lioad = 178.1 kN/m?
Effective overburden pressure; g = (tbase + dcover) X Ymb = 15.2 kN/m?
Design effective overburden pressure; q'=q/y,=15.2 kN/m?
Bearing resistance factors; Ng = Exp(n x tan(¢'v.q)) x (tan(45 deg + ¢'va / 2))2 =
37.752

Ne = (Ng - 1) x cot(¢'n.a) = 50.585
N, =2 x (Ng - 1) x tan(¢'v.a) = 53.405

Foundation shape factors; Sq=1
s, =1
sc=1
Load inclination factors; H = Fiota_n = 0 KN/m
V = Fiotal v = 247.4 KN/m
m=2

ig =[1-H/(V+load x C'b.a x COt(¢'.0))]" = 1
i, =[1-H/(V+ loag X C'p.a X cot(¢ln.a))]™ " =1
i = iq - (1-1g) / (Ne x tan(¢'p.a)) = 1

Net ultimate bearing capacity; Ni = C'bd X Ng x S¢ X ic + @' x Ng x Sq X ig + 0.5 x ymp
% load x N, x 8, x i, = 1324.6 kN/m’
Factor of safety; FoSkp = nf/ max(Qoe, qheer) = 7.439

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

Permanent unfavourable action; ve =1.00
Permanent favourable action; vaef = 1.00
Variable unfavourable action; va =1.30
Variable favourable action; var = 0.00

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

Angle of shearing resistance; ¥y = 1.25

Effective cohesion; ve =1.25

Weight density; 1, = 1.00

Retained soil properties

Design effective shear resistance angle; ¢'ra = atan(tan(¢'rk) / v4) = 30.2 deg
Design wall friction angle; Sra = atan(tan(drk) / vy) = 14.6 deg
Base soil properties

Design effective shear resistance angle; d'v.a = atan(tan(¢'vx) / v4) = 30.2 deg
Design wall friction angle; dp.d = atan(tan(dpx) / v4) = 14.6 deg
Design base friction angle; Sob.a = atan(tan(Sev.k) / v4) = 19.6 deg
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Design effective cohesion;

Using Coulomb theory
Active pressure coefficient;

Passive pressure coefficient;

Sliding check

Vertical forces on wall
Wall stem;

Wall base;

Line loads;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Line loads;
Moist retained soil;

Total;

Check stability against sliding

Base soil resistance;
=39.2 kN/m

Base friction;
Resistance to sliding;
Factor of safety;

Overturning check

Vertical forces on wall
Wall stem;

Wall base;

Line loads;

Moist retained soil;
Base soil;

Chd =Cbk/yc=0 kN/m?

Ka = sin(a + ¢'ra)? / (sin(a)® x sin(o - 8ra) x [1 +
\[SiN(¢'ra + 8r.a) x SIN(P'ra - B) / (SiN(at - 8rg) x sin(a +
B)II®) = 0.370

K = sin(90 - ¢'v.a)? / (SIN(90 + 8p.q) x [1 - V[sin(¢'v.a +
Sbd) x SiN(P'o.a) / (SIN(90 + 8p.0))]]?) = 4.938

Fstem = Yof X Astem X Ystem = 29.1 KN/m

Foase = Yot X Abase X Ybase = 22 KN/m

Fp v = yar X Pa1 + yar x Pa1 =25 KN/m

Froist v = Yf X Amoist X Ymr = 78.5 KN/m

Fexc v = Yar X Aexe X Ymb = 1.2 KN/m

Fiotal v = Fstem * Fbase + Fmoist v + Fexc_v + Fp_y =

155.8 kN/m

Fsur h = Ka x €0s(8r.4) x (ye x Surchargeg + yq x
Surchargeq) x heff = 17 KN/m

Fp h =vc x Pg2 + yq x Pqz = 15.4 kN/m

Froist h = Y6 % Ka x COS(8r4) X ymr x het” / 2 = 41.8
kN/m

Fiotal_h = Fmoist_h + Fsur h + Fp_n = 74.3 KN/m

Fexc h = Yot X Kp x COS(8b.d) X Ymb X (Npass + hbase)’ / 2

Firiction = Ftotal_v X tan(ébb_d) =55.5 kN/m
Frest = Fexc_n *+ Friction = 94.7 kN/m
FOSs = Frest / Ftotal_h =1.275

PASS - Resistance to sliding is greater than sliding force

Fstem = Y&f X Astem X Ystem = 29.1 KN/m
Foase = Yot X Abase X Ybase = 22 KN/m
Fp v = yar x Pa1 + yar x Pa1 = 25 kN/m
Froist v = Y6f X Amoist X Ymr = 78.5 KN/m
Fexc v = Y61 X Aexc X Ymb = 1.2 KN/m
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Total;

Horizontal forces on wall

Surcharge load;

Line loads;
Moist retained soil;

Base soil;

Total;

Overturning moments on wall
Surcharge load;
Line loads;

Moist retained soil;
Base soil;
Total;

Restoring moments on wall
Wall stem;
Wall base;
Line loads;

Moist retained soil;
Base soil;
Total;

Check stability against overturning
Factor of safety;

Ftotal v = Fstem *+ Fbase + Fmoist v + Fexc v + Fpv =

155.8 KN/m

Fsur h = Ka x cos(8r.4) x (ye x Surchargeg + yq x

Surchargeq) x (heff - dkey) = 15 KN/m
Fp h=vc x Pg2 + yq x P2 = 15.4 KN/m

Frmoist_h = Y X Ka x €OS(8r.d) X Ymr X (Neff - dkey)2 /2=

32.6 kN/m

Fexc_h = -yaf X Kp x €08(8p.d) X Ymb X (Npass + hbase)2 /

2=-39.2 kN/m

Ftotal_h = Fmoist_h * Fexc_h + Fsur_n + Fp_n = 23.8 KN/m

Msur_oT = Fsur h X Xsur_h_a = 22.5 KNm/m

Mp_ot = (abs(ye x P2 + ya x Pq2)) x (P2 + thase) =

21.6 kKNm/m
Mmoist_oT = Fmoist_h X Xmoist_h_a = 32.5 KNm/m
Mexc_oT = Fexc_v X Xexc_.v = 0.4 KNm/m

Miotal 0T = Mmoist_ oT + Mexc_oT + Msur o1 + Mp o7 =

76.9 KNm/m

Mstem R = Fstem X Xstem = 25.8 kNm/m
Mbase_R = Fbase X Xpase = 23.6 kKNm/m

Mp r = (abs(yer x Pe1 + yar x Pa1)) x p1 = 62.5

kNm/m
Mmoist R = Fmoist v X Xmoist v = 114.5 KNm/m
Mexc_R = Fexc_v X Xexc_v = 0.4 kNm/m

MtotaI_R = Mstem_R + Mbase_R + Mmoist_R + Mexc_R +

MP_R =226.8 kKNm/m

FoSot = Miotal R / Miotal ot = 2.948

PASS - Maximum restoring moment is greater than overturning moment

Bearing pressure check
Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;

Fstem = Y6 X Astem X Ystem = 29.1 KN/m
Fbase = Y6 X Abase X Ybase = 22 KN/m

Fsur v = (Yo x Surchargeg + ya x Surchargeq) x (lheel

+ 11 - tss) =15.4 kN/m
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Line loads;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall

Surcharge load;

Line loads;
Moist retained soil;

Total;

Moments on wall
Wall stem;

Wall base;
Surcharge load;
Line loads;

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;

Effective overburden pressure;

Design effective overburden pressure;

Bearing resistance factors;

Foundation shape factors;

Fp v =76 x Pa1 + ya x Pq1 = 38 kKN/m

Frmoist v = Y6 X Amoist X Ymr = 78.5 KN/m

Fpass v = Y6 x Apass X Ymb = 4.3 KN/m

Ftotal_v = Fstem + Foase + Fmoist v + Fpass v + Fsur v +
Fp v=187.2 kN/m

Fsur h = Ka x c0s(8r.4) x (ye x Surchargeg + yq x
Surchargeq) x (heff - dkey) = 15 KN/m

Fp h =176 x Pa2 + ya x Pa2 = 15.4 kN/m

Frmoist_h = Y x Ka x €08(8r.4) X Ymr X (Nefr - dkey)2 /2=
32.6 kN/m

Fiotal h = Max(Fmoist h + Fpass_h + Fsur h + Fp_h - Fiotal v
x tan(8pb.a), 0 KN/m) = 0 kN/m

Mstem = Fstem X Xstem = 25.8 kNm/m

Mpase = Fbase X Xpase = 23.6 KNm/m

Msur = Fsur_v X Xsur_v = Fsur_h X Xsur_h_a = =1 KNm/m
Mp = (ye x Pa1 + ya x Pa1) x p1 - (ver x Pez2 + yar x
Paz2) x (p2 + toase) = 88 kNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_h X Xmoist_h_a = 82
kNm/m

Mpass = Fpass_v X Xpass_v = 1.3 KNm/m

Miotal = Mstem + Mbase + Mmoist + Mpass + Msur + Mp =
219.8 kNm/m

X = Motal / Frotalv = 1174 mm
€= X-lbase/2 =199 mm
lioad = 2 X (Ibase - X) = 1553 mm
Qioe = 0 kKN/m®
Qheel = Frotal v / load = 120.6 kN/m®
q = (toase + doover) X ymb = 15.2 kN/m?
q'=q/v,=15.2kN/m’
Ng = Exp(r x tan(¢'v.q)) x (tan(45 deg + ¢'n.a / 2))° =
18.753
Ne = (Nq - 1) x cot(¢'s.q) = 30.543
N, =2 x (Ng - 1) x tan(¢'n.a) = 20.637
Sq=1
s, =1

11
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Load inclination factors;

Net ultimate bearing capacity;

Factor of safety;

sc=1

H = Fiota_n = 0 KN/m

V = Fiotal v = 187.2 kKN/m

m=2

ig =[1-H/(V+load x Cb.a x COt(¢'.0))]" = 1

i, =[1-H/ (V+ load x Clba x cot(@o.a)) ™" " =1
ic = iq - (1-1g) / (Nec x tan(¢'v.0)) = 1

Ni = C'vd X N¢ x S¢ X ic + @' x Ng x Sq x ig + 0.5 x ymp

% lioad x N, x 8, x i, = 609.2 kN/m”
FoSep = N/ max(Qioe, Gneel) = 5.052

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

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 - cl.3.1.6(1);
Design compressive concrete strength - exp.3.15;
Maximum aggregate size;

Reinforcement details

Characteristic yield strength of reinforcement;
Modulus of elasticity of reinforcement;

Partial factor for reinforcing steel - Table 2.1N;
Design yield strength of reinforcement;

Cover to reinforcement
Front face of stem;

Rear face of stem;

Top face of base;
Bottom face of base;

C30/37
fox = 30 N/mm?

fok.cube = 37 N/mm?

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

form = 0.3 N/mm? x (fex / 1 N/mm?)?® = 2.9 N/mm?
fotk0.05 = 0.7 x form = 2.0 N/mm?

Eem = 22 KN/mm? x (fom / 10 N/mm?)®? = 32837

yc =1.50

e = 1.00

foa = 0tee % fok / yc = 20.0 N/mm?
hagg =20 mm

fy = 500 N/mm?

Es = 200000 N/mm?

s =1.15

fya = fy / vs = 435 N/mm?

Csf = 40 mm
Csr = 50 mm
Cpt = 50 mm
Cpb = 75 mm

12
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Check stem design at base of stem

Depth of section; h =750 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 51.7 KNm/m

Depth to tension reinforcement; d=h-cCs-dsr/2=692 mm

K =M/ (d? x fe) = 0.004
K'=0.196
K'> K - No compression reinforcement is required

Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)*°, 0.95) x d = 657

mm

Depth of neutral axis; Xx=25x(d-2z)=87 mm

Area of tension reinforcement required; Asrreq = M/ (fya x 2) = 181 mm?/m

Tension reinforcement provided; 16 dia.bars @ 150 c/c

Area of tension reinforcement provided: Astprov = T % s / (4 x Sgr) = 1340 mm?/m

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26 x feim / fyk, 0.0013) x d = 1042

mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3); Asrmax = 0.04 x h = 30000 mm?/m

max(Asr.reqs Asr.min) / Asrprov = 0.778
PASS - Area of reinforcement provided is greater than area of reinforcement required

Deflection control - Section 7.4

Reference reinforcement ratio; po = V(fe / 1 N/mmz) /1000 = 0.005

Required tension reinforcement ratio; p = Asrreq / d = 0.000

Required compression reinforcement ratio; p' = Asr2req / d2 = 0.000

Structural system factor - Table 7.4N; Ko =1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm? / (fyk x Asrreq / Asr.prov), 1.5) =
1.5

Limiting span to depth ratio - exp.7.16.a; Ks x Ko x [11 + 1.5 x V(fo / 1 N/mmz) xpolp+3.2
x \(fo / 1 N/mm?) x (po / p - 1)°%] = 2617.3

Actual span to depth ratio; hstem / d = 3.4

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3

Limiting crack width; Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1; y2 = 0.6

Serviceability bending moment; Msis = 30.6 KNm/m

Tensile stress in reinforcement; 6s = Msis / (Asrprov X Z) = 34.7 N/mm?
Load duration; Long term

Load duration factor; ki = 0.4

13
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Effective area of concrete in tension; Acerf = min(2.5 x (h-d), (h—x)/3,h/2)=145000
mm%m
Mean value of concrete tensile strength; foteff = form = 2.9 N/mm?
Reinforcement ratio; Pp.eff = Asrprov / Aceff = 0.009
Modular ratio; e = Es / Ecm = 6.091
Bond property coefficient; ki1=0.8
Strain distribution coefficient; k2 =0.5
k3 =34
ks = 0.425
Maximum crack spacing - exp.7.11; Srmax = K3 x Csr + K1 x K2 x Ka x ¢sr / pp.eit = 464 mm
Maximum crack width - exp.7.8; Wk = Sr.max X Max(cs — ki x (fetefr / pp.efr) X (1 + oe x
Pp.eff), 0.6 x os) / Es
wk = 0.048 mm

Wk / Wmax = 0.161
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force; V =53.5 kN/m
Crd,c =0.18 /yc = 0.120
k = min(1 + V(200 mm / d), 2) = 1.538

Longitudinal reinforcement ratio; p1 = min(Astprov / d, 0.02) = 0.001

Vimin = 0.035 N"2/mm x k¥2 x f4*° = 0.366 N/mm?
Design shear resistance - exp.6.2a & 6.2b; Vrd.c = Max(Cra.c x k x (100 N¥mm* x py x fo) ',
Vmin) x d

VR = 252.9 kN/m
V /[ Vgac =0.212
PASS - Design shear resistance exceeds design shear force

Check stem design at 750 mm

Depth of section; h =500 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M =17.6 KNm/m
Depth to tension reinforcement; d=h-Cs- bsr1 /2 =445 mm

K =M/ (d® x fu) = 0.003

K'=0.196

K'> K - No compression reinforcement is required

Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)*°, 0.95) x d = 423
mm
Depth of neutral axis; x=2.5x(d-z)=56 mm
Area of tension reinforcement required; Asrireqg = M/ (fya x ) = 96 mm?/m
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Tension reinforcement provided; 10 dia.bars @ 200 c/c
Asrt.prov = T X ¢sr12 /(4 x ssr1) = 393 mmZ/m

Asr1.min = Max(0.26 x fem / fyk, 0.0013) x d = 670

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
mm?/m

Asrtmax = 0.04 x h = 20000 mm?/m

maX(ASﬂ.req, Asr1.min) / Asr1_prov =1.707

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

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

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;

mm2/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=0.6

Mgis = 10.4 KNm/m

s = Msis / (Asrt prov x Z) = 62.6 N/mm?

Long term

ki = 0.4

Acef =min(2.5x (h-d), (h—x)/3,h/2)=137500

fetett = fotm = 2.9 N/mm2
Pp.eff = Asr1.prov | Ace = 0.003
oe = Es / Ecm = 6.091

k1 =0.8
kz = 05
ks =3.4
ks = 0.425

Srmax = K3 X Csr + K1 x k2 x K4 X dsr1 / pp.eii = 765 mm
Wk = Sr.max X Max(os — ki x (feteff / pp.efi) X (1 + 0l %
ppefi), 0.6 x o5) / Es

wk = 0.144 mm

Wk / Wmax = 0.479

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 =38 kN/m
Crd,c =0.18 /yc = 0.120

k = min(1 + V(200 mm / d), 2) = 1.670

pi = Min(Astt prov / d, 0.02) = 0.001

Vmin = 0.035 N"2/mm x k¥ x f40° = 0.414 N/mm?

Viae = max(Crac x k x (100 N/mm* x pi x fog) "™,

Vrd.c = 184.2 KN/m

15



Job Ref.
www.geodomisi.com

el

Project: Reinforced Masonry Retaining Wall Analysis & Design,
In  accordance  with EN1997-1:2004 incorporating
4 Corrigendum dated February 2009 and the recommended
w values.

GEODOMISI Lt

GEODOMISI Ltd. - Dr. Costas Sachpazis

Section
Civil & Geotechnical Engineering

Sheet no./rev. 1

Civil & Geotechnical Engineering Consulting Company for

Structural Engineering, Soil Mechanics, Rock Mechanics, Chk'd by
Foundation Engineering & Retaining Structures. Calc. by Date ,
Tel.: (+30) 210 5238127, 210 5711263 - Fox.30 210 5711461 - | Oy ' Sachpazis | 14/09/2014 Date App'd by Date

Mobile: (+30) 6936425722 & (+44) 7585939944,
www.geodomisi.com - costas@sachpazis.info

V/ VRdc = 0.207
PASS - Design shear resistance exceeds design shear force

Check stem design at 1550 mm

Depth of section; h =250 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M = 2.6 kNm/m

Depth to tension reinforcement; d=h-cCsr-dsr2/2=195 mm
K =M/ (d?x fu) = 0.002
K'=0.196
K'> K - No compression reinforcement is required
Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)*°, 0.95) x d = 185
mm
Depth of neutral axis; x=2.5x(d-z)=24 mm
Asizreq = M/ (fyq x ) = 33 mm?/m
10 dia.bars @ 200 c/c
Asrzprov = T X sr2” | (4 x Ss2) = 393 mm%/m

As2.min = Max(0.26 x foum / fyk, 0.0013) x d = 294

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
mm?/m

As2max = 0.04 x h = 10000 mm?/m

max(Asrz_req, Asr’z.min) / Asr2.prov =0.748

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

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

Crack control - Section 7.3

Limiting crack width; Wmax = 0.3 mm

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;

Y2 = 0.6

Mgis = 1.6 kKNm/m

s = Msis / (Asz.prov  2) = 21.5 N/mm?
Long term

ki =0.4

Acef =min(2.5 x (h-d), (n—x)/3, h/2) = 75208

fotetr = form = 2.9 N/mm?
Pp.eff = Asr2.prov [ Acerr = 0.005
oe = Es / Ecm = 6.091

k1=0.8
ko =10.5
ks =3.4
ks = 0.425

Srmax = K3 x Csr + K1 x k2 x kg x ¢sr2 / Pp.eff = 496 mm
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Maximum crack width - exp.7.8; Wk = Srmax X Max(os — ki x (fetett / ppeft) x (1 + ae x
ppefi), 0.6 x o5) / Es
wi = 0.032 mm

Wk / Wmax = 0.106
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force; V =7.3 kN/m
Crdc =0.18 /yc = 0.120
k = min(1 + V(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio; p1 = min(Asr.prov / d, 0.02) = 0.002

Vimin = 0.035 N"2/mm x k¥2 x f4*® = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b; Vkac = Max(Crac x k x (100 N¥Zmm? x py x fo) ",
Vmin) xd

VRd.c = 105.7 kN/m
V / Vrdc = 0.069
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — cl.9.6.3(1); Asxreq = Max(0.25 x Agrprov, 0.001 x ts1) = 750
mm?/m

Maximum spacing of reinforcement — cl.9.6.3(2); Ssx_max = 400 mm

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

Area of transverse reinforcement provided; Asxprov = T % dsx | (4 x Sex) = 393 mm?/m

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

Check base design at toe

Depth of section; h =400 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M =19 kNm/m
Depth to tension reinforcement; d=h-cCpop-dppb/2=317 mm

K =M/ (d’ x fe) = 0.006

K'=0.196

K'> K - No compression reinforcement is required

Lever arm; z=min(0.5 + 0.5 x (1 - 3.53 x K)*°, 0.95) x d = 301
mm
Depth of neutral axis; x=2.5x(d-z)=40 mm
Area of tension reinforcement required; Abbreq =M/ (fya x z) = 145 mm?/m
Tension reinforcement provided; 16 dia.bars @ 300 c/c
Area of tension reinforcement provided: Avbprov = Tt X dob> / (4 x Spp) = 670 mm?/m
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Minimum area of reinforcement - exp.9.1N;

mm?/m

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

Abb.min = max(0.26 x fotm / fyk, 0.0013) xd =477

Avbmax = 0.04 x h = 16000 mm?/m
maX(Abb.req, Abb.min) / Aub prov = 0.712

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 = 0.6

Msis = 3.3 KNm/m

6s = Msis / (Abb.prov x 2) = 16.3 N/mm?

Long term

ki= 0.4

Acert =min(2.5 x (h-d), (h—x)/3,h/2)=120125

foteft = fotm = 2.9 N/mm?
Pp.eff = Abb.prov [ Acerr = 0.006
ae = Es / Ecm = 6.091

k1=0.8
kz = 05
k3 =34
ks = 0.425

Srmax = K3 X Cop + K1 x k2 x K4 x dpb / pp.eii = 743 mm
Wi = Srmax X Max(os — ki x (feteft / pp.eft) X (1 + 0 %
Ppefi), 0.6 x os) / Es

wk = 0.036 mm

Wk / Wmax = 0.121

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 =23 kN/m
Crac = 0.18 / yc = 0.120

k =min(1 + V(200 mm/ d), 2) = 1.794

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

Vimin = 0.035 N"2/mm x k¥ x f4>° = 0.461 N/mm?
Vra.c = Max(Cra.c x k x (100 N¥mm* x py x fo) ',

VRdec = 146.1 kKN/m
V/ VRd.c =0.157

PASS - Design shear resistance exceeds design shear force
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Rectangular section in shear - Section 6.2
Design shear force; V =59.1 kN/m

Longitudinal reinforcement ratio;

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

Vmin) xd

Crd,c =0.18 / yc = 0.120

k = min(1 + V(200 mm / d), 2) = 1.794

p1 = Min(Aptprov / d, 0.02) = 0.001

Vimin = 0.035 N"2/mm x k¥ x f4>° = 0.461 N/mm?

Viae = max(Crac x k x (100 N7mm* x pi x fo) "™,

VRdec = 146.1 kN/m
V / Vg4 = 0.404

PASS - Design shear resistance exceeds design shear force

Check key design
Depth of section;

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

Lever arm;

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);

h =250 mm

M = 6.1 kNm/m
d=h-cbb-¢k/2=169mm
K =M/ (d® x fe) = 0.007
K'=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 = 161

x=25x(d-2z)=21mm

Axreq = M/ (fya x z) = 88 mm?/m

12 dia.bars @ 200 c/c

Axprov = T x 0’ (4 x ) = 565 mm*/m

Axmin = Max(0.26 x foim / fyx, 0.0013) x d = 255

Acmax = 0.04 x h = 10000 mm*/m
max(Ak.reqs Akmin) / Akprov = 0.45

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 = 0.6

Msis = 4.4 KNm/m

s = Msis / (Akprov x Z) = 48.8 N/mm?
Long term

ki=0.4
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Effective area of concrete in tension; Acert =min(2.5x (h-d), (h—=x)/3,h/2)=76292
mm?/m
Mean value of concrete tensile strength; foteff = form = 2.9 N/mm?
Reinforcement ratio; Pp.eff = Akprov / Acef = 0.007
Modular ratio; oe = Es / Ecm = 6.091
Bond property coefficient; ki1=0.8
Strain distribution coefficient; k2 =0.5
k3 =34
ks = 0.425
Maximum crack spacing - exp.7.11; Srmax = K3 x Cpb + K1 x K2 x Ka x Ok / pp.ef = 530 mm
Maximum crack width - exp.7.8; Wk = Srmax X Max(os — ki x (feteft / pp.eft) x (1 + ote x
Pp.eff), 0.6 x os) / Es
wi = 0.078 mm

Wk / Wmax = 0.259
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force; V =28.2 kN/m
Crd,c =0.18 /yc = 0.120
k = min(1 + V(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio; p1 = min(Axprov / d, 0.02) = 0.003

Vinin = 0.035 N"?/mm x k*2 x f4°° = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b; Vrd.c = Max(Cra.c x k x (100 N¥mm* x py x fo) ',
Vmin) x d

VRd.c = 91.6 KN/m
V /Vrdc = 0.308
PASS - Design shear resistance exceeds design shear force
Secondary transverse reinforcement to base - Section 9.3
Minimum area of reinforcement — ¢1.9.3.1.1(2); Abxreq = 0.2 x App prov = 134 mm*/m
Maximum spacing of reinforcement — c1.9.3.1.1(3);  Sbx_max = 450 mm
Transverse reinforcement provided; 10 dia.bars @ 300 c/c
Area of transverse reinforcement provided; Abxprov = T X O / (4 x Sbx) = 262 mm?/m
PASS - Area of reinforcement provided is greater than area of reinforcement required
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40— <> 450

10 dia.bars @ 200 c/c
1 7 horizontal reinforcement
parallel to face of stem
10 dia.bars @ 200 c/c —p q 10 dia.bars @ 200 c/c
10 dia.bars @ 200 c/c —p 41—— 10 dia.bars @ 200 c/c
10 dia.bars @ 200 c/c | | ' 16 dia.bars @ 150 c/c
10 dia.bars @ 300 c/c | : |

R
« > g

16 dia.bars @ 300 c/c

'y

10 dia.bars @ 300 c/c
transverse reinforcement 12 dia.bars @ 200 c/c
in base
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