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Geotechnical partial and model factors:
Design approach 1:
Model factor on compressive resistance; Ymodel = 1.40
Model factor on tensile resistance; Ymodelt = 1.40
Permanent unfavourable, A1 (Table A.3); YGunfavat = 1.35
Permanent favourable, A1 (1); Y6 favat = 1.00
Variable unfavourable, A1 (Table A.3); yaat = 1.50
Permanent unfavourable, A2 (Table A.3); YG.unfav,A2 = 1.00
Permanent favourable, A2 (Table A.3); Y6 favaz = 1.00
Variable unfavourable, A2 (Table A.3); yaoaz = 1.30

Characteristic axial resistance

Characteristic axial base resistance;
Characteristic axial shaft resistance per stratum
Stratum 1;

Stratum 2;

Stratum 3;

Characteristic total axial shaft resistance;

Axial compressive resistance

Load combination 1: A1+ M1 + R1

Design compression action;

Partial resistance factor, bearing (Table A.NA.7);
Partial resistance factor, shaft (Table A.NA.7);
Design compressive resistance;

Load combination 2: A2 + M1 + R4
Design compression action;

Partial resistance factor, bearing (Table A.NA.7);
Partial resistance factor, shaft (Table A.NA.7);
Design compressive resistance;

Axial tensile resistance
Load combination 1: A1 + M1 + R1
Design tension load;

Partial resist. factor, shaft in tension (Table A.NA.7);
Design tensile resistance;
Load combination 2: A2 + M1 + R4

Design tension load;

Partial resist. factor, shaft in tension (Table A.NA.7);
Design tensile resistance;

Rok = Avearing x ok = 25.1 kN

Rkt = qskt x Perimpie x tsiatat =628.3 kN

Rsk2 = Qskz x Perimpie x tsirata2 =942.5 kKN

Rsks = qska x Perimpie x (L - Dstrata3) =502.7 kN
Rsk = Rsk1 + Reiz + Rska = 2073.5 kN

Fedct = yeunfavat X Gokunfay - Y6 fava1 x Gekfav + oAt X Qok
Feac1=135kN

oRr1=1.00

Ysr1 =1.00

React = (Rok/ yoR1 + Rsk / ysr1) / ymosel = 1499 kN
Feact/Regct = 0.09

Fea.c2 = yGunfavA2 X Gekunfay - Y6 fav.a2 X Gekfav + yaA2 X Qok
Feacz =100 kN

TbRra = 2.00

YsRra = 1.60

Red,c2 = (Rok / yo.Rs + Rsk / ysR4) / ymodel = 934.6 kKN

Feacz/ Regcz =0.107

Fia.c1 = yGunfavat x Grkunfay - YGfavat X Gukfav + yaa1 x Quk
Fract = 33.8 kN

Ystr1 =1

Ridct = Rsk / (ystR1 % Ymodelt) = 1481 kN

Fiac1/Rigcer =0.023

Fia.c2 = yGuntavaz x Gtkunfay - Y6 favA2 X Gk fav + ya.2 x Quk
Frac2 =25 kN

YstRa =2

Rta.cz = Rsk / (ystRa X Ymodel) = 740.5 kN

Fiace/ Rigcz = 0.034

RETAINING WALL ANALYSIS & DESIGN (EN1992/EN1996/EN1997)

RETAINING WALL ANALYSIS

In accordance with EN1997-

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;

Base density;

Propped cantilever
hstem = 3000 mm
hprop = 2000 mm
tstem = 300 mm

o =90 deg

ystem = 25 kKN/m?®
lioe = 1800 mm

Ineel = 500 mm
toase = 350 mm
Yoase = 25 kN/m®

PASS - Design compressive resistance exceeds design load

PASS - Design compressive resistance exceeds design load

PASS - Design tensile resistance exceeds design load

PASS - Design tensile resistance exceeds design load

:2004 incorporating Corrigendum dated February 2009 and the UK National Annex incorporating Corrigendum No.1
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Height of retained soil; hret = 2500 mm
Angle of soil surface; B =0deg
Depth of cover; deover = 500 mm
Depth of excavation; dexc = 200 mm
Height of water; hwater = 1750 mm
Water density; yw = 9.8 kN/m?
Retained soil properties
Soil type; Medium dense well graded sand
Moist density; ymr = 21 KN/m?
Saturated density; ysr = 23 kN/m3

Characteristic effective shear resistance angle;

Characteristic wall friction angle;
Base soil properties

Soil type;

Soil density;

Characteristic cohesion;

Characteristic effective shear resistance angle;

Characteristic wall friction angle;
Characteristic base friction angle;
Loading details

Variable surcharge load;

Vertical line load at 1950 mm;

Calculate retaining wall geometry

Base length;

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;

'k = 30 deg
8k = 0 deg

Medium dense well graded sand
o= 18 KN/m®

Clok = 0 kN/m?

'k = 30 deg

8ok =15 deg

Suox = 30 deg

Surchargea = 10 kN/m?

Pg1 =75 kN/m
Pa1 =15 kN/m
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General arrangement

Ibase = loe + tstem + Ineel = 2600 mm

hsat = hwater + deover = 2250 mm

Pmoist = hret = hwater = 750 mm

Isur = Ineet = 500 mm

Xsur_v = lbase - Ineel / 2 = 2350 mm

hefr = hbase + dcover + hret = 3350 mm

Xsur_h = hert / 2 = 1675 mm

Astem = hstem x tstem = 0.9 m?

Xstem = lioe + tstem / 2 = 1950 mm

Abase = Ibase  tbase = 0.91 m?

Xbase = lbase / 2 = 1300 mm

Asat = hsat % Ineet = 1.125 m?

Xsat_v = Ibase - (Nsat x Inee? / 2) / Asat = 2350 mm
Xsat_h = (Nsat + hoase) / 3 = 867 mm

Avater = hsat X Iheel = 1.125 m?

Xwater_v = Ibase - (Nsat % Iheet? / 2) / Asat = 2350 mm
Xuater_h = (Nsat + hoase) / 3 = 867 mm

Amoist = hmoist  Iheel = 0.375 m?

Xmoist_v = Ibase - (Nmoist X Ineet? / 2) / Amoist = 2350 mm

Xmoist_h =
Apass = deover x loe = 0.9 m?

Xpass_v = Ibase - (dcover X loex (Ibase - loe / 2)) / Apass = 900 mm

PEES

(hmoist x (toase + Nsat + hmoist / 3) / 2 + (Nsat + toase)?/2) / (Nsat + toase + hmoist / 2) = 1495 mm
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- Distance to horizontal component;
Area of excavated base soil;

- Distance to vertical component;

- Distance to horizontal component;

Design approach 1

Xpass_h = (dcover + hiase) / 3 = 283 mm

Aexc = Npass x loe = 0.54 m?

Xexc_v = lbase - (Npass x lioex (Ibase - lioe / 2)) / Aexe = 900 mm
Xexc_h = (Npass + hbase) / 3 = 217 mm

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

Partial factor set;

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

Soil parameter set;

Angle of shearing resistance;
Effective cohesion;

Weight density;

Water properties

Design water density;
Retained soil properties
Design moist density;
Design saturated density;
Design effective shear resistance angle;
Design wall friction angle;
Base soil properties
Design soil density;
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;
Bearing pressure check
Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

Moments on wall

Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

Check bearing pressure
Propping force to stem;
Propping force to base;
Moment from propping force;
Distance to reaction;
Eccentricity of reaction;
Loaded length of base;

—Table A.4 - C ination 1

Al

¥6=1.35

yer=1.00

ya =150

var = 0.00

;Partial factors for soil

M1

74 =1.00

e =1.00

7,=1.00

W' =yl 4 = 9.8 KN/m®

Yoor' = yme /7, = 21 KN/m?

Yo' = ysr | 1, = 23 kN/m?®

¢'ra = atan(tan(¢'ex) / y) = 30 deg
8ra = atan(tan(dx) / v¢) = 0 deg

' =0 /7, = 18 kKN/m®

¢'v.0 = atan(tan(¢'o.x) / v¢) = 30 deg
84 = atan(tan(vx) / ys) = 15 deg
Sob.d = atan(tan(Seo.x) / ye) = 30 deg
C'ba = Cok/ e = 0 kN/m?

Library item; Partial factors output

Ka = sin(o + ¢'ra)? / (sin(u)? x sin(ot - ra) x [1 + Vsin(@'ra + 8ra) x sin(@'v - B) / (sin(c - 8ra) x sin(o + B)I) = 0.333

Kp = sin(90 - ¢'6.0)? / (SiN(90 + So.0) x [1 - V[SiN(¢'6.a + b.a) x Sin(¢'n.a) / (SIN(90 + 8b.9))]1%) = 4.977

Fstem = ¥6 x Astem % Ystem = 30.4 kN/m

Fbase = yG x Avase X Ybase = 30.7 KN/m

Fsur_v = ya x Surchargea x Ineet = 7.5 kN/m

Fp_v = y6 x Pa1 + ya x Pat = 123.8 kN/m

76 % Asat x (ysr' - yw') = 20 kN/m

G % Awater X 7' = 14.9 kN/m

Frmoist_v = Y6 % Amoist % ymr' = 10.6 kN/m

Fpass_v = 76 x Apass x 1o’ = 21.9 kKN/m

Fiotal_v = Fstem + Foase + Fsur_v + Fp_v + Fsat_v + Fuater_v + Fmoistv + Fpass_v = 259.8 kN/m

Fsaty

Fuwater_

Fsur_n = Ka x ya x Surchargea x hef = 16.8 kN/m

Feath = 76 x Ka x (ysr - 1w') x (hsat + hbase)? / 2 = 20.1 kN/m

Fuater h =76 % ' X (Nwater + doover + Nbase)? / 2 = 44.8 kN/m

Fmoist h = 76 x Ka x ymr' % ((Neff - Nsat - hbase)? / 2 + (heft - hsat - hbase) x (Nsat + hbase)) = 21.1 kN/m
Fpass_h = 76t x Kp x COS(8b.d) x 7o' x (doover + hbase)? / 2 = -31.3 kN/m

Fota_n = Fsur_n + Fsat_n + Fuater_h + Fmoist n + Fpass n = 71.4 kN/m

Mstem = Fstem x Xstem = 59.2 kNm/m
Mbase = Fbase x Xvase = 39.9 kNm/m

Mesur = Fsur_v x Xsur_v = Fsur_h % Xsur_n = =10.4 kNm/m

Mp = (y6 x Pe1 + ya x Par) x p1 = 241.3 kNm/m

Msat = Fsat v x Xsat_v - Fsat_h % Xsat_n = 29.7 kNm/m

Muater = Fuwater_v X Xwater_v = Fwater_h X Xwater_h = -3.8 KNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_n X Xmoist_n = -6.5 kNm/m

Mopass = Fpass_v X Xpass_v = 19.7 kNm/m

Miotal = Mstem + Mbase + Msur + Mp + Msat + Muater + Mmoist + Mpass = 369.1 kNm/m

Forop_stem = (Fiotal_y x Ibase / 2 - Miota)) / (prop + toass) = -13.4 kN/m
Forop_base = Fiotaln - Fprop_stem = 84.8 KN/m
Mprop = Forop._sem % (prop + toase) = -31.4 KNm/m
X = (Mrotal + Mprop) / Frotay = 1300 mm
e= X-lase/2=0mm
lioa = lbase = 2600 mm

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;

Design approach 1

Qoe = Frotal_v / loase = 99.9 kN/m?

Gheel = Fuotal_v / Ibase = 99.9 kN/m?

q = max((toase + dcover) X Yb' - (tbase + doover + Nwater) x yu', 0 kN/m2) = 0 kN/m?
q'=q /v =0kN/m2

Na = Exp(r x tan(¢'s.d)) x (tan(45 deg + ¢'v.a / 2))? = 18.401

Ne = (Nq - 1) x cot(¢'s.a) = 30.14

N, =2 x (Ng - 1) x tan(¢'s.c) = 20.093

sq=1
s=1
sc=1

H = Fsur_h + Fsat_n + Fwater_n + Fmoist_h + Fpass_h = Fprop_stem = Fprop_base = 0 kN/m
V = Fiotalv = 259.8 kN/m

m=2

iq=[1-H/(V +lioad x C'v.d x cOt(¢'0.a))]™
iy = [1- H/ (V + lioaa x G x Cot(@aa))[™* 1 = 1
ic =g - (1-1ia) / (Ne x tan(¢'oa)) = 1

nr= o x No x e x e + G x Na x Sq x g + 0.5 x (16" - yu') % lload x Ny x 8, x Iy = 213.9 kN/m?

FoSbp = ni/ max(qroe, Gheer) = 2.141

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

Partial factor set;

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

Soil parameter set;

Angle of shearing resistance;
Effective cohesion;

Weight density;

Water properties
Design water density;

Retained soil properties

Design moist density;

Design saturated density;

Design effective shear resistance angle;
Design wall friction angle;

Base soil properties
Design soil density;
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;
Bearing pressure check
Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

v6r=1.00

10 =1.30
yar = 0.00
;Partial factors for soil parameters — Table A.4 - Combination 2
M2
v =125
Y0 =125
,=1.00

Library item; Partial factors output

' =/ 74 = 9.8 KN/m®

ymr' = yme [y, = 21 kKN/m®

Yo' = e /1, = 23 kN/m?

¢'ra = atan(tan(¢'rx) / ) = 24.8 deg
8ra = atan(tan(3rx) / v¢) = 0 deg

' =y /v =18 kN/m®

¢'va = atan(tan(d'ox) / y¢) = 24.8 deg
8v.d = atan(tan(dox) / ve) = 12.1 deg
Bbb.d = atan(tan(Seox) / v¢) = 24.8 deg
Chbd = Cbk/ ye = 0 kN/m?

Ka = sin(a + ¢'ra)? / (sin(o)? x sin(a - 8ra) x [1 + V[sin(¢'ra + 8ra) x sin(¢'ra - B) / (sin(et - 8rd) x sin(a + B))]]?) = 0.409
K = $in(90 - ¢'o.4)2 / (SIn(90 + So.) x [1 - [sin(@'o.a + 8b.) x sin(@'b.a) / (sin(90 + doa)]2) = 3.473

Fastem = 76 x Astem X ystem = 22.5 kN/m
Foase = 76 x Avase X Ybase = 22.8 KN/m

Fsur_v = ya x Surchargea x Ineel = 6.5 kN/m

Fp_v =716 x Pe1 + ya x Par = 94.5 kN/m

v6 x Asat x (ysr' - yw') = 14.8 kKN/m

76 % Avater X yw' = 11 kN/m

=76 % Amoist X ymr' = 7.9 kN/m

Fpass v = 76 x Apass x o' = 16.2 kKN/m

Fiotal_v = Fstem + Foase + Fsur_v + Fp_v + Fsat v + Fuaterv + Fmoist_v + Fpass v = 196.2 kN/m

Fsur_h = Ka x ya x Surchargeq x he = 17.8 kN/m

Fsatn = 76 x Ka x (ysr - 1w') x (Dsat + hbase)? / 2 = 18.2 kN/m

Fuater_h = 76 % yw' X (Nwater + deover + Nbase)? / 2 = 33.2 kN/m

Fnoist_h = 16 x Ka x yme' x ((eff - hsat - hbase)? / 2 + (Neff - hsat - hbase) x (Nsat + hbase)) = 19.2 kN/m
Fpass_h = =761 x Kp x COS(8b.d) x o' x (dcover + hbase)? / 2 = -22.1 kN/m

Fiotal h = Fsur_h + Fsat_h + Fuater_h + Fmoist h + Fpass_n = 66.3 kN/m
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Moments on wall

Wall stem;

Wall base;

Surcharge load;

Line loads;

Saturated retained soil;
Water;

Moist retained soil;

Base soil;

Total;

Check bearing pressure
Propping force to stem;
Propping force to base;
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;

Mstem = Fstem x Xstem = 43.9 kNm/m

Moase = Foase x Xoase = 29.6 kNm/m

Msur = Four_y x Xsur_y - Fsur_ x Xsur_h = =146 kNm/m

Me = (ye x Pa1 + ya x Pa1) x p1 = 184.3 kNm/m

Msat = Fsat_v x Xsat v - Fsat-n x Xsat-n = 19.1 kNm/m

Muater = Fuater_yv % Xwater_v = Fwater_h x Xwater_h = -2.8 KNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_n x Xmoist_n = =10.2 kNm/m

Mpass = Fpass_v X Xpass_v = 14.6 kKNm/m

Miotal = Mstem + Mbase + Msur + Mp + Msat + Muater + Mmoist + Mpass = 263.8 kNm/m

Forop_stem = (Fiotal_y X Ibase / 2 - Miotal) / (prop + toase) = -3.7 kN/m
Forop_base = Fiotaln - Fprop_stem = 70 kN/m
Mprop = Fprop_stem x (hprop + toase) = -8.8 kNm/m
X = (Muotal + Mprop) / Frota v = 1300 mm
€= X-laso/2=0mm
lloag = Ibase = 2600 mm
Gos = Fiotal_v / lbase = 75.5 kN/m?
Gheet = Fiotal_y / Inase = 75.5 kN/m?
q = max((toase + deover) x 1b' - (tbase + dcover + Nwater) x yw', 0 kN/m?) = 0 kN/m?
q'=q/v=0kN/m?
Nq = Exp(x x tan(¢'s.)) x (tan(45 deg + ¢'s.a / 2))2 = 10.431
Ne = (Ng - 1) x cot(¢'s.q) = 20.418
Ny =2 x (Ng- 1) x tan(¢'nq) = 8.712

sq=1
s =1
so=1

H = Fsur_h + Fsat_n + Fuater_n + Fmoist_h + Fpass_n - Fprop_stem = Fprop_base = 0 KN/m
V = Fotaly = 196.2 kN/m

m=2

iq = [1-H/(V +lioad x C'o.d x cOt(®'b.a))]™ = 1

= [1-H/ (V + loag x Coa x Cot(@lba))™* D =1

fo =lq - (1-1a) / (Ne x tan(¢'b.q)) =1

Nf = C'ba x No x Sc x ic + @' x Nq x Sq X iq + 0.5 x (15" = y') x lioad x Ny x 5, x iy, = 92.8 kN/m?

FoSbp = ni / max(qoe, Gheel) = 1.229
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 UK National Annex i National No.1

Concrete details - Table 3.1 - Strength and deformation characteristics for concrete

Concrete strength class;

Characteristic compressive cylinder strength;
Characteristic compressive cube strength;
Mean value of compressive cylinder strength;
Mean value of axial tensile strength;

5% fractile of axial tensile strength;

Secant modulus of elasticity of concrete;
Partial factor for concrete - Table 2.1N;
Compressive strength coefficient - c.3.1.6(1);
Design compressive concrete strength - exp.3.15;
Maximum aggregate size;

Ultimate strain - Table 3.1;

Shortening strain - Table 3.1;

Effective compression zone height factor;
Effective strength factor;

Bending coefficient ki;

Bending coefficient kz;

Bending coefficient ka;

Bending coefficient ka;

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

C30/37

fox = 30 N/mm?

fokcube = 37 N/mm?

fem = fo + 8 N/mm? = 38 N/mm?

fom = 0.3 N/mm2 x (fo / 1 N/mm2)2® = 2.9 N/mm?
fok,005 = 0.7 x fom = 2.0 N/mm?

Eem = 22 kKN/mm? x (fom / 10 N/mm?)°2 = 32837 N/mm?

c=1.50
e = 0.85

foa = e x fox / yc = 17.0 N/imm?

hagg = 20 mm

ez = 0.0035

£eus = 0.0035

2=0.80

n=1.00

Ki = 0.40

K2 =1.00 x (0.6 + 0.0014/¢cu2) = 1.00
Ks =0.40

Ks=1.00 x (0.6 + 0.0014/ccu2) =1.00

fyc = 500 N/mm?

Es = 200000 N/mm?

15 =1.15

fya = fyc/ ys = 435 N/mm?

Front face of stem; st = 40 mm

Rear face of stem; Csr = 50 mm

Top face of base; cot = 50 mm

Bottom face of base; Cob = 75 mm
L s - Cornbiion . - s

Lisdng s, - Connbination N2 - ke

Sheararce - Cambanatian No.1 - KNim

1257

Bending mamen! - Combinaton o1 - Kmim

Sheararce - Cambanatian No:2 - KNim

Bending mamen! - Combinaton 0.2 - Kmim

Tedds calculation version 2.9.10
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Check stem design at 1087 mm
Depth of section; h =300 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M = 7.8 kNm/m

Depth to tension reinforcement;

Lever arm;

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
Maximum area of reinforcement - ¢1.9.2.1.1(3);

Deflection control - Section 7.4
Reference reinforcement ratio;

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

Limiting span to depth ratio - exp.7.16.a;
Actual span to depth ratio;

Crack control - Section 7.3

Limiting crack width;

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

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;

Mean value of concrete tensile strength;
Reinforcement ratio;

Modular ratio;

Bond property coefficient;

Strain distribution coefficient;

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

Check stem design at base of stem

Depth of section;

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

Lever arm;

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
Maximum area of reinforcement - ¢1.9.2.1.1(3);

Deflection control - Section 7.4
Reference reinforcement ratio;

d=h - st - ox - st / 2 = 245 mm
K =M/ (d? x fu) = 0.004
2 51 x aclye)x(1 - 2 x (8 - Ka)l(2 x Ka))x( x (5 - Ki)(2 x K2))

z=min(0.5 +0.5x (1-2x K/ (n x ces / 1))°5, 0.95) x d = 233 mm
x=25x(d=2z)=31mm
Astireq = M/ (fya x 2) = 77 mm2/m
10 dia.bars @ 200 c/c
Asittprov = 1t x dsm? / (4 x Sstr) = 393 mm2/m
Astimin = max(0.26 x fem / fyk, 0.0013) x d = 369 mm2/m
Astmax = 0.04 x h = 12000 mm?/m
max(Asi.req, Asitmin) / Asitprov = 0.94
PASS - Area of reinforc

po= V(e / 1 N/mm2) / 1000 = 0.005

p = Asttrea/ d = 0.000

p'= Ast2req / d2 = 0.000

Ko=1

Ks = min(500 N/mm? / (fyk x Astvtreq / Astiprov), 1.5) = 1.5

K'>K - No compression reinforcement is required

ement provided is greater than area of reinforcement required
Library item: Rectangular single output

min(Ks x Ko x [11 + 1.5 x (fax / 1 NIMM2) x po / p + 3.2 x (fe / 1 NIMM?2) x (po / p - 1)*2], 40 x Kb) = 40

hprop /d = 8.2

Wmax = 0.3 mm

v2=0.6

Msis = 5.6 kNm/m

5 = Mais / (Astuprov x 2) = 61.2 N/mm?
Long term

ki =0.4

Acer=min(2.5 x (h-d), (h-x)/3,h/2)
Acer = 89792 mm?/m

foteft = form = 2.9 N/mm?

poeefi = Asvprov / Aceft = 0.004

oe = Es / Ecm = 6.091

ki1=0.8

k2= 0.5
.4
.425

Semax = ks x st + K1 x k2 x K x st / pp.o = 525 mm

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

Wk = Srmax x Max(os — ki x (feteff / pp.eff) x (1 + ce x ppef), 0.6 x os) / Es

wk = 0.096 mm
Wi / Wmax = 0.321

h =300 mm

M = 16.6 kNm/m

d=h-co-dsr/2=242mm

K =M/ (d? x fu) = 0.009

K'= (2 % 0 x aodlyo)x(1 - 2 x (8 - Kil(2 x Ka))x( x (5 - K1)/(2 x K2))
K'=0.207

z=min(0.5+ 0.5 x (1 -2 x K/ (n x e/ vc))*%, 0.95) x d = 230 mm
x=25x(d—2) =30 mm
Asrreq = M/ (fya x 2) = 166 mm2/m
16 dia.bars @ 200 c/c
Asrprov = 7 x ¢s? / (4 x ssr) = 1005 mm?/m
Asemin = max(0.26 x feum / fyx, 0.0013) x d = 364 mm?/m
Asrmax = 0.04 x h = 12000 mm?/m
max(Astreq, Asrmin) / Asrprov = 0.363
PASS - Area of reinforc

po=(fex / 1 N/mm?) / 1000 = 0.005

PASS - Maximum crack width is less than limiting crack width

K'> K - No compression reinforcement is required

ement provided is greater than area of reinforcement required
Library item: Rectangular single output

‘. Tekla Project

Tedds 103 to 107 North Hill

Job Ref.
2021-024

§ . Section Sheet no.rev.
Elite Designers Prelimi Planning/Feasibilit 10
3 Princeton Court reliminary Planning/Feasibility
Felsham Road Calc. by Date Chk'd by Date App'd by Date
SW15 1AZ JGF 17/08/2021

Required tension reinforcement ratio; p = Asrreq / d =0.001

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 Astreq / Asrprov), 1.5) = 1.5

Limiting span to depth ratio - exp.7.16.a;
Actual span to depth ratio; hprop / d = 8.3
Crack control - Section 7.3

Limiting crack width;

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

Tensile stress in reinforcement; 05 = Msis / (Asrprov x 2) = 51.4 N/mm?
Load duration; Long term

Load duration factor; ki=0.4

Acett = min(2.5 x (h-d), (h-x)/3,h/2)
Acer = 89917 mm?/m

fetetr = fom = 2.9 N/mm?

ppeeff = Astprov / Acert = 0.011

e = Es / Ecm = 6.091

Wmax = 0.3 mm
v2=0.6
Msis = 11.9 kNm/m

Effective area of concrete in tension;

Mean value of concrete tensile strength;
Reinforcement ratio;
Modular ratio;

Bond property coefficient; ki=0.8
Strain distribution coefficient; k2 =0.5
ks =3.4

ks = 0.425
Srmax = K3 x Csr + ki1 x k2 x Ka x ¢sr / pperr = 413 mm

Maximum crack spacing - exp.7.11;
Maximum crack width - exp.7.8;
Wi = 0.064 mm
Wi / Wmax = 0.213

Rectangular section in shear - Section 6.2
Design shear force; V = 48.7 kN/m

Crac=0.18/vc =0.120

k = min(1 + V(200 mm / d), 2) = 1.909

pi = min(Asrprov / d, 0.02) = 0.004

Vmin = 0.035 N"2/mm x k32 x f®® = 0.506 N/mm?

VRae = max(Crac x k x (100 N2/mmé x pi x fe)™, vmin) x d
VRra.c = 128.5 kN/m

V/Vric = 0.379

Longitudinal reinforcement ratio;

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

Check stem design at prop

Depth of section; h =300 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 2; M = 4.1 kNm/m

Depth to tension reinforcement; d=h-Csr- st/ 2 =244 mm
K =M/ (d? x fu) = 0.002
K'= (2 x 1 x teelye)x(1 - & x (8 - Ka)l(2 x Ka))x( x (5 - Ki)/(2 x Ka))

K'=0.207

Lever arm; z=min(0.5 + 0.5 x (1-2x K/ (n x oee/ vc))*%, 0.95) x d = 232 mm
x=25x(d—2)=31mm

Asrireq = M/ (fya x 2) = 41 mmZ/m

12 dia.bars @ 200 c/c

Asriprov = T % hsri? / (4 x Ssr1) = 565 mm2/m

Asrt.min = Max(0.26 x feum / fy, 0.0013) x d = 368 mm?/m

Asrtmax = 0.04 x h = 12000 mm?/m

max(Asr1 req, Asri.min) / Asrt prov = 0.65

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
Maximum area of reinforcement - ¢1.9.2.1.1(3);

PASS - Area of reinforc

Deflection control - Section 7.4
Reference reinforcement ratio; po = V(fex / 1 N/mm2) / 1000 = 0.005

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

Required compression reinforcement ratio; p' = Asr1.2req / d2 = 0.000

Structural system factor - Table 7.4N; Kb =0.4

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

Limiting span to depth ratio - exp.7.16.a;
Actual span to depth ratio; (hstem - hprop) / d = 4.1
Crack control - Section 7.3

Limiting crack width;

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

Wmax = 0.3 mm
v2=0.6
Msis = 2.2 kNm/m

min(Ks x Ko x [11 + 1.5 x V(fo / 1 NIMm2) x po / p + 3.2 x V(fe / 1 NImm2) x (po / p - 1)¥2], 40 x Ko) = 40

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

Wk = Srmax x Max(os — ki x (fetoft/ ppett) x (1+ aio x ppef), 0.6 x s) / Es

PASS - Maximum crack width is less than limiting crack width

PASS - Design shear resistance exceeds design shear force

K'> K - No compression reinforcement is required

ement provided is greater than area of reinforcement required
Library item: Rectangular single output

min(Ks x Ko x [11 + 1.5 x V(fex / 1 N/mm2) x po / p + 3.2 x V(fe / 1 N/mm2) x (po / p - 1)¥2], 40 x Ky) = 16

PASS - Span to depth ratio is less than deflection control limit
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Tensile stress in reinforcement;
Load duration;

Load duration factor;

Effective area of concrete in tension;

Mean value of concrete tensile strength;
Reinforcement ratio;

Modular ratio;

Bond property coefficient;

Strain distribution coefficient;

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

Rectangular section in shear - Section 6.2
Design shear force;

Longitudinal reinforcement ratio;

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

Gs = Msis / (Asrt.prov x Z) = 16.7 N/mm?
Long term

ki=0.4

Acetr=min(2.5 x (h-d), (h-x)/3,h/2)
Aceit = 89833 mm?/m

foteft = fom = 2.9 N/mm?

Po.eff = Asrt.prov / Aceft = 0.006

oe = Es / Ecm = 6.091

ks=3.4
ki = 0.425
Semax = k3 x Car + ki x Kz x Ka x drt / pper = 494 mm

Wk = Srmax x Max(os — ki x (feteff / pp.eff) x (1 + ce x ppef), 0.6 x o) / Es
Wi = 0.025 mm
Wi / Wimax = 0.082
PASS - Maximum crack width is less than limiting crack width

V =23.4 kN/m
Crac=0.18/yc =0.120
k =min(1 + V(200 mm / d), 2) = 1.905
p1'= Min(Asrt prov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k3?2 x fa®5 = 0.504 N/mm?
Vrac = max(Crao x k x (100 NZ/mm?* x pi x fek)"3, vin) x d
VRrd.c =123 kN/m
V/Vrac=0.190
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — c1.9.6.3(1);
Maximum spacing of reinforcement — ¢1.9.6.3(2);
Transverse reinforcement provided;

Area of transverse reinforcement provided;

Check base design at toe

Depth of section;

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

Lever arm;

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
Maximum area of reinforcement - ¢1.9.2.1.1(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;

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;

Asxreq = max(0.25 x Ascprov, 0.001 x tstem) = 300 mm?/m
So_max = 400 mm
10 dia.bars @ 200 c/c
Asxprov = T % hsx? / (4 x Ssx) = 393 mm2/m
PASS - Area of reinforcement provided is greater than area of reinforcement required

h =350 mm

M =123 kNm/m

d=h-cw- ¢oo/ 2 =265 mm

K =M/ (d x fu) = 0.058

2 %1 x atelye)x(1 - & x (8 - Ka)l(2 x Ka))x(h x (5 - Ki)/(2 x Kz))
.207

K'>K - No compression reinforcement is required
Z=min(0.5 +0.5x (1-2x K/ (n x oe / 1))°5, 0.95) x d = 251 mm
x=25x(d-2)=36mm
Avbreq =M/ (fya x 2) = 1129 mm?/m
20 dia.bars @ 150 c/c
Avbprov = T x ¢ob? / (4 x Sbb) = 2094 mmZ/m
Avp.min = Max(0.26 x fem / fyk, 0.0013) x d = 399 mm?/m
Asbmax = 0.04 x h = 14000 mm?/m
max(Abb.req, Abb.min) / Abb.prov = 0.539
PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Wmax = 0.3 mm

y2=0.6

Msis = 89.8 kNm/m

5= Mais / (Asbprov x 2) = 171 N/mm?
Long term

ki=0.4

Acett=min(2.5 x (h-d), (h-x)/3,h/2)
Acei = 104631 mm2/m

foteft = form = 2.9 N/mm?

Poeefi = Ab.prov / Aceif = 0.020

oe = Es / Ecm = 6.091

ki=0.8

Srmax = K3 x Con + K1 x ka x ka x ob / pperr = 425 mm
max x Max(0s — ki x (foteft / ppef) x (1 + te X ppaf), 0.6 x 05) / Es
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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;

Check base design at heel

Depth of section;

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

Lever arm;

Depth of neutral axis;

Area of tension reinforcement required;
Tension reinforcement provided;

Area of tension reinforcement provided;
Minimum area of reinforcement - exp.9.1N;
16)

Maximum area of reinforcement - cl.9.

Crack control - Section 7.3

Limiting crack width;

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

Tensile stress in reinforcement;

Load duration;

Load duration factor;

Effective area of concrete in tension;

Mean value of concrete tensile strength;
Reinforcement ratio;

Modular ratio;

Bond property coefficient;

Strain distribution coefficient;

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

Rectangular section in shear - Section 6.2
Design shear force;

Longitudinal reinforcement ratio;

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

Wi/ Wmax = 0.751
PASS - Maximum crack width is less than limiting crack width

V =136.7 kN/m
Crac=0.18/vc =0.120
k = min(1 + V(200 mm / d), 2) = 1.869
p1'= min(Assprov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k32 x f®8 = 0.490 N/mm?
Vrae = max(Cre x k x (100 NZ/mm?* x pi x f)"3, Vin) x d
VRd.c = 170.7 kN/m
V/Vrec = 0.801
PASS - Design shear resistance exceeds design shear force

h =350 mm

M = 2.3 kNm/m
d=h-cot- ¢t/ 2 =294 mm
K =M/ (d?  fe) = 0.001
K'= (2 x 1 x aeolye)x(1 = % x (8 - K1)(2 x K2))x( x (8 - Ki)/(2 x K2))
K'=10.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2x K/ (n x ace/ 1c))°5, 0.95) x d = 279 mm
x=25x(d—2z)=37mm
Abtreq = M/ (fya x z) = 19 mm?/m
12 dia.bars @ 200 c/c
Avtprov = x doi / (4 x sbr) = 565 mm?/m
Avtmin = Max(0.26 x feum / fyx, 0.0013) x d = 443 mmZ/m
Astmax = 0.04 x h = 14000 mm?/m
max(Astreq, Astmin) / Abtprov = 0.783

PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Wmax = 0.3 mm

v2=0.6

Mesis = 1.1 kNm/m

s = Msis / (Astprov x 2) = 7.2 NImm?
Long term

ki=0.4

Acer =min(2.5 x (h-d), (h-x)/3,h/2)
Acert = 104417 mm?/m

fetetr = fom = 2.9 N/mm?

Poeft = Avtprov / Acefi = 0.005

e = Es / Ecm = 6.091

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

Srmax = K3 x Cot + ki x ka2 x ke x ¢ot / pp.eff = 547 mm
Wi = Srmax x Max(cs — ki x (feteft / ppen) x (1 + cte x ppef), 0.6 x s) / Es
wk = 0.012 mm
Wi / Wimax = 0.039
PASS - Maximum crack width is less than limiting crack width

V=9 kN/m
Crac=0.18/vc =0.120
k = min(1 + (200 mm / d), 2) = 1.825
p1 = min(Astprov / d, 0.02) = 0.002
Vmin = 0.035 N"2/mm x k32 x fo® = 0.473 N/mm?
VRae = max(Crac x k x (100 N2/mmé x pi x fok)'™, Vinin) x d
VRrd.c = 138.9 kN/m
V/ Vrec = 0.065
PASS - Design shear resistance exceeds design shear force

y i to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2);
Maximum spacing of reinforcement — ¢1.9.3.1.1(3);
Transverse reinforcement provided;

Area of transverse reinforcement provided;

Abxreq = 0.2 x Abb.prov = 419 mm?/m
Sbx_max = 450 mm
12 dia.bars @ 200 c/c
Avxprov = 0 x P2 / (4 x Sbx) = 565 mm?m
PASS - Area of reinforcement provided is greater than area of reinforcement required
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Reinforcement details:

MASONRY WALL PANEL DESIGN (EN1996)

MASONRY WALL PANEL DESIGN
In accordance with EN1996-1-1:2005 + A1:2012 incorporating Corrigenda February 2006 and July 2009 and the UK national annex

Masonry panel details
Unreinforced masonry wall without openings

Panel length; L =4800 mm

Panel height; h =2800 mm

Panel support conditions

Outer leaf; All edges supported
Inner leaf; All edges supported

Effective height of masonry walls - Section 5.5.1.2
Reduction factor; pz = 1.000

Effective height of wall - eq 5.2; het = p2 x h = 2800 mm

Tedds calculation version 1.2.16
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Cavity wall construction details

Outer leaf thickness; t1 =100 mm
Cavity thickness; te =50 mm
Inner leaf thickness; t2 =100 mm

Effective thickness of masonry walls - Section 5.5.1.3
Relative E factor; kier = 1.000
Effective thickness - eq 5.11; tor = (Kuer x t1° + 2%/ = 126 mm

f¢—100—»le- 50-ple—100—»]

Masonry outer leaf details

Masonry type; Aggregate concrete - Group 1
Compressive strength of masonry; fe1 = 10.4 N/mm?

Height of unit; hut =215 mm

Width of unit; wut =100 mm

Conditioning factor; ki =1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1; dst1 = 1.38

Norm. mean compressive strength of masonry; for = fe1 x ki x dsrt = 14.352 N/mm?
Density of masonry; 71 =18 kN/m®

Mortar type; M6 - General purpose mortar
Compressive strength of masonry mortar; fmi = 6 N/mm?

Compressive strength factor - Table NA.4; K=0.75

Characteristic compressive strength of masonry - eq 3.1
fit = K x 5107 x fm1®3 = 8.286 N/mm?

Characteristic flexural strength of masonry having a plane of failure parallel to the bed joints - Table NA.6
fuct1 = 0.25 N/mm?

Characteristic flexural strength of masonry having a plane of failure perpendicular to the bed joints - Table NA.6
fuet = 0.75 N/mm?

Masonry inner leaf details

Masonry type; Aggregate concrete - Group 1
Compressive strength of masonry; fe2 = 10.4 N/mm?

Height of unit; huz =215 mm

Width of unit; wuz = 140 mm

Conditioning factor; k2=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1; ds2=1.3

Norm. mean compressive strength of masonry; foz = fe2 x ka x dsr2 = 13.52 N/mm?
Density of masonry; 72 = 18 kN/m?

Mortar type; M6 - General purpose mortar
Compressive strength of masonry mortar; fm2 = 6 N/mm?

Compressive strength factor - Table NA.4; K=0.75
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Characteristic compressive strength of masonry - eq 3.1
fio = K x fo2%7 x fm20® = 7.947 N/mm?

Characteristic flexural strength of masonry having a plane of failure parallel to the bed joints - Table NA.6
iz = 0.25 N/mm?

Characteristic flexural strength of masonry having a plane of failure perpendicular to the bed joints - Table NA.6
fuez = 0.75 N/mm?

Lateral loading details

Characteristic wind load on panel; Wi = 0.700 kN/m2
Vertical loading details

Permanent load on top of outer leaf; Gt = 40 kN/m;
Variable load on top of outer leaf; Qi1 =15 kN/m;

Partial factors for material strength

Category of manufacturing control; Category Il

Class of execution control; Class 2

Partial factor for masonry in compressive flexure;  ymc = 3.00

Partial factor for masonry in tensile flexure; M =2.70

Partial factor for masonry in shear; mv = 2.50
Slenderness ratio of masonry walls - Section 5.5.1.4

Allowable slenderness ratio; SRai =27
Slenderness ratio; SR = hef / tef = 22.2

PASS - Slenderness ratio is less than maximum allowable

Unreinforced masonry walls subjected to mainly vertical loading - Section 6.1

Partial safety factors for design loads

Partial safety factor for permanent load; yie = 1.35
Partial safety factor for variable imposed load; =15
Partial safety factor for variable wind load; yw = 0.75

Considering outer leaf

Reduction factor for slenderness and eccentricity - Section 6.1.2.2

Vertical load at top of wall; Nig1 = yi6 x Gkt + yia x Q1 = 76.5 kN/m

Moment at top of wall due to vertical load; Mig1 = yi6 x Gkt x €61 + yia x Qu1 x a1 = 0 kNm/m

Initial eccentricity - ¢.5.5.1.1; einit = her / 450 = 6.2 mm

Moment at top of wall due to horizontal load; Meig1 = 0 kNm/m

Eccentricity at top of wall due to horizontal load; ent =0 mm

Eccentricity at top of wall - eq.6.5; eir = max(Mid1 / Nig1 + ent + einit, 0.05 x t1) = 6.2 mm
Reduction factor at top of wall - eq.6.4; @i =max(1-2xeit/t, 0)=0.876

Vertical load at middle of wall; Nmat = yi6 x (Gkt + 71 x t1 x h /2) + yia x Qi1 = 79.902 kN/m
Moment at middle of wall due to vertical load; Mmd1 = 16 x Gk x €61 + yia x Qui x ea1 = 0 kNm/m
Moment at middle of wall due to horizontal load; Memat = 0.047 kNm/m

Eccentricity at middle of wall due to horizontal load; enmt = Memd1 / Nma1 = 0.6 mm
Eccentricity at middle of wall due to loads - €q.6.7;  em1 = Mmat / Nmat + €nm1 + €init = 6.8 mm

Eccentricity at middle of wall due to creep; ex1 =0 mm

Eccentricity at middle of wall - eq.6.6; emki = max(emt + ex1, 0.05 x t1) = 6.8 mm

From eq.G.2; A1 =1-2xema/t1=0.864

Short term secant modulus of elasticity factor; Ke = 1000

Modulus of elasticity - ¢l.3.7.2; E1 = Ke x fin = 8286 N/mm?

Slenderness - eq.G.4; 1 = (het / ter) x V(1 / E1) = 0.703

From eq.G.3; Ut = (k1 -0.063) / (0.73 - 1.17 x emki / t1) = 0.984
Reduction factor at middle of wall - eq.G.1; Dm1 = max(An x es <442, 0) = 0.532

Reduction factor for slenderness and eccentricity; ~ d1 = min(di1, ®m1) = 0.532

Verification of unreinforced masonry walls subjected to mainly vertical loading - Section 6.1.2

Design value of the vertical load; Nea1 = max(Nig1, Nma1) = 79.902 kN/m
Design compressive strength of masonry; fa1 = fit / ywe = 2.762 N/mm?
Vertical resistance of wall - €q.6.2; Nrat1 = @1 x t1 x fo1 = 147.059 kN/m

PASS - Design vertical resistance exceeds applied design vertical load

Considering inner leaf

Reduction factor for slenderness and eccentricity - Section 6.1.2.2

Vertical load at top of wall; Nigz = 716 x Gikz + yia x Qe = 0 kN/m

Moment at top of wall due to vertical load; Misz = yi6 x Gkz x €62 + yia x Quz x €az = 0 kNm/m

Initial eccentricity - ¢.5.5.1.1; einit = her/ 450 = 6.2 mm

Moment at top of wall due to horizontal load; Meig2 = 0 kNm/m

Eccentricity at top of wall due to horizontal load; enz =0 mm

Eccentricity at top of wall - eq.6.5; ei2 = max(enz + eini, 0.05 x t2

Reduction factor at top of wall - eq.6.4; D2 =max(1-2xei2/t2,0)

Vertical load at middle of wall; Nmaz = yi x (Giz + 72 x t2 x h / 2) + yia x Qiz = 3.402 kN/m
Moment at middle of wall due to vertical load; Mmdz = 6 x Gkz x €c2 + yia x Quz x €a2 = 0 kNm/m
Moment at middle of wall due to horizontal load; Memaz = 0.031 kNm/m

Eccentricity at middle of wall due to horizontal load; enm2 = Memd2 / Nmda2 = 9.1 mm
Eccentricity at middle of wall due to loads - €q.6.7;  em2 = Mmdz / Nmaz + €nmz + €init = 15.3 mm
Eccentricity at middle of wall due to creep; e =0mm
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Eccentricity at middle of wall - eq.6.6; emkz = max(emz + exz, 0.05 x t2) = 15.3 mm
From eq.G.2; Az=1-2xeme/t2=0.695
Short term secant modulus of elasticity factor; Ke = 1000
Modulus of elasticity - ¢l.3.7.2; E2 = Ke x fio = 7947 N/mm?
Slenderness - eq.G.4; A2 = (hef / ter) x V(fe / E2) = 0.703
From eq.G.3; uz = (A2 -0.063)/(0.73 - 1.17 x emk2 / t2) = 1.16
Reduction factor at middle of wall - eq.G.1; Dm2 = max(Arz x es2*12)2, 0) = 0.354
Reduction factor for slenderness and eccentricity; @2 = min(®iz, ®m2) = 0.354
Unreinforced masonry walls subjected to lateral loading - Section 6.3
Partial safety factors for design loads
Partial safety factor for permanent load; e =1
Partial safety factor for variable imposed load; =0
Partial safety factor for variable wind load; yw =15
Limiting height and length to thickness ratios for walls under the serviceability limit state - Annex F
Length to thickness ratio; L/ ter = 38.098
Limiting height to thickness ratio - Figure F.1; 53.805
Height to thickness ratio; h/ter = 22.224
PASS - Limiting height to thickness ratio is not exceeded

Design moments of resistance in panels
Considering outer leaf
Self weight at middle of wall; Swit = 0.5 x h x t1 x y1 = 2.52 kN/m
Design compressive strength of masonry; fa1 = fit / yme = 2.762 N/mm?
Design vertical compressive stress; od1 = min(yie x (Gk1 + Swi1) / t1, 0.15 x d1 x far) = 0.221 N/mm?
Design flexural strength of masonry parallel to bed joints

fxat1 = fat1 / yme = 0.093 N/mm?
Apparent design flexural strength of masonry parallel to bed joints

fxdt1.app = Fxatt + o01 = 0.313 N/mm?
Design flexural strength of masonry perpendicular to bed joints

frd21 = faer / yme = 0.278 N/mm?
Elastic section modulus of wall; Z1=t%/6 = 1666667 mm*/m
Moment of resistance parallel to bed joints - €q.6.15

Mgd11 = fidt1,app x Z1 = 0.522 KNm/m
Moment of resistance perpendicular to bed joints - eq.6.15

Mgaz1 = fuaz1 x Z1 = 0.463 kNm/m
Considering inner leaf
Self weight at middle of wall; Swiz = 0.5 x h x t2 x y2 = 2.52 kN/m
Design compressive strength of masonry; faz = fie / yme = 2.649 N/mm?
Design vertical compressive stress; o2 = min(ye x (Gk2 + Swi2) / 2, 0.15 x ®2 x fuz) = 0.025 N/mm?

Design flexural strength of masonry parallel to bed joints
fatz = facrz / yme = 0.093 N/mm?
Apparent design flexural strength of masonry parallel to bed joints
fudtz.app = Fratz + og2 = 0.118 N/mm?
Design flexural strength of masonry perpendicular to bed joints
frazz = fzz / yme = 0.278 N/mm?
Elastic section modulus of wall; Z2 =12/ 6 = 1666667 mm>/m
Moment of resistance parallel to bed joints - €q.6.15
MRa12 = fidi2.app x Z2 = 0.196 KNm/m
Moment of resistance perpendicular to bed joints - eq.6.15
Mgazz = fuzz x Z2 = 0.463 kKNm/m
Calculate design wind load acting on each leaf
Outer leaf design wind load; Wit = Mra21 x Wk / (MRa21 + Mra22) = 0.350 kN/m?
Inner leaf design wind load; Wiz = Mrazz x Wk / (Mra21 + MRraz2) = 0.350 kN/m?

Design moment in panels

Considering outer leaf

Orthogonal strength ratio; w1 = fuatt,app / fro21 = 1.13

Using yield line analysis to calculate bending moment coefficient

Bending moment coefficient; a1 =0.020

Design moment in wall; Mea1 = yaw x a1 x Wi x L2 = 0.242 KNm/m

Considering inner leaf

Orthogonal strength ratio; 12 = fxdt2,app / frazz = 0.42

Using yield line analysis to calculate bending moment coefficient

Bending moment coefficient; oz =0.037

Design moment in wall; Medz = yaw x o2 x Wz x L2 = 0.449 KNm/m

PASS - Resistance moment exceeds design moment

PASS - Resistance moment exceeds design moment
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RC SLAB DESIGN (EN1992)

RC SLAB DESIGN

In accordance with EN1992-1-1:2004 incorporating corrigendum January 2008 and the UK national annex

Slab definition

Type of slab;

Overall slab depth;

Shorter effective span of panel;

Longer effective span of panel;

Support conditions;

Top outer layer of reinforcement;

Bottom outer layer of reinforcement;
Loading

Characteristic permanent action;
Characteristic variable action;

Partial factor for permanent action;

Partial factor for variable action;
Quasi-permanent value of variable action;
Design ultimate load;

Quasi-permanent load;

Concrete properties

Concrete strength class;

Characteristic cylinder strength;

Partial factor (Table 2.1N);

Compressive strength factor (cl. 3.1.6);
Design compressive strength (cl. 3.1.6);
Mean axial tensile strength (Table 3.1);
Maximum aggregate size;
Reinforcement properties
Characteristic yield strength;

Partial factor (Table 2.1N);

Design yield strength (fig. 3.8);

Concrete cover to reinforcement
Nominal cover to outer top reinforcement;
Nominal cover to outer bottom reinforcement;
Fire resistance period to top of slab;

Fire resistance period to bottom of slab;
Axia distance to top reinft (Table 5.8);
Axia distance to bottom reinft (Table 5.8);
Min. top cover requirement with regard to bond;
Min. btm cover requirement with regard to bond;
Reinforcement fabrication;

Cover allowance for deviation;

Min. required nominal cover to top reinft;
Min. required nominal cover to bottom reinft;

25—

Two way spanning with restrained edges
h =200 mm

lx = 4250 mm

Iy = 4950 mm

Four edges continuous (interior panel)
Short span
Short span direction

Gk =12.0 kN/m?

Q= 3.0 kN/m?

76 =135

va =1.50

y2=0.30

q=76 x Gk + ya x Qc = 20.7 kN/m?
gsts = 1.0 x Gk + y2 x Qc = 12.9 kN/m?

C25/30

oce = 0.85

fod = 14.2 N/mm?

fem = 0.30 N/mm? x (e / 1 N/mm?)?3 = 2.6 N/mm?
dg =20 mm

fyic= 500 N/mm?2
ys=1.15
fya = fyi/ 75 = 434.8 N/mm?

Cnom_t = 30 mm
Crom_b = 30 mm

Riop = 60 min

Roim = 60 min
ait=10 mm

afb =10 mm

Cminb_t =10 mm
Crminb_b =8 mm

Not subject to QA system
Acgev =10 mm
Crom_t_min = 20.0 mm
Cnom_b_min = 18.0 mm

design at mi in short span
Bending moment coefficient;
Design bending moment;
Reinforcement provided;
Area provided;
Effective depth to tension reinforcement;
K factor;
Redistribution ratio;

(cl.6.1)
Bax_p = 0.0306

Mip = Bsx.p x g x b = 11.4 kNm/m

8 mm dia. bars at 200 mm centres
Asxp = 251 mm2m

dip=h - Crom_b - ¢xp /2 = 166.0 mm
K= My p/ (b x deo? x fex) = 0.017
8=1.0

Tedds calculation version 1.0.18

PASS - There is sufficient cover to the top reinforcement
PASS - There is sufficient cover to the bottom reinforcement

& Tekla
Tedds
Elite Designers
3 Princeton Court
Felsham Road
SW15 1AZ

Project Job Ref.
103 to 107 North Hill 2021-024
Section Sheet no.rev.
Preliminary Planning/Feasibility 18
Calc. by Date Chk'd by Date App'd by Date
JGF 17/08/2021

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

K'=0.598 x 5-0.18 x 8% - 0.21 = 0.208

2= min(0.95 x d p, dx p/2 x (1+ V(1 - 3.53 x K))) = 157.7 mm
Asxp.m = Mp/ (fya x 2) = 167 mm?m

K <K' - Compression reinforcement is not required

Asx_o._min = Max(0.26 x (feun/fy) x b x di p, 0.0013xbxck_p) = 221 mm/m

Asx_p_req = Max(Asx_p_m, Asx_p_min) = 221 mm2/m

Gop = (fyk / 15) x Min(Asx o mfAsx p), 1.0) x gsts / g = 179.8 N/mm?2

Smax x p = 275 mm
Sip=200 mm

Reinforcement design at midspan in long span direction (cl.6.1)

Bending moment coefficient;

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

Maximum allowable spacing (Table 7.3N);
Actual bar spacing;

PBsy_p = 0.0240

My_p = Bsy.p x G x h2 = 9.0 KNm/m

8 mm dia. bars at 200 mm centres

Asy_p = 251 mm2/m

dy_p=h - Cnom_b - dx_p - ¢y_p /2 =158.0 mm
K =My p/ (b xdy 2 x fu) = 0.014

8§=1.0

K'=0.598 x § - 0.18 x 8% - 0.21 = 0.208

2= min(0.95 x dy p, dy o/2 x (1 + V(1 - 3.53 x K))) = 150.1 mm
Asy p.m =My p/ (fya x 2) = 138 mmz/m

PASS - Area of reinforcement provided exceeds area required

PASS - The reinforcement spacing is acceptable

K <K' - Compression reinforcement is not required

Asy_p_min = Max(0.26 x (fem/fyx) x b x dy p, 0.0013xbxdy p) = 211 mm2/m

Asy p_req = Max(Asy_p m, Asy p_min) = 211 mm?/m

sy p = (fy / v5) x Min((Asy_p m/Asy p), 1.0) x gsts / q = 148.2 N/mm?

Smax_y_p = 300 mm
Sy_p =200 mm

design at i support in short span direction (cl.6.1)

Bending moment coefficient;

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;
Maximum allowable spacing (Table 7.3N);

Bex n = 0.0402
Myn = Bsx.n x G x b = 15.0 kNm/m

10 mm dia. bars at 200 mm centres
Asx n =393 mm?/m
din=h-Cnom_t-¢xn/2=165.0 mm
K= My.n/ (b x den? x fex) = 0.022
3=1.0

.598 x 5 - 0.18 x 82 - 0.21 = 0.208

2= min(0.95 x d_n, de /2 x (1 + V(1 - 3.53 x K))) = 156.8 mm
Ascnm =M/ (fya x 2) = 221 mm?/m

PASS - Area of reinforcement provided exceeds area required

PASS - The reinforcement spacing is acceptable

K <K' - Compression reinforcement is not required

Asx_n_min = Max(0.26 x (fem/fyk) x b x dx_n, 0.0013xbxdx_n) = 220 mm?/m

Asx_n_req = Max(Asx n_m, Asx_n_min) = 221 mm?2/m

Gsxn = (fy/ 75) x Min((Ascn_m/Asx n), 1.0) x Gsts / g = 152.3 Nimm?

Smax_x_n = 300 mm

Actual bar spacing; Sx._n =200 mm
design at i support in long span direction (cl.6.1)
Bending moment coefficient; Bsy.n = 0.0320

Design bending moment;
Reinforcement provided;

Area provided;

Effective depth to tension reinforcement;
K factor;

Redistribution ratio;

K’ factor;

Lever arm;

Area of reinforcement required for bending;
Minimum area of reinforcement required;
Area of reinforcement required;

Check reinforcement spacing
Reinforcement service stress;

My_n = Bsy_n x q x h& = 12,0 kNm/m

8 mm dia. bars at 200 mm centres

Asy n =251 mm?/m

dy_n=h - Cnom_t = dx_n - ¢y_n /2 =156.0 mm
K =My.n/ (b xdy 2 x fu) = 0.020

§=1.0

K'=0.598 x §-0.18 x 8% - 0.21 = 0.208

Z=min(0.95 x dy n, dy /2 x (1 + V(1 - 3.53 x K))) = 148.2 mm
Asynm=My.n/ (frs x 2) = 186 mmZm

PASS - Area of reinforcement provided exceeds area required

PASS - The reinforcement spacing is acceptable

K <K' - Compression reinforcement is not required

Asy_n_min = Max(0.26 x (feun/fyk) x b x dy_n, 0.0013xbxdy 1) = 208 mm?/m

 n_req = MaX(Asy_n_m, Asy_n_min) = 208 mm?/m

Gay.n = (fyk / 15) x Min((Asy_n_mfAsy_n), 1.0) x gsts / g = 200.2 N/mm?

PASS - Area of reinforcement provided exceeds area required
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Maximum allowable spacing (Table 7.3N); Smax_y_n = 250 mm
Actual bar spacing; Sy_n =200 mm
PASS - The reinforcement spacing is acceptable
Shear capacity check at short span continuous support
Shear force; Vin=qxIx/2=44.0 kN/m
Effective depth factor (cl. 6.2.2); k =min(2.0, 1 + (200 mm / dx_n)°®) = 2.000
Reinforcement ratio; p1=min(0.02, Asx_n/ (b x dx_n)) = 0.0024
Minimum shear resistance (Exp. 6.3N); VRd,e_min = 0.035 N/mm? x k' x (fex / 1 N/mm?2)°5 x b x dx_n
VRdc_min = 81.7 kN/m
Shear resistance constant (cl. 6.2.2); Cra,c = 0.18 N/mm?/ yc = 0.12 N/mm?
Shear resistance (Exp. 6.2a);
VRdcx n = Max(VRra,c_min, Crae x K x (100 x pix (fox/ 1 N/mm2))°3335x b x dy_n) = 81.7 kN/m
PASS - Shear capacity is adequate
Shear capacity check at long span continuous support
Shear force; Vyn=qxlx/2=44.0 kN/m
Effective depth factor (cl. 6.2.2); k =min(2.0, 1 + (200 mm / dy_n)°%) = 2.000
Reinforcement ratio; p1=min(0.02, Asy_n/ (b x dy_n)) = 0.0016
Minimum shear resistance (Exp. 6.3N); VRd,c_min = 0.035 N/mm? x k' x (foc / 1 N/mm?)®5 x b x dy n
VRdc_min = 77.2 kN/m
Shear resistance constant (cl. 6.2.2); Cra,c = 0.18 N/mm? / yc = 0.12 N/mm?
Shear resistance (Exp. 6.2a);
VRdc_y.n = Max(VRa,c_min, Crae x K x (100 x pix (fox/ 1 N/mm2))°333x b x dy n) = 77.2 kN/m
PASS - Shear capacity is adequate
Basic span-to-depth deflection ratio check (cl. 7.4.2)
Reference reinforcement ratio; po = (fex / 1 N/mm2)°5 / 1000 = 0.0050
Required tension reinforcement ratio; p = max(0.0035, Asx p_req / (b x dx p)) = 0.0035
Required compression reinforcement ratio; p' = Ascx_p_req / (b x dx_p) = 0.0000

Stuctural system factor (Table 7.4N); Ks=1.5
Basic limit span-to-depth ratio (Exp. 7.16);
ratioim x_bas = Ka x [11 +1.5x(fod1 NIMm?)®5xpolp + 3.2x(fu/1 NImm2)2Sx(palp -1)1] = 39.31
Mod span-to-depth ratio limit;
ratioim x = min(40 x Ks, min(1.5, (500 N/mm?/ fy) x (Asx_p / Asx_s_m)) x ratioim x bss) = 58.96
Actual span-to-eff. depth ratio; ratioact x = I« / dx_p = 25.60
PASS - Actual span-to-effective depth ratio is acceptable
Reinforcement sketch

The following sketch is indicative only. Note that additional reinforcement may be required in accordance with clauses 9.2.1.2, 9.2.1.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing
rules.

10mm bars @ 200 ctrs T~

8mm bars @ 200 ctrs B1

10mm bars @ 200 ctrs T~

$mm bars @ 200 ctrs T:
8mm bars @ 200 cirs B:
$mm bars @ 200 ctrs T:




Appendix C: Damage category classification from CIRIA C580

Category of
damage

Description of typical damage
(ease of repair is underlined)

Approximate
crack width
(mm)

Limiting tensile
strain %

0

Negligible

Hairline cracks of less than about
0.1mm are classes as negligible.

<0.1

0.0-0.05

1

Very Slight

Fine cracks that can easily be treated
during normal decoration. Perhaps
isolated slight fracture in building,
Cracks in external brickwork visible on
inspection.

<1

0.05-0.075

Slight

Cracks easily filled. Redecoration
probably required. Several slight
fractures showing inside of building.
Cracks are visible externally and some
repointing may be required externally
to ensure weathertightness. Doors and
windows may stick slightly.

<5

0.075-0.15

Moderate

The ecracks require some opening up
and can be patched by a mason.
Recurrent cracks can be masked by
suitable linings. Repointing of external
brickwork and possibly a small amount
of brickwork to be replaced. Doors and
windows sticking. Service pipes may
fracture. Weathertightness often
impaired.

5-150ra
number of
cracks >3

0.15-0.3

Severe

Extensive repair work involving
walls, especially over doors and
windows. Windows and frames
distorted, floors sloping noticeably,
Walls leaning or bulging noticeably,
some loss of bearing in beams. Service
pipes disrupted.

15-25 but also
depends on
number of
cracks

Very Severe

partial or complete rebuilding. Beams
lose bearings, walls lean badly and
require shoring. Windows broken with
distortion. Danger of instability.

Usually >25
but depends on
number of
cracks
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Appendix D: Borehole
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