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1 Introduction

1.1 Location
Garth Owen

Newtown

Powys
SYlé |1AZ

1.2 The Proposed Works

The proposed works comprise the construction of a retaining wall to enable the construction of a
turning head in the highway as part of the new housing development.

1.3 Proposed Arrangement
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2 Design Standards & Sources of Reference

2.1 Statutory Regulations/Bye-Laws

The current edition of the Building Regulations Part A

2.2 Codes of Practice and Standards
*  Eurocode 2: Design of concrete structures - Part |-1: General rules and rules for buildings EN1992- |-
1:2004

*  Eurocode 6: Design of masonry structures - Part [-1: General rules for reinforced and unreinforced
masonry structures EN1996-1-1:2005 + Al:2012

*  Eurocode 7: Geotechnical design - Part |: General rules EN1997-1:

* UK National Annex NA to BS EN [992-1-1:2004 incorporating National Amendment No. |
NA to BS EN 1996-1-1:2005 + Al:2012
NA to BS EN 1997-1:2004 incorporating Corrigendum No. |
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3 Structural Calculations

Calculations required for:

* Loading assessment;

* Retaining wall

Loading:

* 5.0 kN/m2surcharge to back of retaining wall

* Adopt Reinforced Grouted Masonry Wall Detail from ‘Common Standards for Wales
Highway Design Guide:
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Retaining Wall Design
Height Retained = 1000mm

RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK
National Annex incorporating Corrigendum No.1

Retaining wall details
Stem type;

Stem height;

Stem thickness;

Angle to rear face of stem;
Stem density;

Toe length;

Heel length;

Base thickness;

Base density;

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

Retained soil properties

Soil type;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

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

Presumed bearing capacity;

Loading details
Variable surcharge load;

Tedds calculation version 2.9.21

Cantilever
hstem = 1500 mm
tstem = 320 mm

o =90 deg
Ystem = 25 kN/m3
ltoe =300 mm

lheet = 680 mm
tbase = 300 mm
Ybase = 25 kN/m?3
hret = 1000 mm
3 =18.5deg
dcover = 300 mm

Medium dense well graded sand
ymr = 21 kKN/m3

Yer = 23 KN/m3

@rk = 30 deg

ork = 0 deg

Medium dense well graded sand
Yb = 18 KN/m?

@bk =30 deg
ok = 15 deg
dbbk = 30 deg

Pbearing =100 kN/m?

Surchargeaq = 5 kN/m?
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}4—300 } 320 } 680 5 kN/im?
P 2.1 kNim? <
k3 T EED
I
AL— -51.9kN/m? 18.6 kN/m? X

54.5kN/m?

117.7 kN/m?2

1300

General arrangement - sketch pressures relate to bearing check

Calculate retaining wall geometry
Base length;

Moist soil height;

Length of surcharge load;

- Distance to vertical component;
Effective height of wall;

- Distance to horizontal component;
Area of wall stem;

- Distance to vertical component;
Area of wall base;

- Distance to vertical component;
Area of moist soil;

- Distance to vertical component;

- Distance to horizontal component;
Area of base soil;

- Distance to vertical component;

- Distance to horizontal component;
Area of excavated base soil;

Ibase = ltoe + tstem + lheel = 1300 mm

hmoist = hsoil = 1300 mm

sur = Iheel = 680 mm

Xsur_v = Ibase - Iheet / 2 = 960 mm

heff = hbase + deover + hret + lsur ~ tan(B) = 1828 mm
Xsur_h = heff / 2 = 914 mm

Astem = hstem ~ tstem = 0.48 m?

Xstem = ltoe + tstem / 2 = 460 mm

Abase = lbase ~ toase = 0.39 m?

Xbase = lbase / 2 = 650 mm

Amoist = hmoist ~ lheel + tan(B) ~ lhee? / 2 = 0.961 m2
Xmoist v = Ibase - (Nmoist ~ Iheei® / 2 + tan(B) ~ Ineet® / 6) /
Amoist = 969 mm

Xmoist_h = heff / 3 = 609 mm

Apass = deover ~ ltoe = 0.09 m?

Xpass_v = lbase - (deover ~ ltoe ~ (lbase - ltoe / 2)) / Apass = 150
mm

Xpass_h = (dcover + hbase) / 3 =200 mm

Aexc = hpass ~ ltoe = 0.09 m?
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Xexc_v = lbase - (hpass i ltoe i (|base - loe / 2)) / Aexc = 150
mm
Xexc_h = (Npass + hbase) / 3 =200 mm

- Distance to vertical component;

- Distance to horizontal component;

Using Coulomb theory
Active pressure coefficient;

Passive pressure coefficient;

Bearing pressure check
Vertical forces on wall
Wall stem;

Wall base;

Surcharge load;

Moist retained soil;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;
Moist retained soil;

Base soil;

Total;

Moments on wall
Wall stem;

Wall base;
Surcharge load;

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,
Factor of safety;

Ka = sin(a + @rk)?/ (sin(a)? ~ sin(a - &) ~ [1+
V[sin(@rk + &k) ~ sin(@rk - B) / (sin(a - &) ~ sin(a +
B)IP) = 0.428

K = sin(90 - @ox)? / (SIN(90 + Sox) ~ [1 - V[sin(@ox +
Sok) ~ sin(@vk) / (Sin(90 + dbk))]]?) = 4.977

Fstem = Astem ~ Ystem = 12 KN/m

Foase = Abase  Ybase = 9.8 KN/m

Fsur v = Surchargea ~ lheel = 3.4 KN/m

Fmoist v = Amoist _ Ymr = 20.2 KN/m

Fpass_v = Apass ~ Yb = 1.6 kKN/m

Ftotal_v = Fstem + Foase + Fsur v + Fmoist v + Fpass_v = 47
kN/m

Fsur h =Ka = Surchargea ~ herf = 3.9 KN/m

Fmoist h =Ka ~ ymr ~ hef?/ 2 =15 kN/m

Fpass h =-Kp = cos(®vk) ~ Yo ~ (dcover + hpase)? /2 = -
15.6 kKN/m

Fiotal_h = max(Fsur_h + Fmoist_h + Fpass_h - Fiotal v

tan(dbb.k), 0 KN/m) = 0 kN/m

Mstem = Fstem ~ Xstem = 5.5 KNm/m
Moase = Foase ~ Xbase = 6.3 KNm/m

sur = Fsur v~ Xsurv-Fsurh ~ Xsurh = =0.3 KNm/m
Mmoist = Fmoist v ~ Xmoist_v - Fmoist h ~ Xmoist_h = 10.4
kNm/m
Mpass = Fpass v~ Xpass v - Fpass h ~ Xpass h = 3.4 KNm/m
Miotal = Mstem + Mbase + Msur + Mmoist + Mpass = 25.3
kNm/m

"X = Motal / Fiotal v = 540 mm

€="X-lbase /2 =-110 mm

lioad = lbase = 1300 mm

Qtoe = Frotal v/ Ibase ~ (1-6 ~ €/ lbase) = 54.5 KN/m2
Qheel = Frotal v/ lbase ~ (1 +6 ~ €/ Ibase) = 17.7 KN/m?2
FoSbp = Pbearing / Max(qtoe, qheel) = 1.834
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PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

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;

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;

Sliding check

Vertical forces on wall
Wall stem;

Wall base;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Moist retained soil;
Total;

A1

ye = 1.350
vt = 1.000
ya = 1.500
yar = 0.000

;Partial factors for soil parameters — Table A.4 - Combination 1

M1

v¢ = 1.00
Yo =1.00
w=1.00

ymr' = Ymr /Wy = 21 KN/m3

Yor' = Yor / Wy = 23 KN/m3

@ra = atan(tan(@rk) / yg) = 30 deg
Ord = atan(tan(drk) / yg) = 0 deg

Vo' = Vb /vy = 18 KN/m3

@ba = atan(tan(@bk) / yg) = 30 deg
Ob.d = atan(tan(dx) / yg) = 15 deg
Obb.d = atan(tan(dbk) / Yg) = 30 deg
C'b.d = C'ok / Yo = 0 KN/m?

Ka = sin(a + @ra)?/ (sin(a)? ~ sin(a - &q) ~ [1+
V[sin(@ra + &.d) ~ sin(@ra-B)/ (sin(a - &.d) ~ sin(a +
B)IP) = 0.428

Kp = sin(90 - @b.)?/ (sin(90 + db.¢) ~ [1 - V[sin(@b.a +
Bo.d) ~ Sin(@b.a) / (sin(90 + &v.q))]]%) = 4.977

Fstem = Yot~ Astem  Ystem = 12 KN/m
Foase = Yof = Abase  Ybase = 9.8 KN/m
Fmoist v = Y&f ~ Amoist ~ Ymr = 20.2 KN/m
Fexcv=VYaf ~ Aexc ~ W' =1.6 KN/m

Ftotal_v = Fstem + Foase + Fmoist_v + Fexc_v = 43.6 kN/m

Fsor n=Ka ~ ya ~ Surchargea ~ heif = 5.9 kN/m
Fmoist_h =Yc i Ka i ymr' i he? / 2 = 20.2 kN/m
Ftotal_h = Fsur_h + Fmoist h = 26.1 KN/m
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Check stability against sliding
Base soil resistance;

=15.6 KN/m

Base friction;

Resistance to sliding;
Factor of safety;

Overturning check
Vertical forces on wall
Wall stem;

Wall base;

Moist retained soil;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Moist retained soil;

Base soil;

Total;

Overturning moments on wall
Surcharge load;

Moist retained soil;

Total;

Restoring moments on wall
Wall stem;

Wall base;

Moist retained soil;

Base soil;

Total;

Check stability against overturning
Factor of safety;

Fexc_h = Yof T Ke © COS(0b.d) i W' i (hpass + hbase)2/2

Friction = Frotal v ~ tan(bb.d) = 25.1 KN/m
Frest = Fexc_h + Firiction = 40.7 KN/m
FOSsi = Frest / Fiotai_h = 1.56
PASS - Resistance to sliding is greater than sliding force

Fstem =Vaf ~ Astem  Vstem = 12 KN/m
Foase = Yof ~ Abase  Ybase = 9.8 KN/m
Fmoist v = Y&f ~ Amoist ~ Ymr = 20.2 KN/m
Fexcv=VYaf ~ Aexc ~ W' =1.6 KN/m

Ftotal_v = Fstem + Foase + Fmoist_v + Fexc_v = 43.6 kN/m

Fsur n=Ka ~ ya ~ Surchargeqa ~ herf = 5.9 kN/m
Frmost h =Y ~ Ka =~ ym' ~ he? /2 =20.2 KN/m
Fexch=-Yor = Kp = cos(db.d) ~ Yo' ~ (Npass + hbase)? / 2
=-15.6 kN/m

Fiotal_h = Fsur_h + Fmoist_h + Fexc_h = 10.5 KN/m

Msur_OT = Fsur_h . Xsur_h = 5.4 KNm/m
Mmoist_OT = Fmoist_h . Xmoist_h = 12.3 kKNm/m
Mtotal_oT = Msur_oT + Mmoist_ot = 17.7 kKNm/m

Mstem R = Fstem ~ Xstem = 5.5 KNm/m

Mbase R = Fbase ~ Xbase = 6.3 KNm/m

Mmoist R = Fmoist v~ Xmoist v = 19.6 KNm/m

Mexc R = Fexc.v ~ Xexcv - Fexc.h ~ Xexc_h = 3.4 KNm/m
Mtotal R = Mstem_R + Mbase_R + Mmoist_R + Mexc R = 34.8
kNm/m

FoSot = MtotaI_R / MtotaI_OT =1.966

PASS - Maximum restoring moment is greater than overturning moment

Design approach 1

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

Partial factor set;

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

A2

ye = 1.000
yer = 1.000
ya = 1.300
yar = 0.000

;Partial factors for soil parameters — Table A.4 - Combination 2
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Soil parameter set; M2
Angle of shearing resistance; Yo = 1.25
Effective cohesion; Yo =1.25
Weight density; v =1.00

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;

Sliding check

Vertical forces on wall
Wall stem;

Wall base;

Moist retained soil;
Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Moist retained soil;

Total;

Check stability against sliding
Base soil resistance;

=11 kN/m

Base friction;

Resistance to sliding;

Factor of safety;

ymr' = Ymr / Wy = 21 KN/m3

Yor' = Yor / Wy = 23 KN/m?3

@rd = atan(tan(grk) / y¢) = 24.8 deg
Ord = atan(tan(drk) / yg) = 0 deg

Vo' = Vb /Yy = 18 KN/m3

@b.d = atan(tan(@ox) / yg) = 24.8 deg
Ob.d = atan(tan(dvx) / yg) = 12.1 deg
Obb.d = atan(tan(dvbk) / Yg) = 24.8 deg
C'b.d = C'bk / Yo = 0 KN/m?

Ka = sin(a + @r.a)?/ (sin(a)? ~ sin(a - &) ~ [1+
V[sin(@rd + &ra) ~ sin(@rd - B)/ (sin(a - &ra) ~ sin(a +
B)I?) = 0.554

Kp = sin(90 - @b.)?/ (sin(90 + db.¢) ~ [1 - V[sin(@b.a +
Bo.d) ~ Sin(@b.d) / (sin(90 + &v.q))]]?) = 3.473

Fstem = Yot ~ Astem  Ystem = 12 KN/m

Foase = Yor ~ Abase  Ybase = 9.8 kN/m

Fmoist v =Y&f ~ Amoist ~ Ymr = 20.2 KN/m
Fexcv=VYaf ~ Aexc ~ W' =1.6 KN/m

Fiotal_v = Fstem + Fpase + Fmoist_v + Fexc_v = 43.6 KN/m

Fsur n=Ka ~ ya ~ Surchargeqa ~ herf = 6.6 kN/m
Fmoist_h =Yc i Ka i ymr' i het? / 2 = 19.4 KN/m
Fiotal_h = Fsur h + Fmoist h = 26 KN/m

Fexc h = Yof T Ke © CoS(0b.d) i W' i (hpass + hbase)2/2

Friction = Frotal v ~ tan(bb.d) = 20.1 KN/m

Frest = Fexc_h + Friction = 31.1 KN/m
FOSsi = Frest / Ftotal_h =1.197
PASS - Resistance to sliding is greater than sliding force
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Overturning check
Vertical forces on wall
Wall stem;

Wall base;

Moist retained soil;

Base soil;

Total;

Horizontal forces on wall
Surcharge load;

Moist retained soil;

Base soil;

Total;

Overturning moments on wall
Surcharge load;

Moist retained soil;

Total;

Restoring moments on wall
Wall stem;

Wall base;

Moist retained soil;

Base soil;

Total;

Check stability against overturning
Factor of safety;

Fstem = Yot ~ Astem  Ystem = 12 KN/m

Foase = Yof ~ Abase  Ybase = 9.8 KN/m

Fmoist v = Y&f ~ Amoist ~ Ymr = 20.2 KN/m
Fexcv=VYaf = Aexc ~ W' =1.6 KN/m

Ftotal_v = Fstem + Foase + Fmoist_v + Fexc_v = 43.6 kN/m

Fsur n=Ka ~ ya ~ Surchargea ~ heff = 6.6 kN/m
Frmoist h =Y ~ Ka =~ ym' ~ he? /2 =19.4 KN/m
Fexch=-Yor = Kp = cos(db.d) ~ Yo' ~ (Npass + hbase)? / 2
=-11 kN/m

Ftotal_h = Fsur_h + Fmoist h + Fexc_.h = 15 KN/m

Msur_OT = Fsur_h i Xsur_h = 6 KNm/m
Mmoist_OT = Fmoist_h . Xmoist_h = 11.8 kKNm/m
Mtotal_oT = Msur_oT + Mmoist_ot = 17.8 KNm/m

Mstem R = Fstem ~ Xstem = 5.5 KNm/m

Mbase R = Fbase ~ Xbase = 6.3 KNm/m

Mmoist R = Fmoist v~ Xmoist v = 19.6 KNm/m

Mexc R = Fexc.v ~ Xexcv - Fexc.h ~ Xexc_h = 2.4 KNm/m
Miotal R = Mstem R + Mbase R + Mmoist R + Mexc R = 33.9
kNm/m

FoSot = MtotaI_R / MtotaI_OT =1.899

PASS - Maximum restoring moment is greater than overturning moment

RETAINING WALL DESIGN

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

National Annex incorporating National Amendment No.1 and EN1996-1-1:2005 incorporating
Corrigenda dated February 2006 and July 2009 and the UK National Annex

Tedds calculation version 2.9.21

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

Concrete strength class;

C32/40

Characteristic compressive cylinder strength; fok = 32 N/mm?

Characteristic compressive cube strength;

fck,cube = 40 N/mm?2

Mean value of compressive cylinder strength; fem = fok + 8 N/mm?2 = 40 N/mm?

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;

fetm = 0.3 N/mm? x (fex / 1 N/mm?)?3 = 3.0 N/mm?
fetk,0.05 = 0.7 X fem = 2.1 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?2)0-3 = 33346 N/mm?
yc = 1.50
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Compressive strength coefficient - ¢l.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 k1;

Bending coefficient kz;

Bending coefficient ks;

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
Top face of base;
Bottom face of base;

Masonry details - Section 3.1

Masonry type;

Normalised mean compressive strength;
Characteristic flexural strength - cl.6.3.4(1);
Initial shear strength - Table NA.5;

Mortar details - Section 3.2
Mortar type;
Compressive strength of mortar;

Ultimate limit states - Table NA.1

Class of execution control;

Category of manufacture control;

Partial factor for direct or flexural compression;
Partial factor for flexural tension;

Partial factor for shear;

Occ = 0.85
fed = Oce X fok / Yo = 18.1 N/mm?
hagg =20 mm

gou2 = 0.0035

€3 = 0.0035

A=0.80

n=1.00

K1 =0.40

K2=1.00 ~ (0.6 + 0.0014/gcu2) = 1.00
K3 =0.40

Ka=1.00 ~ (0.6 + 0.0014/c2) =1.00

fyk = 500 N/mm?

Es = 200000 N/mm?

ys =1.15

fya = fyk / ys = 435 N/mm?

Cot = 50 mm
Cob = 75 mm

Calcium silicate - Group 1
fb = 15 N/mm?

fik = 0 N/mm?

fuko = 0.15 N/mm?

General purpose - M6, prescribed mix
fm = 6 N/mm?

1
1

yme = 2.0
ymt = 2.3
ymy = 2.0

Characteristic strengths of concrete infill - Table 3.2

Concrete infill strength class;
Characteristic compressive strength;
Characteristic shear strength;
Design shear strength;

C32/40

fekinfit = 25 N/mm?

fevkinfit = 0.45 N/mm?

fevdinfil = fevkinfil / Ymv = 0.225 N/mm?
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Loading details - Combination No.1 - kN/m?

Stemn

18.3

293
9
1
1013 —
]
5
i1

1

72

10135
36.8
\

\

\

6.
8331

Shear force - Combination No.1 - kN/m

50.45
49.54
49.54

47.86

Bending moment - Combination No.1 - kNm/m
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Loading details - Combination No.2 - kN/m?

12

Stemn

I

B811

7
52.08

; 545

514

[i)

; 75
3

el

4358

38.77

38.77
3053

Shear force - Combination No.2 - kN/m

15.4

8.3“
| L 1.

Bending moment - Combination No.2 - kNm/m

Check stem design at base of stem
Depth of section;

Cavity wall details
Front leaf thickness;
Rear leaf thickness;

Masonry characteristics

Compressive strength constants - Table NA.4
Characteristic compressive strength - cl.3.6.1.2(1)
Design compressive strength

Design flexural strength

Height of masonry

Compressive axial force combination 0

t =320 mm

tr =100 mm
tr =100 mm

K =0.500

fi=K = %7 7 fu023 = 5.697 N/mm?
fa = min(fc, fekinfit) / Yme = 2.849 N/mm?
fxd = fxk / ymt = 0 N/mm?

hwt = hstem = 1500 mm

Fx=vYat ~ " hwt ~ t=12kN/m

Ystem
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Moment combination 0 Mx=vef = Ystem hwt = t2/2=1.9 kNm/m
Eccentricity of axial load e = max(abs(t/ 2 - Mx/ Fx), 0.05 ~ t) =16 mm
Capacity reduction factor - exp.6.4 d=1-2xe/t=0.9
Design vertical resistance - exp.6.2 Nra = @ x t x fg = 820.4 kN/m
Design vertical compressive stress 0d = min(Fx /t, 0.15 x Nrq / t) = 0.038 N/mm?
Apparent design flexural strength - exp.6.16 fxd.app = fxa + 0d = 0.038 N/mm?
Limit of charact. shear strength - exp. 3.1; fuktim = 0.065 ~ fp = 0.975 N/mm?2
Characteristic shear strength - exp.3.5 fuk = min(fuo + 0.4 x 04, fukiim) = 0.165 N/mm?
Design shear strength fud = fuk / ymv = 0.083 N/mm?

Library item: Masonry characteristics output

Reinforced masonry members subjected to bending, bending and axial loading, or axial loading -

Section 6.6

Design bending moment combination 1; M = 7.2 kNm/m

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

Area of tension reinforcement provided; Astprov =TT~ @2/ (4~ ssr) = 1340 mm2/m

Depth to tension reinforcement; d =158 mm

Minimum area of reinforcement - ¢l.8.2.3(1); Asr.min = 0.0005 x d = 79 mm?/m

Lever arm - exp.6.23; z=d "~ min(1-0.5 " Asprov ~ fya/(d ~ fa), 0.95) = 55
mm

Moment of resistance - exp.6.22 and exp.6.24a; Mrd = min(Asrprov ~ fya = 2,04 ~ fg ~ d?)=28.3
kNm/m
M/ Mrg = 0.253
PASS - Moment of resistance exceeds applied design moment

Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V =14.416 KN/m
Design shear resistance - exp.6.40; VRrd = min(fud, fovainit) ~ d = 12.994 kKN/m
V/Vrd=1.109

Design shear resistance is less than applied design shear force - try concrete shear alone

Determine shear resistance due to concrete infill alone - Clause 6.7.1(3)
Effective depth taking in to account concrete only; d = dstem - tr= 57 mm
Crd,c=0.18/yc = 0.120
k = min(1 + v(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio; p1 = min(Asrprov / d, 0.02) = 0.020

Vmin = 0.035 N"2/mm = k32 7 fekinfi®® = 0.495 N/mm?
Design shear resistance - exp.6.2a & 6.2b; VRdc = max(Crac ~ k =~ (100 N¥mm* = o ~ fokinfin) '3,
Vmin) ~ d

VRd.c = 50.8 kN/m
V/VRrdc = 0.284
PASS - Design shear resistance exceeds design shear force

Check stem design at 300 mm
Depth of section; t =320 mm

Cavity wall details
Front leaf thickness; tr=100 mm
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Rear leaf thickness; tr =100 mm
Masonry characteristics
Compressive strength constants - Table NA.4 K= 0.500
Characteristic compressive strength - ¢1.3.6.1.2(1) fk=K ~ %7 = 03 = 5.697 N/mm?
Design compressive strength fa = min(f, fekinfin) / e = 2.849 N/mm?
Design flexural strength fxd = fux / ymt = 0 N/mm?
Height of masonry hwt = hstem - 300 mm = 1200 mm
Compressive axial force combination 0 Fx=Vot ~ Ystem hwt ~ t=9.6 kN/m
Moment combination 0 Mx=vor = Ystem hwt ~ t2/2=1.5kNm/m
Eccentricity of axial load e = max(abs(t/2-Mx/Fx), 0.05 ~ t)=16 mm
Capacity reduction factor - exp.6.4 P=1-2xe/t=0.9
Design vertical resistance - exp.6.2 Nra = @ x t x fg = 820.4 kN/m
Design vertical compressive stress 0d = min(Fx/t, 0.15 x Nrq / t) = 0.03 N/mm?
Apparent design flexural strength - exp.6.16 fxd.app = fxd + Gd = 0.03 N/mm?
Limit of charact. shear strength - exp. 3.1; fuciim = 0.065 ~ fo = 0.975 N/mm?
Characteristic shear strength - exp.3.5 fuk = min(fuko + 0.4 x G4, fukim) = 0.162 N/mm?
Design shear strength fva = fuk / ymv = 0.081 N/mm?

Library item: Masonry characteristics output

Reinforced masonry members subjected to bending, bending and axial loading, or axial loading -
Section 6.6

Design bending moment combination 1; M = 3.6 kNm/m

Tension reinforcement provided; 12 dia.bars @ 150 c/c

Area of tension reinforcement provided; Asriprov =T~ @12/ (4 7 ser1) = 754 mm2/m

Depth to tension reinforcement; d =158 mm

Minimum area of reinforcement - cl.8.2.3(1); Asrmin = 0.0005 x d = 79 mm?/m

Lever arm - exp.6.23; z=d ~ min(1-0.5 " Asriprov ~ fya/(d ~ f4), 0.95) =

100 mm

Moment of resistance - exp.6.22 and exp.6.24a; Mrd = min(Asriprov ~ fya ~ 2,04 ~ fa ~ d?) =28.3
kNm/m
M/ Mrd = 0.128

PASS - Moment of resistance exceeds applied design moment

Reinforced masonry members subjected to shear loading - Section 6.7

Design shear force V =9.27 kN/m
Design shear resistance - exp.6.40; Vrd = min(fud, fovainit) ~ d = 12.758 KN/m
V/Vra = 0.727

PASS - Design shear resistance exceeds applied design shear force

Horizontal reinforcement parallel to face of stem

Minimum area of reinforcement - cl.8.2.3(4); Asxreq = 0.0005 x d = 79 mm?/m
Transverse reinforcement provided; 12 dia.bars @ 150 c/c
Area of transverse reinforcement provided; Asxprov =TT~ @2/ (4~ ssx) = 754 mm2/m

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

Check base design at toe
Depth of section; h =300 mm
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Rectangular section in flexure - Section 6.1
Design bending moment combination 1; M = 2.1 kNm/m
Depth to tension reinforcement; d=h-Cob-@b/2=219 mm
K =M/ (d? x fek) = 0.001
K=@2 " n delyc) (1-A7 (3-Ki)2 = K2)) " (A

T (0-Ki)(2 T Ky)

K'=0.207
K'> K - No compression reinforcement is required

Lever arm; z=min(0.5+05 ~ (1-2 7~ K/(n ~ e/ yc))°® 0.95)
" d=208 mm

Depth of neutral axis; x=25x(d—-2z)=27 mm

Area of tension reinforcement required; Abb.req = M/ (fya X 2) = 24 mm?/m

Tension reinforcement provided; 12 dia.bars @ 150 c/c

Area of tension reinforcement provided; Abbprov =T~ @u?/ (4 ~ sbb) = 754 mm3/m

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 ~ fum / fyk, 0.0013) ~ d = 344
mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3); Abb.max =0.04 ~ h=12000 mm%/m

maX(Abb.req, Abb.min) / Abb.prov =0.457
PASS - Area of reinforcement provided is greater than area of reinforcement required

Library item: Rectangular single output

Rectangular section in shear - Section 6.2
Design shear force; V =12 kN/m

Crd,c=0.18/yc = 0.120
k = min(1 + V(200 mm / d), 2) = 1.956

Longitudinal reinforcement ratio; p1 = Min(Abb.prov / d, 0.02) = 0.003

Vmin = 0.035 N"2/mm ™ k32 7 {495 = 0.541 N/mm?
Design shear resistance - exp.6.2a & 6.2b; VRrdc = max(Crac ~ k =~ (100 NZmm* = p = fa)',
Vmin) ~ d

VRd.c = 118.6 KN/m
V/Vrdc = 0.101
PASS - Design shear resistance exceeds design shear force

Check base design at heel

Depth of section; h =300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 3.9 kNm/m

Depth to tension reinforcement; d=h-cot-@t/2=244 mm

K =M/ (d? x f) = 0.002
K=@2 n aelyc) (1-12 7 (3-Ki)2 ™ Ka)

(\

T (3-Ki)(2 T K2)

Lever arm;
" d=232mm

K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+05 ~ (1-2 "~ K/(n ~ ace/yc))®5, 0.95)
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Depth of neutral axis; x=25x(d-2z)=31mm
Area of tension reinforcement required; Abtreq = M/ (fya x z) = 39 mm?/m
Tension reinforcement provided; 12 dia.bars @ 150 c/c
Area of tension reinforcement provided; Abtprov =TT~ @2/ (4~ spt) = 754 mm2/m
Minimum area of reinforcement - exp.9.1N; Abtmin = max(0.26 ~ fom / fyk, 0.0013) ~ d = 384 mm?/m
Maximum area of reinforcement - ¢1.9.2.1.1(3); Abtmax = 0.04 ~ h =12000 mm?/m

maX(Abt.req, Abt.min) / Abt.prov =0.509
PASS - Area of reinforcement provided is greater than area of reinforcement required

Library item: Rectangular single output
Rectangular section in shear - Section 6.2
Design shear force; V = 8.4 kN/m
CRd,c =0.18 /yc = 0.120
k = min(1 + v(200 mm / d), 2) = 1.905

Longitudinal reinforcement ratio; p1 = min(Aot.prov / d, 0.02) = 0.003

Vmin = 0.035 N"2/mm ™ k32 7~ {495 = 0.521 N/mm?
Design shear resistance - exp.6.2a & 6.2b; VRdc=max(Crac ~ k =~ (100 N¥/mm* ~ p = fu)'3,
Vmin) ~ d

VRd.c = 127.1 KN/m
V / VRd.c = 0.066
PASS - Design shear resistance exceeds design shear force
Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — c1.9.3.1.1(2); Abxreq = 0.2 7 Abbprov = 151 mm?/m
Maximum spacing of reinforcement — ¢l.9.3.1.1(3);  Sbx_max = 450 mm

Transverse reinforcement provided; 12 dia.bars @ 150 c/c

Area of transverse reinforcement provided; Abxprov =TT~ @x2/ (4 ~ sbx) = 754 mm3/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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12 dia.bars @ 150 c/c
L horizontal reinforcement
parallel to face of stem

* 12 dia.bars @ 150 c/c

o 16 dia.bars @ 150 c/c
12 dia.bars @ 150 c/c

12 dia.bars @ 150 c/c

12 dia.bars @ 150 c/c
transverse reinforcement
in base

Reinforcement details

>l > 3

Therefore provide 320 wide brickwork cavity wall stem with 300thk Grade 32/40

concrete base, 1300 wide.
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Summary

Structural Requirements:

Note Cover to reinforcement =

t — thickness of wall based on a 102.5mm

Compressive Strength of Masonry Unit =

50mm
B12 bars
@150mm centres q v 320
% 7
1000m / brick thickness
d ~ 50 mm cover
Brick Mortar Designation (i)
1 4 , /
g i Grade 32/40
9 concrete
0.30m / B12 bars @150mm centres
0.30m //
/ B12 bars @50mm centres
a / /_
O
0.30m

lL O O O
o) (e} O

1300mm




