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1.0 Introduction 
 

1.1 Symmetrys were instructed by Crawford Partnership Architects to undertake the structural design is support 
of the planning application for a proposed basement extension at 139 Cranley Gardens, London N10 3AH, in the 
London Borough of Haringey.  
 

1.2 The structural design works shall consist of the following: 
 

• Design of the substructure of a 1-storey basement (excluding piling, which is to be designed by a 
specialist designer); 
 

 
2.0 Design Codes 

 
2.1 The following design codes were used to carry out the design: 

 
• BS EN 1990 – Basis of Structural design 

 
• BS EN 1991 – Actions on Structure.  
 
• BS EN 1992 – Design of Concrete Structures; 

 
• BS EN 1993 – Design of steel structures; 

 
• BS EN 1997 – Geotechnical design. 

 
3.0 Ground conditions 

 
3.1 A Phase 2 site investigation has been carried out by “Site Analytical Services Ltd”, confirming Made Ground to 

a depth of 0.85m overlaying London Clay. 
 
 

4.0 Substructure design 
 

4.1 An allowable net bearing pressure of 250KN/m2 has been considered for design purposes (accordingly to 
allowable net bearing pressure value provided in the “Site Analytical Services Ltd” Phase 2 report for a 
foundation formed 3.0m below ground level). 
 

4.2 The following design parameters have been considered for the purpose of the substructure element design. 
 

 
 

4.3 The uplift force resulting from buoyancy and hydrostatic pressure is dealt with by the self-weight of the 
basement concrete box, heave protection and tensions piles. The tension piles design has been included 
although it must be considered indicative only and to be confirmed by a specialist designer. 
 
 
  

5.0 Superstructure design 
 

5.1 The design of the superstructure element is not included in this report. 
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6.0 Loadings 

 

 

Item 
DL 

(kPa) 

LL 

(kPa) 

Timber roof 

Ceiling and services 

Joists 

Plyboard and finishes 

Insulation 

Imposed load (snow) 

Total dead load (flat roof)  

 

0.2 

0.2 

0.3 

0.2 

 

0.9 

 

 

 

 

 

0.6 

 

Solid Masonry 

215mm thick  

15mm plaster 

Total  

 

4.1 

0.3 

4.4 

 

Ground floor level (area above basement) 

Finishes 

400mm RC slab 

Imposed load 

Total  

 

1.0 

10 

 

11 

 

 

 

2.5 

2.5 

Basement floor level (mezzanine, swimming pool side) 

Finishes 

500mm RC slab 

Imposed load 

Total  

 

1.0 

12.5 

 

13.5 

 

 

 

2.5 

2.5 

Basement floor level (swimming pool) 

Finishes 

500mm RC slab 

Imposed load 

Water (9.81KN/m3 x 1.5m – in full capacity) 
Total  

 

1.0 

12.5 

 

 

13.5 

 
 

 

2.5 
14.7 

 
17.2 

Existing masonry 19*  

Reinforced concrete 25*  

Note: * = KN/m3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Company No. 5873122 . VAT No. 894 2993 61 . ISO 9001:2015 No. 599017 . Registered in England & Wales symmetrys.com 

7.0 Structural elements reference plan and calculations 
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Data (geometry and soil condition)

Excavation depth = m

Water level (BGL) = m

Water density = KN/m3

Soil density = KN/m3

Overburden γG = (SLS)

Water pressure γG = (SLS)

Hydrostatic pressure = x ( - ) =

Overburden pressure = x =

Assuming half soil heave occurs during construction:

Uplift  = Hydrostatic pressure + 1/2 x (overburden pressure - hydrostatic pressure) = 88

Uplift SLS = x =

Gross area = 57m2

Net area (reduced of area above heave protection) = 38m2

Uplift force = 3325KN

CA

Job Title

Section

139 Cranley Gardens

Uplift check (excavation level +5.86)

Revision

P1

Checked by

21066 1 of 5

Date Made by

KN/m2

KN/m2

20.00

Job No. Sheet No. 

24/04/2023 SB

1.0

9.81

Uplift check 

9.81 6.2 1.0 51.0

1.00

6.2

(assumed)

20.0

1.00

6.2 124.0 KN/m2

1.00 87.5 87.5 KN/m2

Simone
Text Box
- Swimming Pool



Data (geometry and soil condition)

Excavation depth = m

Water level (BGL) = m

Water density = KN/m3

Soil density = KN/m3

Overburden γG =

Water pressure γG =

Hydrostatic pressure = x ( - ) =

Overburden pressure = x =

Assuming half soil heave occurs during construction:

Uplift  = Hydrostatic pressure + 1/2 x (overburden pressure - hydrostatic pressure) = 65

Uplift ULS = x =

Gross area = 53m2

Net area (reduced of area above heave protection) = 35m2

Uplift force = 2278KN

20.00 4.7 94.0 KN/m2

KN/m2

1.00 65.1 65.1 KN/m2

1.00

Uplift check 

9.81 4.7 1.0 36.3 KN/m2

9.81

20.0

1.00

4.7

1.0 (assumed)

Job Title 139 Cranley Gardens Date Made by Checked by

Section Uplift check  (excavation level +7.36) 24/04/2023 SB CA

Job No. Sheet No. Revision

21066 2 of 5 P1

Simone
Text Box
- Pool side



Data (geometry and soil condition)

Excavation depth = m

Water level (BGL) = m

Water density = KN/m3

Soil density = KN/m3

Overburden γG =

Water pressure γG =

Hydrostatic pressure = x ( - ) =

Overburden pressure = x =

Assuming half soil heave occurs during construction:

Uplift  = Hydrostatic pressure + 1/2 x (overburden pressure - hydrostatic pressure) = 51

Uplift ULS = x =

Gross area = 11m2

Net area (reduced of area above heave protection) = 4m2

Uplift force = 204KN

20.00 3.8 75.0 KN/m2

KN/m2

1.00 51 51 KN/m2

1.00

Uplift check 

9.81 3.8 1.0 27.0 KN/m2

9.81

20.0

1.00

3.8

1.0 (assumed)

Job Title 139 Cranley Gardens Date Made by Checked by

Section Uplift check  (excavation level +8.36) 24/04/2023 SB CA

Job No. Sheet No. Revision

21066 3 of 5 P1
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Loadings 

Uplift pressure (SLS) =  5807KN

Derivation of loadings (characteristic) for uplift check

Design for uplift at ultimate limit stage (EQU)

Actions:

Permanent (favourable) => γG =

Permanent (unfavourable) => γG =

Variable (favourable) => γQ =

Variable (unfavourable) => γQ =

Assuming the uplift pressure as permanent unfavourable, the building permanent loads as favourable, and the building variable

load as favourable:

Stabilizing action * = KN

Destabilising action = 1.1 *5807 = 6387 KN

Stabilising action < destabilising action => EQU check is not satisfied. Tension piles required in permanent and temporary condition

0.9 5588.1 5029

1.5

BL - 400RC wall 10.0 0.0 4

Total udl

0.9

1.1

0.0

52.0
BL - 400RC wall 

(pool)
10.0 0.0 1.5 18.4

DL LL

5588.1 1457.3

246.0 0.0

BL - Pool 13.5 17.2 769.5 980.457

Wall
Loadings per sq m Total udl

DL LL DL LL

Height

(m)

Length

(m)

14.4
Roof 

(outbuilding)
0.9

BL - Mezzanine 13.5 2.5 148.5 27.511

BL - Pool Side 13.5 2.5 715.5 132.553

Floor
Loadings per sq m

Total point load per 

floor

DL LL DL LL

Area (sq m)

Ground floor 11.0 2.5 1331.0 302.5121

Section Uplift check - Analysis results 24.04.23 SB CA

Job Title 139 Cranley Gardens, London N10 Date Made by Checked by

Total udl

DL LL DL LL

Job No. Sheet No. Revision

21066 4 of 5 P1

0.6 24 21.6

0.02080.0

276.0 0.0

215mm Masonry 4.1 0.0 3 20.0

Extension 

(garden house)

Loadings per sq m Height

(m)

Length

(m)
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex 

incorporating Corrigendum No.1
Tedds calculation version 2.9.17

Retaining wall details

Stem type; Propped cantilever

Stem height; hstem = 6400 mm

Prop height; hprop = 6400 mm

Stem thickness; tstem = 400 mm

Angle to rear face of stem;  = 90 deg

Stem density; stem = 25 kN/m3

Toe length; ltoe = 1000 mm

Base thickness; tbase = 500 mm

Base density; base = 25 kN/m3

Height of retained soil; hret = 6400 mm

Angle of soil surface;  = 0 deg

Depth of cover; dcover = 0 mm

Height of water; hwater = 5400 mm

Water density; w = 9.8 kN/m3

Retained soil properties

Soil type; Firm clay

Moist density; mr = 20 kN/m3

Saturated density; sr = 20 kN/m3

Characteristic effective shear resistance angle; 'r.k = 23 deg

Characteristic wall friction angle; r.k = 11.5 deg

Base soil properties

Soil type; Firm clay

Soil density; b = 20 kN/m3

Characteristic effective shear resistance angle; 'b.k = 23 deg

Characteristic wall friction angle; b.k = 11.5 deg

Characteristic base friction angle; bb.k = 13.5 deg

Presumed bearing capacity; Pbearing = 250 kN/m2

Loading details

Variable surcharge load; SurchargeQ = 2.5 kN/m2



Symmetrys
Unit 6, The Courtyard, Lynton Road

London N8 8SL

Project

139 CRANLEY GARDENS, LONDON N10 3AH
Job no.

21066

Calcs for

RETAINING WALL RW1
Start page no./Revision

 2

Calcs by

SB
Calcs date

02/05/2023
Checked by

CA
Checked date Approved by

CA
Approved date

Prop

Prop

58.2 kN/m2 58.2 kN/m2

 1 kN/m2

 8.8 kN/m2

 90 kN/m2 -30.8 kN/m2

1400

1000 400

5
0

0
6

4
0

0

6
4

0
0

5
4

00 6
9

006
4

0
0

General arrangement - sketch pressures relate to bearing check

 

Calculate retaining wall geometry

Base length; lbase = ltoe + tstem = 1400 mm

Saturated soil height; hsat = hwater + dcover = 5400 mm

Moist soil height; hmoist = hret - hwater = 1000 mm

Length of surcharge load; lsur = lheel = 0 mm

 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 1400 mm

Effective height of wall; heff = hbase + dcover + hret = 6900 mm

 - Distance to horizontal component; xsur_h = heff / 2 = 3450 mm

Area of wall stem; Astem = hstem  tstem = 2.56 m2

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 1200 mm

Area of wall base; Abase = lbase  tbase = 0.7 m2

 - Distance to vertical component; xbase = lbase / 2 = 700 mm

Using Coulomb theory

Active pressure coefficient; KA = sin( + 'r.k)2 / (sin()2  sin( - r.k)  [1 + [sin('r.k + r.k)  sin('r.k 

- ) / (sin( - r.k)  sin( + ))]]2) = 0.397

Passive pressure coefficient; KP = sin(90 - 'b.k)2 / (sin(90 + b.k)  [1 - [sin('b.k + b.k)  sin('b.k) / 

(sin(90 + b.k))]]2) = 3.140

Bearing pressure check

Vertical forces on wall

Wall stem; Fstem = Astem  stem = 64 kN/m

Wall base; Fbase = Abase  base = 17.5 kN/m
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Total; Ftotal_v = Fstem + Fbase + Fwater_v = 81.5 kN/m

Horizontal forces on wall

Surcharge load; Fsur_h = KA  cos(r.k)  SurchargeQ  heff = 6.7 kN/m

Saturated retained soil; Fsat_h = KA  cos(r.k)  (sr - w)  (hsat + hbase)2 / 2 = 69.1 kN/m

Water; Fwater_h = w  (hwater + dcover + hbase)2 / 2 = 170.7 kN/m

Moist retained soil; Fmoist_h = KA  cos(r.k)  mr  ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase)  

(hsat + hbase)) = 49.8 kN/m

Base soil; Fpass_h = -KP  cos(b.k)  b  (dcover + hbase)2 / 2 = -7.7 kN/m

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 288.7 kN/m

Moments on wall

Wall stem; Mstem = Fstem  xstem = 76.8 kNm/m

Wall base; Mbase = Fbase  xbase = 12.3 kNm/m

Surcharge load; Msur = -Fsur_h  xsur_h = -23.2 kNm/m

Saturated retained soil; Msat = -Fsat_h  xsat_h = -135.8 kNm/m

Water; Mwater = -Fwater_h  xwater_h = -335.8 kNm/m

Moist retained soil; Mmoist = -Fmoist_h  xmoist_h = -159.8 kNm/m

Total; Mtotal = Mstem + Mbase + Msur + Msat + Mwater + Mmoist = -565.5 kNm/m

Check bearing pressure

Propping force to stem; Fprop_stem = (Ftotal_v  lbase / 2 - Mtotal) / (hprop + tbase) = 90.2 kN/m

Propping force to base; Fprop_base = Ftotal_h - Fprop_stem = 198.4 kN/m

Moment from propping force; Mprop = Fprop_stem  (hprop + tbase) = 622.6 kNm/m

Distance to reaction; x = (Mtotal + Mprop) / Ftotal_v = 700 mm

Eccentricity of reaction; e = x - lbase / 2 = 0 mm

Loaded length of base; lload = lbase = 1400 mm

Bearing pressure at toe; qtoe = Ftotal_v / lbase  (1 - 6  e / lbase) = 58.2 kN/m2

Bearing pressure at heel; qheel = Ftotal_v / lbase  (1 + 6  e / lbase) = 58.2 kN/m2

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 4.294

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 UK National Annex 

incorporating National Amendment No.1
Tedds calculation version 2.9.17

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

Concrete strength class; C32/40

Characteristic compressive cylinder strength; fck = 32 N/mm2

Characteristic compressive cube strength; fck,cube = 40 N/mm2

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 40 N/mm2

Mean value of axial tensile strength; fctm = 0.3 N/mm2  (fck / 1 N/mm2)2/3 = 3.0 N/mm2

5% fractile of axial tensile strength; fctk,0.05 = 0.7  fctm = 2.1 N/mm2

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2  (fcm / 10 N/mm2)0.3 = 33346 N/mm2

Partial factor for concrete - Table 2.1N; C = 1.50

Compressive strength coefficient - cl.3.1.6(1); cc = 0.85

Design compressive concrete strength - exp.3.15; fcd = cc  fck / C = 18.1 N/mm2

Maximum aggregate size; hagg = 20 mm
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Ultimate strain - Table 3.1; cu2 = 0.0035

Shortening strain - Table 3.1; cu3 = 0.0035

Effective compression zone height factor;  = 0.80

Effective strength factor;  = 1.00

Bending coefficient k1; K1 = 0.40

Bending coefficient k2; K2 = 1.00  (0.6 + 0.0014/cu2) = 1.00

Bending coefficient k3; K3 =0.40

Bending coefficient k4; K4 = 1.00  (0.6 + 0.0014/cu2) =1.00

Reinforcement details

Characteristic yield strength of reinforcement; fyk = 500 N/mm2

Modulus of elasticity of reinforcement; Es = 200000 N/mm2

Partial factor for reinforcing steel - Table 2.1N; S = 1.15

Design yield strength of reinforcement; fyd = fyk / S = 435 N/mm2

Cover to reinforcement

Front face of stem; csf = 40 mm

Rear face of stem; csr = 50 mm

Top face of base; cbt = 50 mm

Bottom face of base; cbb = 75 mm

X

Z

S
te

m

Toe

1.46

1.46

10.51

10.51

10.51

28.9271.511
6

.8
8

1
6

.8
8

7
8

.5
9

7
8

.5
9

Loading details - Combination No.1 - kN/m2

64

-278.5

61.7

Shear force - Combination No.1 - kN/m

291.8

-127.5

30.9

Bending moment - Combination No.1 - kNm/m
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X

Z

S
te

m

Toe

1.27

1.27

9.27

9.27

9.27

25.552.971
2

.5

1
2

.5

5
8

.2
1

5
8

.2
1

Loading details - Combination No.2 - kN/m2

52.4

-222.3

45.7

Shear force - Combination No.2 - kN/m

234

-102.8

22.9

Bending moment - Combination No.2 - kNm/m

 

Check stem design at 3230 mm

Depth of section; h = 400 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 127.5 kNm/m

Depth to tension reinforcement; d = h - csf - sx - sfM / 2 = 336 mm

K = M / (d2  fck) = 0.035

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 319 mm

Depth of neutral axis; x = 2.5  (d – z) = 42 mm

Area of tension reinforcement required; AsfM.req = M / (fyd  z) = 919 mm2/m

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

Area of tension reinforcement provided; AsfM.prov =   sfM
2 / (4  ssfM) = 1340 mm2/m

Minimum area of reinforcement - exp.9.1N; AsfM.min = max(0.26  fctm / fyk, 0.0013)  d = 528 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); AsfM.max = 0.04  h = 16000 mm2/m

max(AsfM.req, AsfM.min) / AsfM.prov = 0.685

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

Deflection control - Section 7.4

Reference reinforcement ratio;  = (fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio;  = AsfM.req / d = 0.003

Required compression reinforcement ratio; ' = AsfM.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk  AsfM.req / AsfM.prov), 1.5) = 1.459

Limiting span to depth ratio - exp.7.16.a; min(Ks  Kb  [11 + 1.5  (fck / 1 N/mm2)  0 /  + 3.2  (fck / 1 

N/mm2)  (0 /  - 1)3/2], 40  Kb) = 40

Actual span to depth ratio; hprop / d = 19

PASS - Span to depth ratio is less than deflection control limit
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Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; 2 = 0.6

Serviceability bending moment; Msls = 93.1 kNm/m

Tensile stress in reinforcement; s = Msls / (AsfM.prov  z) = 217.6 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 119333 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = AsfM.prov / Ac.eff = 0.011

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  csf + k1  k2  k4  sfM / p.eff = 378 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.247 mm

wk / wmax = 0.823

PASS - Maximum crack width is less than limiting crack width

Check stem design at base of stem

Depth of section; h = 400 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 291.8 kNm/m

Depth to tension reinforcement; d = h - csr - sr / 2 = 334 mm

K = M / (d2  fck) = 0.082

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 308 mm

Depth of neutral axis; x = 2.5  (d – z) = 65 mm

Area of tension reinforcement required; Asr.req = M / (fyd  z) = 2180 mm2/m

Tension reinforcement provided; 32 dia.bars @ 100 c/c

Area of tension reinforcement provided; Asr.prov =   sr
2 / (4  ssr) = 8042 mm2/m

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26  fctm / fyk, 0.0013)  d = 525 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04  h = 16000 mm2/m

max(Asr.req, Asr.min) / Asr.prov = 0.271

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

Deflection control - Section 7.4

Reference reinforcement ratio;  = (fck / 1 N/mm2) / 1000 = 0.006

Required tension reinforcement ratio;  = Asr.req / d = 0.007

Required compression reinforcement ratio; ' = Asr.2.req / d2 = 0.000

Structural system factor - Table 7.4N; Kb = 1

Reinforcement factor - exp.7.17; Ks = min(500 N/mm2 / (fyk  Asr.req / Asr.prov), 1.5) = 1.5
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Limiting span to depth ratio - exp.7.16.b; min(Ks  Kb  [11 + 1.5  (fck / 1 N/mm2)  0 / ( - ') + (fck / 1 

N/mm2)  (' / 0) / 12], 40  Kb) = 27.5

Actual span to depth ratio; hprop / d = 19.2

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; 2 = 0.6

Serviceability bending moment; Msls = 213.6 kNm/m

Tensile stress in reinforcement; s = Msls / (Asr.prov  z) = 86.3 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 111556 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = Asr.prov / Ac.eff = 0.072

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  csr + k1  k2  k4  sr / p.eff = 245 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.076 mm

wk / wmax = 0.255

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 278.5 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.774

Longitudinal reinforcement ratio; l = min(Asr.prov / d, 0.02) = 0.020

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.468 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 284.4 kN/m

V / VRd.c = 0.979

PASS - Design shear resistance exceeds design shear force

Check stem design at prop

Depth of section; h = 400 mm

Rectangular section in shear - Section 6.2

Design shear force; V = 64 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.774

Longitudinal reinforcement ratio; l = min(Asr1.prov / d, 0.02) = 0.004

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.468 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 166.5 kN/m
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V / VRd.c = 0.384

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); Asx.req = max(0.25  Asr.prov, 0.001  tstem) = 2011 mm2/m

Maximum spacing of reinforcement – cl.9.6.3(2); ssx_max = 400 mm

Transverse reinforcement provided; 16 dia.bars @ 100 c/c

Area of transverse reinforcement provided; Asx.prov =   sx
2 / (4  ssx) = 2011 mm2/m

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

Check base design at toe

Depth of section; h = 500 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1; M = 30.9 kNm/m

Depth to tension reinforcement; d = h - cbb - bb / 2 = 417 mm

K = M / (d2  fck) = 0.006

K' = (2    cc/C)(1 -   ( - K1)/(2  K2))(  ( - K1)/(2  K2))

K' = 0.207

K' > K - No compression reinforcement is required

Lever arm; z = min(0.5 + 0.5  (1 - 2  K / (  cc / C))0.5, 0.95)  d = 396 mm

Depth of neutral axis; x = 2.5  (d – z) = 52 mm

Area of tension reinforcement required; Abb.req = M / (fyd  z) = 179 mm2/m

Tension reinforcement provided; 16 dia.bars @ 100 c/c

Area of tension reinforcement provided; Abb.prov =   bb
2 / (4  sbb) = 2011 mm2/m

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26  fctm / fyk, 0.0013)  d = 656 mm2/m

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04  h = 20000 mm2/m

max(Abb.req, Abb.min) / Abb.prov = 0.326

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

Crack control - Section 7.3

Limiting crack width; wmax = 0.3 mm

Variable load factor - EN1990 – Table A1.1; 2 = 0.6

Serviceability bending moment; Msls = 22.9 kNm/m

Tensile stress in reinforcement; s = Msls / (Abb.prov  z) = 28.7 N/mm2

Load duration; Long term

Load duration factor; kt = 0.4

Effective area of concrete in tension; Ac.eff = min(2.5  (h - d), (h - x) / 3, h / 2)

Ac.eff = 149292 mm2/m

Mean value of concrete tensile strength; fct.eff = fctm = 3.0 N/mm2

Reinforcement ratio; p.eff = Abb.prov / Ac.eff = 0.013

Modular ratio; e = Es / Ecm = 5.998

Bond property coefficient; k1 = 0.8

Strain distribution coefficient; k2 = 0.5

k3 = 3.4

k4 = 0.425

Maximum crack spacing - exp.7.11; sr.max = k3  cbb + k1  k2  k4  bb / p.eff = 457 mm

Maximum crack width - exp.7.8; wk = sr.max  max(s – kt  (fct.eff / p.eff)  (1 + e  p.eff), 0.6  s) / Es

wk = 0.039 mm
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wk / wmax = 0.131

PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2

Design shear force; V = 61.7 kN/m

CRd,c = 0.18 / C = 0.120

k = min(1 + (200 mm / d), 2) = 1.693

Longitudinal reinforcement ratio; l = min(Abb.prov / d, 0.02) = 0.005

vmin = 0.035 N1/2/mm  k3/2  fck
0.5 = 0.436 N/mm2

Design shear resistance - exp.6.2a & 6.2b; VRd.c = max(CRd.c  k  (100 N2/mm4  l  fck)1/3, vmin)  d

VRd.c = 210.8 kN/m

V / VRd.c = 0.293

PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement – cl.9.3.1.1(2); Abx.req = 0.2  Abb.prov = 402 mm2/m

Maximum spacing of reinforcement – cl.9.3.1.1(3); sbx_max = 450 mm

Transverse reinforcement provided; 16 dia.bars @ 200 c/c

Area of transverse reinforcement provided; Abx.prov =   bx
2 / (4  sbx) = 1005 mm2/m

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

150

32 dia.bars @ 100 c/c16 dia.bars @ 100 c/c

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

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

16 dia.bars @ 100 c/c
horizontal reinforcement

parallel to face of stem
40 50

16 dia.bars @ 100 c/c

16 dia.bars @ 100 c/c

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

75

50

Reinforcement details

 



 

 

 


