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1. Introduction 
 
1.1 The structural works for the BIA consisted of the following: 

 
• The sub-structure designs associated with the new basement. This will include the design of the new ground 
bearing slab, design of underpins, new retaining walls and new suspended ground floors. 
• The reconfiguration of the lower ground and ground floors with the removal of structure as can be seen from 
   overlaying the existing plans with the proposed plans. 
 

2.0 Design Codes 
 
2.1 The following design codes/guidance were used to carry out the design: 
 

• BS EN 1991-1-1:2002 – Actions on Structures 
• BS EN 1992-1-1:2004 – Design of Concrete Structures 
• BS EN 1993-1-1:2005 – Design of Steel Structures 
• BS EN 1996-1-1:2005 – Design of Masonry Structures 
• CP 111 – Masonry 
 

3.0 Ground Conditions 
 
3.1 An allowable bearing pressure of 95kN/m2 has been designed to. Refer to the site investigation report by 

Geofirma. 
 
4.0 Substructure Design 
 
4.1 Existing footings determined from trial pits. Refer to the site investigation report by Geofirma. 
 
5.0 Loading 
 
5.1 The loadings used throughout the design are shown in the table below: 
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Item DL 
(kPa) 

LL 
(kPa) 

Timber Roof 
Asphalt waterproofing 
Timber joists and insulation 
Ceiling and services 
Flat 
Pitched 

 
0.45 
0.20 
0.15 
0.90 
1.30 

 
 
 
 

0.60 
0.60 

Timber Floor 
Ceiling and services 
Timber joists and insulation 
Plyboard and finishes 
Total 

 
0.15 
0.20 
0.25 
0.60 

 
 
 
 

1.5 
Existing Masonry (19kN/m3) 
225mm thick 
Finishes 
Total 

 
4.30 
0.20 
4.50 

 
 
 

Existing Masonry (19kN/m3) 
330mm thick 
Finishes 
Total 

 
6.30 
0.20 
6.50 

 

Cavity Wall (19kN/m3) 
100mm thick blockwork 
102.5mm thick brickwork 
Finishes 
Total 

 
1.50 
2.00 
0.50 
4.00 

 

 
 

 
 
 
 



Refer to Architects drawings for all setting out details

The contractor shall be responsible for the design,
installation and sequencing of all temporary works and must
ensure that stability of the structure is not compromised
during the works
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Notes
- All steelwork in the external walls is to be

galvanised (85 microns)

- All steelwork to be encased in concrete is to be
un-painted

- Location of existing and proposed drain runs are to
be confirmed by the Service Engineer

- Please refer to Architects drawings for all setting
out details, insulation and ventilation details, damp
proof courses and all tanking details

- For all fire work protection to steelwork refer to the
Architects drawings

- Contractor should also review Architect's drawings
for exact location of service penetration and
confirm these with the Structural Engineer prior to
cutting

1. All temporary works

2. All tanking details

3. All reinforcement drawings and bar bending schedules

4. Design of all steelwork connections. The fabricator will
have to submit their calculations to building control for
approval

5. Steel fabrication drawings

6. Design of all staircases, balustrades, glazing and
secondary steel
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Underpinning

1. Dry pack grout underpinning to be to the following
specification:

a. Mix to be 3:1 of sharp sand o.p.c.
b. Sand to be sharpest that can be handled
c. Water content to be just enough to allow balling when
compressed by hand

2. Excavation for new foundations to be carried out in
maximum 1.0m lengths with a minimum clear space of
3.6m between open excavations at any one time

3. "Over-dig" for access purpose is only permitted in the
direction away from the existing building. additional
excavation of any kind which may undermine the
existing foundations is strictly forbidden during
underpinning operations

4. Underside of existing foundations to be underpinned
shall be thoroughly cleaned to expose sound
concrete/brickwork

5. New foundations to be concreted/bricked up to within
75mm of underside of the existing foundation (50mm
absolute minimum clear)

6. After a minimum curing period of 24 hours, the 75mm
gap is to be pinned by hand or machine rammed of dry
pack grout

7. Subsequent excavations cannot commence for a
minimum of 48 hours after pinning

8. Contractors method statement and programme is to
be issued and approved prior to works commencing on
site

9. Underpins to be connected with 4No. H16 bars

The contractor will be responsible for all temporary
works and will be responsible for the stability of
entire structure during the works

Our plans and section show a possible solution for
the temporary works

All party wall notices are to be agreed

Install needles and props above the locations of the
proposed beams

Ensure all props are laterally restrained and install
all necessary bracing

Install any channel required across the head of the
needles

If required ensure all temporary works are dry
packed into place

Ensure no heavy materials are stored on the floors
that are being propped

Break out the load bearing walls in question

Install new substructures

Install new steel frames and ensure that the are
fully dry-packed into place in order to take the
permanent loads

Once dry pack is set and approved by the building
control officer strike the temporary props

Make good all areas of brickwork where needles
where inserted
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PS1
Denotes 660 long x 330 wide x 215mm high mass concrete C30 padstone
unless noted otherwise

Denotes joists doubled up and bolted together using M12 bolts at 400mm
centres

Denotes new floor joists 200x50mm C24 timber at 300mm centres

Denotes new non load bearing stud wall by Architect, unless noted
otherwise

Denotes existing masonry or timber structure

Denotes new masonry walls built in 15N/mm² compressive strength
brickwork and grade iii mortar

Denotes new masonry walls built in 7.3N/mm² compressive strength
blockwork and grade iii mortar

Refer to Architects drawings for all setting out details

Legend

Notes
- All steelwork in the external walls is to be galvanised (125 microns)

- All steelwork to be encased in concrete is to be un-painted

- Location of existing and proposed drain runs are to be confirmed by the Service
Engineer

- Please refer to Architects drawings for all setting out details, insulation and
ventilation details, damp proof courses and all tanking details

- For all fire work protection to steelwork refer to the Architects drawings

- Contractor should also review Architect's drawings for exact location of service
penetration and confirm these with the Structural Engineer prior to cutting

1. All temporary works

2. All tanking details

3. All reinforcement drawings and bar bending schedules

4. Design of all steelwork connections. The fabricator will have to submit their
calculations to building control for approval

5. Steel fabrication drawings

6. Design of all staircases, balustrades, glazing and secondary steel

The contractor shall be responsible for the design,
installation and sequencing of all temporary works and must
ensure that stability of the structure is not compromised
during the works
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B-RW01 

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 2.9.12 

Retaining wall details 

Stem type; Cantilever 

Stem height; hstem = 1700 mm 

Stem thickness; tstem = 225 mm 

Angle to rear face of stem; α = 90 deg 

Stem density; γstem = 25 kN/m3 

Toe length; ltoe = 1000 mm 

Base thickness; tbase = 250 mm 

Base density; γbase = 25 kN/m3 

Height of retained soil; hret = 1700 mm 

Angle of soil surface; β = 0 deg 

Depth of cover; dcover = 0 mm 

Height of water; hwater = 700 mm 

Water density; γw = 9.8 kN/m3 

Retained soil properties 

Soil type; Firm clay 

Moist density; γmr = 18 kN/m3 

Saturated density; γsr = 18 kN/m3 

Characteristic effective shear resistance angle; φ'r.k = 18 deg 

Characteristic wall friction angle; δr.k = 9 deg 

Base soil properties 

Soil type; Firm clay 

Soil density; γb = 18 kN/m3 

Characteristic effective shear resistance angle; φ'b.k = 18 deg 

Characteristic wall friction angle; δb.k = 9 deg 

Characteristic base friction angle; δbb.k = 12 deg 

Presumed bearing capacity; Pbearing = 70 kN/m2 

Loading details 

Variable surcharge load; SurchargeQ = 10 kN/m2 

Vertical line load at 1112 mm; PG1 = 37 kN/m 
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Calculate retaining wall geometry 

Base length; lbase = ltoe + tstem = 1225 mm 

Saturated soil height; hsat = hwater + dcover = 700 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 = 1225 mm 

Effective height of wall; heff = hbase + dcover + hret = 1950 mm 

 - Distance to horizontal component; xsur_h = heff / 2 = 975 mm 

Area of wall stem; Astem = hstem × tstem = 0.383 m2 

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 1113 mm 

Area of wall base; Abase = lbase × tbase = 0.306 m2 

 - Distance to vertical component; xbase = lbase / 2 = 613 mm 

Using Coulomb theory 

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × 

sin(φ'r.k - β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.483 

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 2.359 

Bearing pressure check 

Vertical forces on wall 

Wall stem; Fstem = Astem × γstem = 9.6 kN/m 

Wall base; Fbase = Abase × γbase = 7.7 kN/m 

Line loads; FP_v = PG1 = 37 kN/m 
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Total; Ftotal_v = Fstem + Fbase + FP_v + Fwater_v = 54.2 kN/m 

Horizontal forces on wall 

Surcharge load; Fsur_h = KA × cos(δr.k) × SurchargeQ × heff = 9.3 kN/m 

Saturated retained soil; Fsat_h = KA × cos(δr.k) × (γsr - γw) × (hsat + hbase)2 / 2 = 1.8 kN/m 

Water; Fwater_h = γw × (hwater + dcover + hbase)2 / 2 = 4.4 kN/m 

Moist retained soil; Fmoist_h = KA × cos(δr.k) × γmr × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) 

× (hsat + hbase)) = 12.5 kN/m 

Base soil; Fpass_h = -KP × cos(δb.k) × γb × (dcover + hbase)2 / 2 = -1.3 kN/m 

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 26.6 kN/m 

Moments on wall 

Wall stem; Mstem = Fstem × xstem = 10.6 kNm/m 

Wall base; Mbase = Fbase × xbase = 4.7 kNm/m 

Surcharge load; Msur = -Fsur_h × xsur_h = -9.1 kNm/m 

Line loads; MP = PG1 × p1 = 41.1 kNm/m 

Saturated retained soil; Msat = -Fsat_h × xsat_h = -0.6 kNm/m 

Water; Mwater = -Fwater_h × xwater_h = -1.4 kNm/m 

Moist retained soil; Mmoist = -Fmoist_h × xmoist_h = -9.4 kNm/m 

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = 36.1 kNm/m 

Check bearing pressure 

Propping force; Fprop_base = Ftotal_h = 26.6 kN/m 

Distance to reaction; x = Mtotal / Ftotal_v = 665 mm 

Eccentricity of reaction; e = x - lbase / 2 = 52 mm 

Loaded length of base; lload = lbase = 1225 mm 

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 32.9 kN/m2 

Bearing pressure at heel; qheel = Ftotal_v / lbase × (1 + 6 × e / lbase) = 55.6 kN/m2 

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 1.258 

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 2.9.12 

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

Concrete strength class; C30/37 

Characteristic compressive cylinder strength; fck = 30 N/mm2 

Characteristic compressive cube strength; fck,cube = 37 N/mm2 

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 38 N/mm2 

Mean value of axial tensile strength; fctm = 0.3 N/mm2 × (fck / 1 N/mm2)2/3 = 2.9 N/mm2 

5% fractile of axial tensile strength; fctk,0.05 = 0.7 × fctm = 2.0 N/mm2 

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2 × (fcm / 10 N/mm2)0.3 = 32837 N/mm2 

Partial factor for concrete - Table 2.1N; γC = 1.50 

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

Design compressive concrete strength - exp.3.15; fcd = αcc × fck / γC = 17.0 N/mm2 

Maximum aggregate size; hagg = 20 mm 

Ultimate strain - Table 3.1; εcu2 = 0.0035 

Shortening strain - Table 3.1; εcu3 = 0.0035 
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Effective compression zone height factor; λ = 0.80 

Effective strength factor; η = 1.00 

Bending coefficient k1; K1 = 0.40 

Bending coefficient k2; K2 = 1.00 × (0.6 + 0.0014/εcu2) = 1.00 

Bending coefficient k3; K3 =0.40 

Bending coefficient k4; K4 = 1.00 × (0.6 + 0.0014/εcu2) =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; γS = 1.15 

Design yield strength of reinforcement; fyd = fyk / γS = 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 

 

  
 

 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  7   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

  
 

Check stem design at base of stem 

Depth of section; h = 225 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 20.2 kNm/m 

Depth to tension reinforcement; d = h - csr - φsr / 2 = 167 mm 

 K = M / (d2 × fck) = 0.024 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 159 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 21 mm 

Area of tension reinforcement required; Asr.req = M / (fyd × z) = 293 mm2/m 

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

Area of tension reinforcement provided; Asr.prov = π × φsr
2 / (4 × ssr) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26 × fctm / fyk, 0.0013) × d = 252 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04 × h = 9000 mm2/m 

 max(Asr.req, Asr.min) / Asr.prov = 0.219 

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; ρ0 = √(fck / 1 N/mm2) / 1000 = 0.005 

Required tension reinforcement ratio; ρ = Asr.req / d = 0.002 

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

Structural system factor - Table 7.4N; Kb = 0.4 

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

Limiting span to depth ratio - exp.7.16.a; min(Ks × Kb × [11 + 1.5 × √(fck / 1 N/mm2) × ρ0 / ρ + 3.2 × √(fck / 1 

N/mm2) × (ρ0 / ρ - 1)3/2], 40 × Kb) = 16 

Actual span to depth ratio; hstem / d = 10.2 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 11.5 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Asr.prov × z) = 53.9 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 = 68042 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Asr.prov / Ac.eff = 0.020 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φsr / ρp.eff = 308 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.05 mm 

 wk / wmax = 0.166 

PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 30.6 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 2.000 

Longitudinal reinforcement ratio; ρl = min(Asr.prov / d, 0.02) = 0.008 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.542 N/mm2 

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

 VRd.c = 115.7 kN/m 

 V / VRd.c = 0.265 

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) = 335 mm2/m 

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

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

Area of transverse reinforcement provided; Asx.prov = π × φsx
2 / (4 × ssx) = 393 mm2/m 

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

Check base design at toe 

Depth of section; h = 250 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 23.4 kNm/m 

Depth to tension reinforcement; d = h - cbb - φbb / 2 = 167 mm 

 K = M / (d2 × fck) = 0.028 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 
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Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 159 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 21 mm 

Area of tension reinforcement required; Abb.req = M / (fyd × z) = 339 mm2/m 

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

Area of tension reinforcement provided; Abb.prov = π × φbb
2 / (4 × sbb) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 × fctm / fyk, 0.0013) × d = 252 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04 × h = 10000 mm2/m 

 max(Abb.req, Abb.min) / Abb.prov = 0.253 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 16.4 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Abb.prov × z) = 77.2 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 = 76375 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Abb.prov / Ac.eff = 0.018 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φbb / ρp.eff = 410 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.095 mm 

 wk / wmax = 0.316 

PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 49.5 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 2.000 

Longitudinal reinforcement ratio; ρl = min(Abb.prov / d, 0.02) = 0.008 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.542 N/mm2 

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

 VRd.c = 115.7 kN/m 

 V / VRd.c = 0.428 

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 = 268 mm2/m 

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

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

Area of transverse reinforcement provided; Abx.prov = π × φbx
2 / (4 × sbx) = 393 mm2/m 

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

B-RW02 

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 2.9.12 

Retaining wall details 

Stem type; Cantilever 

Stem height; hstem = 1700 mm 

Stem thickness; tstem = 225 mm 

Angle to rear face of stem; α = 90 deg 

Stem density; γstem = 25 kN/m3 

Toe length; ltoe = 2000 mm 

Base thickness; tbase = 300 mm 

Base density; γbase = 25 kN/m3 

Height of retained soil; hret = 1700 mm 

Angle of soil surface; β = 0 deg 

Depth of cover; dcover = 0 mm 

Height of water; hwater = 700 mm 

Water density; γw = 9.8 kN/m3 
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Retained soil properties 

Soil type; Firm clay 

Moist density; γmr = 18 kN/m3 

Saturated density; γsr = 18 kN/m3 

Characteristic effective shear resistance angle; φ'r.k = 27 deg 

Characteristic wall friction angle; δr.k = 13.5 deg 

Base soil properties 

Soil type; Firm clay 

Soil density; γb = 18 kN/m3 

Characteristic effective shear resistance angle; φ'b.k = 27 deg 

Characteristic wall friction angle; δb.k = 15.5 deg 

Characteristic base friction angle; δbb.k = 18 deg 

Presumed bearing capacity; Pbearing = 95 kN/m2 

Loading details 

Permanent surcharge load; SurchargeG = 26.3 kN/m2 

Variable surcharge load; SurchargeQ = 12.4 kN/m2 

Vertical line load at 2112 mm; PG1 = 10.9 kN/m 

; PQ1 = 2.5 kN/m 

  
 

Calculate retaining wall geometry 

Base length; lbase = ltoe + tstem = 2225 mm 

Saturated soil height; hsat = hwater + dcover = 700 mm 

Moist soil height; hmoist = hret - hwater = 1000 mm 
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Length of surcharge load; lsur = lheel = 0 mm 

 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 2225 mm 

Effective height of wall; heff = hbase + dcover + hret = 2000 mm 

 - Distance to horizontal component; xsur_h = heff / 2 = 1000 mm 

Area of wall stem; Astem = hstem × tstem = 0.383 m2 

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 2113 mm 

Area of wall base; Abase = lbase × tbase = 0.668 m2 

 - Distance to vertical component; xbase = lbase / 2 = 1113 mm 

Using Coulomb theory 

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × 

sin(φ'r.k - β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.340 

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 4.337 

Bearing pressure check 

Vertical forces on wall 

Wall stem; Fstem = Astem × γstem = 9.6 kN/m 

Wall base; Fbase = Abase × γbase = 16.7 kN/m 

Line loads; FP_v = PG1 + PQ1 = 13.4 kN/m 

Total; Ftotal_v = Fstem + Fbase + FP_v + Fwater_v = 39.7 kN/m 

Horizontal forces on wall 

Surcharge load; Fsur_h = KA × cos(δr.k) × (SurchargeG + SurchargeQ) × heff = 25.6 kN/m 

Saturated retained soil; Fsat_h = KA × cos(δr.k) × (γsr - γw) × (hsat + hbase)2 / 2 = 1.4 kN/m 

Water; Fwater_h = γw × (hwater + dcover + hbase)2 / 2 = 4.9 kN/m 

Moist retained soil; Fmoist_h = KA × cos(δr.k) × γmr × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) 

× (hsat + hbase)) = 8.9 kN/m 

Base soil; Fpass_h = -KP × cos(δb.k) × γb × (dcover + hbase)2 / 2 = -3.4 kN/m 

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 37.3 kN/m 

Moments on wall 

Wall stem; Mstem = Fstem × xstem = 20.2 kNm/m 

Wall base; Mbase = Fbase × xbase = 18.6 kNm/m 

Surcharge load; Msur = -Fsur_h × xsur_h = -25.6 kNm/m 

Line loads; MP = (PG1 + PQ1) × p1 = 28.3 kNm/m 

Saturated retained soil; Msat = -Fsat_h × xsat_h = -0.5 kNm/m 

Water; Mwater = -Fwater_h × xwater_h = -1.6 kNm/m 

Moist retained soil; Mmoist = -Fmoist_h × xmoist_h = -6.9 kNm/m 

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = 32.5 kNm/m 

Check bearing pressure 

Propping force; Fprop_base = Ftotal_h = 37.3 kN/m 

Distance to reaction; x = Mtotal / Ftotal_v = 819 mm 

Eccentricity of reaction; e = x - lbase / 2 = -293 mm 

Loaded length of base; lload = lbase = 2225 mm 

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 31.9 kN/m2 

Bearing pressure at heel; qheel = Ftotal_v / lbase × (1 + 6 × e / lbase) = 3.7 kN/m2 

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 2.978 

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 
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; 

B-RW03 

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 2.9.12 

Retaining wall details 

Stem type; Cantilever 

Stem height; hstem = 1700 mm 

Stem thickness; tstem = 225 mm 

Angle to rear face of stem; α = 90 deg 

Stem density; γstem = 25 kN/m3 

Toe length; ltoe = 2000 mm 

Base thickness; tbase = 300 mm 

Base density; γbase = 25 kN/m3 

Height of retained soil; hret = 1700 mm 

Angle of soil surface; β = 0 deg 

Depth of cover; dcover = 0 mm 

Height of water; hwater = 700 mm 

Water density; γw = 9.8 kN/m3 

Retained soil properties 

Soil type; Firm clay 

Moist density; γmr = 18 kN/m3 

Saturated density; γsr = 18 kN/m3 

Characteristic effective shear resistance angle; φ'r.k = 27 deg 

Characteristic wall friction angle; δr.k = 13.5 deg 

Base soil properties 

Soil type; Firm clay 

Soil density; γb = 18 kN/m3 

Characteristic effective shear resistance angle; φ'b.k = 27 deg 

Characteristic wall friction angle; δb.k = 15.5 deg 

Characteristic base friction angle; δbb.k = 18 deg 

Presumed bearing capacity; Pbearing = 95 kN/m2 

Loading details 

Permanent surcharge load; SurchargeG = 26.3 kN/m2 

Variable surcharge load; SurchargeQ = 12.4 kN/m2 

Vertical line load at 2112 mm; PG1 = 21.4 kN/m 

; PQ1 = 4.8 kN/m 
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Calculate retaining wall geometry 

Base length; lbase = ltoe + tstem = 2225 mm 

Saturated soil height; hsat = hwater + dcover = 700 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 = 2225 mm 

Effective height of wall; heff = hbase + dcover + hret = 2000 mm 

 - Distance to horizontal component; xsur_h = heff / 2 = 1000 mm 

Area of wall stem; Astem = hstem × tstem = 0.383 m2 

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 2113 mm 

Area of wall base; Abase = lbase × tbase = 0.668 m2 

 - Distance to vertical component; xbase = lbase / 2 = 1113 mm 

Using Coulomb theory 

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × 

sin(φ'r.k - β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.340 

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 4.337 

Bearing pressure check 

Vertical forces on wall 

Wall stem; Fstem = Astem × γstem = 9.6 kN/m 

Wall base; Fbase = Abase × γbase = 16.7 kN/m 

Line loads; FP_v = PG1 + PQ1 = 26.2 kN/m 
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Total; Ftotal_v = Fstem + Fbase + FP_v + Fwater_v = 52.5 kN/m 

Horizontal forces on wall 

Surcharge load; Fsur_h = KA × cos(δr.k) × (SurchargeG + SurchargeQ) × heff = 25.6 kN/m 

Saturated retained soil; Fsat_h = KA × cos(δr.k) × (γsr - γw) × (hsat + hbase)2 / 2 = 1.4 kN/m 

Water; Fwater_h = γw × (hwater + dcover + hbase)2 / 2 = 4.9 kN/m 

Moist retained soil; Fmoist_h = KA × cos(δr.k) × γmr × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) 

× (hsat + hbase)) = 8.9 kN/m 

Base soil; Fpass_h = -KP × cos(δb.k) × γb × (dcover + hbase)2 / 2 = -3.4 kN/m 

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 37.3 kN/m 

Moments on wall 

Wall stem; Mstem = Fstem × xstem = 20.2 kNm/m 

Wall base; Mbase = Fbase × xbase = 18.6 kNm/m 

Surcharge load; Msur = -Fsur_h × xsur_h = -25.6 kNm/m 

Line loads; MP = (PG1 + PQ1) × p1 = 55.3 kNm/m 

Saturated retained soil; Msat = -Fsat_h × xsat_h = -0.5 kNm/m 

Water; Mwater = -Fwater_h × xwater_h = -1.6 kNm/m 

Moist retained soil; Mmoist = -Fmoist_h × xmoist_h = -6.9 kNm/m 

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = 59.5 kNm/m 

Check bearing pressure 

Propping force; Fprop_base = Ftotal_h = 37.3 kN/m 

Distance to reaction; x = Mtotal / Ftotal_v = 1135 mm 

Eccentricity of reaction; e = x - lbase / 2 = 22 mm 

Loaded length of base; lload = lbase = 2225 mm 

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 22.1 kN/m2 

Bearing pressure at heel; qheel = Ftotal_v / lbase × (1 + 6 × e / lbase) = 25 kN/m2 

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 3.8 

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

 

; 

B-RW04 

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 2.9.12 

Retaining wall details 

Stem type; Cantilever 

Stem height; hstem = 1030 mm 

Stem thickness; tstem = 330 mm 

Angle to rear face of stem; α = 90 deg 

Stem density; γstem = 25 kN/m3 

Toe length; ltoe = 700 mm 

Heel length; lheel = 600 mm 

Base thickness; tbase = 250 mm 

Base density; γbase = 25 kN/m3 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  16   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

Height of retained soil; hret = 1030 mm 

Angle of soil surface; β = 0 deg 

Depth of cover; dcover = 0 mm 

Height of water; hwater = 100 mm 

Water density; γw = 9.8 kN/m3 

Retained soil properties 

Soil type; Firm clay 

Moist density; γmr = 18 kN/m3 

Saturated density; γsr = 18 kN/m3 

Characteristic effective shear resistance angle; φ'r.k = 27 deg 

Characteristic wall friction angle; δr.k = 13.5 deg 

Base soil properties 

Soil type; Firm clay 

Soil density; γb = 18 kN/m3 

Characteristic effective shear resistance angle; φ'b.k = 27 deg 

Characteristic wall friction angle; δb.k = 13.5 deg 

Characteristic base friction angle; δbb.k = 18 deg 

Presumed bearing capacity; Pbearing = 95 kN/m2 

Loading details 

Variable surcharge load; SurchargeQ = 2.5 kN/m2 

Vertical line load at 865 mm; PG1 = 71.1 kN/m 

; PQ1 = 13.9 kN/m 
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Calculate retaining wall geometry 

Base length; lbase = ltoe + tstem + lheel = 1630 mm 

Saturated soil height; hsat = hwater + dcover = 100 mm 

Moist soil height; hmoist = hret - hwater = 930 mm 

Length of surcharge load; lsur = lheel = 600 mm 

 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 1330 mm 

Effective height of wall; heff = hbase + dcover + hret = 1280 mm 

 - Distance to horizontal component; xsur_h = heff / 2 = 640 mm 

Area of wall stem; Astem = hstem × tstem = 0.34 m2 

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 865 mm 

Area of wall base; Abase = lbase × tbase = 0.408 m2 

 - Distance to vertical component; xbase = lbase / 2 = 815 mm 

Area of saturated soil; Asat = hsat × lheel = 0.06 m2 

 - Distance to vertical component; xsat_v = lbase - (hsat × lheel
2 / 2) / Asat = 1330 mm 

 - Distance to horizontal component; xsat_h = (hsat + hbase) / 3 = 117 mm 

Area of water; Awater = hsat × lheel = 0.06 m2 

 - Distance to vertical component; xwater_v = lbase - (hsat × lheel
2 / 2) / Asat = 1330 mm 

 - Distance to horizontal component; xwater_h = (hsat + hbase) / 3 = 117 mm 

Area of moist soil; Amoist = hmoist × lheel = 0.558 m2 

 - Distance to vertical component; xmoist_v = lbase - (hmoist × lheel
2 / 2) / Amoist = 1330 mm 

 - Distance to horizontal component; xmoist_h = (hmoist × (tbase + hsat + hmoist / 3) / 2 + (hsat + tbase)2/2) / (hsat + 

tbase + hmoist / 2) = 452 mm 

Using Coulomb theory 

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × 

sin(φ'r.k - β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.340 

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 4.044 

Bearing pressure check 

Vertical forces on wall 

Wall stem; Fstem = Astem × γstem = 8.5 kN/m 

Wall base; Fbase = Abase × γbase = 10.2 kN/m 

Surcharge load; Fsur_v = SurchargeQ × lheel = 1.5 kN/m 

Line loads; FP_v = PG1 + PQ1 = 85 kN/m 

Saturated retained soil; Fsat_v = Asat × (γsr - γw) = 0.5 kN/m 

Water; Fwater_v = Awater × γw = 0.6 kN/m 

Moist retained soil; Fmoist_v = Amoist × γmr = 10 kN/m 

Total; Ftotal_v = Fstem + Fbase + Fsur_v + FP_v + Fsat_v + Fwater_v + Fmoist_v = 116.3 

kN/m 

Horizontal forces on wall 

Surcharge load; Fsur_h = KA × cos(δr.k) × SurchargeQ × heff = 1.1 kN/m 

Saturated retained soil; Fsat_h = KA × cos(δr.k) × (γsr - γw) × (hsat + hbase)2 / 2 = 0.2 kN/m 

Water; Fwater_h = γw × (hwater + dcover + hbase)2 / 2 = 0.6 kN/m 

Moist retained soil; Fmoist_h = KA × cos(δr.k) × γmr × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) 

× (hsat + hbase)) = 4.5 kN/m 

Base soil; Fpass_h = -KP × cos(δb.k) × γb × (dcover + hbase)2 / 2 = -2.2 kN/m 
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Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 4.1 kN/m 

Moments on wall 

Wall stem; Mstem = Fstem × xstem = 7.4 kNm/m 

Wall base; Mbase = Fbase × xbase = 8.3 kNm/m 

Surcharge load; Msur = Fsur_v × xsur_v - Fsur_h × xsur_h = 1.3 kNm/m 

Line loads; MP = (PG1 + PQ1) × p1 = 73.5 kNm/m 

Saturated retained soil; Msat = Fsat_v × xsat_v - Fsat_h × xsat_h = 0.6 kNm/m 

Water; Mwater = Fwater_v × xwater_v - Fwater_h × xwater_h = 0.7 kNm/m 

Moist retained soil; Mmoist = Fmoist_v × xmoist_v - Fmoist_h × xmoist_h = 11.3 kNm/m 

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = 103.2 kNm/m 

Check bearing pressure 

Propping force; Fprop_base = Ftotal_h = 4.1 kN/m 

Distance to reaction; x = Mtotal / Ftotal_v = 887 mm 

Eccentricity of reaction; e = x - lbase / 2 = 72 mm 

Loaded length of base; lload = lbase = 1630 mm 

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 52.4 kN/m2 

Bearing pressure at heel; qheel = Ftotal_v / lbase × (1 + 6 × e / lbase) = 90.3 kN/m2 

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 1.052 

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure 

RETAINING WALL DESIGN 

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

incorporating National Amendment No.1 

Tedds calculation version 2.9.12 

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

Concrete strength class; C30/37 

Characteristic compressive cylinder strength; fck = 30 N/mm2 

Characteristic compressive cube strength; fck,cube = 37 N/mm2 

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 38 N/mm2 

Mean value of axial tensile strength; fctm = 0.3 N/mm2 × (fck / 1 N/mm2)2/3 = 2.9 N/mm2 

5% fractile of axial tensile strength; fctk,0.05 = 0.7 × fctm = 2.0 N/mm2 

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2 × (fcm / 10 N/mm2)0.3 = 32837 N/mm2 

Partial factor for concrete - Table 2.1N; γC = 1.50 

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

Design compressive concrete strength - exp.3.15; fcd = αcc × fck / γC = 17.0 N/mm2 

Maximum aggregate size; hagg = 20 mm 

Ultimate strain - Table 3.1; εcu2 = 0.0035 

Shortening strain - Table 3.1; εcu3 = 0.0035 

Effective compression zone height factor; λ = 0.80 

Effective strength factor; η = 1.00 

Bending coefficient k1; K1 = 0.40 

Bending coefficient k2; K2 = 1.00 × (0.6 + 0.0014/εcu2) = 1.00 

Bending coefficient k3; K3 =0.40 

Bending coefficient k4; K4 = 1.00 × (0.6 + 0.0014/εcu2) =1.00 

Reinforcement details 

Characteristic yield strength of reinforcement; fyk = 500 N/mm2 
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Modulus of elasticity of reinforcement; Es = 200000 N/mm2 

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

Design yield strength of reinforcement; fyd = fyk / γS = 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 

 

  
 

 

  
 

Check stem design at base of stem 

Depth of section; h = 330 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 2.1 kNm/m 

Depth to tension reinforcement; d = h - csr - φsr / 2 = 272 mm 

 K = M / (d2 × fck) = 0.001 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 258 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 34 mm 

Area of tension reinforcement required; Asr.req = M / (fyd × z) = 19 mm2/m 
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Tension reinforcement provided; 16 dia.bars @ 150 c/c 

Area of tension reinforcement provided; Asr.prov = π × φsr
2 / (4 × ssr) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26 × fctm / fyk, 0.0013) × d = 410 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04 × h = 13200 mm2/m 

 max(Asr.req, Asr.min) / Asr.prov = 0.306 

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; ρ0 = √(fck / 1 N/mm2) / 1000 = 0.005 

Required tension reinforcement ratio; ρ = Asr.req / d = 0.000 

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

Structural system factor - Table 7.4N; Kb = 0.4 

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

Limiting span to depth ratio - exp.7.16.a; min(Ks × Kb × [11 + 1.5 × √(fck / 1 N/mm2) × ρ0 / ρ + 3.2 × √(fck / 1 

N/mm2) × (ρ0 / ρ - 1)3/2], 40 × Kb) = 16 

Actual span to depth ratio; hstem / d = 3.8 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 1.3 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Asr.prov × z) = 3.9 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 = 98667 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Asr.prov / Ac.eff = 0.014 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φsr / ρp.eff = 370 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.004 mm 

 wk / wmax = 0.014 

PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 5.6 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 1.857 

Longitudinal reinforcement ratio; ρl = min(Asr.prov / d, 0.02) = 0.005 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.485 N/mm2 

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

 VRd.c = 148.8 kN/m 
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 V / VRd.c = 0.037 

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) = 335 mm2/m 

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

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

Area of transverse reinforcement provided; Asx.prov = π × φsx
2 / (4 × ssx) = 393 mm2/m 

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

Check base design at toe 

Depth of section; h = 250 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 17.4 kNm/m 

Depth to tension reinforcement; d = h - cbb - φbb / 2 = 167 mm 

 K = M / (d2 × fck) = 0.021 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 159 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 21 mm 

Area of tension reinforcement required; Abb.req = M / (fyd × z) = 252 mm2/m 

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

Area of tension reinforcement provided; Abb.prov = π × φbb
2 / (4 × sbb) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 × fctm / fyk, 0.0013) × d = 252 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04 × h = 10000 mm2/m 

 max(Abb.req, Abb.min) / Abb.prov = 0.188 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 12.6 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Abb.prov × z) = 59.5 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 = 76375 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Abb.prov / Ac.eff = 0.018 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φbb / ρp.eff = 410 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.073 mm 
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 wk / wmax = 0.244 

PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 52.2 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 2.000 

Longitudinal reinforcement ratio; ρl = min(Abb.prov / d, 0.02) = 0.008 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.542 N/mm2 

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

 VRd.c = 115.7 kN/m 

 V / VRd.c = 0.451 

PASS - Design shear resistance exceeds design shear force 

Check base design at heel 

Depth of section; h = 250 mm 

Rectangular section in shear - Section 6.2 

Design shear force; V = 46.1 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 2.000 

Longitudinal reinforcement ratio; ρl = min(Abt.prov / d, 0.02) = 0.008 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.542 N/mm2 

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

 VRd.c = 115.7 kN/m 

 V / VRd.c = 0.398 

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 = 268 mm2/m 

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

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

Area of transverse reinforcement provided; Abx.prov = π × φbx
2 / (4 × sbx) = 393 mm2/m 

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



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  23   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

  
 

 

; 

B-RW05 

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 2.9.12 

Retaining wall details 

Stem type; Cantilever 

Stem height; hstem = 2700 mm 

Stem thickness; tstem = 330 mm 

Angle to rear face of stem; α = 90 deg 

Stem density; γstem = 25 kN/m3 

Toe length; ltoe = 2000 mm 

Base thickness; tbase = 250 mm 

Base density; γbase = 25 kN/m3 

Height of retained soil; hret = 2700 mm 

Angle of soil surface; β = 0 deg 

Depth of cover; dcover = 0 mm 

Height of water; hwater = 1700 mm 

Water density; γw = 9.8 kN/m3 
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Retained soil properties 

Soil type; Firm clay 

Moist density; γmr = 18 kN/m3 

Saturated density; γsr = 18 kN/m3 

Characteristic effective shear resistance angle; φ'r.k = 27 deg 

Characteristic wall friction angle; δr.k = 13.5 deg 

Base soil properties 

Soil type; Firm clay 

Soil density; γb = 18 kN/m3 

Characteristic effective shear resistance angle; φ'b.k = 27 deg 

Characteristic wall friction angle; δb.k = 13.5 deg 

Characteristic base friction angle; δbb.k = 18 deg 

Presumed bearing capacity; Pbearing = 95 kN/m2 

Loading details 

Variable surcharge load; SurchargeQ = 2.5 kN/m2 

Vertical line load at 2165 mm; PG1 = 1.2 kN/m 

; PQ1 = 3.1 kN/m 

  
 

Calculate retaining wall geometry 

Base length; lbase = ltoe + tstem = 2330 mm 

Saturated soil height; hsat = hwater + dcover = 1700 mm 

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

Length of surcharge load; lsur = lheel = 0 mm 
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 - Distance to vertical component; xsur_v = lbase - lheel / 2 = 2330 mm 

Effective height of wall; heff = hbase + dcover + hret = 2950 mm 

 - Distance to horizontal component; xsur_h = heff / 2 = 1475 mm 

Area of wall stem; Astem = hstem × tstem = 0.891 m2 

 - Distance to vertical component; xstem = ltoe + tstem / 2 = 2165 mm 

Area of wall base; Abase = lbase × tbase = 0.583 m2 

 - Distance to vertical component; xbase = lbase / 2 = 1165 mm 

Using Coulomb theory 

Active pressure coefficient; KA = sin(α + φ'r.k)2 / (sin(α)2 × sin(α - δr.k) × [1 + √[sin(φ'r.k + δr.k) × 

sin(φ'r.k - β) / (sin(α - δr.k) × sin(α + β))]]2) = 0.340 

Passive pressure coefficient; KP = sin(90 - φ'b.k)2 / (sin(90 + δb.k) × [1 - √[sin(φ'b.k + δb.k) × sin(φ'b.k) / 

(sin(90 + δb.k))]]2) = 4.044 

Bearing pressure check 

Vertical forces on wall 

Wall stem; Fstem = Astem × γstem = 22.3 kN/m 

Wall base; Fbase = Abase × γbase = 14.6 kN/m 

Line loads; FP_v = PG1 + PQ1 = 4.3 kN/m 

Total; Ftotal_v = Fstem + Fbase + FP_v + Fwater_v = 41.1 kN/m 

Horizontal forces on wall 

Surcharge load; Fsur_h = KA × cos(δr.k) × SurchargeQ × heff = 2.4 kN/m 

Saturated retained soil; Fsat_h = KA × cos(δr.k) × (γsr - γw) × (hsat + hbase)2 / 2 = 5.1 kN/m 

Water; Fwater_h = γw × (hwater + dcover + hbase)2 / 2 = 18.7 kN/m 

Moist retained soil; Fmoist_h = KA × cos(δr.k) × γmr × ((heff - hsat - hbase)2 / 2 + (heff - hsat - hbase) 

× (hsat + hbase)) = 14.6 kN/m 

Base soil; Fpass_h = -KP × cos(δb.k) × γb × (dcover + hbase)2 / 2 = -2.2 kN/m 

Total; Ftotal_h = Fsur_h + Fsat_h + Fwater_h + Fmoist_h + Fpass_h = 38.6 kN/m 

Moments on wall 

Wall stem; Mstem = Fstem × xstem = 48.2 kNm/m 

Wall base; Mbase = Fbase × xbase = 17 kNm/m 

Surcharge load; Msur = -Fsur_h × xsur_h = -3.6 kNm/m 

Line loads; MP = (PG1 + PQ1) × p1 = 9.3 kNm/m 

Saturated retained soil; Msat = -Fsat_h × xsat_h = -3.3 kNm/m 

Water; Mwater = -Fwater_h × xwater_h = -12.1 kNm/m 

Moist retained soil; Mmoist = -Fmoist_h × xmoist_h = -18.1 kNm/m 

Total; Mtotal = Mstem + Mbase + Msur + MP + Msat + Mwater + Mmoist = 37.4 kNm/m 

Check bearing pressure 

Propping force; Fprop_base = Ftotal_h = 38.6 kN/m 

Distance to reaction; x = Mtotal / Ftotal_v = 908 mm 

Eccentricity of reaction; e = x - lbase / 2 = -257 mm 

Loaded length of base; lload = lbase = 2330 mm 

Bearing pressure at toe; qtoe = Ftotal_v / lbase × (1 - 6 × e / lbase) = 29.3 kN/m2 

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

Factor of safety; FoSbp = Pbearing / max(qtoe, qheel) = 3.239 

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 

incorporating National Amendment No.1 

Tedds calculation version 2.9.12 

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

Concrete strength class; C30/37 

Characteristic compressive cylinder strength; fck = 30 N/mm2 

Characteristic compressive cube strength; fck,cube = 37 N/mm2 

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 38 N/mm2 

Mean value of axial tensile strength; fctm = 0.3 N/mm2 × (fck / 1 N/mm2)2/3 = 2.9 N/mm2 

5% fractile of axial tensile strength; fctk,0.05 = 0.7 × fctm = 2.0 N/mm2 

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2 × (fcm / 10 N/mm2)0.3 = 32837 N/mm2 

Partial factor for concrete - Table 2.1N; γC = 1.50 

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

Design compressive concrete strength - exp.3.15; fcd = αcc × fck / γC = 17.0 N/mm2 

Maximum aggregate size; hagg = 20 mm 

Ultimate strain - Table 3.1; εcu2 = 0.0035 

Shortening strain - Table 3.1; εcu3 = 0.0035 

Effective compression zone height factor; λ = 0.80 

Effective strength factor; η = 1.00 

Bending coefficient k1; K1 = 0.40 

Bending coefficient k2; K2 = 1.00 × (0.6 + 0.0014/εcu2) = 1.00 

Bending coefficient k3; K3 =0.40 

Bending coefficient k4; K4 = 1.00 × (0.6 + 0.0014/εcu2) =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; γS = 1.15 

Design yield strength of reinforcement; fyd = fyk / γS = 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 
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Check stem design at base of stem 

Depth of section; h = 330 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 38.1 kNm/m 

Depth to tension reinforcement; d = h - csr - φsr / 2 = 272 mm 

 K = M / (d2 × fck) = 0.017 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 258 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 34 mm 

Area of tension reinforcement required; Asr.req = M / (fyd × z) = 339 mm2/m 

Tension reinforcement provided; 16 dia.bars @ 150 c/c 
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Area of tension reinforcement provided; Asr.prov = π × φsr
2 / (4 × ssr) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Asr.min = max(0.26 × fctm / fyk, 0.0013) × d = 410 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Asr.max = 0.04 × h = 13200 mm2/m 

 max(Asr.req, Asr.min) / Asr.prov = 0.306 

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; ρ0 = √(fck / 1 N/mm2) / 1000 = 0.005 

Required tension reinforcement ratio; ρ = Asr.req / d = 0.001 

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

Structural system factor - Table 7.4N; Kb = 0.4 

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

Limiting span to depth ratio - exp.7.16.a; min(Ks × Kb × [11 + 1.5 × √(fck / 1 N/mm2) × ρ0 / ρ + 3.2 × √(fck / 1 

N/mm2) × (ρ0 / ρ - 1)3/2], 40 × Kb) = 16 

Actual span to depth ratio; hstem / d = 9.9 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 26.7 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Asr.prov × z) = 77 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 = 98667 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Asr.prov / Ac.eff = 0.014 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φsr / ρp.eff = 370 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.086 mm 

 wk / wmax = 0.285 

PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 45.4 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 1.857 

Longitudinal reinforcement ratio; ρl = min(Asr.prov / d, 0.02) = 0.005 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.485 N/mm2 

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

 VRd.c = 148.8 kN/m 

 V / VRd.c = 0.305 
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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) = 335 mm2/m 

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

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

Area of transverse reinforcement provided; Asx.prov = π × φsx
2 / (4 × ssx) = 393 mm2/m 

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

Check base design at toe 

Depth of section; h = 250 mm 

Rectangular section in flexure - Section 6.1 

Design bending moment combination 1; M = 44.8 kNm/m 

Depth to tension reinforcement; d = h - cbb - φbb / 2 = 167 mm 

 K = M / (d2 × fck) = 0.053 

 K' = (2 × η × αcc/γC)×(1 - λ × (δ - K1)/(2 × K2))×(λ × (δ - K1)/(2 × K2)) 

 K' = 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 + 0.5 × (1 - 2 × K / (η × αcc / γC))0.5, 0.95) × d = 159 mm 

Depth of neutral axis; x = 2.5 × (d – z) = 21 mm 

Area of tension reinforcement required; Abb.req = M / (fyd × z) = 649 mm2/m 

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

Area of tension reinforcement provided; Abb.prov = π × φbb
2 / (4 × sbb) = 1340 mm2/m 

Minimum area of reinforcement - exp.9.1N; Abb.min = max(0.26 × fctm / fyk, 0.0013) × d = 252 mm2/m 

Maximum area of reinforcement - cl.9.2.1.1(3); Abb.max = 0.04 × h = 10000 mm2/m 

 max(Abb.req, Abb.min) / Abb.prov = 0.484 

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; ψ2 = 0.6 

Serviceability bending moment; Msls = 32.8 kNm/m 

Tensile stress in reinforcement; σs = Msls / (Abb.prov × z) = 154.2 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 = 76375 mm2/m 

Mean value of concrete tensile strength; fct.eff = fctm = 2.9 N/mm2 

Reinforcement ratio; ρp.eff = Abb.prov / Ac.eff = 0.018 

Modular ratio; αe = Es / Ecm = 6.091 

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 × φbb / ρp.eff = 410 mm 

Maximum crack width - exp.7.8; wk = sr.max × max(σs – kt × (fct.eff / ρp.eff) × (1 + αe × ρp.eff), 0.6 × σs) / Es 

 wk = 0.19 mm 

 wk / wmax = 0.632 
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PASS - Maximum crack width is less than limiting crack width 

Rectangular section in shear - Section 6.2 

Design shear force; V = 35.7 kN/m 

 CRd,c = 0.18 / γC = 0.120 

 k = min(1 + √(200 mm / d), 2) = 2.000 

Longitudinal reinforcement ratio; ρl = min(Abb.prov / d, 0.02) = 0.008 

 vmin = 0.035 N1/2/mm × k3/2 × fck
0.5 = 0.542 N/mm2 

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

 VRd.c = 115.7 kN/m 

 V / VRd.c = 0.308 

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 = 268 mm2/m 

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

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

Area of transverse reinforcement provided; Abx.prov = π × φbx
2 / (4 × sbx) = 393 mm2/m 

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

  
 

 

; 
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B-GB01 

RC MEMBER ANALYSIS & DESIGN (EN1992-1-1:2004) 

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

Tedds calculation version 3.3.06 

ANALYSIS 

Tedds calculation version 1.0.36 

Geometry 

Geometry (m) - Concrete (C30 2500 Quartzite) - R 2000x350 

  
 

Span Length (m) Section Start Support End Support 

1 6 R 2000x350 Pinned Roller Pin X 

R 2000x350: Area 7000 cm2, Inertia Major 714583 cm4, Inertia Minor 2.×107 cm4, Shear area parallel to 
Minor 5833 cm2, Shear area parallel to Major = 5833 cm2 

Concrete (C30 2500 Quartzite): Density 2500 kg/m3, Youngs 32.836568 kN/mm2, Shear 13.6819033 

kN/mm2, Thermal 0.00001 °C-1 

Loading 

Self weight included 

Permanent - Loading (kN/m) 

  
 

Imposed - Loading (kN/m) 

  
 

Load combination factors 

Load combination 

S
e

lf
 W

e
ig

h
t 

P
e

rm
a

n
e

n
t 

Im
p

o
s

e
d

 

1.35G + 1.5Q + 1.5RQ (Strength) 1.35 1.35 1.50 

1.0G + 1.0Q + 1.0RQ (Service) 1.00 1.00 1.00 

1.0G + 1.0ψ2Q (Quasi) 1.00 1.00 0.30 

Member Loads 

Member Load case Load Type Orientation Description 

Beam Permanent UDL GlobalZ 58.7 kN/m 

Beam Imposed UDL GlobalZ 11.5 kN/m 

5
8
.7

5
8
.7
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Results 

Forces 

Strength combinations - Moment envelope (kNm) 

  
 

Strength combinations - Shear envelope (kN) 

  
 

; 

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

Concrete strength class; C30/37 

Aggregate type; Quartzite 

Aggregate adjustment factor - cl.3.1.3(2); AAF = 1.0 

Characteristic compressive cylinder strength; fck = 30 N/mm2 

Mean value of compressive cylinder strength; fcm = fck + 8 N/mm2 = 38 N/mm2 

Mean value of axial tensile strength; fctm = 0.3 N/mm2 × (fck/ 1 N/mm2)2/3 = 2.9 N/mm2 

Secant modulus of elasticity of concrete; Ecm = 22 kN/mm2×(fcm / 10 N/mm2)0.3 × AAF = 32837 N/mm2 

Ultimate strain - Table 3.1; εcu2 = 0.0035 

Shortening strain - Table 3.1; εcu3 = 0.0035 

Effective compression zone height factor; λ = 0.80 

Effective strength factor; η = 1.00 

Coefficient k1; k1 = 0.40 

Coefficient k2; k2 = 1.0 × (0.6 + 0.0014 / εcu2) = 1.00 

Coefficient k3; k3 = 0.40 

Coefficient k4; k4 = 1.0 × (0.6 + 0.0014 / εcu2) = 1.00 

Partial factor for concrete -Table 2.1N; γC = 1.50 

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

Design compressive concrete strength - exp.3.15; fcd = αcc × fck / γC = 17.0 N/mm2 

Compressive strength coefficient - cl.3.1.6(1); αccw = 1.00 

Design compressive concrete strength - exp.3.15; fcwd = αccw × fck / γC = 20.0 N/mm2 

Maximum aggregate size; hagg = 20 mm 

Density of reinforced concrete; ρ = 2500 kg/m3 

Monolithic simple support moment factor; β1 = 0.25 

Reinforcement details 

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

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

Design yield strength of reinforcement; fyd = fyk / γS = 435 N/mm2 
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Nominal cover to reinforcement 

Nominal cover to top reinforcement; cnom_t = 50 mm 

Nominal cover to bottom reinforcement; cnom_b = 35 mm 

Nominal cover to side reinforcement; cnom_s = 35 mm 

Fire resistance 

Standard fire resistance period; R = 60 min 

Number of sides exposed to fire; 3 

Minimum width of beam - EN1992-1-2 Table 5.5; bmin = 120 mm 

Beam - Span 1 

Rectangular section details 

Section width;  b = 2000 mm 

Section depth;  h = 350 mm 

PASS - Minimum dimensions for fire resistance met 

Moment design 

  
 

  
 

Zone 1 (0 mm - 1500 mm) Positive moment - section 6.1 

Design bending moment; M = abs(Mm1_s1_z1_max_red) = 403.9 kNm 

Effective depth of tension reinforcement; d = 293 mm 

Redistribution ratio; δ = min(Mpos_red_z1 / Mpos_z1, 1) = 1.000 

 K = M / (b × d2 × fck) = 0.078 

 K' = (2 × η × αcc / γC) × (1 - λ × (δ - k1) / (2 × k2)) × (λ × (δ - k1) / (2 × k2)) 

= 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 × d × [1 + (1 - 2 × K / (η × αcc / γC))0.5], 0.95 × d) = 271 mm 

Depth of neutral axis; x = 2 × (d - z) / λ = 55 mm 

Area of tension reinforcement required; As,req = M / (fyd × z) = 3426 mm2 

Tension reinforcement provided; 14 × 20φ 

Area of tension reinforcement provided; As,prov = 4398 mm2 

14 × 16

14 × 20

14 × 16

6 × 20  + 14 × 20

14 × 16

14 × 20

 A

 A

 B

 B

 C

 C

A - A B - B C - C
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Minimum area of reinforcement - exp.9.1N; As,min = max(0.26 × fctm / fyk, 0.0013) × b × d = 883 mm2 

Maximum area of reinforcement - cl.9.2.1.1(3); As,max = 0.04 × b × h = 28000 mm2 

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

Crack control - Section 7.3 

Maximum crack width; wk = 0.3 mm 

Design value modulus of elasticity reinf – 3.2.7(4); Es = 200000 N/mm2 

Mean value of concrete tensile strength; fct,eff = fctm = 2.9 N/mm2 

Stress distribution coefficient; kc = 0.4 

Non-uniform self-equilibrating stress coefficient; k = min(max(1 + (300 mm - min(h, b)) × 0.35 / 500 mm, 0.65), 1) = 0.97 

Actual tension bar spacing; sbar = (b - (2 × (cnom_s + φm1_s1_z1_v) + φm1_s1_z1_b_L1 × Nm1_s1_z1_b_L1)) / 

(Nm1_s1_z1_b_L1 - 1) + φm1_s1_z1_b_L1 = 145.1 mm 

Maximum stress permitted - Table 7.3N; σs = 284 N/mm2 

Steel to concrete modulus of elast. ratio; αcr = Es / Ecm = 6.09 

Distance of the Elastic NA from bottom of beam; y = (b × h2 / 2 + As,prov × (αcr - 1) × (h - d)) / (b × h + As,prov × (αcr - 1)) = 

171 mm 

Area of concrete in the tensile zone; Act = b × y = 342685 mm2 

Minimum area of reinforcement required - exp.7.1; Asc,min = kc × k × fct,eff × Act / σs = 1349 mm2 

PASS - Area of tension reinforcement provided exceeds minimum required for crack control 

Quasi-permanent moment; MQP = max(β1 × abs(Mm1_s1_z2_neg_quasi), abs(Mm1_s1_z1_pos_quasi)) = 

267.7kNm 

Permanent load ratio; RPL = MQP / M = 0.66 

Service stress in reinforcement; σsr = fyd × As,req / As,prov × RPL = 225 N/mm2 

Maximum bar spacing - Tables 7.3N; sbar,max = 219.4 mm 

PASS - Maximum bar spacing exceeds actual bar spacing for crack control 

Zone 1 (0 mm - 1500 mm) Negative moment - section 6.1 

Design bending moment; M = max(β1 × abs(Mm1_s1_max_red), abs(Mm1_s1_z1_min_red)) = 134.6 kNm 

Effective depth of tension reinforcement; d = 280 mm 

Redistribution ratio; δ = 1 = 1.000 

 K = M / (b × d2 × fck) = 0.029 

 K' = (2 × η × αcc / γC) × (1 - λ × (δ - k1) / (2 × k2)) × (λ × (δ - k1) / (2 × k2)) 

= 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 × d × [1 + (1 - 2 × K / (η × αcc / γC))0.5], 0.95 × d) = 266 mm 

Depth of neutral axis; x = 2 × (d - z) / λ = 35 mm 

Area of tension reinforcement required; As,req = M / (fyd × z) = 1164 mm2 

Tension reinforcement provided; 14 × 16φ 

Area of tension reinforcement provided; As,prov = 2815 mm2 

Minimum area of reinforcement - exp.9.1N; As,min = max(0.26 × fctm / fyk, 0.0013) × b × d = 843 mm2 

Maximum area of reinforcement - cl.9.2.1.1(3); As,max = 0.04 × b × h = 28000 mm2 

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

Crack control - Section 7.3 

Maximum crack width; wk = 0.3 mm 

Design value modulus of elasticity reinf – 3.2.7(4); Es = 200000 N/mm2 

Mean value of concrete tensile strength; fct,eff = fctm = 2.9 N/mm2 

Stress distribution coefficient; kc = 0.4 

Non-uniform self-equilibrating stress coefficient; k = min(max(1 + (300 mm - min(h, b)) × 0.35 / 500 mm, 0.65), 1) = 0.97 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  35   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

Actual tension bar spacing; sbar = (b - (2 × (cnom_s + φm1_s1_z1_v) + φm1_s1_z1_t_L1 × Nm1_s1_z1_t_L1)) / 

(Nm1_s1_z1_t_L1 - 1) + φm1_s1_z1_t_L1 = 145.4 mm 

Maximum stress permitted - Table 7.3N; σs = 284 N/mm2 

Steel to concrete modulus of elast. ratio; αcr = Es / Ecm = 6.09 

Distance of the Elastic NA from bottom of beam; y = (b × h2 / 2 + As,prov × (αcr - 1) × (h - d)) / (b × h + As,prov × (αcr - 1)) = 

173 mm 

Area of concrete in the tensile zone; Act = b × y = 345787 mm2 

Minimum area of reinforcement required - exp.7.1; Asc,min = kc × k × fct,eff × Act / σs = 1363 mm2 

PASS - Area of tension reinforcement provided exceeds minimum required for crack control 

Quasi-permanent moment; MQP = max(β1 × abs(Mm1_s1_z2_pos_quasi), abs(Mm1_s1_z1_neg_quasi)) = 

89.2kNm 

Permanent load ratio; RPL = MQP / M = 0.66 

Service stress in reinforcement; σsr = fyd × As,req / As,prov × RPL = 119 N/mm2 

Maximum bar spacing - Tables 7.3N; sbar,max = 300 mm 

PASS - Maximum bar spacing exceeds actual bar spacing for crack control 

Minimum bar spacing (Section 8.2) 

Top bar spacing; stop = (b - (2 × (cnom_s + φm1_s1_z1_v) + φm1_s1_z1_t_L1 × Nm1_s1_z1_t_L1)) / 

(Nm1_s1_z1_t_L1 - 1) = 129.4 mm 

Minimum allowable top bar spacing; stop,min = max(φm1_s1_z1_t_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Bottom bar spacing; sbot = (b - (2 × (cnom_s + φm1_s1_z1_v) + φm1_s1_z1_b_L1 × Nm1_s1_z1_b_L1)) / 

(Nm1_s1_z1_b_L1 - 1) = 125.1 mm 

Minimum allowable bottom bar spacing; sbot,min = max(φm1_s1_z1_b_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Zone 2 (1500 mm - 4500 mm) Positive moment - section 6.1 

Design bending moment; M = abs(Mm1_s1_z2_max_red) = 538.5 kNm 

Effective depth of tension reinforcement; d = 293 mm 

Redistribution ratio; δ = min(Mpos_red_z2 / Mpos_z2, 1) = 1.000 

 K = M / (b × d2 × fck) = 0.105 

 K' = (2 × η × αcc / γC) × (1 - λ × (δ - k1) / (2 × k2)) × (λ × (δ - k1) / (2 × k2)) 

= 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 × d × [1 + (1 - 2 × K / (η × αcc / γC))0.5], 0.95 × d) = 263 mm 

Depth of neutral axis; x = 2 × (d - z) / λ = 75 mm 

Area of tension reinforcement required; As,req = M / (fyd × z) = 4711 mm2 

Tension reinforcement provided; 6 × 20φ + 14 × 20φ 

Area of tension reinforcement provided; As,prov = 6283 mm2 

Minimum area of reinforcement - exp.9.1N; As,min = max(0.26 × fctm / fyk, 0.0013) × b × d = 883 mm2 

Maximum area of reinforcement - cl.9.2.1.1(3); As,max = 0.04 × b × h = 28000 mm2 

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

Crack control - Section 7.3 

Maximum crack width; wk = 0.3 mm 

Design value modulus of elasticity reinf – 3.2.7(4); Es = 200000 N/mm2 

Mean value of concrete tensile strength; fct,eff = fctm = 2.9 N/mm2 

Stress distribution coefficient; kc = 0.4 

Non-uniform self-equilibrating stress coefficient; k = min(max(1 + (300 mm - min(h, b)) × 0.35 / 500 mm, 0.65), 1) = 0.97 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  36   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

Actual tension bar spacing; sbar = (b - (2 × (cnom_s + φm1_s1_z2_v) + φm1_s1_z2_b_L1 × Nm1_s1_z2_b_L1 + 

φm1_s1_z1_b_L1 × Nm1_s1_z1_b_L1)) / ((Nm1_s1_z2_b_L1 + Nm1_s1_z1_b_L1) - 1) + 

φm1_s1_z2_b_L1 = 99.3 mm 

Maximum stress permitted - Table 7.3N; σs = 321 N/mm2 

Steel to concrete modulus of elast. ratio; αcr = Es / Ecm = 6.09 

Distance of the Elastic NA from bottom of beam; y = (b × h2 / 2 + As,prov × (αcr - 1) × (h - d)) / (b × h + As,prov × (αcr - 1)) = 

170 mm 

Area of concrete in the tensile zone; Act = b × y = 339687 mm2 

Minimum area of reinforcement required - exp.7.1; Asc,min = kc × k × fct,eff × Act / σs = 1185 mm2 

PASS - Area of tension reinforcement provided exceeds minimum required for crack control 

Quasi-permanent moment; MQP = abs(Mm1_s1_z2_pos_quasi) = 356.9kNm 

Permanent load ratio; RPL = MQP / M = 0.66 

Service stress in reinforcement; σsr = fyd × As,req / As,prov × RPL = 216 N/mm2 

Maximum bar spacing - Tables 7.3N; sbar,max = 229.9 mm 

PASS - Maximum bar spacing exceeds actual bar spacing for crack control 

Deflection control - Section 7.4 

Reference reinforcement ratio; ρm0 = (fck / 1 N/mm2)0.5 / 1000 = 0.00548 

Required tension reinforcement ratio; ρm = As,req / (b × d) = 0.00804 

Required compression reinforcement ratio; ρ'm = As2,req / (b × d) = 0.00000 

Structural system factor - Table 7.4N; Kb = 1.0 

Basic allowable span to depth ratio ; span_to_depthbasic = Kb × [11 + 1.5 × (fck / 1 N/mm2)0.5 × ρm0 / (ρm - ρ'm) 

+ (fck / 1 N/mm2)0.5 × (ρ'm / ρm0)0.5 / 12] = 16.597 

Reinforcement factor - exp.7.17; Ks = min(As,prov / As,req × 500 N/mm2 / fyk, 1.5) = 1.334 

Flange width factor; F1 = 1 = 1.000 

Long span supporting brittle partition factor; F2 = 1 = 1.000 

Allowable span to depth ratio; span_to_depthallow = min(span_to_depthbasic × Ks × F1 × F2, 40 × Kb) = 

22.134 

Actual span to depth ratio; span_to_depthactual = Lm1_s1 / d = 20.478 

PASS - Actual span to depth ratio is within the allowable limit 

Minimum bar spacing (Section 8.2) 

Top bar spacing; stop = (b - (2 × (cnom_s + φm1_s1_z2_v) + φm1_s1_z2_t_L1 × Nm1_s1_z2_t_L1)) / 

(Nm1_s1_z2_t_L1 - 1) = 129.4 mm 

Minimum allowable top bar spacing; stop,min = max(φm1_s1_z2_t_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Bottom bar spacing; sbot = (b - (2 × (cnom_s + φm1_s1_z2_v) + φm1_s1_z2_b_L1 × Nm1_s1_z2_b_L1 + 

φm1_s1_z1_b_L1 × Nm1_s1_z1_b_L1)) / ((Nm1_s1_z2_b_L1 + Nm1_s1_z1_b_L1) - 1) = 

79.3 mm 

Minimum allowable bottom bar spacing; sbot,min = max(φm1_s1_z2_b_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Zone 3 (4500 mm - 6000 mm) Positive moment - section 6.1 

Design bending moment; M = abs(Mm1_s1_z3_max_red) = 403.9 kNm 

Effective depth of tension reinforcement; d = 293 mm 

Redistribution ratio; δ = min(Mpos_red_z3 / Mpos_z3, 1) = 1.000 

 K = M / (b × d2 × fck) = 0.078 

 K' = (2 × η × αcc / γC) × (1 - λ × (δ - k1) / (2 × k2)) × (λ × (δ - k1) / (2 × k2)) 

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

Lever arm; z = min(0.5 × d × [1 + (1 - 2 × K / (η × αcc / γC))0.5], 0.95 × d) = 271 mm 

Depth of neutral axis; x = 2 × (d - z) / λ = 55 mm 

Area of tension reinforcement required; As,req = M / (fyd × z) = 3426 mm2 

Tension reinforcement provided; 14 × 20φ 

Area of tension reinforcement provided; As,prov = 4398 mm2 

Minimum area of reinforcement - exp.9.1N; As,min = max(0.26 × fctm / fyk, 0.0013) × b × d = 883 mm2 

Maximum area of reinforcement - cl.9.2.1.1(3); As,max = 0.04 × b × h = 28000 mm2 

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

Crack control - Section 7.3 

Maximum crack width; wk = 0.3 mm 

Design value modulus of elasticity reinf – 3.2.7(4); Es = 200000 N/mm2 

Mean value of concrete tensile strength; fct,eff = fctm = 2.9 N/mm2 

Stress distribution coefficient; kc = 0.4 

Non-uniform self-equilibrating stress coefficient; k = min(max(1 + (300 mm - min(h, b)) × 0.35 / 500 mm, 0.65), 1) = 0.97 

Actual tension bar spacing; sbar = (b - (2 × (cnom_s + φm1_s1_z3_v) + φm1_s1_z3_b_L1 × Nm1_s1_z3_b_L1)) / 

(Nm1_s1_z3_b_L1 - 1) + φm1_s1_z3_b_L1 = 145.1 mm 

Maximum stress permitted - Table 7.3N; σs = 284 N/mm2 

Steel to concrete modulus of elast. ratio; αcr = Es / Ecm = 6.09 

Distance of the Elastic NA from bottom of beam; y = (b × h2 / 2 + As,prov × (αcr - 1) × (h - d)) / (b × h + As,prov × (αcr - 1)) = 

171 mm 

Area of concrete in the tensile zone; Act = b × y = 342685 mm2 

Minimum area of reinforcement required - exp.7.1; Asc,min = kc × k × fct,eff × Act / σs = 1349 mm2 

PASS - Area of tension reinforcement provided exceeds minimum required for crack control 

Quasi-permanent moment; MQP = max(β1 × abs(Mm1_s1_z2_neg_quasi), abs(Mm1_s1_z3_pos_quasi)) = 

267.7kNm 

Permanent load ratio; RPL = MQP / M = 0.66 

Service stress in reinforcement; σsr = fyd × As,req / As,prov × RPL = 225 N/mm2 

Maximum bar spacing - Tables 7.3N; sbar,max = 219.4 mm 

PASS - Maximum bar spacing exceeds actual bar spacing for crack control 

Zone 3 (4500 mm - 6000 mm) Negative moment - section 6.1 

Design bending moment; M = max(β1 × abs(Mm1_s1_max_red), abs(Mm1_s1_z3_min_red)) = 134.6 kNm 

Effective depth of tension reinforcement; d = 280 mm 

Redistribution ratio; δ = 1 = 1.000 

 K = M / (b × d2 × fck) = 0.029 

 K' = (2 × η × αcc / γC) × (1 - λ × (δ - k1) / (2 × k2)) × (λ × (δ - k1) / (2 × k2)) 

= 0.207 

K' > K - No compression reinforcement is required 

Lever arm; z = min(0.5 × d × [1 + (1 - 2 × K / (η × αcc / γC))0.5], 0.95 × d) = 266 mm 

Depth of neutral axis; x = 2 × (d - z) / λ = 35 mm 

Area of tension reinforcement required; As,req = M / (fyd × z) = 1164 mm2 

Tension reinforcement provided; 14 × 16φ 

Area of tension reinforcement provided; As,prov = 2815 mm2 

Minimum area of reinforcement - exp.9.1N; As,min = max(0.26 × fctm / fyk, 0.0013) × b × d = 843 mm2 

Maximum area of reinforcement - cl.9.2.1.1(3); As,max = 0.04 × b × h = 28000 mm2 

PASS - Area of reinforcement provided is greater than area of reinforcement required 
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Crack control - Section 7.3 

Maximum crack width; wk = 0.3 mm 

Design value modulus of elasticity reinf – 3.2.7(4); Es = 200000 N/mm2 

Mean value of concrete tensile strength; fct,eff = fctm = 2.9 N/mm2 

Stress distribution coefficient; kc = 0.4 

Non-uniform self-equilibrating stress coefficient; k = min(max(1 + (300 mm - min(h, b)) × 0.35 / 500 mm, 0.65), 1) = 0.97 

Actual tension bar spacing; sbar = (b - (2 × (cnom_s + φm1_s1_z3_v) + φm1_s1_z3_t_L1 × Nm1_s1_z3_t_L1)) / 

(Nm1_s1_z3_t_L1 - 1) + φm1_s1_z3_t_L1 = 145.4 mm 

Maximum stress permitted - Table 7.3N; σs = 284 N/mm2 

Steel to concrete modulus of elast. ratio; αcr = Es / Ecm = 6.09 

Distance of the Elastic NA from bottom of beam; y = (b × h2 / 2 + As,prov × (αcr - 1) × (h - d)) / (b × h + As,prov × (αcr - 1)) = 

173 mm 

Area of concrete in the tensile zone; Act = b × y = 345787 mm2 

Minimum area of reinforcement required - exp.7.1; Asc,min = kc × k × fct,eff × Act / σs = 1363 mm2 

PASS - Area of tension reinforcement provided exceeds minimum required for crack control 

Quasi-permanent moment; MQP = max(β1 × abs(Mm1_s1_z2_pos_quasi), abs(Mm1_s1_z3_neg_quasi)) = 

89.2kNm 

Permanent load ratio; RPL = MQP / M = 0.66 

Service stress in reinforcement; σsr = fyd × As,req / As,prov × RPL = 119 N/mm2 

Maximum bar spacing - Tables 7.3N; sbar,max = 300 mm 

PASS - Maximum bar spacing exceeds actual bar spacing for crack control 

Minimum bar spacing (Section 8.2) 

Top bar spacing; stop = (b - (2 × (cnom_s + φm1_s1_z3_v) + φm1_s1_z3_t_L1 × Nm1_s1_z3_t_L1)) / 

(Nm1_s1_z3_t_L1 - 1) = 129.4 mm 

Minimum allowable top bar spacing; stop,min = max(φm1_s1_z3_t_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Bottom bar spacing; sbot = (b - (2 × (cnom_s + φm1_s1_z3_v) + φm1_s1_z3_b_L1 × Nm1_s1_z3_b_L1)) / 

(Nm1_s1_z3_b_L1 - 1) = 125.1 mm 

Minimum allowable bottom bar spacing; sbot,min = max(φm1_s1_z3_b_L1 × ks1, hagg + ks2, 20mm) = 25.0 mm 

PASS - Actual bar spacing exceeds minimum allowable 

Shear design 
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Angle of comp. shear strut for maximum shear; θmax = 45 deg 

Strength reduction factor - cl.6.2.3(3); v1 = 0.6 × (1 - fck / 250 N/mm2) = 0.528 

Compression chord coefficient - cl.6.2.3(3); αcw = 1.00 

Minimum area of shear reinforcement - exp.9.5N; Asv,min = 0.08 N/mm2 × b × (fck / 1 N/mm2)0.5 / fyk = 1753 mm2/m 

Zone 1 (0 mm - 1500 mm) shear - section 6.2 

Design shear force at support ; VEd,max = max(abs(Vz1_max), abs(Vz1_red_max)) = 359 kN 

Min lever arm in shear zone; z = 266 mm 

Maximum design shear resistance - exp.6.9; VRd,max = αcw × b × z × v1 × fcwd / (cot(θmax) + tan(θmax)) = 2809 kN 

PASS - Design shear force at support is less than maximum design shear resistance 

Design shear force at 280mm from support; VEd = 325 kN 

Design shear stress; vEd = VEd / (b × z) = 0.612 N/mm2 

Angle of concrete compression strut - cl.6.2.3; θ = min(max(0.5 × Asin(min(2 × vEd / (αcw × fcwd × v1),1)), 21.8 deg), 

45deg) = 21.8 deg 

Area of shear reinforcement required - exp.6.8; Asv,des = vEd × b / (fyd × cot(θ)) = 1126 mm2/m 

Area of shear reinforcement required; Asv,req = max(Asv,min, Asv,des) = 1753 mm2/m 

Shear reinforcement provided; 2 × 12 legs @ 100 c/c 

Area of shear reinforcement provided; Asv,prov = 2262 mm2/m 

PASS - Area of shear reinforcement provided exceeds minimum required 

Maximum longitudinal spacing - exp.9.6N; svl,max = 0.75 × d = 210 mm 

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum 

Zone 2 (1500 mm - 4500 mm) shear - section 6.2 

Design shear force at support ; VEd,max = max(abs(Vz2_max), abs(Vz2_red_max)) = 179 kN 

Min lever arm in shear zone; z = 263 mm 

Maximum design shear resistance - exp.6.9; VRd,max = αcw × b × z × v1 × fcwd / (cot(θmax) + tan(θmax)) = 2776 kN 

PASS - Design shear force at support is less than maximum design shear resistance 

Design shear force within zone; VEd = 179 kN 

Design shear stress; vEd = VEd / (b × z) = 0.341 N/mm2 

Angle of concrete compression strut - cl.6.2.3; θ = min(max(0.5 × Asin(min(2 × vEd / (αcw × fcwd × v1),1)), 21.8 deg), 

45deg) = 21.8 deg 

Area of shear reinforcement required - exp.6.8; Asv,des = vEd × b / (fyd × cot(θ)) = 628 mm2/m 

Area of shear reinforcement required; Asv,req = max(Asv,min, Asv,des) = 1753 mm2/m 

Shear reinforcement provided; 2 × 12 legs @ 100 c/c 

Area of shear reinforcement provided; Asv,prov = 2262 mm2/m 

PASS - Area of shear reinforcement provided exceeds minimum required 

Maximum longitudinal spacing - exp.9.6N; svl,max = 0.75 × d = 220 mm 

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum 

Zone 3 (4500 mm - 6000 mm) shear - section 6.2 

Design shear force at support ; VEd,max = max(abs(Vz3_max), abs(Vz3_red_max)) = 359 kN 

Zone 1

1500

2 × 12 legs @ 100 c/c

Zone 2

3000

2 × 12 legs @ 100 c/c

Zone 3

1500

2 × 12 legs @ 100 c/c
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Min lever arm in shear zone; z = 266 mm 

Maximum design shear resistance - exp.6.9; VRd,max = αcw × b × z × v1 × fcwd / (cot(θmax) + tan(θmax)) = 2809 kN 

PASS - Design shear force at support is less than maximum design shear resistance 

Design shear force at 280mm from support; VEd = 325 kN 

Design shear stress; vEd = VEd / (b × z) = 0.612 N/mm2 

Angle of concrete compression strut - cl.6.2.3; θ = min(max(0.5 × Asin(min(2 × vEd / (αcw × fcwd × v1),1)), 21.8 deg), 

45deg) = 21.8 deg 

Area of shear reinforcement required - exp.6.8; Asv,des = vEd × b / (fyd × cot(θ)) = 1126 mm2/m 

Area of shear reinforcement required; Asv,req = max(Asv,min, Asv,des) = 1753 mm2/m 

Shear reinforcement provided; 2 × 12 legs @ 100 c/c 

Area of shear reinforcement provided; Asv,prov = 2262 mm2/m 

PASS - Area of shear reinforcement provided exceeds minimum required 

Maximum longitudinal spacing - exp.9.6N; svl,max = 0.75 × d = 210 mm 

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum 

 

; 

1F1SB01 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 
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Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 330mm Masonry. 6.5KN/m2 x 5.8m - Permanent full UDL 38 kN/m 

 Roof. 1.3KN/m2 x 7.8m/2 - Permanent full UDL 5 kN/m 

 Roof. 0.6KN/m2 x 7.8m/2 - Variable full UDL 2.3 kN/m 

 2nd floor. 1KN/m2 x 5m/2 - Permanent full UDL 2.5 kN/m 

 2nd floor + partitions. 2.7KN/m2 x 5m/2 - Variable full UDL 6.7 kN/m 

 1st floor. 1KN/m2 x 7.8m/2 - Permanent full UDL 3.9 kN/m 

 1st floor + partitions. 2.7KN/m2 x 7.8m/2 - Variable full UDL 10.5 kN/m 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 

  Variable × 1.50 

 Support B Permanent × 1.35 

  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 81.6 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 125.5 kN; Vmin = -125.5 kN 

Deflection; δmax = 1.2 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 125.5 kN; RA_min = 125.5 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 64.8 kN 

Unfactored variable load reaction at support A; RA_Variable = 25.4 kN 

Maximum reaction at support B; RB_max = 125.5 kN; RB_min = 125.5 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 64.8 kN 

Unfactored variable load reaction at support B; RB_Variable = 25.4 kN 

Section details 

Section type; UC 203x203x46 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 11.0 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 
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Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 

Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 

 KLT.B = 1.000; 

Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 27.4 × ε <= 72 × ε; Class 1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 9.8 × ε <= 10 × ε; Class 2 

Section is class 2 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 

Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 125.5 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 1698 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 347.9 kN 

PASS - Design shear resistance exceeds design shear force 
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Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 81.6 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 176.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.813 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 2600 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

753.5 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.484 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 

LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.602 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.967 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.976 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.990 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 174.9 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 

Check vertical deflection - Section 7.2.1 

Consider deflection due to variable loads 

Limiting deflection;; δlim = Ls1 / 360 = 7.2 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 1.21 mm 

PASS - Maximum deflection does not exceed deflection limit 

 

; 

1F1SB02 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 
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Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 225mm Masonry. 4.5KN/m2 x 4.2m to 5.8m - Permanent full VDL 18.9 

kN/m to 26.1 kN/m 

 1F-1SB01 - Permanent point load 64.8 kN at 2400 mm 

 1F-1SB01 - Variable point load 25.4 kN at 2400 mm 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 

  Variable × 1.50 

 Support B Permanent × 1.35 

  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 61.2 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 59.1 kN; Vmin = -153.3 kN 

Deflection; δmax = 0.5 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 59.1 kN; RA_min = 59.1 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 39.7 kN 

Unfactored variable load reaction at support A; RA_Variable = 3.6 kN 

Maximum reaction at support B; RB_max = 153.3 kN; RB_min = 153.3 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 89.4 kN 

Unfactored variable load reaction at support B; RB_Variable = 21.8 kN 
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Section details 

Section type; UC 203x203x46 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 11.0 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  
 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 

Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 

 KLT.B = 1.000; 

Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 27.4 × ε <= 72 × ε; Class 1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 9.8 × ε <= 10 × ε; Class 2 

Section is class 2 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 
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Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 153.3 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 1698 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 347.9 kN 

PASS - Design shear resistance exceeds design shear force 

Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 61.2 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 176.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.813 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 2800 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

664.6 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.515 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 

LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.619 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.954 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.975 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.978 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 172.8 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 

Check vertical deflection - Section 7.2.1 

Consider deflection due to variable loads 

Limiting deflection;; δlim = Ls1 / 360 = 7.8 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 0.516 mm 

PASS - Maximum deflection does not exceed deflection limit 

 

; 

1F1SB03 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex 

TEDDS calculation version 3.0.14 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  47   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

  
 

  
 

  
 

Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 102.5mm Masonry. 2.2KN/m2 x 7m - Permanent full UDL 15.4 kN/m 

 2nd floor. 1KN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m 

 2nd floor + partitions. 2.7KN/m2 x 8.4m/2 - Variable full UDL 11.3 kN/m 

 1st floor. 1KN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m 

 1st floor + partitions. 2.7KN/m2 x 8.4m/2 - Variable full UDL 11.3 kN/m 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 

  Variable × 1.50 

 Support B Permanent × 1.35 

  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 162.1 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 147.3 kN; Vmin = -147.3 kN 
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Deflection; δmax = 14.4 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 147.3 kN; RA_min = 147.3 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 53.9 kN 

Unfactored variable load reaction at support A; RA_Variable = 49.7 kN 

Maximum reaction at support B; RB_max = 147.3 kN; RB_min = 147.3 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 53.9 kN 

Unfactored variable load reaction at support B; RB_Variable = 49.7 kN 

Section details 

Section type; UC 203x203x71 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 17.3 mm 

Nominal yield strength; fy = 345 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  
 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 

Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 

 KLT.B = 1.000; 

Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.83 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 19.5 × ε <= 72 × ε; Class 1 
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Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 6.2 × ε <= 9 × ε; Class 1 

Section is class 1 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 

Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 147.3 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 2427 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 483.5 kN 

PASS - Design shear resistance exceeds design shear force 

Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 162.1 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 275.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.817 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 4400 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

691.2 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.631 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 

LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.689 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.903 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.972 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.929 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 256 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 

Check vertical deflection - Section 7.2.1 

Consider deflection due to permanent and variable loads 

Limiting deflection;; δlim = Ls1 / 250 = 17.6 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 14.367 mm 

PASS - Maximum deflection does not exceed deflection limit 
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1F1SB04 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex 

TEDDS calculation version 3.0.14 

  
 

  
 

  
 

Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 102.5mm Masonry. 2.2KN/m2 x 7m - Permanent full UDL 15.4 kN/m 

 2nd floor. 1KN/m2 x 9.5m/2 - Permanent full UDL 4.7 kN/m 

 2nd floor + partitions. 2.7KN/m2 x 9.5m/2 - Variable full UDL 12.8 kN/m 

 1st floor. 1KN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m 

 1st floor + partitions. 2.7KN/m2 x 8.4m/2 - Variable full UDL 11.3 kN/m 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 
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  Variable × 1.50 

 Support B Permanent × 1.35 

  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 169.1 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 153.8 kN; Vmin = -153.8 kN 

Deflection; δmax = 15 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 153.8 kN; RA_min = 153.8 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 55 kN 

Unfactored variable load reaction at support A; RA_Variable = 53 kN 

Maximum reaction at support B; RB_max = 153.8 kN; RB_min = 153.8 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 55 kN 

Unfactored variable load reaction at support B; RB_Variable = 53 kN 

Section details 

Section type; UC 203x203x71 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 17.3 mm 

Nominal yield strength; fy = 345 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  
 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 

Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 
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 KLT.B = 1.000; 

Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.83 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 19.5 × ε <= 72 × ε; Class 1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 6.2 × ε <= 9 × ε; Class 1 

Section is class 1 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 

Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 153.8 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 2427 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 483.5 kN 

PASS - Design shear resistance exceeds design shear force 

Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 169.1 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 275.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.817 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 4400 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

691.2 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.631 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 

LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.689 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.903 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.972 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.929 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 256 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 
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Check vertical deflection - Section 7.2.1 

Consider deflection due to permanent and variable loads 

Limiting deflection;; δlim = Ls1 / 250 = 17.6 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 14.977 mm 

PASS - Maximum deflection does not exceed deflection limit 

 

; 

1F1SB05 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex 

TEDDS calculation version 3.0.14 

  
 

  
 

  
 

Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 330mm Masonry. 6.5N/m2 x 6m - Permanent full UDL 39 kN/m 

 Ground floor. 1KN/m2 x 1.5m/2 - Permanent full UDL 1.5 kN/m 
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 1st floor + partitions. 2.7KN/m2 x 1.5m/2 - Variable full UDL 4.05 kN/m 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 

  Variable × 1.50 

 Support B Permanent × 1.35 

  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 47.9 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 76.7 kN; Vmin = -76.7 kN 

Deflection; δmax = 2.4 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 76.7 kN; RA_min = 76.7 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 51.2 kN 

Unfactored variable load reaction at support A; RA_Variable = 5.1 kN 

Maximum reaction at support B; RB_max = 76.7 kN; RB_min = 76.7 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 51.2 kN 

Unfactored variable load reaction at support B; RB_Variable = 5.1 kN 

Section details 

Section type; UC 203x203x46 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 11.0 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  
 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 
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Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 

 KLT.B = 1.000; 

Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 27.4 × ε <= 72 × ε; Class 1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 9.8 × ε <= 10 × ε; Class 2 

Section is class 2 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 

Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 76.7 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 1698 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 347.9 kN 

PASS - Design shear resistance exceeds design shear force 

Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 47.9 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 176.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.813 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 2500 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

806 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.468 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 
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LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.594 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.973 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.977 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.996 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 176 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 

Check vertical deflection - Section 7.2.1 

Consider deflection due to permanent and variable loads 

Limiting deflection;; δlim = Ls1 / 250 = 10 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 2.386 mm 

PASS - Maximum deflection does not exceed deflection limit 

 

; 

G-GSC01 

STEEL COLUMN DESIGN 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex 

Tedds calculation version 1.1.06 

Design summary 

Description Unit Provided Required Utilisation Result 

Shear resistance (y-y) kN 916 1 0.001 PASS 

Shear resistance (z-z) kN 458 8 0.017 PASS 

Axial compression kN 2381 154 0.065 PASS 

Bending resistance (z-z) kNm 87 23 0.265 PASS 

Combined bending & axial kNm 87 23 0.265 PASS 

Buckling in compression kN 1560 154 0.099 PASS 

Combined buckling    0.280 PASS 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1 

Resistance of members to instability; γM1 = 1 

Resistance of cross-sections in tension to fracture; γM2 = 1.1 
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Column details 

Column section RHS 200x100x12.5 

Steel grade User defined 

Yield strength fy = 355 N/mm2 

Ultimate strength fu = 470 N/mm2 

Modulus of elasticity E = 210 kN/mm2 

Poisson’s ratio ν = 0.3 

Shear modulus G = E / [2 × (1 + ν)] = 80.8 kN/mm2 

Column geometry 

System length for buckling - Major axis Ly = 3000 mm 

System length for buckling - Minor axis Lz = 3000 mm 

The column is not part of a sway frame in the direction of the minor axis 

The column is not part of a sway frame in the direction of the major axis 

Column loading 

Axial load NEd = 154 kN (Compression) 

Major axis moment at end 1 - Bottom My,Ed1 = 0.0 kNm 

Major axis moment at end 2 - Top My,Ed2 = 0.0 kNm 

  

Minor axis moment at end 1 - Bottom Mz,Ed1 = 23.0 kNm 

Minor axis moment at end 2 - Top Mz,Ed2 = 2.0 kNm 

 Minor axis bending is single curvature 

Major axis shear force Vy,Ed = 1 kN 

Minor axis shear force Vz,Ed = 8 kN 

Buckling length for flexural buckling - Major axis 

End restraint factor; Ky = 1.000 

Buckling length; Lcr_y = Ly × Ky = 3000 mm 

Buckling length for flexural buckling - Minor axis 

End restraint factor; Kz = 1.000 

Buckling length; Lcr_z = Lz × Kz = 3000 mm 

Web section classification (Table 5.2) 

Coefficient depending on fy; ε = √(235 N/mm2 / fy) = 0.814 

Depth between fillets; cw = h - 3 × t = 162.5 mm 

Ratio of c/t; ratiow = cw / t = 13.00 

Length of web taken by axial load; lw = min(NEd / (2 × fy × t), cw) =17.4 mm 

For class 1 & 2 proportion in compression; α = (cw/2 + lw/2) / cw = 0.553 

Limit for class 1 web; Limit1w = (396 × ε) / (13 × α - 1) = ;52.02 

The web is class 1 

Flange section classification (Table 5.2) 

Depth between fillets; cf = b - 3 × t = 62.5 mm 

Ratio of c/t; ratiof = cf / t = 5.00 

Conservatively assume uniform compression in flange 

Limit for class 1 flange; Limit1f = 33 × ε = 26.85 

Limit for class 2 flange; Limit2f = 38 × ε = 30.92 

Limit for class 3 flange; Limit3f = 42 × ε = 34.17 

The flange is class 1 
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Overall section classification 

The section is class 1 

Resistance of cross section (cl. 6.2) 

Shear - Major axis (cl. 6.2.6) 

Design shear force; Vy,Ed = 1.0 kN 

Shear area; Avy = A × h / (b + h) = ;4472; mm2 

Plastic shear resistance; Vpl,y,Rd = Avy × (fy / √(3)) / γM0 = 916.5 kN 

 Vy,Ed / Vpl,y,Rd = 0.001 

PASS - Shear resistance exceeds the design shear force 

Vy,Ed <= 0.5×Vpl,y,Rd - No reduction in fy required for bending/axial force 

Shear - Minor axis (cl. 6.2.6) 

Design shear force; Vz,Ed = 8.0 kN 

Shear area; Avz = A × b / (b + h) = ;2236; mm2 

Plastic shear resistance; Vpl,z,Rd = Avz × (fy / √(3)) / γM0 = 458.2 kN 

 Vz,Ed / Vpl,z,Rd = 0.017 

PASS - Shear resistance exceeds the design shear force 

Vz,Ed <= 0.5×Vpl,z,Rd - No reduction in fy required for bending/axial force 

Compression (cl. 6.2.4) 

Design force; NEd = 154 kN 

Design resistance; Nc,Rd = Npl,Rd = A × fy / γM0 = 2381 kN 

 NEd / Nc,Rd = 0.065 

PASS - The compression design resistance exceeds the design force 

Bending - Major axis(cl. 6.2.5) 

Design bending moment; Mz,Ed = max(abs(Mz,Ed1), abs(Mz,Ed2)) = 23.0 kNm 

Section modulus; Wz = Wpl.z = ;244.7; cm3 

Design resistance; Mc,z,Rd = Wz × fy / γM0 = 86.9 kNm 

 Mz,Ed / Mc,z,Rd = 0.265 

PASS - The bending design resistance exceeds the design moment 

Combined bending and axial force (cl. 6.2.9) 

Ratio design axial to design plastic resistance; n = abs(NEd) / Npl,Rd = 0.065 

Ratio web area to gross area; aw = min(0.5, (A - 2 × b × t) / A) = 0.500 

Ratio flange area to gross area; af = min(0.5, (A - 2 × h × t) / A) = 0.255 

Bending - Minor axis (cl. 6.2.9.1) 

Design bending moment; Mz,Ed = max(abs(Mz,Ed1), abs(Mz,Ed2)) = 23.0 kNm 

Plastic design resistance; Mpl,z,Rd = Wpl.z × fy / γM0 = 86.9 kNm 

Modified design resistance; MN,z,Rd = Mpl,z,Rd × min(1, (1 - n) / (1 - 0.5 × af)) = 86.9 kNm 

 Mz,Ed / MN,z,Rd = 0.265 

PASS - Bending resistance in presence of axial load exceeds design moment 

Buckling resistance (cl. 6.3) 

Yield strength for buckling resistance; fy = 355 N/mm2 

Flexural buckling - Major axis 

Elastic critical buckling force; Ncr,y = π2 × E × Iy / Lcr_y
2 = 7222 kN 

Non-dimensional slenderness; λy = √(A × fy / Ncr,y) = 0.574 

Buckling curve (Table 6.2); a 
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Imperfection factor (Table 6.1); αy = 0.21 

Parameter Φ; Φy = 0.5 × [1 + αy × (λy - 0.2) +λy
2] = 0.704 

Reduction factor; χy = min(1.0, 1 / [Φy + √(Φy
2 -λy

2)]) = 0.900 
Design buckling resistance; Nb,y,Rd = χy × A × fy  / γM1 = 2141.8 kN 

 NEd / Nb,y,Rd = 0.072 

PASS - The flexural buckling resistance exceeds the design axial load 

Flexural buckling - Minor axis 

Elastic critical buckling force; Ncr,z = π2 × E × Iz / Lcr_z
2 = 2312 kN 

Non-dimensional slenderness; λz = √(A × fy / Ncr,z) = 1.015 

Buckling curve (Table 6.2); a 

Imperfection factor (Table 6.1); αz = 0.21 

Parameter Φ; Φz = 0.5 × [1 + αz × (λz - 0.2) +λz
2] = 1.100 

Reduction factor; χz = min(1.0, 1 / [Φz + √(Φz
2 -λz

2)]) = 0.655 
Design buckling resistance; Nb,z,Rd = χz × A × fy  / γM1 = 1560.2 kN 

 NEd / Nb,z,Rd = 0.099 

PASS - The flexural buckling resistance exceeds the design axial load 

Minimum buckling resistance 

Minimum buckling resistance; Nb,Rd = min(Nb,y,Rd, Nb,z,Rd) = 1560.2 kN 

 NEd / Nb,Rd = 0.099 

PASS - The axial load buckling resistance exceeds the design axial load 

Combined bending and axial compression (cl. 6.3.3) 

Characteristic resistance to normal force; NRk = A × fy = 2381 kN 

Characteristic moment resistance - Major axis; My,Rk = Wpl.y × fy = ;144.9; kNm 

Characteristic moment resistance - Minor axis; Mz,Rk = Wpl.z × fy = ;86.9; kNm 

ψy = if(abs(My,Ed1)<=abs(My,Ed2), My,Ed1 / if(My,Ed2>=0 kNm,max(My,Ed2,0.0001 kNm),My,Ed2), My,Ed2 / if(My,Ed1>=0 

kNm,max(My,Ed1,0.0001 kNm),My,Ed1)) = 0.000 

Moment distribution factor - Major axis; ψy = My,Ed1 / My,Ed2 = ;0.000 

Moment factor - Major axis; Cmy = max(0.4, 0.6 + 0.4 × ψy) = 0.600 

Moment distribution factor - Minor axis; ψz = Mz,Ed2 / Mz,Ed1 = ;0.087 

Moment factor - Minor axis; Cmz = max(0.4, 0.6 + 0.4 × ψz) = 0.635 

Moment distribution factor for LTB; ψLT = My,Ed1 / My,Ed2 = ;0.000 

Moment factor for LTB; CmLT = max(0.4, 0.6 + 0.4 × ψLT) = 0.600 

Interaction factor kyy; kyy = Cmy × [1 + min(0.8,λy - 0.2) × NEd / (χy × NRk / γM1)] = 0.616 

Interaction factor kzy; kzy = 1 - min(0.1, 0.1 ×λz)×NEd / ((CmLT - 0.25)×(χz × NRk/γM1)) = ;0.972 

Interaction factor kzz; kzz = Cmz × [1 + min(0.8,λz - 0.2) × NEd / (χz × NRk / γM1)] = ;0.685 

Interaction factor kyz; kyz =  0.6 × kzz = 0.411 

Section utilisation; URB_1 = NEd / (χy × NRk / γM1) + kyz × Mz,Ed / (Mz,Rk / γM1) = 0.181 

 URB_2 = NEd / (χz × NRk / γM1) + kzz × Mz,Ed / (Mz,Rk / γM1) = 0.280 

PASS - The buckling resistance is adequate 

 

; 



 

Symmetrys 

6 The Courtyard, Lynton Road 

London 

N8 8SL 

Project 

  

Job Ref. 

  

Section 

B-RW01 

Sheet no./rev. 

  60   

Calc. by 

U 

Date 

12/08/2021 

Chk'd by 

  

Date 

  

App'd by 

  

Date 

  

 

 

G-GSB01 

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005) 

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national 

annex 

TEDDS calculation version 3.0.14 

  
 

  
 

  
 

Support conditions 

Support A Vertically restrained 

 Rotationally free 

Support B Vertically restrained 

 Rotationally free 

Applied loading 

Beam loads Permanent self weight of beam × 1  

 Ground floor. 1KN/m2 x 4.8m/2 - Permanent full UDL 2.4 kN/m 

 Ground floor + partitions. 2.7KN/m2 x 4.8m/2 - Variable full UDL 6.5 

kN/m 

Load combinations 

Load combination 1 Support A Permanent × 1.35 

  Variable × 1.50 

  Permanent × 1.35 

  Variable × 1.50 

 Support B Permanent × 1.35 
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  Variable × 1.50 

Analysis results 

Maximum moment; Mmax = 32.9 kNm; Mmin = 0 kNm 

Maximum shear; Vmax = 29.9 kN; Vmin = -29.9 kN 

Deflection; δmax = 4.8 mm; δmin = 0 mm 

Maximum reaction at support A; RA_max = 29.9 kN; RA_min = 29.9 kN 

Unfactored permanent load reaction at support A; RA_Permanent = 6.3 kN 

Unfactored variable load reaction at support A; RA_Variable = 14.3 kN 

Maximum reaction at support B; RB_max = 29.9 kN; RB_min = 29.9 kN 

Unfactored permanent load reaction at support B; RB_Permanent = 6.3 kN 

Unfactored variable load reaction at support B; RB_Variable = 14.3 kN 

Section details 

Section type; UC 203x203x46 (BS4-1) 

Steel grade; S355 

EN 10025-2:2004 - Hot rolled products of structural steels 

Nominal thickness of element; t = max(tf, tw) = 11.0 mm 

Nominal yield strength; fy = 355 N/mm2 

Nominal ultimate tensile strength; fu = 470 N/mm2 

Modulus of elasticity; E = 210000 N/mm2 

  
 

Partial factors - Section 6.1 
Resistance of cross-sections; γM0 = 1.00 

Resistance of members to instability; γM1 = 1.00 

Resistance of tensile members to fracture; γM2 = 1.10 

Lateral restraint 

 Span 1 has lateral restraint at supports only 

Effective length factors 

Effective length factor in major axis; Ky = 1.000 

Effective length factor in minor axis; Kz = 1.000 

Effective length factor for torsion; KLT.A = 1.000; 

 KLT.B = 1.000; 
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Classification of cross sections - Section 5.5 

 ε = √[235 N/mm2 / fy] = 0.81 

Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3) 

Width of section; c = d = 160.8 mm 

 c / tw = 27.4 × ε <= 72 × ε; Class 1 

Outstand flanges - Table 5.2 (sheet 2 of 3) 

Width of section; c = (b - tw - 2 × r) / 2 = 88 mm 

 c / tf = 9.8 × ε <= 10 × ε; Class 2 

Section is class 2 

Check shear - Section 6.2.6 

Height of web; hw = h - 2 × tf = 181.2 mm 

Shear area factor; η = 1.000 

 hw / tw < 72 × ε / η 

Shear buckling resistance can be ignored 

Design shear force; VEd = max(abs(Vmax), abs(Vmin)) = 29.9 kN 

Shear area - cl 6.2.6(3); Av = max(A - 2 × b × tf + (tw + 2 × r) × tf, η × hw × tw) = 1698 mm2 

Design shear resistance - cl 6.2.6(2); Vc,Rd = Vpl,Rd = Av × (fy / √[3]) / γM0 = 347.9 kN 

PASS - Design shear resistance exceeds design shear force 

Check bending moment major (y-y) axis - Section 6.2.5 

Design bending moment; MEd = max(abs(Ms1_max), abs(Ms1_min)) = 32.9 kNm 

Design bending resistance moment - eq 6.13; Mc,Rd = Mpl,Rd = Wpl.y × fy / γM0 = 176.6 kNm 

Slenderness ratio for lateral torsional buckling 

Correction factor - Table 6.6; kc = 0.94 

 C1 = 1 / kc
2 = 1.132 

Curvature factor; g = √[1 - (Iz / Iy)] = 0.813 

Poissons ratio; ν = 0.3 

Shear modulus; G = E / [2 × (1 + ν)] = 80769 N/mm2 

Unrestrained length; L = 1.0 × Ls1 = 4400 mm 

Elastic critical buckling moment; Mcr = C1 × π2 × E × Iz / (L2 × g) × √[Iw / Iz + L2 × G × It / (π2 × E × Iz)]  = 

326.5 kNm 

Slenderness ratio for lateral torsional buckling; λLT = √(Wpl.y × fy / Mcr) = 0.735 

Limiting slenderness ratio; λLT,0 = 0.4 

λLT > λLT,0 - Lateral torsional buckling cannot be ignored 

Design resistance for buckling - Section 6.3.2.1 

Buckling curve - Table 6.5; b 

Imperfection factor - Table 6.3; αLT = 0.34 

Correction factor for rolled sections; β = 0.75 

LTB reduction determination factor; φLT = 0.5 × [1 + αLT × (λLT -λLT,0) + β ×λLT
2] = 0.760 

LTB reduction factor - eq 6.57; χLT = min(1 / [φLT + √(φLT
2 - β ×λLT

2)], 1, 1 /λLT
2) = 0.852 

Modification factor; f = min(1 - 0.5 × (1 - kc)× [1 - 2 × (λLT - 0.8)2], 1) = 0.970 

Modified LTB reduction factor - eq 6.58; χLT,mod = min(χLT / f, 1) = 0.878 

Design buckling resistance moment - eq 6.55; Mb,Rd = χLT,mod × Wpl.y × fy / γM1 = 155 kNm 

PASS - Design buckling resistance moment exceeds design bending moment 
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Check vertical deflection - Section 7.2.1 

Consider deflection due to permanent and variable loads 

Limiting deflection;; δlim = Ls1 / 250 = 17.6 mm 

Maximum deflection span 1; δ = max(abs(δmax), abs(δmin)) = 4.758 mm 

PASS - Maximum deflection does not exceed deflection limit 
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