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Project Job no.
Tedds' 45 Maresfield Gardens NW3 London 14.073

Martin Redston Assotiates Calcs for Start page no./Revision
6 Hale Lane Beams B1.1 and B1.2 T
London Calcs by Cakes date Checked by Checked date Approved by | Approved date
NW7 3RX RS 19/06/2014

STEEL BEAM ANALYSIS & DESIGN (EN1893-1-1:2005)
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calarlaton version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Verticaily restrained

Rotationally free
Analysis results
Maximum moment Mmax = 26.6 kNm Mmin = 0 KNm
Maximum shear Vmax = 32.2 kN Vrmin = =32.2 kN
Deflection Omax = 4.8 mm Brrin = 0 mm
Maximum reaction at support A Ra_mex = 32.2 kN Ra_min = 32.2 kN
Unfactored permanent load reaction at support A Ra_Permanert = 23.9 kN
Maximum reaction at supporl B Re_max = 32.2 kN Re_min = 32.2 kN
Unfactored permanent load reaction at support B Re_parmanem = 23.9 kN
Section details
Section type UC 152x152x37 (BS4-1) Stee!l grade 5275
Section classification Class 1
Check shear - Section 6.2.6
Design shear force Vea= 32 kN Design shear resistance Veas = 226.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 26.6 kNm Des.bending resistmoment  Mcrd = 84.9 kNm

Slenderness ratio for lateral torsional buckling
LTB slenderness ratio AT =0.593 Limiting slendemess ratio ALt = 0.400
Air> Auro - Lateral torsional buckling cannot be ignored

Deslign resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mogd = 80.4 kNm
PASS - Design buckiing resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Cansider deflection due to permanent and variable loads
Limiting deflection Bim = 9.2 mm Maximum deflection §=4811mm
PASS - Maximum deflection does not exceed deflection lim#t




Projact Job no.
Tedds 45 Maresfield Gardens NW3 London 14.073

Mariin Redston Associates Calcs for Start page no./Revision
6 Hale Lane Beam 1.3 Inner Leal T2
London Caics by Calcs date Gheched by Checked date Approvedby | Approved date
NW?7 3NX RS 30/07/2014

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 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 115.4 kNm Mrmin = 0 kNm
Maximum shear Vmax = 138.9 kN Vimin = =<139.9 kN
Deflection Smax = 5.9 mm Smin = 0 mm
Maximum reaction at support A Ra_max = 139.9 kN Ra_min = 139.9 kN

Unfactored permanent load reaction al support A Ra_permanent = 77 kN
Unfactored variable load reaction at support A Ra_variable = 23.9 kN
Maximum reaction at support B Re_max = 139.8 kN Re_min = 139.9 kN
Unfactored permanent load reaction at support B Ra_rermanent = 77 KN
Unfactored variable ioad reaction at suppori B Re_variatte = 23.8 kN

Section delails

Saction type UC 203x203x71 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 140 kN Design shear resistance Ved =371.4 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Mee = 115.4 kNm Des.bending resistmoment  Mcsd = 211.7 kNm

Slendemess ratio for lateral torsional buckting
LTB slenderness ratio At =0.455 Limiting slendemess ratic Ao = 0.400
Aur> Aaro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mord = 211.7 kNm
PASS - Design buckling resistance moment excesds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due o permanent and variable loads
Limiting deflection &im = 9.2 mm Maximum deflection 4 =5.807 mm
PASS - Maximum deflection does not exceed defiection imit




Project Jab no.
45 Maresfield Gardens NW3 London 14.073

Teg;‘

Martin Redston Associates Cales for Start page no./Revision
6 Hele Lane Beam B1.3 outer Leaf T3
London Calcs by Gaics date Cheched by Chacked date Approvedby  { Approved date
NW7 3NX RS 20/06/2014

STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2008 and the UK national

Support conditions
Support A

Support B

Analysis results

Maximum moment

Maximum moment span 1 segment 1
Maximum moment span 1 segment 2
Maximum shear

Maximum shear span 1 segment 1
Maximum shear span 1 segment 2

Vertically restrained
Rotationally free
Verically restrained
Rotationally free

Mmeax = 46.1 kNm
Mn__ngl _max = 36.8 kNm
Ms1_seg2_max = 46.7 KNm
Vmax = 68.7 kN
Vsi_ug‘l_max = 68.7 kN
Vs‘l_segz_mnx =214 kN

Deflection segment 3 Bmax = 6.9 mm
Maximum reaction at support A Ra_max = 68.7 kN
Unfactored permanent load reaction at support A RA_permanen = 50.9 kN
Maximum reaction at support B Re_max = 47.7 kN
Unfactored permanent load reaction at support B Ra_permanem = 35.3 kN
Section detalls

Section type UB 203x133x30 (BS4-1) Steel grade
Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 69 kN

Check bending moment - Section 6.2.5

Design bending moment Med = 46.1 kNm
Slendemess ratio for lateral torsional buckling
LTB slenderness ratio Ar=1.273

Design resistance for buckling - Section 6.3.2.1
Mopd = 46.5 kNm

Des.buckling resist.moment

Check vertical deflection - Section 7.2.1

Design shear resistance

TEDDS calculation version 3,0.06

Meia = D kNm
M1_pug1_rnin =0 kNm
Ma1_segz_min = 0 KNm
Viin = =47.7 kN
Ve1_seg1_min = O kN

Vs _seg2_min = ~47.7 kN
8min = 0 mm

Ra_min = 68.7 kN

Ra_min = 47.7 kN

$275

Vend = 231.4 kN

PASS - Design shear resistance exceeds design shear force

Des.bending resist. moment

Limiting slendemess ratio

Mcrd = 86.5 kNm

Alte = 0.400

Airs Jizs - Lateral torsional buckling cannot be ignored

PASS - Design buckling resistance moment exceeds design bending moment

Consider deflection due to permanent and varable loads

Limiting deflection

Oim = 9.4 mm

Maximum deflection

& =6.883 mm

PASS - Maximum deffection does not exceed deflection limit




Project Job no.
Tedds 45 Maresfield Gardens NW3 London 14.073

Martin Redston Associates Calcs for . Sterl page no/Revision
6 Halg Lane Beam B1.5 - supporting staircase T4
London Caics by Galcs date Checked by Checked date Approved by | Approved date
NW7 3NX RS 19/08/2014

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

In accordance with EN1893-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 47.3 kNm Mmin = 0 kNm
Maximum shear Vimax = 727 kN Vimin = =72.7 kN
Deflection Smax = 2.5 mm Smin = O mm
Maximum reaction at support A Ra_max = 72,7 kN Ra_min = T2.7 kiN

Unfactored parmanent load reaction at support A Ra_permanent = 39.8 kN

Unfactored variable load reaction at support A RA_vartavie = 12.6 kN

Maximum reaction at support B Re max = 72.7 kN Re_mn = 72.7 kN
Unfactored permanent load reaction at support B Re_rermanent = 39.8 kN

Unfactored variable load reaction at support B Rs_varianle = 12.6 KN

Section details

Section type UC 203x203x46 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Vea =73 kN Design shear resistance Verd = 269.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 47.3 kNm Des.bending resistmoment  Mcha = 136.8 KNm

Slenderness ratio for lateral torsional buckling
LTB slenderness ratio Ar=0.426 Limiting slendemess ratio ALto = 0.400

Aur> Auno - Lateral torsional buckiing cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Megps = 136.8 kNm
PASS - Design buckiing resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection Oim = 7.2 mm Maximum deflection 5 =2.503 mm
PASS - Maximum deflection does not exceed deflection limit




) Project Job no.
Tedds 45 Maresfield Gardens NW3 London 14.073

Martin Redston Associates Cales for Start page no./Revision
& Hale Lane Beam BG3 TS5
Longon Cals by Cales date Checked by Checked date Approvedby [ Approved date
NW7 3NX RS 03/03/2014

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 catculaton version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrainad

Rotationally free
Analysis results
Maximum momaerit Mmax = 17 kNm Menin = 0 kNm
Maximum shear Vmax = 12,4 kN Vemin = ~12.4 kN
Deflection Smax = 6 mm Srain = 0 mm
Maximum reaction at support A Ra_max = 12.4 kN Ra_min = 12.4 kN

Unfactored permanent load reaction at support A’ Ra_rermaner = 4.1 kN

Unfactored variable load reaction at support A Ra_varisbie = 4.6 kN

Maximurn reaction at support B R max = 12,4 kN Re_min = 12.4 kN
Unfactored permanent load reaction at support B Re_permanen = 4.1 kN

Unfactored variable load reaction at support B Re_varatie = 4.6 kN

Section detalle

Section type UB 203x133x30 (B54-1) Steel grade §275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 12 kN Design shear resistance Vo =231.4 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 17 kNm Des.bending resist. moment  Mcrd = 86.5 kNm

Slenderness ratio for lateral torsional buckling
LTB slenderness ratio AT=1.146 Limiting slenderness ratio Airo = 0.400

Ar> Aavo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resistmoment  Moge = 54.1 kNm
PASS - Deslgn buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due 10 permanent and variable loads
Limiting deflection Gim = 14 mm Maximum deflection 6 =6.034 mm
PASS - Maximum deflection does not exceed deflection limit




Project Job no.
Tedds 45 Maresfield Gardens NW3 London 14.073

Martin Redston Associates Cales for Start page no./Revigion
& Hele Lang Beam BG4-supporting folding door Ts
London Calks by Calcs date Checied by Checked date Approved by | Approved date
NW7 3NX RS 04/06/2014

STEEL BEAM ANALYSIS & DESIGN (EN1893-1-1:2005)
in accordance with EN1893-1-1:2005 incorporating Corrigenda Febniary 2006 and April 2009 and the UK national
annex

TEDDS calculaton version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmex = 16.9 kNm Mrin = 0 kNm
Maximum shear Vimex = 28.2 kN Vinn = -28.2 kN
Deflection OSmax = 1.2 mm &min = 0 mm
Maximism reaction at support A Ra_max = 28.2 kN Ra_min = 28.2 kN
Unfactored permanent load reaction at suppot A Ra_rermanem = 20,9 kN
Maximum reaction at support B Rs_mex = 28.2 kN Ra_mn = 26.2 kN
Unfactored permanent load reaction at suppert B R _pamanent = 20.9 kN
Section details
Section type UB 203x133x30 (BS4-1) Steel grade §275
Section classification Class 1
Check ghear - Section 6.2.6
Design shear force VEd= 28 kN Design shear resistance Vord = 231.4 kN

PASS - Design shear resisiance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Meg = 16.9 kNm Des.bending resist. moment  Mcrd = 86.5 kNm

Slendemess ratio for lateral torsional buckling
LTB slenderness ratio Aur = 0.640 Limiting slendemess ratio ALto = 0.400
Aur> Auno - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mosad = B0 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 &im = 6.7 mm Maximum deflection 8=1236 mm
PASS - Maximum deflection does not exceed deflection lim#t




Project Job o,
Tedds 45 Maresfield Gardens NW3 London 14.073

Martin Redston Associates Calcs for Start page no./Revision
6 Hale Lang Beam BG2 T7
London Calks by Calcs date Checked by Checked date Approvedby | Approved date
NW7 3N RS 23/07/2014

STEEL BEAM ANALYS!S & 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 calculaiion version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Suppert B Vertically restrained

Rotationally free
Analysis resuits
Maximum moment Mmax = 32.8 kNm Mmin = @ kNm
Maximum shear Vmax = 42.6 kN Vi = -36.4 kN
Deflection Omax = 2.2 mm Omin = 0 mm
Maximum reaction at support A Ra_max= 42.6 kN Ra_min = 42.6 kN
Unfactored permanent load reaction at support A Ra_permanem = 31.6 kN
Maximum reaction at support B Re_max = 36.4 kN As_mn = 36.4 kN
Unfactored permanent load reaction at support B Re_pamanen = 27 kN
Section details
Section type UC 203x203x52 (BS4-1) Steel grade $275
Section classification Class 1
Check shear - Section 6.2.6
Design shear force Ved = 43 kN Design shear resistance Vead = 287.8 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 32.8 kNm Des.bending resistmoment  Mcps = 156 kNm

Slendemess ratio for lateral torsional buckling
LTB slenderness ratio At = 0.480 Limiting slendemess ratio ALto = 0.400
Zir> Zuno - Lateral torsional buckiing cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Muoad = 154.8 kNm
PASS - Deslgn buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due 1o permanent and variable loads
Limiting deflection &im = 8.6 mm Maximum deflection =219 mm
PASS - Maximum deflection does not exceed deflection limi




Projec! Job Ref
T eﬁ. 45 Maresfield Gardens NW3 London 14.073
Seclion Shest nafrav.
Martin Redston Associates
ftin & Hale Lane Beam RC3-analysis o design of carbon bonding T
London Cak:. by Date Chid by Date App'd by Dale
NW7 3NX RS 23/07/2014

GC BEAM ANALYSIS & DESIGN (EN1992-1)

In accordance with UK national annex

51555

TEDDS calculation version 2.1.13

Load Ervelope - Combination 1

4550 {
L] a8
an Bending Mement Bivelops
0.0
188970
e | 4550 |
A -5 —
™ Shear Farce Inwlope
1098 1082 0a
nj} \l‘*
128,020 N
o | (L] |
A 1 B
Support conditions
Support A Vertically restrained
Rotationaly fres
Support B Vertically restrained
Rotationally free
Applied loading
Permanent self weight of beam x 1
Span 1 bads Permanent UDL 30.000 kN/m from 1000 mm to 4550 mm
Permanent UDL 2.000 kN/m from 0 mm to 4550 mm
Parmanent point load 32.000 kN at 1600 mm
Load combinations

Load combination 1

Support A Permanent x 1.35
Variable x 1.50

Span 1 Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35




¥ Project Job Ref.
Tetg' 45 Maresfield Gardens NW3 London 14.073
. . Section Sheat no.frev.
Martin Rﬁfﬁmmes Beam RC3-analysis to design of carbon bonding T
Londan Cak. by Dale Chicd by Date Appd by Date
NW? 3N RS 23/07/2014
Variable x 1.50

Analysls results
Maximum moment support A; Ma_max = 0 kNm; Ma _rea = 0 KNm;
Maximum moment span 1 at 2067 mm; M;1_max = 158 KNm; Mz1_req = 158 kNm;
Maximum moment support B; Ma_max = 0 kNm; Ma_raz = O kNm;
Maximum shear support A; Va_max = 108 kN; Va_red = 108 kN
Maximum shear support A span 1 at 397 mm; Va s1_max = 105 kN; Vi_s1_ma = 105 kN
Maximum shear support B; VB max = ~128 kN; VB red = =128 kN
Maximum shear support B span 1 at 4153 mm: VB #1_nax = <108 kN; Vs £1_ma = -108 kN
Maximum reaction at support A; Ra = 108 kN
Unfactored permanent load reaction at suppott A;  Ra_pemnanen = 81 kN
Maximum reaction al suppon B; Rz = 128 kN

Unfaclored permanent load reaction at support B;

Rectangular section detalls
Section width;
Section depth;

[

450 — — . pf

a

RB_Permanan: =85 kN

b = 8§50 mm
h = 450 mm

e BB e

Concrete detalls (Table 3.1 - Strength and deformation characteristics for concrete)

Concrete strength class:

Characteristic compressive cylinder strength;
Characleristic compressive cubs strength;

Mean value of compressive cylinder strength;
Mean value of axal tensile strength;

Secant modulus of elasticity of concrate;

Partial factor for concrete {Table 2.1N);
Compressive strength coefficient (1.3.1.6(1));
Design compressive concrete strength (exp.3.15);
Maximum aggregate size;

C30/37
fx = 30 N/mm?®

fes.cube = 37 N'mm’®

fom = f + 8 N/mm? = 38 Nimm®

fom = 0.3 N/mm® x (fa/ 1 Nmm92® = 2.9 Nimm?

Eon = 22 KN/mm® x [fom'10 N/mm?P* = 32837 Nimm?
v =150

o = 0.85

fod = 0 X fo / 1 = 17.0 NAmm?2

hagg = 20 mm




Project Job no.
Tedds 45 Maresfield Gardens NW3 London 14.073
Martin Redston Associates Calcs for Start pags no-/Revision
& Hale Lane Beam RC 2 design and analisys T10
London Caks by Calcg date Cheched by Checked date Approved by | Approveddate
NW7 3NX RS 04/06/2014

RC BEAM ANALYSIS & DESIGN (EN1982-1)

In accordance with UK national annex

TEDDS caleulation version 2.1.13

Load Envelops - Combination 1

kNm
0.0

Bending Mominl Envelope

Shesr Forcs Envelope

-190.926 e
™} s 1

Support conditions

Support A Vertically restrained
Rotationally free

Support B Vertically restrained
Rotationally free

Applied loading
Permanent self weight of beam x 1

Span 1 loads Permanent UDL 30.000 kN/m from 0 mm to 5400 mm
Variable UDL 0.400 kN/m from 8 mm to 5400 mm
Permanent point load 50.000 kN at 1200 mm
Permanent point load 50.000 kN at 4000 mm

Load combinations

Load combination 1

Permanent x 1.35
Variable x 1.50
Permanent x 1.35

Support A

Span 1




_ Project Jab na.
Tedds 45 Maresfield Gardens NW3 London 14.073
Martin Redston Associates Calcs for $tart page no./Revision
6 Hale Lane Beam RC 2 design and analisys T11
London Calcs by Calcs date Checked by Cheched date Approved by | Approved date
NW7 3NX RS 04/08/2014
Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50
Analysis results
Maximum moment support A Ma_mex = 0 kNm Ma_red = 0 kNm
Maximum moment span 1 at 2754 mm Ms1_max = 257 KNm Msi_rea = 257 kNm
Maximum moment support B Ms_max = 0 KNm Ms_rzd = 0 kNm
Maximum shear support A VA max = 195 kN Va_rd = 195 kN
Maximum shear support A span 1 at 399 mm Vas1_max =177 kN Vi_si_red = 177 kN
Maximum shear support B Ve_max = =190 kN Va_red = 190 kN
Maximum shear support B span 1 at 5001 mm Ve a1 _max = =172 kN VB st sed = =172 kN
Maximum reaction at support A Ra=195kN
Unfactored permanent foad reaction at support A’ Ra_permanent = 143 kN
Unfactored variable load reaction at support A RA_veriatie = 1 kN
Maximum reaction at support B Re =180 kN
Unfactored permanent load reaction at support B Re_permanem = 140 kN
Unfactored variable load reaction at support B Re_variatie = 1 kN
Rectangular section details
Section width b = 350 mm
Section depth h = 450 mm
"R
| i
] '
v o
A
: i
x M=
:q el || FEm—

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

Concreie strength class

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

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

Reinforcement details

Characteristic yield strength of reinforcement
Partial factor for reinforcing sieel {Table 2.1N)
Design yield strength of reinforcement

C30/37

fox = 30 Nfimm?

fencube = 37 N/mm?

fem = fex + 8 N/Mm? = 38 N/mm?

fem = 0.3 N/mm? x (fa/ 1 N/mm322 = 2.9 Nfmm?

Eem = 22 kN/mm? x [fem/10 N/'mm?]°? = 32837 N/mm?
¥c =1.50

e = 0.85

fod = Qee X fo / ¢ = 17.0 N'mm?

Nagg = 20 mm

fk = 500 N/mm?
e = 1.15
fyd =y / s = 435 N/mm?
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& Hale Lane Beam RC 2 design and analisys T12
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Nominal cover to reinforcement
Nominal cover to top reinforcement Cnom_t = 35 mm
Nominal cover to bottom reinforcement Crom_b = 35 mm
Nominal cover to side reinforcement Cnom_s = 35 mm
Support A

YR

N A 4 x 169 bars

g; i 4 x By shear legs at 200 c/c

| s s s d 5 x 16¢ bars
4 SRS 1 1) [O— "‘.

Rectanguiar section in flexure {(Section 6.1)
Minimum moment factor (c.9.2.1.2(1)) B =025
Design bending moment M = max(ahs(Ma red), B1 % abs(Ms1_red)) = 64 KNm
Depth to tension reinforcement d=h-Cromt- - dep/2=2399 mm
Percentage redistribution mm=0%
Redistribution ratio 8 = min{1 - mmw, 1} = 1.000

K=M/(bxd?xix) = 0.038
K'=0.508 x §- 0.181 x & - 0.21 = 0.207
K'> K - No compression reinforcement is required

Lever arm z=min{({d/2) x[1 + (1-3.53 x K}*%), 0.95 x d) = 379 mm
Depth of neutral axis x=25x(d-2z)=50mm

Arez of tension reinforcement required Asreq = M/ (fy % 2) = 390 mm?

Tension reinforcement provided 4 x 169 bars

Area of tension reinforcement provided As.prov = B04 mm?

Minimum area of reinforcement (exp.9.1N) As,min = Max(0.26 x fem / fw, 0.0013) xb x d = 210 mm?2

Maximum area of reinforcement (cl.9.2.1.1(3)) As,max = 0.04 x b % h = 6300 mm?
PASS - Area of reinforcement provided Is greater than area of reinforcement required

Minimum bottom reinforcement at supporis

Minimum reinforcement factor (¢1.9.2.1.4(1}) Pz = 0.25

Area of reinforcement to adjacent span Agspan = 2513 mm?

Minimum bottom reinforcement to support A min = B2 X Asspan = 628 mm?
Boltom reinforcement provided 5 x 16¢ bars

Area of bottom reinforcement provided Aszprov = 1005 mm?

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

Rectanguiar section in shear (Section 6.2)

Design shear force at support A Vedmax = abs{max{Va_mex, Va_red)) = 1895 kN

Angle of comp. shear strut for maximum shear Omax = 45 deg

Maximum design shear force {exp.6.9) VRdmer = b X Z % v1 X fea / (COt{Brmax) + 1AN(Bmax)} = 505 kN
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PASS - Design shear force at support Is less than maximum design shear force

Design shear force span 1 at 399 mm VEs = max{VA_s1_mex, VA_s1_red) = 177 kN
Design shear stress ved = VEd / (b % 2) = 1.333 N/mm?
Strength reduction factor (¢1.6.2.3(3)) vi= 0.6 x[1 - fu / 250 N'mmé] = 0.528
Compression chord coefficient (cl.6.2.3(3)) cew = 1.00

Angle of concrete compression strut (¢}.6.2.3)
6 = min{max(0.5 x Asin[min(2 x vea / (0w X fod x v1),1)], 21.8 deg), 45deg) = 21.8 deg
Area of shear reinforcement required (@xp.6.13) Asvreq = vEd X b { (I % coOt(8)} = 429 mm%m
Shear reinforcement provided 4 x 8¢ legs at 200 ¢/c
Area of shear reinforcement provided Aevprev = 1005 mm¥m
Minimum area of shear reinforcement (exp.9.5N)  Asvmin = 0.08 N/mm?2x b X {fes / 1 N/mm?)°5 / §x = 307 mm2/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing (exp.9.6N) Svmax = .75 x d = 289 mm
PASS - Longitudingl spacing of shear reinforcement provided is less than maximum

Crack control (Section 7.3)

Maximum crack width wi = 0.3 mm
Mean value of concrete tensile strength foton = fom = 2.9 N/mm?
Stress distribution coefficient ke= 0.4

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

Depth of tensile zone her = h - x = 400 mm

Area of concrete in the tensile zone Aa = her xb = 140044 mm?

Adjusted maximum bar diameter {exp.7.6N) Gmod = diop % (2.9 Nfmm?2 / ferent} X 2 x (h - d) / (ke x her) = 10 mm
Maximum adjusted bar diameter ¢max = 32 mm

Tension bar spacing Soar = (b - 2 (Crom_s + ¢v} - drop) / (Niop - 1) = B3 mm

Maximum tension bar spacing Smax = 300 mm

Minimurn allowable bar spacing Smin = Max(dwe, hegg + 5 mm, 20 mm) + ¢up = 41 mm

Maximum stress permitted (Tables 7.2N & 7.3N)  o©: = 280 N/mm?
Minimum area of reinforcement required (exp.7.1) Ascrmin = ke X K X faen X Act/ Gs = 559 mm?®
PASS - Area of tension reinforcement provided exceeds minimum required for crack control
PASS - Actual bar spacing exceeds minimum allowable

Mid span 1
x
3 x 204 bars
g 7 x By shear lags at 200 c/fc
-4 x 20¢ b
- 4 : 2& ba:
i A

Muttiple layers of bottom reinforcement
Reinforcement provided - layer 1 4 x 20¢ bars
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Area of reinforcement provided - layer 1 As 11 = 1257 mm?

Depth to layer 1 du1 = 397 mm

Reinforcement provided - layer 2 4 x 200 bars

Area of reinforcement provided - layer 2 As 12 = 1257 mn¥

Depth to layer 2 diz = 352 mm

Total area of reinforcement Asprov = As_L1 + A L2 = 2513 mm?

Centroid of reinforcement oot = {Aa 1 X dut + Astz X di2) / Aspov = 375 mm

Rectangular section in flexure (Section 6.1) - Positive midspan moment

Design bending moment M = abs(Msi_red) = 257 kNm

Depth to tension reinforcement d = doat = 375 mm

Percentage redistribution M1 = Mst_red / Met_mex- 1=05%

Redistribution ratio 8 = min{1 - mre1, 1) = 1.000

K=M/(bxd?xfx)=0.175
K'=0.598 x 5- 0.181 x & - 0.21 = 0.207
K'> K - No compression reinforcement Is required

Lever arm z=min({d / 2) x[1 + {1 - 3.53 xK)°9), 0.95 x d) = 303 mm
Depth of neutral axis ¥=25x{d-2)=178 mm

Area of tension reinforcement required Asreq = M/ (fya X 2) = 1949 mm?

Tension reinforcement provided 4 % 20 ¢bars + 4 x 20 ¢bars

Area of tension reinforcemant provided Asprov = 2513 mm?

Minimum area of reinforcement (exp.9.1N) Agmin = max(0.26 x fam / fy, 0.0013) x b x d = 197 mm2

Maximum area of reinforcement (¢).8.2.1.1(3}} Aamax = 0.04 x b > h = 6300 mm?
PASS - Area of reinforcement provided Is greater than area of reinforcement required

Rectangular section In shear (Section 6.2)
Shear reinforcement provided 7x8¢legs at 200 c/c
Area of shear reinforcement provided Asvprov = 1759 mme/m
Minimum area of shear reinforcement (exp.9.5N)  Asvmin = 0.08 N/mm? x b x {fex / 1 N'mm®)®5 / {4 = 307 mm?m
FASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing (exp.9.6N) svimax = 0.75 x d = 281 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
Design shear resistance {assuming cot{8) is 2.5)  Vorev = 2.5 X Awprv X Z X fra = 578.9 kN
Shear links provided valid between 0 mm and 5400 mm with tension reinforcement of 2513 mm?

Crack control (Section 7.3)

Maximum crack width wi = 0.3 mm
Mean value of concrete tensile strength feten = fum = 2.9 N/mm?2
Stress distribution coetficient ke=0.4

Non-uniform self-equilibrating stress coefficient k = min{max{1 + (300 mm - minh, b)) x 0.35 / 500 mm, 0.65}, 1) =
0.97

Depth of tensile zone he =h - x = 272 mm

Area of concrete in the fensile zone Act = her x b = 85178 mm?

Adjusted maximum bar diameter {exp.7.6N) ¢mod = GootL1 % (2.9 N/mm? / foren) x 2 X (h - d} / (ks X her) = 28 mm
Maximum adjusted bar diameter Omex = 32 mm

Tension bar spacing Sbar = (b - 2 3¢ (Crom_s + ¢v) - Poor1a) / (Nbors1 - 1) = 81 mm
Maximum tension bar spacing Smax = 300 mm

Minimum allowable bar spacing Smin = Max{duotL1, Nagg + 5 MM, 20 mm} + doats = 45 mm

Maximum stress permitted (Tables 72N & 7.3N) s = 160 N/mm?
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Minimum area of reinforcement required (exp.7.1)  Ascmin = ke x K X fetet X Act / 0s = 665 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Deflection control (Section 7.4)
Reference reinforcement ratic

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor (Table 7.4N)
Basic allowable span to depth ratio (7.16b)

Reinforcement factor (exp.7.17)

Flange width factor

Long span supporting brittle partition factor
Allowable span to depth ratio

Actual span 1o depth ratio

SupportB
L
g
1
i i

.

Rectangular section in flexure (Section 6.1)
Minimum moment factor (cl.9.2.1.2(1))

Design bending moment

Depth fo tension reinforcement

Pearcentage redistribution

Redistribution ratio

Lever amn

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

f T—'_'—._. 5 x 164 bars

e s J 4 x 164 bars

X [ER_ I S e

PASS - Actual bar spacing exceeds minimum allowable

pmo = {fe / 1 N/mm?)*# 7 1000 = 0.005

Pm = Asreq / (b x d} =0.015

p'm = Aszreq / (b x d) = 0.000

Ko = 1.0

span_to_depthvesic = Ko X [11 + 1.5 x (fox / 1 N/mm2)°5 x pmo / (pm - p'e)
+ (foc /1 N/mm?)®5 x (p'm / pmo)®5 / 12] = 14.026

Ks = min(Asprov / Asreq X 500 Nfmm? / fy, 1.5) = 1.289

F1 = 1.000

F2 = 1.000

span_to_depthatow = min(span_to_depthess x Ks x F1 x F2, 40 x Kp} =
18.086

span_to_depthectsi = Ls1 / d = 14.419
PASS - Actual span to depth ratio Is within the allowable imit

4 x B4 shear legs at 200 c/c

350 - by

B =025
M = max{abs{M rea}, B1 3 abs(Ms1_red)) = 84 kNm
d = h - Coom_t - v - dop / 2 = 398 mm
me =0 %
& = min{1 - ms, 1) = 1.000
K=M/ (b x d®x fx) = 0.038
K'=0598x8-0.181 x& - 0.21 = 0.207

K'> K - No compression meinforcement is required
z=min((d/2) x[1 + (1 - 3.53 x K)>%}, 0.95 xd) = 379 mm
x=25x%(d-2z)=50mm
Asreqg= M/ (fyo x Z} = 380 mm?
5x 16¢ bars
Asgov = 1005 mm?
Asmia = max(0.26 x fom / f, 0.0013) x b x d = 210 mm?
Asmax = 0.04 x b x h = 6300 mm?
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PASS - Area of reinforcement provided is grealer than area of reinforcement required
Minimum bottom reinforcement at supporis

Minimum reinforcement factor (cl.9.2.1.4(1)) Bz =0.25

Area of reinforcement to adjacent span Asspan = 2513 mm?

Minimum bottom reinforcement to support Aszmin = B2 X Asspen = 628 mm?
Bottom reinforcement provided 4 x 16¢ bars

Area of bottom reinforcement provided Acz prov = 804 mm?

PASS - Area of reinforcement provided Is greater than minimum area of reinforcement required
Rectangular section in shear (Section 6.2)

Design shear force at support B Vedmax = abs(max(Ve_max, Va_rea)) = 190 kN
Angle of comp. shear strut for maximum shear Omax = 45 deg
Maximum design shear force {exp.6.9) Vidmex = b X Z % v1 X fod 7 {CO1(Bma) + 1aN(Omax)) = 586 kN
PASS - Design shear force at suppori Is less than maximum design shear force
Design shear force span 1 at 5001 mm Ve = abs{min(Ve_si_max, Ve s1_red)) = 172 kN
Design shear stress VEd = Vea / (b x 2} = 1.285 N/mm?
Strength reduction factor (cl.6.2.3(3}) vi = 0.6 x [1 - f« / 250 N/'mm?] = 0.528
Compression chord coefficient (¢l.6.2.3(3)) oew = 1.00

Angle of concrete compression strut {¢l.6.2.3)
€ = min(max(0.5 x Asin[min(2 x Ved / (Ctow % Ica % w1),1)], 21.8 deg), 45deg) = 21.8 deg
Area of shear reinforcement required (exp.6.93)  Asvreq = Ved X b / (fye % cot(8)) = 417 mm3/m
Shear reinforcement provided 4 x B¢ legs at 200 c/c
Area of shear reinforcement provided Asvgrov = 1005 mmé/m
Minimum area of shear reinforcement (exp.9.5N)  Asvmin = 0.08 Nfmm? x by x (fex/ 1 N/'mm?)®5 / f = 307 mm?/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing (exp.9.6N) svumax = 0.75 x d = 209 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Crack control (Section 7.3)

Maximum crack width wk = 0.3 mm

Mean vaiue of concrete tensile strength ferett = fum = 2.9 Nfmm?
Stress distribution coefficient ke=0.4

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

Depth of tensile zone he = h - x = 400 mm

Area of concrete in the tensile zone Aa = her x b = 140044 mm?

Adjusted maximum bar diameter (exp.7.6N) Omod = tuop X (2.9 N/Mm?Z / feren) X 2 X (h - d) / {ke X her) = 10 mm
Maximum adjusted bar diameter Pmax = 32 mm

Tension bar spacing Sbar = (b - 2 X (Cnom_s + {v) - iog) / (Niop - 1) = 62 mm

Maximum tension bar spacing Smax = 300 mm

Minimum allowable bar spacing Smin = Max{$rwp, Nagg + 5 mm, 20 mm} + $o = 41 mm

Maximum stress permitted (Tables 7.2N & 7.3N)  o: = 280 N/mm?
Minimum area of reinforcement required (exp.7.1)  Ascmin = Ko X K X foen X Aa/ Gs = 559 mm?
PASS - Area of lension reinforcement provided exceeds minimum required for crack control
PASS - Actual bar spacing exceeds minimum allowable
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RC BEAM ANALYSIS & DESIGN (EN1992-1)
In accordance with UK national annex

TEDDS calculation: version 2.1.13

Y
mm ) 2650 |
A 1 B
Uniactored Losds Bolf weight Included
£5.000 Permanent [N
0.0
mm | 2650 |
A 1 -
Load Envalops - Combination 1
80.505
0.0-
mm | 2650 i
A 1 —

Load Combination 1 (shown In proportion)
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KNm Bending Moment Envelope
0.0
70,686

Shear Force Envelopa

106.670
o | 2850 msvl
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained
Rotationally free
Applled loading
Permanent self welght of beam x 1
Span 1 loads Permanent UDL 46.000 kN/m from 0 mm to 2650 mm
Variable UDL 6.700 kN/m from 0 mm to 2650 mm
Load combinations

Load combination 1

Analysis results

Maximum moment support A

Maximum moment span 1 at 1325 mm

Maximum moment support B

Maximum shear support A

Maximum shear support A span 1 at 397 mm
Maximum shear support B

Maximum shear support B span 1 at 2250 mm
Maximum reaction at support A

Unfactored permanent load reaction at support A
Unfactored variable load reaction at support A
Maximum reaction at support B

Linfactored permanent load reaction at support B

Support A Permanent x 1.35

Variable x 1.50
Span 1 Permanent x 1.35

Variable x 1.50
Support B Permanent x 1.35

Variable x 1,50
Ma_max = 0 kNm Ma_red = 0 kNm
Met_max = 71 KNm Mat_red = 71 kNm
Me_max = D KNm Mb_red = 0 kNm
Va_max = 107 kN Va_red = 107 kN
Va_si_man = 75 kN Va s1_red = 75 KN
VB__mn =-107 kN VB_md ==-107 kN
VB s1_max = -7T4 kN Ve_s1_red = 74 kN
Ra =107 kN

Ra_permanem = 69 kN
RA_Varinble =9 kN
Re = 107 kN
Rb_rermancnt = 69 kN
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Unfactored variable load reaction at support B Re_varacie = 9 kN

Rectangular section details
Section width b = 5§50 mm
Section depth h = 450 mm

450

‘_
@
8
v

Concrete detalls (Table 3.1 - Strength and deformation characteristics for concrete)

Concrete strength class C35/45
Characteristic compressive cylinder strength f = 35 N/mm?

Characteristic compressive cube strength fokcube = 45 N/mm?2

Mean value of compressive cylinder strength fem = fox + 8 N/mm? = 43 N/mn?

Mean vaiue of axial tensiie strength fom = 0.3 N/fmm? x (fa/ 1 N/mm?)™@ = 3.2 N/mm?®
Secant modulus of elasticity of concrete Eom = 22 kN/mm? x [fom/10 N/mm3]®® = 34077 Nimm?
Partial factor for concrete (Table 2.1N) Yo =150

Compressive strength coefficient (c1.3.1.6(1)) Occ = 0.85

Design compressive concrete strength (€xp.3.15)  fog = oo x fax /yc = 19.8 N/mm?

Maximum aggregate size hagg = 20 mm

Reinforcement details

Characteristic yield strength of reinforcement fw = 500 N/mm?

Partial factor for reinforcing steet (Table 2.1N) =115

Design yield strength of reinforcement fyo = fi / ¥s = 435 N/mm?

Nominal cover to reinforcement

Nominal cover to top reinforcement Cnom_t = 35 mm

Nominal cover 1o bottom reinforcement Crom_b = 35 mm

Nemina! cover to side reinforcement Cnom_s = 35 mm

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

In accordance with EN1883-1-1:2005 incorporating Corrigenda February 2006 and April 2008 and the UK national

annex
TEDDS caleulation version 3.0.06
Load Envalops ~ Combination 1
253.110
o0 L i
mm | 3400 1 5100 |
A 1 B H [+
Envel
. ‘::7: Mh-lcg‘:l:mm ope
" r—ﬂf — }.\/
1
563,665 ST
mm | 3400 1 5100 I
A 1 B 2 [}
Bhear Foree Envelops
-y 00,2
125.7
0.0 N
-534.183 2501 5343
mm ] 3400 i 5400 ]
A 1 ] 2 [+
Support conditions
Support A Vertically restrained
Rotaticnally free
Support 8 Vertically restrained
Rotationally free
Support C Vertically restrained
Rotationally free
Applied loading
Beam loads Permanent self weight of beam x 1
Span 1 loads Permanent UDL 115 kN/m from 0 mm to 3400 mm
Variable UDL 16 kN/m from 0 mm to 3400 mm
Span 2 loads Permanent UDL 155 kN/m from 0 mm te 5100 mm

Variable UDL 28 kN/m from 0 mm 1o 5100 mm
Permanent point load 29 kN at 1200 mm
Variable point load 2.9 kN at 1200 mm
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Load combinations
Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Span 1 Permanent x 1.35
Varigble x 1.50
Support B Permanent x 1.35
Variable x 1.50
Span 2 Permanent x 1.35
Variable x 1.50
Support C Permanent x 1.35
Variable x 1.50
Analysis resulis
Maximum moment Mmax = 563.7 kNm Mmin = -618.6 kNm
Maximum moment span 1 Mss_max = 43.6 kNm Ms1_min = -619.6 kNm
Maximum moment span 2 Ms2_mex = 563.7 kNm Mez_min = -619.6 kNm
Maximum shear Vimax = 800.2 kN Vmin = =534.2 kN
Maximum shear span 1 Ver_max = 125.7 kN Vit_mn = -490.1 kN
Maximum shear span 2 V2 max = 800.2 kN Viz_min = -534.2 kN
Deftection Smax = 12.8 mm Bmin = 1.6 mm
Deflection span 1 8s1_max = 0 mm Bet_min = 1.6 mm
Deflection span 2 Bs2_max = 12.8 mm Bs2_min = 0 M
Maximum reaction at support A Ra_max = 125.7 kN Ra_min = 125.7 kN

Unfactored permanent loed reaction at support A Fa_pemanen = 84.2 kN

Unfactored variable load reaction at support A Ra_variabia = 8 kN

Maximum reaction at support B Re_max = 1280.3 kN Re_min = 1280.3 kN
Unfactored permanent load reaction at support B Re_Pemanent = 808.2 kN

Unfactored variable load reaction at support B Re_variabie = 132.8 kN

Maximum reaction at support C Rc_max = 534.2 kKN Re_min = 634.2 kN
Unfactored permanent load reaction at support C  Rc_pemenem = 329.8 kN

Unfactored variable load reaction at support C Rc_variable = 59.3 kN

Section detalls

Section type RHS 400x200x16.0 (Corus Celsius)

Steel grade 5275H

EN 10210-1:2006 - Hot finished structural hollow sections of non-alloy and fine grain steels
Nominal thickness of element t=16.0 mm

Nominal yield strength fy = 275 N/mm?

Nominal ultimate tensile strength fu = 410 N/mm?

Modulus of elasticity E = 210000 N/mm?
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Partial factors - Section 6.1
Resistance of cross-sections ™o = 1.00
Resistanca of members to instability ™ =1.00
Resistance of tensile members to fracture e = 1.10
Lateral restraint
Span 1 has lateral restraint at supporis only
Span 2 has full lateral restraint
Effective length factors
Effective length factor in major axis Ky = 1.000
Etfective length factor in minor axis Kz = 1.000
Effective length factor for torsion Kita = 1.000
Kirs = 1.000
Kirc = 1.000

Classification of cross sections - Section 5.5
e = V[235 N/mm? / fy] = 0.92

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

Width of section c=h-3xt=352mm
C/t=238xe<=T2x%E Class 1
Iinternal compression parts subject to compression only - Table 5.2 (sheet 1 of 3)
Width of section c=b-3xt=152 mm
c/t=103xe<=33x¢ Class 1
Section Is class 1
Check shear - Section 6.2.6
Height of web hw=h-2x1t=368 mm
Shear area factor 1 =1.000
hw/t<72xe/7
Shear buckling resistance can be ignored
Design shear force VEd = max{abs(Vma), abs{Vmin)) = 800.2 kN
Shear area - ¢l 6.2.6(3) Av=Axh/(b+h)=11934 mm?

Design shear resistance - cl 6.2.6(2) Vese = Viora = Av X (fy / V[3]) / yvo = 1894.8 kN




Praject Job na.
Tedds 45 Maresfield Gardens NW3 London 14.073

Martin Redston Associales Calcs for Start page no./Revision
6 Hale Lane Beam RHS 400x200x16 T23
Londan Caks by Calcs date Chacked by Checked date Approvedby | Approved date
NW7 INX RS 13/06/2014

PASS - Design shear resistance exceeds design shear force

Check bending moment at span 1 major (y-y) axis - Section 6.2.5
Design bending moment Mes = max{abs(Ms1_ma), abs(Ms1_min)) = 618.6 kNm
Design bending resistance moment - eq 6.13 Mero = Mpira = Wiy x fy / wo = 620.3 kNm
PASS - Design bending resistance moment exceeds design bending moment

Check vertical defiection - Section 7.2.1
Consider deflection due to permanent and vatiable loads
Limiting deflection 8im = min(14 mm, Le2 / 360) = 14 mm
Maximum deflection span 2 & = max{abs(Bmex), abs(Buin)) = 12.76 mm
PASS - Maximum deflection does not exceed defiection Hmit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1893-1-1:2005 incorporating Corrigenda February 2006 and April 2008 and the UK national
annex

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis resulis
Maximum moment Mmax = 171.2 kNm Mumin = 0 kNm
Maximum shear Vimax = 297.8 kN Viin = -207.8 kN
Deflection Smax = 0.6 mm fimin = 0 mm
Maximum reaction at support A Ra_max = 207.8 kN Ra_min = 297.8 kN

Unfactored permanent load reaction at support A Ra_rermanem = 182.7 kN

Unfactored variable load reaction at support A Ra_varisbie = 34.6 kN

Maximum reaction at support B Rs max= 297.8 kN Ro_min = 207.8 kN
Unfactored permanent load reaction at support B Re_rermenem = 182.1 kN

Unfactored variable load reaction at support B Re_variaie = 34.6 kN

Section details

Section type UC 203x203x86 (BS4-1) Steel grade §275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 288 kN Design shear resistance Verd = 469.6 kN

PASS - Design shear resistance exceeds design shear force
Combined bending and shear - Section 6.2.8

Check bending moment - Section 6.2.5
Design bending moment Med = 171.2 kNm Des.bending resist moment  Mcgs = 240.2 KNm
PASS - Design bending resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider defiection due to variable loads
Limiting deflection Oim = 6.4 mm Maximum deflection 8§ =0.553 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)
In accordance with EN1993-1-1:2005 incorporating Corrigenda Febnsary 2006 and April 2009 and the UK national
annex

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 204.3 kNm Mmin = 0 kNm
Maximum shear Vmax = 341.7 kN Vinin = -189.3 kN
Deflection Omax = 1 mm Smin= 0 mm
Maximum reaction at support A Ra_max = 341.7 kN Ra_min = 341.7 kN

Unfactored permanent load reaction at support A Ra_permanent = 217.4 kN

Uniactored variable load reaction at support A RA_varisbie = 32.2 kN

Maximum reaction at support B Re_max = 189.3 kN Re_min = 189.3 kN
Unfactored permanent load reaction at support B Re_permenen = 124.7 kKN

Unfactored variable load reaction at support B Re_variebie = 14 kN

Section detalis

Section type UC 203x203x86 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 342 kN Deslgn shear resistance Verd = 469.6 kN

PASS - Design shear resistance exceeds design sheer force
Combined bending and shear - Section 6.2.8

Check bending moment - Section 6.2.5
Design bending moment Mes = 204.3 kNm Des.bending resistmoment  Mcrg = 205.F KNm
PASS - Design bending resistance moment exceeds design bending moment

Check vertical defiection - Section 7.2.1
Consider deflection due to variable loads
Limiting deflection 8im = 9.4 mm Maximum deflection & =1.004 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1853-1-1:2005)
In accordance with EN1893-1-1:2005 incorporating Corrigenda February 2006 and Aprll 2008 and the UK national
annex

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotaticnally free
Support B Venrtically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 65.6 kNm Muin = 0 kNm
Maximum shear Vimax = 38.1 kN Vimin = <61 kN
Deflection Gmax = 4.4 mm Brmin = 0 mm
Maximum reaction ai support A Ra_max = 38.1 kN Ra_min = 38.1 kN

Unfactored permanent load reaction atsupport A RA_penmanent = 28.1 kN

Unfactored vanable load reaction at support A Ra_variavle = 0.1 kN

Maximum reaction at support B Ra max = 61 kN R min = 61 kN
Unfactored permanent load reaction at suppori B Re_fenmanent = 43.9 kN

Unfactored variable load reaction at support B Re_variabte = 1.1 kN

Section detalls

Section type UC 203x203x71 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 61 kN Design shear resistance Vero = 371.4 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 65.6 kNm Des.bending resistmoment  Mcra = 211.7 kNm

Slendemess ratio for lateral torsional buckling
LTB slenderness ratio Mr=0516 Limiting slendemess ratio Ao = 0.400

Air> Aure - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist. moment  Myrd = 207.1 kNm
PASS - Design buckiing resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent loads
Limiting deflection Oin = 15.8 mm Maximum deflection §=4.445mm
PASS - Maximum deflection does not exceed deflection limit
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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 3.0.06

Support conditions
Support A Venrtically restrained

Rotationally free
Suppont B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 2.4 kNm Mmin = 0 kNm
Maximum shear Vimax = 3.7 kN Vmin = -3.7 kN
Deflection Bmax = 0.2 mm 8imin = 0 mm
Maximum reaction at support A Ra_max = 3.7 kN Ra_min = 3,7 kN
Unfactored permanent load reaction at support A Ra_rermanem = 2.7 kN
Maximum reaction at support B Re_max = 3.7 kN Re_min = 3.7 kN
Unfactored permanent load reaction at support B Aa_pemanent = 2.7 kN
Section detalis
Section type UB 203x133x25 (B8S4-1) Steel grade 8275
Section classification Class 1
Check shear - Section 6.2.6
Design shear force Ved=4 kN Design shear resistance Verd = 203.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Mes = 2.4 kNm Des.bending resist moment  Megrs = 70.9 kNm

Slendemess ratio for lateral torsional buckiing
LTB slenderness ratio At = 0.704 Limiting slendemess ratio Atto = 0.400
Air> Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckiing resistmoment  Mesd = 63.4 kNm
PASS - Design buckling resistance moment exceeds desipn bending moment

Check vertical deflection - Section 7.2.1
Cansider deflection due to permanent and variable loads
Limiting deflection Sim = 7.1 mm Maximum deflection 5 =0.24 mm
PASS - Maximum deflection does not exceed defiection limit
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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 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum momenit Mmzx = 39.5 kNm Mmin = 8 kNm
Maximum shear Vmax = 31.6 kN Vimin = =31.6 kN
Deflection Smax = 7.4 mm &min = 0 mm
Maximum reaction at support A Ra_max = 31.6 kN Ra_mi = 31.6 kN

Unfactored permanent load reaction atsupport A Ra_Permanent = 7.1 kN
Unfactored variable load reaction at support A Ra_varisbie = 14.6 kN
Maximum reaction at support B Re_mac = 31.6 KN Ra_min = 31.6 kN
Unfactored permanent load reaction at support B Re_permanent = 7.7 kN
Unfactored variable load reaction at support B Re_variahle = 14.6 kN

Section details

Section type UC 203x203x46 (BS4-1) Steel grade $275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 32 kN Design shear resistance Vera = 269.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Sectlon 6.2.5
Design bending moment Med = 39.5 kNm Des.bending resist. moment  Meurs = 136.8 kNm

Slendemess ratio for lateral torsional buckding
LTB slenderness rafio At =0.708 Limiting slendemess ratio %ito = 0.400

Aur> 2iro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mogd = 121.9 kNm
PASS - Dasign buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection Bim = 13.9 mm Maximum deflection 5 =7.383 mm
PASS - Maximum deflection does not exceed defiection iimit
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TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004
In accordance with EN1895-1-1:2004 + A1:2008 and Corrigendum No.1 and the UK National Annex incorporating
National Amendment No.1

TEDDS calculation version 1,5.07

Analysis results

Design moment M = 2.563 kNm Design shear F =7.885 kN
Total load on member Wia = 15.770 kN

Reactions at support A Ra_mex = 7.885 kN Ra_mn = 7.885 kN

Unfactored permanent load reaction at support A Ra_Permanem = 1.616 kN
Unfactored variable load reaction at support A Ra_veriave = 3.803 kN
Reactions at support B Re_mex = 7.885 kN Re_min = 7.885 kN
Unfactored permanent load reaction atsupport 8 Re pemaneat = 1.616 kN
Unfactored variable load reaction at support B Ra varianie = 3.802 kN

Timber sectlon details

Breadth of section b =100 mm Depth of section h = 250 mm
Number of sections N=1 Breadth of member bt = 100 mm
Timber strength class C24
Member details
Service class of timber 1 Load duration Long-term
Length of bearing Ly = 100 mm
Compression perpendicular to grain - ¢1.6.1.4
Design compressive stress  Gesod = 0.769 N/mm? Design compressive strength  fre0q = 1.346 N/mm?

PASS - Design compressive strength exceeds design compressive stress at bearing
Bending - cf 6.1.6
Design bending stress Gmd = 2.460 N/mm? Design bending strength fmd = 12.923 N/mm?

PASS - Design bending strength exceeds design bending siress

Shear - ¢l.6.1.7
Applied shear stress w = 0.706 N/mm? Permissible shear stress fva = 2.154 N/mm?

PASS - Design shear strength exceeds design shear siress

Deflection - cl.7.2
Deflection limit &im = 5.200 mm Total final deflection S0 = 0.442 mm

PASS - Total final deflection is less than the defiection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)
In accordance with EN18983-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS cafculation version 3.0.06

Support conditions
Suppor A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 119.7 kNm Min = 0 kNm
Maximum shear Vmax = §1.3 kN Vmin = -119.6 kN
Deflection Omax = 7.1 mm Brmin = 0 mm
Maximum reaction at support A RA_max = 81.3 kN RAa_min = 91.3 kKN

Unfactored permanent foad reaction at support A Ra_rermanent = 56.6 kN

Unfactored variable lpad reaction at support A Ra_varisble = 9.9 kN

Maximum reaction at support B Re_mex = 119.6 kN Re_min = 119.6 kN
Unfactored permanent load reaction at support B Re_pemanent = 77.6 kN

Unfactored variable load reaction at support B Ri_variahie = 8,9 kN

Section detalls

Section type UC 203x203x60 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ved = 120 kN Design shear resistance Verd =351.8 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 119.7 kNm Des.bending resist. moment  Mcro = 180.4 kNm

Slendemess ratio for tateral torsionat buckling
LTB slenderness rafio Ar=0.493 Limiting slendemess ratio ro = 0.400
Xur> Juvo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resistmoment  Mepd = 178.1 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 Sim = 8.3 mm Maximum deflection 8 =7.08 mm
PASS - Maximum deflection does not exceed deflaction limit
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STEEL BEAM ANALYSIS & DESIGN (EN1893-1-1:2005)

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

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotationzally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmex = 58.2 kNm Mmin = 0 kNm
Maximum shear Vmex = 102.9 kN Vmin = »102.9 kN
Deflection Omex = 2,7 mm Bmin = 0 mm
Maximurn reaction at support A Ra_max = 102.9 kN Ra_min = 102.9 kN

Uniactored permanent load reaction at support A Ra_permanent = 71 kN

Unfactored variable load reaction at support A RA_variable = 4.7 kN

Maximum reaction at support B Ra_max = 102.9 kN Rs_min = 102.9 kN
Unfactored permanent load reaction at support B Re_pemmanen = 71 kN

Uniactored variable load reaction at support B Re_vaiave = 4.7 kN

Section detalls

Section type 2 x UB 203x102x23 (BS4-1)  Steel grade §275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force Ves = 103 kN Design shear resistance Verd = 383.1 kN

PASS - Design shear resistance exceeds design shear force
Check bending moment - Section 6.2.5

Design bending moment Med = 59.2 kNm Des.bending resist. moment  Mcse = 128.7 kNm
Slendemess ratio for lateral torsional buckting
LTB slendarness ratio hir=0.794 Limiting slendemess ratio Airo = 0.400

Aur> Jixo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mord = 108.9 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 Oim = 6.4 mm Maximum deflection 5=2714mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1883-1-1:2005)
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calculation version 3.0.06

Support conditions
Support A Vertically restrained

Rotationally free
Support B Verlically restrained

Rotationally free
Analysis resuits
Maximum moment Mmex = 36.3 kNm Mmin = 0 kNm
Maximum shear Vimax = 41.5 kN Vmin = «41.5 kN
Deflection Omax = 6.7 mm Omin = 0 mm
Maximum reaction at support A Ra_max = 41.5 kN Ra_min = 41.5 kN

Unfactored permanent load reaction at support A Ra_permanen = 17.9 kN

Unfactored variable loed reaction at support A Ra_varebie = 11,6 kN

Maximum reaction at support B Re_max = 41.5 kN Re_min = 41,5 kN
Unfactored permanent load reaction at support B Re_permanent = 17.9 kN

Unfactored variable load reaction at support B R _vediabie = 11.6 kN

Section details

Saction type UB 203x133x25 (BS4-1) Steel grade 8275

Section classification Class 1

Check shear - Sectlon 6.2.6

Dasign shear force Ved =42 kN Design shear resistance Verd = 203.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 36.3 kNm Des.bending resistmoment  Mcrd = 70.9 kNm

Slendemess ratio for lateral torsional buckling
LTB slenderness ratio i =0.904 Limiting slendemess ratio ATo = 0.400
Air> Aino - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resist.moment  Mead = 55.3 kNm
PASS - Design buckling resistance moment exceeds design bending moment

Check vertical deflectlon - Section 7.2.1
Consider deflection due 1o permanent and variable loads
Limiting deflection dim = 9.7 mm Maximum deflection 6 = 6.698 mm
PASS - Maximum deflection does not exceed deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)
In accordance with EN1883-1-1:2005 incorporating Corrigenda February 2006 and April 2008 and the UK nationat
annex

TEDDS calculation version 3.0.08

Support conditions
Support A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 36.3 kKNm Muin = 0 kNm
Maximum shear Vinax = 41.5 kN Voo = ~41.5 kN
Deflection dmax = 6.7 mm Smin = 0 mm
Maximum reaction at support A Ra_max = 41.5 kN Ra_min = 41.5 kN

Unfactored permanent load reaction at suppori A  Ra_permanem = 17.9 kN

Unfactored variable load reaction at support A Ra_veriavie = 11,6 kN

Maximum reaction at support 8 Re_max = 41.5 kN Ra_min = 41.5 kN
Unfaciored permanent load reaction at support B Re_permanent = 17.9 kN

Unfactored variable load reaction at support B Rb_vaistte = 11.6 kN

Saction detalls

Section type UB 203x133x25 (BS54-1) Steel grade §275

Section classification Class 1

Check shear - Section 6.2.6

Design shear force VEd = 42 kN Design shear resistance Vend = 203.5 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment - Section 6.2.5
Design bending moment Med = 36.3 kNm Des.bending resistmoment  Mcra = 70.9 kNm

Slendemess ratlo for lateral torsional buckling
LTB slenderness ratio M1 =0.804 Limiting slendemess ratio ALTo = 0.400

Aur> Zivo - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Des.buckling resistmoment  Mokd = 55.3 kNm
PASS - Design buckling reslstance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection dim = 8.7 mm Maximum deflection & = 6.698 mm
PASS - Maximum deflection does not exceed deflection imit
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STEEL COLUMN DESIGN (EN 1893-1-1)
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK nationa!l

annex

TEDDS calcuiation version 1.0.09
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Column and loading details
Column detalls
Column section RHS 300x150x16.0
System length y axis buckding Ly= 6500 mm System length z axis buckling L. = 6500 mm
Sway

The column Js not part of a sway frame in the direction of the z axis
The column is not part of a sway frame in the direction of the y axis

Column loading

Axial load Nea = 670 kN (Compression)

Moment about y axis atend 1 Myza: = 0.0 kNm Moment aboul y axis atend 2 Myew = 0.0 kNm

Moment about z axis at end 1 Megd1 = 104.0 kNm Mement about 2 axis atend 2 Mzexe = 0.0 kNm
Single curvature bending about z axis

Shear force parallel to zaxis  Vzee= 0 kN Shear force parallel to y axis  Vyea=0 kN

Materlal detalis

Steel grade 5275

Yield strength fy = 275 N/mm? Uliimate strength fu = 410 N/mm?

Modulus of elasticity E = 210 kN/mm? Shear modulus G = 80.8 kN/mm?

Buckling length for flexural buckling about y axis

End restraint factor Ky = 1.000 Buckling length Lery = 6500 mm

Buckling length for flexural buckling about z axis

End restraint factor Kz = 1.000 Buckling length Lerz = 6500 mm

Section classification (Table 5.2)

Web classification 1 Flange classification 1

The section is class 1

Resistance of cross section {cl. 6.2)

Shear parallel to z axis (cl. 6.2.5)
Design shear force Vegd = 0.0 kN Plastic shear resistance Vplzrd = 1386.7 kN
PASS - Shear resistance parallel to z axis exceeds the design shear force
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Shear parallel to y axis (cl. 6.2.6)

Design shear force

Compression (cl. 6.2.4)
Design force

Vy,Ed =0.0 kN

Ned = 670 kN

Bending about z axis {cl. 6.2.5)

Design bending moment

Vard <= 0.5xVpxna - No reduction in fy required for bending/axial force

M: ka = 104.0 kNm

Combined bending and axial force {cl. 6.2.8)
Bending about z axis (cl. §.2.9.1)

Design bending moment

Buckling resistance (cl. 6.3)

Axial buckling resistance
Flexural buck resist about y

Min. buckling resistance

M:.£d = 104.0 kNm

Noyre = 3019.4 kN
Nupd = 1768.4 kN
PASS - The axial load buckling resistance exceeds the design axial load

Combined bending and axial compression (cl. 6.3.3)

Section utilisation

URe_1 = 0.464

Plastic shear resistance
PASS - Shear resistance parallel to y axis exceeds the design shear force
Vyv.ed <= 0.5xVoiy.ra - No reduction in #, required for bending/axial force

Design resistance
PASS - The compression design resistance exceods the design force

Design resistance

Modified design resistance
PASS - Bending resistance about z axis in presence of axial load exceeds design moment

Fiexural buck resist about z

Section utilisation

Voiy.ra = 603.4 kN

Nche = 3603 kN

Me.zrd = 201.4 kNm
PASS - The bending design resistance about the z axis exceeds the design moment

MnzAc = 189.2 kNm

Nobzra = 1768.4 kN

URs_2 = 0.783
PASS - The buckling resistance is adequate
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STEEL COLUMN DESIGN (EN 1893-1-1)
in accordance with EN1893-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calcutation version 1.0.09
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Column and loading detalls
Column detalls
Column section UC 254x254x107
System length y axis buckling Ly= 6000 mm System length z axis buckiing L:= 6000 mm
Sway

The column is not part of a sway frame in the direction of the z axis
The column is not part of a sway frame in the direction of the y axis

Column loading

Axial load Ned = 1445 kN (Compression)

Moment about yaxis atend 1  Myeai = 19.4 kNm Moment about y axis atend 2 My.es = 0.0 kNm
Single curvature bending about y axis

Momenti about zaxis atend 1 Mzes1 = 6.2 kNm Moment about z axis atend 2 Mzewz = 0.0 kNm
Single curvature bending about z axls

Shear force parallel to z axis ~ Vzed = O kN Shear force parallel to y axis  Vyes = O kN

Material details

Steel grade 5275

Yield strength fy = 265 N/mm? Ultimate strength fu = 410 N/mm?

Modulus of elasticity £ = 210 kN/mm? Shear moduius G = B0.B kN/mm?

Buckling length for flexural buckling about y axis

End restraint factor Ky = 1.000 Buckling iength Lery = 6000 mm

Buckling length for flexural buckling about 2 axis

End restraint factor Kz = 1.000 Buckling length Lo 2 = 6000 mm

Section classification (Table 5.2)

Web classification 1 Flange classification 1

The section is class 1

Resistance of cross section (cl. 6.2)

Shear paralle! to z axis {cl. 6.2.6)
Design shear force VzEd = 0.0 kN Plastic shear resistance Vpizrd = 583.0 kN
PASS - Shear resistance paraliel to z axls exceeds the design shear force
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Vigd <= 0.5xVpizna - No reduction in fy required for bending/axial force

Shear parallel to y axis (cl. 6.2.6)
Design shear force Vyed =D.0 kN Plastic shear resistance Voiype = 1503.6 kN
PASS - Shear resistance parallel 1o y axis exceeds the design shear force

Vi.e¢ <= 0.5xVpiy.na - No reduction in 1y required for bending/axial force

Compression (cl. 6.2.4)
Design force Nes = 1445 kN Design resistance Nerd = 3614 kN
PASS - The compression design resistance exceeds the design force

Bending about y axls (cl. 6.2.5)
Design bending moment My.ea = 19.4 kNm Design resistance Meyna = 383.4 kNm
PASS - The bending design resistance about the y axis exceeds the design moment

Bending about z axis (cl. 6.2.5)
Design bending moment Me.es = 6.2 kNm Design resistance Mczra = 184.7 kNm
PASS - The bending design resistance about the z axis exceeds the design moment

Combined bending and axial force (cl. 6.2,9)

Bending about y axis (cl. 6.2.9.1)
Design bending moment My.ed = 19.4 kNm Modified design resistance Muynd = 265.5 kNm
PASS - Bending resistance about y axis in presence of axial load exceeds design moment

Bending about 2z axis (cl. §.2.9.1)
Design bending moment M:ed = 6.2 kNm Modified design resistance MnzRd = 175.1 kNm
PASS - Bending resistance about z axis in presence of axial load exceeds design moment

Bilaxial bending
Section utilisation at end 1 URcs_1 = 0.007 Section utilisation at end 2 URcs 2 = 0.000
PASS - The cross-section resistance is adequate

Buckling resistance (cl. 6.3)

Axial buckling resistance

Flexural buck resist abouty  Noyre= 3027.5 kN Flexural buck resist aboutz  Nozre = 18911 kN
Torsional buck. length factor  Kr=1.00 Torsionalftor flex buck resist  Nutha = 2841.2 kN
Min. buckling resistance Nogd = 1891.1 kN

PASS - The axial load buckling resistsnce exceeds the tlesign axial load

Buckling resistance moment (¢l.6.3.2.1)
Design bending moment My.es = 19.4 kNm
Lat. torsional buck length fact Kur = 1.00 Design buckling resistance mt Mo ps = 393.4 kNm
PASS - The design buckiing resistance moment exceeds the maximum design moment

Combined bending and axial compression (cl. 6.3.3)
Section utilisation URe 1 = 0.539 Section utilisation URs_2 = 0.846
PASS - The buckling resistance Is adequate
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STEEL COLUMN DESIGN (EN 1883-1-1)
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calculation version 1.0.09
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Column and loading details
Column details
Column section UC 203x203x46
System length y axis buckling Ly= 3250 mm System length 2 axis buckling L:= 3250 mm
Sway

The column is not part of a sway frame in the direction of the z axis
The column is not part of a sway frame in the direction of the y axis

Column loading

Axial load Neq = 460 kN (Compression)

Moment about y axis at end 1 Myea = 48.4 kNm Moment aboul y axis atend 2 Myeez = 0.0 kNm
Single curvature bending about y axis

Moment about z axis atend 1 Meea1 = 0.0 kNm Moment about z axis atend 2 Mzed2 = 0.0 KNm

Shear force parallel to z axis ~ Vzea = DkN Shear force parallel to y axis ~ Vy.ed = 0 kN

Material details

Steel grade 5275

Yield strength fy = 275 Nimm? Ultimate strength fu = 410 N/mm?2

Modulus of elasticity E = 210 kN'mm?® Shear modulus G = 80.8 kN/mm?

Buckiing length for flexural buckling about y axis

End restraint factor Ky = 1.000 Buckling length Lery = 3250 mm

Buckling length for flexural buckling about z axis

End restraint factor Kz = 1.000 Buckling length Ler 2z = 3250 mm

Section classification (Table 5.2)

Weh classification 1 Flange classification 1

The section is class 1

Resistance of cross section (cl. 6.2)

Shear parallel to z axis (cl. 6.2.6)
Design shear force Ve = 0.0 kN Plastic shear resistance Viz.pd = 268.5 kN
PASS - Shear resistance parallel to 2 axis exceeds the design shear force
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)
In accordance with EN1893-1-1:2005 incorporating Corrigenda Febrary 2006 and April 2009 and the UK national
anhex

TEDDS calcutaion version 3.0.06

Support conditions
Supponrt A Vertically restrained

Rotationally free
Support B Vertically restrained

Rotationally free
Analysis results
Maximum moment Mmax = 7.1 kNm Mmin = 0 kNm
Maximum shear Vimax = 10.9 kN Vimin = =10.9 kN
Deflection dmax = 0.8 mm Brmin = 0 mm
Maximum reaction at support A Ra_max = 10.9 kN Ra_min = 10.9 kN
Unfactored permanent load reaction at support A Ra_remanen = 8.1 kN
Maximum reaction at support B Re_max = 10.9 kN Re_min = 10.9 kN
Unfactored permanent load reaction at support B Rs_permanent = 8.1 kN
Section details
Section type UB 203x102x23 (BS4-1) Stee! grade 8275
Section classification Class 1
Check shear - Section 6.2.6
Design shear force VEs = 11 kN Design shear resistance Verd = 196.6 kN

PASS - Design shear resistance exceeds deslign shear force

Check bending moment - Section 6.2.5
Design bending moment Mea = 7.1 kNm Des.bending resistmoment  Mcrd = 84.4 kNm
PASS - Design bending resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection Gm=72mm Maximum deflection & = 0.838 mm
PASS - Maximum deflection does not exceed deflection fimit
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Serviceability bending moment Mae = 53.9 kNm/m
Tensile stress in reinforcement Os = Mais / {Avbprev % 2) = 143.9 N/mm?
Load duration Long term
Load duration factor ki= 0.4

Effective area of concrete in tension
Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

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

Rectangular section in shear - Sectlon 6.2
Design shear force

Longitudinal reinforcement ratic

Design shear resistance - exp.6.2a & 6.2b

Acett = min{2.5 % (h - d), th—x) /3, h/2) = 133667 mm%m
fetetf = fum = 2.9 N/mm?
Peett = Abbprov / Acert = 0.008
o = Es / Ecm = 6.395
k1 =08
k2= 0.5
ka=3.4
ke = 0.425
Srmex = K3 X Cib + ki1 X% ka2 X Ks % oo / pp.ett = 532 mm
Wk = Semax X Max(0s — ki x (fo.on /7 po.en) X (1 4 e X pp.en), 0.8 % 6s) / Es
wx = 0.219 mm
Wx / Wmax = 0.729
PASS - Maximum crack width is less than limiting crack width

V =133.6 kN/m

Cric=0.18/1%c = 0.120

k = min(1 + ¥(200 mm / d), 2) = 1.714

pt = min{Asowov / d, 0.02) = 0.003

Vmin = 0.035 N'2/mm x k*2 x 1405 = 0.430 N’'mm?

Vete = max{Crd.c x k x (100 N2mm* x pr x fa)'B, vmin) % d
Vade = 168.7 kN/m

V/ Vrie = 0,792
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2)

Abxren = 0.2 X Ashpror = 201 mm?/m

Maximum spacing of reinforcement — ¢1.9.3.1.1(8)  Sbx_max = 450 mm

Transverse reinforcement provided
Area of transverse reinforcement provided

10 dia.bars @ 200 c/c
Abuprov =T X Po / (4 X Sne) = 393 mm?%m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Modular ratio te = Es / Ecm = 6.395
Bond praoperty coefficient ki=08
Strain distribution coefficient kz = 0.5
ka=3.4
ks = 0.425
Maximum crack spacing - exp.7.11 Srmax = Ka X Csr + K1 X bz X K¢ X sri / ppett = 547 mm
Maximum crack width - exp.7.8 Wi = Semax X Max(as — ki x (fetati/ ppen) x (1 + oo X ppon), 0.6 x ) / Es
wh = 0,199 mm
Wy / Wmax = 0.662

PASS - Maximum crack width Is less than limiting crack widih

Rectangular section in shear - Section 6.2
Design shear force V =39.1 kN'm
Cric =018/ v = 0.120
k = min{1 + ¥(200 mm / d), 2) = 1.825

Longitudinal reinforcement ratio Pt = min{As.00v / dl, 0.02) = 0.002
vmin = 0.035 N"%/mm x k32 x 15 = 0.473 N/'mm?

Design shear resistance - exp.6.2a & 6.2b Ve = max(Crac x k x (100 N*/mm* x pr x fei}'"3, vmin) x df
Vade = 138.9 kN/m
V / Vadc = 0.281

PASS - Design shear resistance exceeds deslgn shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum arez of reinforcement — c1.9.6.3(1) Asireq = max(0.25 x Asrprov, 0.001 X te1) = 500 mm?/m
Maximum spacing of reinforcement - ¢1.9.6.3(2)  Se_max = 400 mm
Transverse reinforcement provided 12 dia.bars @ 200 c/c
Area of transverse reinforcement provided Asuprov = T X da [ {4 X 8x) = 565 mm2/m
PASS - Area of reinforcement provided is greater than area of reinforcement required
Check base design
Depth of section h = 450 mm
Rectangular section in flexure - Section 6.1
Design bending moment at toe M = 73.5 kNm/m
Depth o tension reinforcement d=h-cob- oo /2 =392 mm
K =M/ (d® x fa) = 0.016
K = 0.207
K'> K - No compression reinforcement Is required
Lever am Z =min(0.5 + 0.5 x (1~ 3.53 x K)*5, 0,95) xd = 372 mm
Depth of neutral axis Xx=25x(d-2)=49mm
Area of tension reinforcement required Aboreq = M/ (fya  2) = 454 mm®/m
Tension reinforcement provided 16 dia.bars @ 200 c/c
Area of tension reinforcement provided Abprov = Tt X dob® / (4 > Seb) = 1005 mm3m
Minimum area of reinforcement - exp.9.1N Abomin = max(0.26 x fam / fw, 0.0013) x d = 580 mm*/m

Maximum area of reinforcement - ¢1.9.2.1.1(3) Ast.max = 0,04 x h = 18000 mm3/m
maX(Abb.req, Abb.mln) / Ahb.pmv = 0,587
PASS - Area of reinforcement provided Is greater than area of relnforcement required

Crack control - Section 7.3
Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 yz=0.6
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Bond property coefficient ki = 0.8

Strain distribution coefficient k2= 0.5
ks=34
ks = 0.425

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

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check stem design at 400 mm

Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment at 400 mm up stem
Depth to tension reinforcement

Lever am

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.8.1N
Maximum area of reinforcement - ¢1.9.2.1.1(3)

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

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Sermax = Ka X Cat + K1 X Kz X Ka X bt / pp.ott = 538 mm
W = Srmax X max{os — ki x (faett / pper) X (1 + 0 X ppet), 0.6 % as) / Es
wi = 0.073 mm
Wi/ Wmax = 0.242
PASS - Maximum crack width Is less than limiting crack width

V =177.4 kN/m
Crae = 0.18 /1 = 0.120
k = min(1 + V(200 mm / d), 2) = 1.674
pt=min{Aspov / d, 0.02) = 0.002
Vmin = 0.035 N'2/mm x k¥ x {5 = 0.415 N/mm?
VRac = max(Crec X k X {100 N/mm* x pr x fo)*, vimin} x d
VRic = 182.7 kN/m
V/ Vege = 0.8971
PASS - Design shear resistance exceeds design shear force

h = 350 mm

M = 32.7 kNm/m
d=h -cCar- gsrt / 2 = 204 mMm
K =M/ (d? xfa) = 0.013
K =0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 — 3.53 x K)?%, 0.95) x d = 278 mm
x=25x(d-2z})=37Tmm
Asrirog = M/ (fra x 2) = 269 mm2/m
12 dia.bars @ 200 c/c
Asriprov = X X 9 / (4 X San1) = 565 mmm
Aceri.min = max(0.26 x fom / fy, 0.0013) xd = 443 mm%m
Asrt.max = 0.04 x h = 14000 mm?/m
max(As req, Asrt.min) / Asrrprv = 0.783

Wrax = 0.3 mm

y2=0.6

Mz = 20.1 kNm/m

Os = Mais / (Asr1 prov X 2) = 127.2 Nfmm?

Long term

k= 0.4

Acet = min{2.5 x (h-d), (h-x/3,h/2) = 104417 mm*¥m
fetett = fam = 2.9 N/mm?

Ppefi = Asriprov / Aceti = 0.005
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Modular ratio Oe = Es/ Ecm = 6.395
Bond property coefficient k1=0.8
Strain distribution coefficient ka=0.5
ka=3.4
ks = 0.425

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

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

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

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tenslon reinforcement provided

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

Srmax = K3 X Car + k1 3% k2 3 ke % ¢ur / ppett = 660 mm
Wk = Srmax X Max(as — ki X (fetot / ppett) X (1 + a X ppet), 0.6 x 6} / Es
wx = 0.06 mm

Wy / Wrmax = 0.2
PASS - Maximum crack width Is less than limiting crack width

V =177.4 kN/m
Cra:=0.18/ v = 0.120
k =min{1 + Y(200 mm / d), 2} = 1.673
Pt = Min{Asrprov / d, 0.02) = 0.002
vmin = 0.035 N"Zimm x k®2 x 1484 = 0.415 N/mm?
VRde = max(Cade x k x (100 N2/mm® x pi x for)'"3, vimin) x d
Vrds = 183.3 kiN/m
V/ Vric = 0.968
PASS - Design shear resistance exceeds design shear force

M= 21.5 kNm/m
d=h-cs- da - dut /2 = 440 mm
K =M/ {d? x fu) = 0.004
K'= 0.207

K> K - No compression reinforcement is required
z =min(0.5 + 0.5 x (1 - 3.53 x K)°5, 0.95) x d = 418 mm
Xx=25x(d-z)=55mm
Astreq = M/ (fya x 2) = 119 mm*/m
16 dia.bars @ 250 c/c
Astprov = T X 052 / (4 X Su) = 804 mmZm
Ast.min = max{0.26 X fom / fw, 0.0013) x d = 663 mmm
Astmex = 0.04 x h = 20000 mm2/m
max(As:.mq. Asimin) / Astprov = 0.824

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

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension
Mean value of concrete tensile strength
Reinforcement ratio

Medutar ratio

Wmax = 0.3 mm

ye = 0.6

Mais = 13.4 kNm/m

Os = Msis / {Astprov % 2) = 39.9 N/mm?

Long term

k= 0.4

Acen =min(2.5x (h - d), th—x) /3, h/ 2) = 148333 mm¥/m
fetoff = fum = 2,9 N/fmm?

Pratt = Astoroy [ Acen = 0.005

Oe = Es/ Eem = 6.395
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Mean value of compressive cylinder sirength
Mean value of axial tensile strength

5% fractile of axial fensile strength

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

Reinforcement details

Characteristic yietd strength of reinforcement
Medulus of elasticity of reinforcement

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

Cover to reinforcement

Front face of stem

Rear face of stem

Top face of base

Bottom face of base

Check stem design for maximum moment
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment

Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcoment - €1.9.2.1,1(3)

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

fom = 0.3 N/mm2 x (fo / 1 N/mm2)25 = 2.9 Nimm2
feto.os = 0.7 % fom = 2.0 N/mm?@

Eon = 22 kN/mm? x {fem / 10 N'mm?)®? = 32837 N/mm?2
fc =1.50

Olcc = 0.85

fed = Otec % o / Yo = 7.0 N/mm?

hagg =20 mm

fw = 500 N/mm?

E: = 210000 N/mm?
¥s=1.15

fva = f f ¥s = 435 Nimm?

Cst = 40 mm
Cer = 50 mm
cot = 50 mm
Cbb = 50 mm

h = 500 mm

M = 17.2 kNm/m
d=h-csr-tder/2 =442 mm
K =M/ (d? xfx) = 0.003
K'=0.207

K’ > K - No compression reinforcement Is required
Zz=min(0.5 + 0.5 x (1 —8.53 x K)*%, 0.95) x d = 420 mm
x=25x%(d-2)=5 mm
Asrreq = M/ (fa x Z) = 84 mm?/m
16 dia.bars @ 250 c/c
Asrpov =X X ¢ [ (4 X Su) = B4 mmZTm
Aszramin = max(0.26 x fom / fy, 0.0013) x d = 666 mm¥m
Asrmax = 0.04 x h = 20000 mm2/m
maX(Au.laq, Aw.rrlh) ! Asrprv = 0.828

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

Crack control - Section 7.3

Limniting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effeciive area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

wmax = 0.3 mm

yz=0.6

Mais = 10.7 kKNm/m

Gs = Mais / (Asrprov % 2) = 31.7 N'mm?

Long term

k=04

Acet =min(2.5 x (h-d), (h-x)/3, h/2) = 145000 mm2m
fetetl = fum = 2.9 N/mm?

Poett = Asrprov / Acet = 0.006
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Bearing pressure check

Vertical forces on wall

Wall stem Fsiam = Astam X Yzlem = 26 kN/m

Wall base Foase = Abase X base = 18 kiN/m

Surcharge load Faur_v = Surchargea x (iheal + ta1 - ts2) = 1.7 kN/m

Line loads Fr_v = Pa1 + Par = 109.5 kN/m

Moist retained soil Frmaist_v = Amoizt X ymr = 5.9 kN/m

Total

Horizonial forces on wall
Surcharge load

Moist retained soil

Total

Moments on wall

Wall stem

Wall base

Surcharge load

Line loads

Moist retained soil

Total

Check bearing pressure
Maximum friction force
Maximum base soil resistance
Base soil resistance

Propping force

Friction force

Moment from propping force
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heal
Factor of safety

Fm|_v = Fasiem + Foase + Fmols!_v + Fsur_v + FP_v = 160.5 kN/m

Fsur_n = Ka x cos{8.4) x Surchargen x hex = 10.2 kN/m
Fmoist_h = Ka x CO8(Sr.d) x ymr x hee®/ 2 = 39,9 kN/m
thl_h = Fmoist_h + Fsur n=50.1 kN/m

Mstem = Fstem X Xstem = 33.5 kNm/m

Mbase = Foase X Xoace = 4.4 KNm/m

Msw = Flur_v X Xsur_v - F:u'_h X Xsurh=-13.9 kNm/m

Mr = (Pa1 + Pa1) x p1 = 139.6 kNm/m

Mmelst = Fmoist v X Xmaist_v - Frmalsi_h X Xmolst_h = =31.6 kKNm/m

Mictal = Mstern + Moase + Mmoist + Moass + Meur + Mp = 1427 kNm/m

Firicion_mes = Fiotal_v X tan(Seo.q) = 34.1 kN/m
Fiass_h_max = Ke X COS(B6.0) X Yo X {dcover + hiase)? / 2 = 3.5 kN/m
Feazs_n = min(max((Murei + Fiomi b X (horop + thase) + Fiiction_max X {hprop +
toase) - Fiotal v X loase / 2) / (Xpass_h - horop - thass), O kN/m), Fpass n_max) = 0
kN/m
Fprop_stem = min{({Frotai_v X lbasa / 2 - Mot} / (horop + toase}, Fiotal n} = -22.8
kN/m
Firiction = Fuml_h - Fpm_n - Fpmp_shm =729 kNlm
Mprcp = Fprnp_slnm x (hpmp + tbasa) =-13.7 kNm/m
X = (Mots! + Morog) / Fronl_y = 800 mm
e= X-hae/2=0mm
load = loase = 1600 mm
Quoe = Fiotal v / base X (1 - 6 X € / lbase) = 100.3 kN/m?
Qheel = Fiotat v / loase X (1 + 6 X @ / base) = 100.3 kN/m?
FoStp = Pocaring / max({Qe, Qneer) = 1,246

PASS - Allowabie bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1982-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex

incorporating National Amendment No.1

Tedds calculafion version 2.2.01

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

Concrete strength class

Characteristic compressive cylinder strength
Characteristic compressive cube strength

C30/37
fox = 30 N/mm?
foeubs = 37 N/mm?
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Calculate retaining wail geometry
Base length Ibase = Iwe + ts1 = 1600 mm
Moist soil height hmaist = hson = 2600 mm
Lengih of surcharge load lsur = (Ineet + a1 - ts2) = 150 mm
- Distance to vertical component Xsur_v = loase - (lheat + ts1 - te2) / 2 = 1525 mm
Effective height of wall hett = hoase + deover + heet = 3050 mm
- Distance to horizontal component Xaur_h = hett / 2 = 1525 mm
Area of wall stem Agtem = hst X ts1 + hez % 2 = 1.04 m?

- Distance to vertical component

Area of wall base
- Distance to vertical component
Area of moist soil
- Distance to vertical component

- Distance to horizontal component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Xetom = loase - (a1 X 1s1 X {Jheet + ts1 - 151 / 2) + hsz X 12 X (fheet + a9 -t2 /1 2))
/ Asem = 1289 mm

Abase = lbase X thase = 0.72 m?

Xbass = |baze / 2 = 800 mm

Amoist = Iheet X Nst + (Ineet + tst - ta2) X (hsoil - het) = 0.33 m?

Xmolst_v = Inase - {Iheel X Pist ¢ lheel / 2 + (lneei + ts1 - ts2) > (Rgot - hat) X {Iheal +
ts1 - te2) / 2) / Amoist = 1525 mm

Xmolst_h = hett / 3 = 1017 mm

Ka = sin{a + ¢')? / (sin{ax)® x sino - 8 x [1 + V[sin(¢'ex + Bra) X sin(pr
- B}/ (sin{o - &4} x sin(a + B))IP) = 0.483

Ke = sin(90 - ¢'ox)? / (in(80 + Bb.) x [1 - Vsin{Pox + Bor) X sin¢'s) /
(Sin(90 + 3u))JP) = 2.359
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RETAINING WALL ANALYSIS

in accordance with EN1997-1:2004 incorporating Corrigendum dated February 2008 and the UK Mationa! Annesx

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Prop height

Number of steps

Height of step 1
Thickness of step 1
Height of step 2
Thickness of step 2
Angle to rear face of stem
Stem density

Toe length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Depth of excavation
Retained sofl properties
Soil type

Molst density

Saturated density
Characteristic effective shear resistance angle
Characteristic wall friction angle

Base soil properties

Soil type

Moist density

Characteristic effective shear resistance angle
Charactenristic wall friction angle
Characteristic base friction angie

Presumed bearing capacity

Loading detalls

Variable surcharge load
Vertical line load at 1275 mm

Propped cantilever with stepped rear face
hstem = 2800 mm
harop = 150 mm
Nateps = 2

hs1 = 400 mm
ts1 = 500 mm
hsz = 2400 mm
12z = 350 mm

o =90deg

Yotem = 25 kN/m?
lwe = 1300 mm
these = 450 mm
Yoase = 285 kKN/m?®
hret = 2600 mm
B =0deg
deover = 0 mm
Cexs = 200 mm

Firm clay

Ymr = 18 kN/m?
Yar = 18 KN/m?
9« =18 deg
k=89 deg

Organic clay

b = 18 kN/m?
¢ox= 18 deg

dok = 9 deg

Soox = 12 deg
Phbearing = 125 kN/m?

Surchargea = 7 kN/m?
Pa1 = 97.5 kN/m
Pa1 = 12 kN/m

Tedkis calculation version 2,2.01
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Soil self weight Fsot = hsei X psot = 4.000 kN/m?
Total foundation load F = A x {Fesur + Fosur + Faw + Fzoit) = 335.6 kN
Calculate pad base reaction

Total base reaction
Eccentricity of base reaction in x
Eccentricity of base reaction in y

Check pad base reaction eccentricity

Calculate pad base pressures

Minimum base pressure
Maximum base pressure

oo RN ..

RIS

oo [T

T=F+Pa+Pe=11724 kN
€1 = (Paxers + Paxers + M + Mxs + (Hxa + Hxa)xh) / T = 61 mm
@1y = (Paxerya + Pexerys + Mya + Mg + (Hya + Hyg)xh) / T = 107 mm

abs{er) /L + abs(er,) /B = 0.050
Base reaction acts within combined middie third of base

Qi=T/A-6xTxen/(LxA)-6xTxen/(BxA)=67.713 kN/m?
Ge=T/A-8xTxen/(LxA)+6xTxen/(BxA)=106.422 kN/m?
Qa=T/A+8xTxewn/({LxA)-8xTxen/(BxA)=86.409 kN/m?
Qe=T/A+6xTxen/(LxA)+6xTxern/(BxA)=125.118 kN/m?
Qmin = MiN(g1, Gz, s, qa) = 67.713 kN/m?
Qmax = Max(q1, gz, ga, qs) = 125.118 kN/m?

PASS - Maximum base pressure is less than allowable bearing pressure

LT,
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PAD FOOTING ANALYSIS AND DESIGN (BS8110-1:1987)
TEDDS cakulation version 2.0.03.00
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Pad footing details
Length of pad footing L = 3800 mm
Width of pad footing B = 3200 mm
Area of pad footing A=LxB=12.160 m?
Depth of pad footing h = 1000 mm
Depth of soil over pad footing hiscit = 200 mm
Density of concrete Poone = 23.6 kN/mP
Column detalls Column A Column B
Column base length la = 300 mm le = 300 mm
Column base width ba = 300 mm ba = 300 mm
Column eccentricity in x erxa = <1250 mm ers = 970 mm
Column eccentricity in y eryA = 150 mm erya = 150 mm
Soll detalls
Density of soil Peoi = 20,0 kN/m?
Design shear strength ¢' = 25.0 deg
Design base friction 8= 18.3deg
Allowable bearing pressure Poearing = 135 kN/m?2
Axial loading on columns Column A Column B
Dead axial load on column Pea = 273.2 kN Pca = 416.6 kN
Imposed axial load on column Paa = 60.0 kN Pos = 87.0 kN
Wind axial load on column Pwa = 0.0 kN Pws = 0.0 kN
Tota! axial ioad on column Pa =333.2 kN Pe = 503.6 kN
Foundation loads
Dead surcharge load Fesur = 0.000 kN/m?
Imposed surcharge load Fasur = 0.000 kN/m?
Pad fooling self weight Faw = h X peons = 23.600 kN/m?
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Viees <= 0.5V 200 - No reduction in f, required for bending/axlai force

Shear parallel fo y axis (cl. 6.2.6)
Design shear force Vyed = 0.0 kN Plastic shear resistance VoiyRa = 754.8 kN
PASS - Shear resistance parallel to y axis exceeds the design shear force

Vy.&d <= 0.5xVeiynd - No reduction in f, required for bending/axial force

Compression (cl. 6.2.4)
Design force Nea = 710 kN Design resistance Nere = 1823 kN
PASS - The compression design resisiance exceeds the design force

Bending about y axis (cl. 6.2.5)
Design bending moment MyEd = 78.0 kNm Design resistance Mey.po = 156.0 kNm
PASS - The bending design resistance about the y axis exceeds the design moment

Combined bending and axial force (cl. 6.2.9)

Bending about y axis (cl. 6.2.9.1)
Design bending moment My.ea = 78,0 kNm Modified design resistance Mnyrd = 107.6 kNm

PASS - Bending resistance about y axis in presence of axial load exceeds design moment
Buckling resistance (cl. 6.3)

Axial buckling rasistance

Flexural buck resist abouty  Noyrd = 1673.2 kN Flexural buck resist aboutz ~ Nbzpe = 1285.0 kN
Torsional buck. length factor Kr=1.00 Torsional/tor flex buck resist  Nezads = 1457.6 kN
Min. buckling resistance Nord = 1285.0 kN

PASS - The axial load buckling resistance exceeds the design axial load

Buckling resistance moment (c1.6.3.2.1)
Design bending moment My.ec = 78.0 kNm
Lat. torsional buck length fact Kir = 1.00 Design buckliing resistance mt Mb.rd = 156.0 kNm
PASS - The design buckling resistance moment exceeds the maximum design moment

Combined bending and axial compression (cl. 6.3.3)
Section utilisation URe_1 = 0.752 Section utilisation URe_2 = 0.902
PASS - The buckling resistance is adequate
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STEEL COLUMN DESIGN (EN 1993-1-1)
In accordance with EN1893-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

TEDDS calculation version 1.0.09
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Column and loading details
Column detalls
Column section UC 203x203x52
System length y axis buckling Ly = 3250 mm System length z axis buckling L. = 3250 mm
Sway

The coiumn is not part of a sway frame in the direction of the z axis
The column is not part of a sway frame in the direction of the y axis

Column loading

Axial load Nes = 710 kN (Compression})

Moment about y axis atend 1 My gar = 78.0 kNm Moment about y axis atend 2 Mye = 0.0 kNm
Single curvature bending about yaxis

Moment about z axis at end 1  Mz.£d1 = 0.0 KNm Moment about z axis atend 2 M:edz = 0.0 KNm

Shear force parallel to zaxis  Vzea= O kN Shear force parallel 1o y axis ~ Vyga = 0 kN

Material detalils

Steel grade 8275

Yield strength fy = 275 N/mm? tUltimate strength fu = 410 N/mm?

Modulus of elasticity E = 210 kN/mm? Shear modulus G = 80.8 kN/mm?

Buckling length for flexural buckling about y axis

End restraint factor Ky = 1.000 Buckling length Loy = 3250 mm

Buckling length for flexural buckiing about z axis

End restraint factor Kz = 1.000 Buckiing length Ler 2 = 3250 mm

Section classification (Table 5.2)

Web classification 1 Flange classification 1

The section is class 1

Resistance of cross section (ci. §.2)

Shear paraliel to z axis (ci. 6.2.6)
Design shear force VzEe = 0.0 kN Plastic shear resistance Vpizrd = 297.6 kN
PASS - Shear resistance parallel to z axis exceeds the design shear force
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Vied <= 0.5xVpzn0 - No reduction in Iy required for bending/axial force

Shear parallel to y axls (cl. 6.2.6)
Design shear force Vyed = 0.0 kN Plastic shear resistance Voly.rd = 663.0 kN
PASS - Shear resistance parailel to y axis exceeds the design shear force

Vy.ea <= 0.5xVpiy.nd - No reduction in iy required for bending/axial force

Compression (¢l. 6.2.4)
Design force NEed = 460 kN Design resistance Nerd = 1615 kN

PASS - The compression design resistance exceeds the design force

Bending about y axIs (cl. 6.2.5)
Design bending moment My.ec = 48.4 kNm Design resistance Mey.sa = 136.8 kNm
PASS - The bending design resistance about the y axis exceeds the design moment

Combined bending and axial force (cl. 6.2.9)

Bending about y axis (cl. 6.2.9.1)
Design bending moment Myked = 48.4 kNm Modiified design resistance MnyRd = 111.0 kNm

PASS - Bending resistance about y axis in presence of axial Ioad exceeds design moment
Buckling resistance (cf. 6.3)

Axial buckling resistance

Flexural buck resist abouly  Noyra = 1478.8B kN Flexural buck resist aboutz =~ Nbzad = 1141.2 kN
Torsional buck. length factor Kr=1.00 Torsionalfior flex buck resist  NoTrda = 1263.7 kN
Min. buckling resistance Nord = 1141.2 kN

PASS - The axial load buckling resistance exceeds the design axlal foad

Buckling resistance moment (cl.6.3.2.1)
Design bending moment My.a = 48.4 KkNm
Lat. torsional buck length fact Kuir = 1.00 Design buckiing resistance mt Mssa = 136.8 kNm
PASS - The design buckling resistance moment exceeds the maximum design moment

Combined bending and axial compression (cl. 6.3.3)
Section utilisation URe_r = 0.539 Section utilisation URe 2= 0.728
PASS - The buckiing resistance is adoquate
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PROPOSED BASEMENT LAYOUT
SEQUENCE OF UNDERPINNING 6. WHEN ADJACENT SECTIONS ARE OPENED UP THE

1. WORKING

FOOTING.

2. CAREFULLY CUT AWAY TO PROVIDE LEVEL SOFFIT TO

IN STRIPS NOT EXCEEDING 1.2m LONG
EXCAVATE TO REQUIRED DEPTH BENEATH EXISTING

EXPOSED CONCRETE SURFACES SHOULD BE
THOROUGHLY CLEANED OF ALL LOOSE MATERIAL AND
SCABBLED TO FORM A GOOD KEY,

7. UNDERPINNING WIDTH TO BE AS NOTED ON THE
DRAWINGS

EXISTING BRICK FOOTING AND THOROUGHLY CLEAN

BEFORE UNDERPINNING.

8. ALL NEW CONCRETE BELOW GROUND TO BE SULPHATE
RESISTING CEMENT CONC. GRADE C 40.

3. CAST NEW CONCRETE TO WITHIN 50mm OF SOFFIT OF

EXISTING FOOTING AND ALLOW 24 HOURS TO CURE.

4. RAM IN DRY PACK MORTAR BETWEEN NEW AND

EXISTING FOOTINGS.

5. NEVER EXCAVATE TWOC ADJACENT STRIPS WITHOUT
ALLOWING 3 DAYS FROM TIME OF DRY PACKING.

9. DRY PACK - 1:3 CEMENT/SAND

10. ALL. UNDERFINS ARE TO BE DOWELLED TOGETHER WITH
H20 BARS 800mm LONG O/A AT 500mm CENTRES
VERTICALLY. ALTERNATIVELY PROVIDE FULL WIDTH
TOOTHED JOINTS ONE THIRD HIGH AND 250mm DEEFP AT MID
HEIGHT OF ALL UNDERPINS.
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