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

* The sub-structure designs associated with the new basement. This will include the design of the new ground

bearing slab, design of underpins, new retaining walls and new suspended ground floors.

e The reconfiguration of the lower ground and ground floors with the removal of structure as can be seen from
overlaying the existing plans with the proposed plans.

2.0 Design Codes
2.1 The following design codes/guidance were used to carry out the design:
® BS EN 1991-1-1:2002 — Actions on Structures
® BS EN 1992-1-1:2004 — Design of Concrete Structures
® BS EN 1993-1-1:2005 — Design of Steel Structures
e BS EN 1996-1-1:2005 — Design of Masonry Structures
e CP 111 — Masonry

3.0 Ground Conditions

3.1 Allowable bearing pressures of 60KN/m2 and 80KN/m2 have been adopted for the design of foundations at formation level
of respectively +9.00 and +8.00. Refer to the site investigation report by Geofirma for details of the ground conditions.

4.0 Substructure Design

4.1 Existing footings determined from trial pits. Refer to the site investigation report by Geofirma.
5.0 Loading

5.1 The loadings used throughout the design are shown in the table below:

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



STRUCTURAL / CIVIL ENGINEERS

% SYMMETRYS

Timber Roof

Asphalt waterproofing 0.45

Timber joists and insulation 0.20

Ceiling and services 0.15

Flat 0.90 0.60
Pitched 1.30 0.60
Timber Floor

Ceiling and services 0.15

Timber joists and insulation 0.20

Plyboard and finishes 0.25

Total 0.60 1.5
Existing Masonry (19kN/m?)

225mm thick 4.30

Finishes 0.20

Total 4.50

Existing Masonry (19kN/m?)

330mm thick 6.30

Finishes 0.20

Total 6.50

Cavity Wall (19kN/m3)

100mm thick blockwork 1.50

102.5mm thick brickwork 2.00

Finishes 0.50

Total 4.00
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Notes

; ; ; ; Underpinning 1. Thisdrawing is to be read in conjunction
Refer to Architects drawings for all setting out details with all relovant Architects & Engincers
1. Dry pack grout underpinning to be to the following drawings and specifications

specification:

2. Do not scale from this drawing

a. Mix to be 3:1 of sharp sand o.p.c.

' [ b. Sand to be sh t that can be handled General Propping Notes
The contractor shall be responsible for the design, andto be sharpest that can be hancied PP
. ) . c. Water content to be just enough to allow balling when 1. The contractor will be responsible for all temporary
installation and sequencing of all tem porary works arjd must compressed by hand works and will be responsible for the stability of
ensure that stability of the structure is not compromised . . . . entire structure during the works
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Notes

. . . . 1. Thisdrawing is to be read in conjunction
Refer to Architects drawings for all setting out details with all relevant Architects & Engineers

drawings and specifications

2. Do not scale from this drawing

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

Denotes existing masonry or timber structure

brickwork and grade iii mortar 00

Denotes new masonry walls built in 7.3N/mm?2 compressive strength A
blockwork and grade iii mortar

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

Legend
Denotes new masonry walls built in 15N/mm2 compressive strength
77777
XXXXXA

Otherwise ::::::::::::::::::::::::::::'::::::::::::::::::::::::::::::T ________ |
%

Denotes new floor joists 200x50mm C24 timber at 300mm centres -r—e—_- - - - - —_—_—— — — — — e L T T T — — — -

N
Qc) 7777 Denotes 660 long x 330 wide x 215mm high mass concrete C30 padstone Y
unless noted otherwise /

7777 Denotes 330 long x 215 wide x 215mm high mass concrete C30 padstone (
unless noted otherwise |

|

|

—— : —— Denotes joists doubled up and bolted together using M12 bolts at 400mm \
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< — — = Denotes existing timber floor joists N
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(rising)

Contractor/Specialist design element

203x203x71 UC bearing on

1. All temporary works
masonry below

2. Alltanking details

3. Allreinforcement drawings and bar bending schedules

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

5.  Steel fabrication drawings % } .
I
6. Design of all staircases, balustrades, glazing and secondary steel . |
g glazing y 200x100x12.5 RHS <——= | :
(rising) _\ - % |
s ' 4 19 § o
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- All steelwork to be encased in concrete is to be un-painted é% f = % - = |
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- Location of existing and proposed drain runs are to be confirmed by the Service _ a |
Engineer N I | : .
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ventilation details, damp proof courses and all tanking details elow I || above new opening
- For all fire work protection to steelwork refer to the Architects drawings f l
/ é///¢ — P1 [00.08.21[ INS| XX [ Preliminary Issue
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penetration and confirm these with the Structural Engineer prior to cutting -~ ( { (¢ (W A == T — g — — —— — 1SBO5
. Drawing Status  PRELIMINARY
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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

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

Height of water

Water density

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle

Characteristic wall friction angle

Base soil properties

Soil type

Soil density

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

Presumed bearing capacity

Loading details

Variable surcharge load

Vertical line load at 2312 mm

Cantilever

hstem = 2500 mm
tstem = 225 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 2200 mm
thase = 250 mm
Ybase = 25 KN/m?3
hret = 2500 mm
B =0deg

deover = 0 mm
Nwater = 1500 mm
Yw = 9.8 KN/m3

Firm clay

Ymr = 19 KN/m?®
Ysr = 19 kKN/m?®
¢'rk = 27 deg
&k = 13.5 deg

Firm clay

o = 19 kKN/m3
O'vk = 27 deg
dbk = 13.5 deg
Sk = 18 deg

Pbearing = 60 kN/m?

Surchargeq = 10 kN/m?

Pe1 =37.9 KN/m
Pa1 = 8.4 kN/m

Tedds calculation version 2.9.12
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e 2200 {4225p]
! 2312 >
. E¢ — 3.3 kN/m? =
— 9.6 kN/m?2
¥y v m, v
i ‘ j32.1 kN/mz X

58 kN/m?2

2425 |

General arrangement

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

Ibase = ltoe + tstem = 2425 mm

hsat = Nwater + dcover = 1500 mm
Nmoist = Nret = Nwater = 1000 Mm
sur = lheet = 0 mm

Xsur v = lbase - lheel / 2 = 2425 mm
et = hbase + deover + hret = 2750 mm
Xsur_h = hett / 2 =1375 mm

Astem = hstem X tstem = 0.563 m?
Xstem = loe * tstem / 2 = 2313 mm
Abase = lbase X thase = 0.606 m?
Xbase = lbase / 2 = 1213 mm

Ka = sin(o + ¢"rk)2 / (sin(a)? x sin(o - 8rx) x [1 + V[sin('rk + Srk) x SIN(¢'rx

- B)/ (sin(o. - 8rx) x sin(a + P)]I2) = 0.340

Kp = S|n(90 - ¢Ib-k)2 / (S|n(90 + Sb,k) X [1 - \/[Sin((i)'b‘k + Sb,k) X Sin((i)'b‘k) /

(Sin(90 + 85.))]1?) = 4.044

Fstem = Astem X Ystem = 14.1 KN/m
Fbase = Abase X Ybase = 15.2 KN/m
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Line loads Fp v =Pg1+ Paqi =46.3 KN/m
Total Fiotal_v = Fstem + Fbase + Fp_v + Fuater v = 75.5 kKN/m
Horizontal forces on wall
Surcharge load Fsur h = Ka x cOs(8r.k) x Surchargeq x heir = 9.1 kN/m
Saturated retained soil Fsat h = Ka x cos(8rk) x (Vsr = w) x (hsat + Noase)? / 2 = 4.6 KN/m
Water Fuwater h = Yw X (Nwater + doover + Nbase)? / 2 = 15 KN/m
Moist retained soil Frmoist h = Ka x €OS(8rk) X Ymr X ((Neff = hsat = Nbase)? / 2 + (Nefr = Nsat = Nbase) x
(hsat + hpase)) = 14.1 KN/m
Base soil Fpass_h = -Kp x COS(8bk) X b % (dcover * Nbase)? / 2 = -2.3 KN/m
Total Fiotal h = Fsur n *+ Fsat_n + Fuwater h + Fmoist_h + Fpass_ n = 40.5 kKN/m
Moments on wall
Wall stem Mstem = Fstem X Xstem = 32.5 KNm/m
Wall base Mbase = Fbase X Xpase = 18.4 KNm/m
Surcharge load Msur = -Fsur_h X Xsur_n = =12.5 KNm/m
Line loads Mp = (Pg1 + Pai1) x p1 =107 KNm/m
Saturated retained soil Msat = -Fsat_h X Xsat_h = -2.7 KNm/m
Water Muater = -Fuwater_h X Xwater h = -8.8 KNm/m
Moist retained soil Mmoist = =Fmoist_h X Xmoist h = =16.1 KNm/m
Total Miotal = Mstem + Mbase + Msur + Mp + Msat + Muater + Mmoist = 117.8 kKNm/m
Check bearing pressure
Propping force Forop_base = Frotal_n = 40.5 kN/m
Distance to reaction X = Miotal / Frotalv = 1560 mm
Eccentricity of reaction €= X-lbase /2 =348 mm
Loaded length of base lioad = Ibase = 2425 mm
Bearing pressure at toe Gtoe = Frotal_v / Ibase X (1 -6 x € / lbase) = 4.3 KN/m?
Bearing pressure at heel Qheel = Frotal_v / Ibase X (1 + 6 x € / Ipase) = 58 KN/m?
Factor of safety FoSbp = Pbearing / Max(Qoe, gheel) = 1.035

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1

Tedds calculation version 2.9.12

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

Concrete strength class C30/37

Characteristic compressive cylinder strength fo = 30 N/mm?

Characteristic compressive cube strength fokcube = 37 N/mm?

Mean value of compressive cylinder strength fom = fox + 8 N/mm? = 38 N/mm?

Mean value of axial tensile strength fom = 0.3 N/mm? x (foc / 1 N/mm?)?3 = 2.9 N/mm?

5% fractile of axial tensile strength fetk0.05 = 0.7 x ferm = 2.0 N/mm?

Secant modulus of elasticity of concrete Ecm = 22 KN/mm? x (fom / 10 N/mm?)°3 = 32837 N/mm?
Partial factor for concrete - Table 2.1N vc =1.50

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

Design compressive concrete strength - exp.3.15  fog = otee x fox / ye = 17.0 N/mm?
Maximum aggregate size hagg = 20 mm
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Ultimate strain - Table 3.1 €cu2 = 0.0035
Shortening strain - Table 3.1 gcuz = 0.0035
Effective compression zone height factor A =0.80
Effective strength factor n=1.00
Bending coefficient k4 K1 =0.40
Bending coefficient k; Kz =1.00 x (0.6 + 0.0014/¢c.2) = 1.00
Bending coefficient ks Ks =0.40
Bending coefficient ks Ks=1.00 x (0.6 + 0.0014/gc.2) =1.00
Reinforcement details
Characteristic yield strength of reinforcement fyx = 500 N/mm?
Modulus of elasticity of reinforcement Es = 200000 N/mm?
Partial factor for reinforcing steel - Table 2.1N ys=1.15
Design vield strength of reinforcement fya = fu / vs = 435 N/mm?
Cover to reinforcement
Front face of stem Csi = 40 mm
Rear face of stem Csr = 50 mm
Top face of base Cot = 50 mm
Bottom face of base Cob = 75 mm
Loading details - Combination No.1 - kN/m? Shear force - Combination No.1 - kN/m Bending moment - Combination No.1 - kNm/m
1495
\ |
| |
8la7 | |
847 \‘ \‘
oa |
% = : n e 0 - ” ° — 42
z N 3

484




Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

Maximum area of reinforcement - c1.9.2.1.1(3)
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Loading details - Combination No.2 - kN/m? Shoar foros - Combination No2 < KNim Bending moment - Combination No.2 - kNm/m
433
|
|
| |
7,67 “‘ |
7,67 | |
534
P S lmsw S \
g = . 414 36.8
< 45.7
Check stem design at base of stem
Depth of section h =225 mm

M = 42.5 kNm/m
d=h-Ces-dsr/2=167 mm
K=M/ (d? x fi«) = 0.051
K'= (2 x M x oleeye)x(1 - A x (8 - Ki)/[(2 x K2))x(A x (& - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2 x K/ (1 x ae/ 1c))*5, 0.95) x d = 159 mm
x=25x(d—2z)=21mm
Astreq = M/ (fyg x 2) = 616 mm?/m
16 dia.bars @ 150 c/c
Asrprov = T % ¢s? [ (4 x Sgr) = 1340 mm?2/m
Asrmin = max(0.26 x feim / fyk, 0.0013) x d = 252 mm?m
Asrmax = 0.04 x h = 9000 mm?/m
mMaX(Asr.req, Asrmin) / Asr.prov = 0.46

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

Deflection control - Section 7.4
Reference reinforcement ratio

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

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Library item: Rectangular single output

po = V(fe / 1 N/mm?2) / 1000 = 0.005
p = Asrreq / d = 0.004
p' = Asr2req / d2 = 0.000
Ko = 0.4
Ks = min(500 N/mm? / (fy x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fa / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm3) x (po / p - 1)¥2], 40 x Ky) = 16
hstem / d =15
PASS - Span to depth ratio is less than deflection control limit
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Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11

Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Wmax = 0.3 mm

y2 = 0.6

Msis = 26.2 KNm/m

6s = Msis / (Asrprov x Z) = 123.3 N/mm?
Long term

ki= 0.4

Acerr =min(2.5 x (h-d), (h-x)/3,h/2)
Acerf = 68042 mm?2/m

foteft = fem = 2.9 N/mm?

Pp.eft = Asrprov /| Acerr = 0.020

oe = Es/ Ecm = 6.091

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

Sr.max = K3 X Csr + K1 x K2 x K4 X dsr / ppeff = 308 mm
Wk = Srmax X Max(os — ki x (feteff / ppef) X (1 + 0le X ppefr), 0.6 x os) / Es
Wk = 0.114 mm
Wi / Wmax = 0.38
PASS - Maximum crack width is less than limiting crack width

V = 48.8 kN/m
Crdc =0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000
pr = min(Asrprov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k3?2 x 05 = 0.542 N/mm?
VRkd.c = Max(Crac x k x (100 Nmm#* x pi x f)"3, Vmin) x d
VRd.c = 115.7 kN/m
V /[ VRryc = 0.422
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1)

Maximum spacing of reinforcement — cl.9.6.3(2)

Transverse reinforcement provided
Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 335 mm2/m
Ssx_max = 400 mm

10 dia.bars @ 200 c/c

Asxprov = T % dsx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe
Depth of section

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

h =250 mm

M = 48.4 kNm/m

d=h-cuw- oo/ 2=167 mm

K =M/ (d? x fx) = 0.058

K'=(2 x M x aeelye)x(1 - A x (8 - K)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
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K'> K - No compression reinforcement is required
Lever arm z=min(0.5+0.5x (1-2x K/ (M x 0cc/ yc))*?, 0.95) x d =158 mm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

Maximum area of reinforcement - c1.9.2.1.1(3)

x=25x(d—z)=23 mm

Agbreq = M/ (fyg x ) = 705 mm?2/m

16 dia.bars @ 150 c/c

Abbprov = Tt X Pob? [ (4 x Spp) = 1340 mm?2/m

Apbmin = Max(0.26 x fom / fyk, 0.0013) x d = 252 mm?/m
Appmax = 0.04 x h = 10000 mm?/m

max(Abb.reqs Abb.min) / Abb.prov = 0.526

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

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11

Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Library item: Rectangular single output

Wmax = 0.3 mm

y2 = 0.6

Mgis = 34.6 KNm/m

6s = Msis / (Abb.prov x Z) = 163.4 N/mm?
Long term

ki= 0.4

Ace = Min(2.5 x (h - d), (h-x)/3, h/2)
Acerr = 75818 mm?/m

fereft = foam = 2.9 N/mm?2

Pp.eft = Avbprov / Acerr = 0.018

oe = Es/ Ecm = 6.091

ki=0.8
k.=0.5
ks =3.4
ks = 0.425

Srmax = K3 X Cob + K1 X K2 X Ka X b / pp.esf = 409 mm
Wk = Srmax X Max(os — ki x (feteff / pp.efi) X (1 + ote X ppeii), 0.6 x os) / Es
Wik = 0.2 mm
Wi / Wimax = 0.668
PASS - Maximum crack width is less than limiting crack width

V = 67.8 kN/m
Crdc =0.18/yc =0.120
k =min(1 + ¥(200 mm / d), 2) = 2.000
pi = min(Ab.prov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k%2 x f4%5 = 0.542 N/mm?
Vrd.c = Max(Crac x k x (100 Nmm* x pi x foa)", Vmin) x d
Vrdc = 115.7 kN/m
V / VR4 = 0.586
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2)

Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided

Abxreq =0.2x Abb.prov =268 mm?/m
be_max = 450 mm
10 dia.bars @ 200 c/c
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Area of transverse reinforcement provided

150

Abxprov = T X dox® / (4 % Spx) = 393 mm?/m
PASS - Area of reinforcement provided is greater than area of reinforcement required

40| |4»| |¢-50

10 dia.bars @ 200 c/c
horizontal reinforcement
parallel to face of stem

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

r—

T

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

16 dia.bars @ 150 c/c

Reinforcement details

16 dia.bars @ 150 c/c

50
k2
E
T
75

10
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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

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

Height of water

Water density

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle

Characteristic wall friction angle

Base soil properties

Soil type

Soil density

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

Presumed bearing capacity

Loading details

Permanent surcharge load
Variable surcharge load
Vertical line load at 2112 mm

Cantilever

hsem = 1700 mm
tstem = 225 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 2000 mm
thase = 300 mm
Ybase = 25 KN/m?3
hret = 1700 mm
B =0deg

deover = 0 mm
Nwater = 700 mm
Yw = 9.8 KN/m3

Firm clay

Ymr = 19 KN/m?®
Ysr = 19 kKN/m?®
¢'rk = 27 deg
&k = 13.5 deg

Firm clay

o = 19 kKN/m3
O'vk = 27 deg
dbk = 13.5 deg
Sk = 18 deg

Pbearing = 60 kN/m?

Surchargeg = 26.3 kN/m?
Surchargeq = 11.9 kN/m?

Pc1 =10.9 kN/m
PQ1 =2.5 kN/m

Tedds calculation version 2.9.12

11
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1 2000 fe225-5]

21

171
171

|
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L
e
g
3
S

PRy

12.6 kN/m2 <

JIILLE

|
Jiil

2000

18.9 kN/m?

j«—300

I

31.7 kN¥a?

32 kN/m?

General arrangement

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

|
2225 >

Ibase = lioe + tstem = 2225 mm

Nsat = Nwater + deover = 700 mm

Nmoist = Nret = Nwater = 1000 mm

sur = lheet = 0 MM

Xsur v = lbase = lheel / 2 = 2225 mm
heff = Nbase + deover + hret = 2000 mm
Xsur_h = hef / 2 =1000 mm

Astem = hstem x tstem = 0.383 m?

Xstem = loe + tstem / 2 = 2113 mm
Abase = lbase X thase = 0.668 m?

Xbase = |base/2 = 1113 mm

Ka = sin(o + ¢"rx)2 / (sin(a)? x sin(o - 8rx) x [1 + V[sin('rk + Srk) x SIN(¢'rx
- B) / (sin(a - &) x sin(a + B))]]?) = 0.340

Kp = sin(90 - ¢'vx)? / (siN(90 + Spx) x [1 - \/[sin(q)'b_k + 8px) % SiN(P'vk) /
(sin(90 + 3v.))1I%) = 4.044

Fstem = Astem X Ystem = 9.6 kN/m
Fbase = Abase X Ybase = 16.7 kN/m

12
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Line loads
Total

Horizontal forces on wall
Surcharge load

Saturated retained soil
Water

Moist retained soil

Base soil
Total

Moments on wall
Wall stem

Wall base

Surcharge load

Line loads

Saturated retained soil
Water

Moist retained soil
Total

Check bearing pressure
Propping force

Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

RETAINING WALL DESIGN

Fva = Pg1+ Pq1 =13.4 KN/m
Fiotal v = Fstem + Foase + Fp_v + Fuater v = 39.7 KN/m

Fsur h = Ka x cos(8rx) x (Surchargec + Surchargeq) x hest = 25.2 kN/m
Fsat h = Ka x cos(8rk) x (Vsr = Yw) x (hsat + Noase)? / 2 = 1.5 KN/m

Fuwater h = Yw % (Nwater + doover + Nbase)? / 2 = 4.9 KN/m

Frmoist h = Ka x €OS(8rk) X Ymr X ((Neff = hsat = Nbase)? / 2 + (Nefr = Nsat = Nbase) x
(hsat + hpase)) = 9.4 KN/m

Fpass_h = -Kp x COS(8bk) X ¥b X (Deover *+ Npase)? / 2 = -3.4 KN/m

Fiota_h = Fsur h + Fsat.h + Fuwater h + Fmoistn + Fpass_h = 37.7 kN/m

Mstem = Fstem X Xstem = 20.2 KNm/m

Mbase = Fbase X Xbase = 18.6 KNm/m

Msur = -Fsur_h X Xsur_n = =25.2 KNm/m

Mp = (Ps1 + Pa1) x p1 = 28.3 kKNm/m

Msat = -Fsat_n X Xsat_n = =0.5 kKNm/m

Muater = -Fwater_h X Xwater_h = =1.6 KNm/m

Mmoist = -Fmoist_h X Xmoist_h = =7.3 KNmM/m

Miotal = Mstem + Mbase + Msur + Mp + Msat + Muwater + Mmoist = 32.4 KNm/m

Forop_base = Fiotal_h = 37.7 KN/m

X = Miotat / Frotal v = 817 mm
€= X-lpase /2= -296 mm
lioad = lbase = 2225 mm
Qoe = Fiotal_v / lbase X (1 -6 x € / Ipase) = 32 KN/m?
Oheel = Fiotal_v / lbase X (1 + 6 x € / lpase) = 3.6 kN/m?
FOSbp = Poearing / MaXx(Qoe, Gheel) = 1.873

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

incorporating National Amendment No.1

Tedds calculation version 2.9.12

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

Concrete strength class

Characteristic compressive cylinder strength

Characteristic compressive cube strength

Mean value of compressive cylinder strength

Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete

Partial factor for concrete - Table 2.1N

Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15

Maximum aggregate size

C30/37

fo = 30 N/mm?

fokcube = 37 N/mm?

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

fom = 0.3 N/mm? x (fo / 1 N/mm?2)?3 = 2,9 N/mm?
few005 = 0.7 x fom = 2.0 N/mm?

Ecm = 22 KN/mm? x (fom / 10 N/mm?)0-3 = 32837 N/mm?
vc =1.50

occ = 0.85

fed = oee x fok / Yo = 17.0 N/mm?

hagg = 20 mm

13
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Ultimate strain - Table 3.1 gcuz = 0.0035

Shortening strain - Table 3.1 gcuz = 0.0035

Effective compression zone height factor A =0.80

Effective strength factor n=1.00

Bending coefficient k4 K1 =0.40

Bending coefficient k;
Bending coefficient ks
Bending coefficient ks

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N

Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

Shear force - Combination No.1 - kN/m

K> =1.00 x (0.6 + 0.0014/ec.2) = 1.00
K3 =0.40
Ks=1.00 x (0.6 + 0.0014/¢c.2) =1.00

fye = 500 N/mm?

Es = 200000 N/mm?

vs =1.15

fya = fy / ys = 435 N/mm?

Csi = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm

Shear force - Combination No.2 - kN/m

Bending moment - Combination No.1 - kNm/m

|a892
847
8.47
2 2
=) =]
= =A%
:r, =
B ‘ ©
<
3
Loading details - Combination No.2 - kN/n?
_|s18
7567
7.67
1o
[ ~ |B83
=

4585775

Bending moment - Combination No.2 - kNm/m

329

362

421

14
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Check stem design at base of stem
Depth of section h =225 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - cl.9.2.1.1(3)

M = 32.9 kNm/m
d=h-Cs-dsr/2=167 mm
K =M/ (d? x f«) = 0.039
K'= (2 x M x oeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (n x ac/vc))*?, 0.95) x d = 159 mm
x=25x(d-2z)=21mm
Astreq = M/ (fya x ) = 477 mm?/m
16 dia.bars @ 150 c/c
Asrprov = Tt X Os? | (4 x Ssr) = 1340 mm2/m
Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 252 mm?/m
Asrmax = 0.04 x h = 9000 mm?2/m
max(Asrreq, Asr.min) / Asrprov = 0.356

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

Deflection control - Section 7.4
Reference reinforcement ratio

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

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Library item: Rectangular single output

po = V(fac / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.003
p' = Asr2req / d2 = 0.000
Ko = 0.4
Ks = min(500 N/mm? / (fyk x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fa / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm?) x (po/ p - 1)¥2], 40 x Ky) = 16
hstem / d =10.2
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2 = 0.6

Msis = 21.5 kKNm/m

6s = Msis / (Asrprov x Z) = 100.9 N/mm?
Long term

ki= 0.4

Acerr = min(2.5 x (h-d), (h-x)/3,h/2)
Aceif = 68042 mm?2/m

feteft = fem = 2.9 N/mm?2

Pp.eft = Asrprov | Acerr = 0.020

oe = Es/ Ecm = 6.091

ki=0.8
k2=0.5
ks = 3.4
ks = 0.425
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Maximum crack spacing - exp.7.11 Srmax = K3 X Csr + K1 X K2 X K4 X {sr / pp.esr = 308 mm
Maximum crack width - exp.7.8 Wik = Srmax X Max(os — Ki x (feteft / pp.efr) x (1 + ote X ppeeir), 0.6 x o) / Es
Wk = 0.093 mm

Wik / Wiax = 0.311
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =44.4 KkN/m
Crdc =0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pr = min(Asrprov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k32 x f4%5 = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRkd.c = Mmax(Crac x k x (100 Nmm#* x pi x f)"3, Vmin) x d

VRd.c = 115.7 kN/m
V /[ Vg4 = 0.383
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 335 mm2/m
Maximum spacing of reinforcement — cl.9.6.3(2) Ssx_max = 400 mm

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

Area of transverse reinforcement provided Asxprov = T % dsx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe

Depth of section h =300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 44.4 kNm/m

Depth to tension reinforcement d=h-Cob-dor/2=217 mm

K=M/(d? x fx) = 0.031
K'=(2 x M x aeelye)x(1 - A x (8 - K)/(2 x K2))x(A x (8 - K1)/(2 x K2))

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

Lever arm z=min(0.5+0.5x (1-2x K/ (n x ace/ yc))*?, 0.95) x d = 206 mm
Depth of neutral axis x=25x(d—2z)=27 mm
Area of tension reinforcement required Abbreqg = M/ (fya x z) = 495 mm?/m
Tension reinforcement provided 16 dia.bars @ 150 c/c
Area of tension reinforcement provided Apbprov = T X Qb / (4 x Spp) = 1340 mm?/m
Minimum area of reinforcement - exp.9.1N Abb.min = Max(0.26 x fem / fyk, 0.0013) x d = 327 mm?m
Maximum area of reinforcement - cl.9.2.1.1(3) Abpmax = 0.04 x h =12000 mm?/m

max(Avb.req, Abb.min) / Abb.prov = 0.369

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

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1 y2 = 0.6

Serviceability bending moment Msis = 32 KNm/m

Tensile stress in reinforcement 6s = Msis / (Abb.prov x Z) = 115.9 N/mm?
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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 - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Acert =min(2.5x (h-d), (h-x)/3,h/2)
Acer = 90958 mm?/m

foteft = fom = 2.9 N/mm?

Pp.eft = Abbprov / Acerr = 0.015

oe = Es / Ecm = 6.091

ki=0.8
k2=10.5
ks = 3.4
ks = 0.425

Srmax = K3 X Cpb + K1 X k2 X K4 X Qoo / ppeff = 440 mm
Wk = Sr.max X Max(os — ki x (ferefr / Ppef) X (1 + 0le X ppefr), 0.6 x os) / Es
Wk = 0.153 mm
Wk / Wmax = 0.51
PASS - Maximum crack width is less than limiting crack width

V =32.4 kN/m
Crdc = 0.18/vyc =0.120
k =min(1 + ¥(200 mm / d), 2) = 1.960
pr = Min(App.prov / d, 0.02) = 0.006
Vmin = 0.035 N"2/mm x k32 x %% = 0.526 N/mm?
VRkd.c = Max(Crac x k x (100 N¥mm?* x py x fe)"3, Vmin) x d
VRae = 135.1 KN/m
V /[ VRrac = 0.240
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreqg = 0.2 x App.prov = 268 mm?2/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = Tt % dpx? | (4 x Spx) = 393 mm>3/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details

16 dia.bars @ 150 c/c
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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

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

Height of water

Water density

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle

Characteristic wall friction angle

Base soil properties

Soil type

Soil density

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

Presumed bearing capacity

Loading details

Permanent surcharge load
Variable surcharge load
Vertical line load at 2112 mm

Cantilever

hsem = 1700 mm
tstem = 225 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 2000 mm
thase = 300 mm
Ybase = 25 KN/m?3
hret = 1700 mm
B =0deg

deover = 0 mm
Nwater = 700 mm
Yw = 9.8 KN/m3

Firm clay

Ymr = 19 KN/m?®
Ysr = 19 kKN/m?®
¢'rk = 27 deg
&k = 13.5 deg

Firm clay

o = 19 kKN/m3
O'vk = 27 deg
dbk = 13.5 deg
Sk = 18 deg

Pbearing = 60 kN/m?

Surchargeg = 26.3 kN/m?
Surchargeq = 11.9 kN/m?

Pc1 =21.4 kN/m
PQ1 = 4.8 kN/m

Tedds calculation version 2.9.12

19




Project Job no.
SYMMETRYS 43a REDINGTON ROAD, LONDON NW3 7RA 21141
STRUGTURAL GIVIL ENGINEERS Calcs for Start page no./Revision
Symmetrys B-RWO03 2B
Unit 6 The Courtyard, Lynton Road Calcs by Calcs date Checked by Checked date Approved by Approved date
London N8 8SL SB 14/01/2022 DS 14/01/2022 DS 14/01/2022
1 2000 fe225-5]

21

171
171

I
T
I
f«
B9
3
<

PRy

126 kN/m2

[l

[

°
18.9 kN/M? S
S

j«—300

(i

@
o

% kN/m?

22.3 kN/m?

124.9 kN/m?

2225

v

General arrangement

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

Ibase = ltoe + tstem = 2225 mm

Nsat = Nwater + deover = 700 mm
Nmoist = Nret - hwater = 1000 Mm
sur = lheet = 0 mMm

Xsur v = lbase = lheel / 2 = 2225 mm
heff = Nbase + deover + hret = 2000 mm
Xsur_h = heit / 2 = 1000 mm

Astem = hstem x tstem = 0.383 m?
Xstem = loe * tstem / 2 = 2113 mm
Abase = lbase X thase = 0.668 m?
Xbase = Ibase / 2 = 1113 mm

Ka = sin(o + ¢"rx)2 / (sin(a)? x sin(o - 8rx) x [1 + V[sin('rk + Srk) x SIN(¢'rx
- B) / (sin(a - &) x sin(a + B))]]?) = 0.340

Kp = sin(90 - ¢'vx)? / (siN(90 + Spx) x [1 - \/[sin(q)'b_k + 8px) % SiN(P'vk) /
(sin(90 + &vk))II?) = 4.044

Fstem = Astem X Ystem = 9.6 kN/m
Fbase = Abase X Ybase = 16.7 kN/m
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Line loads
Total

Horizontal forces on wall
Surcharge load

Saturated retained soil
Water

Moist retained soil

Base soil
Total

Moments on wall
Wall stem

Wall base

Surcharge load

Line loads

Saturated retained soil
Water

Moist retained soil
Total

Check bearing pressure
Propping force

Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

RETAINING WALL DESIGN

Fp v =Pg1+ Pai =26.2 KN/m
Fiotalv = Fstem + Fbase + Fp_v + Fuater v = 52.5 kN/m

Fsur h = Ka x cos(8rx) x (Surchargec + Surchargeq) x hest = 25.2 kN/m
Fsat h = Ka x cos(8rk) x (Vsr = Yw) x (hsat + Noase)? / 2 = 1.5 KN/m

Fuwater h = Yw % (Nwater + doover + Nbase)? / 2 = 4.9 KN/m

Frmoist h = Ka x €OS(8rk) X Ymr X ((Neff = hsat = Nbase)? / 2 + (Nefr = Nsat = Nbase) x
(hsat + hpase)) = 9.4 KN/m

Fpass_h = -Kp x COS(8bk) X ¥b X (Deover *+ Npase)? / 2 = -3.4 KN/m

Fiota_h = Fsur h + Fsat.h + Fuwater h + Fmoistn + Fpass_h = 37.7 kN/m

Mstem = Fstem X Xstem = 20.2 KNm/m

Mbase = Fbase X Xbase = 18.6 KNm/m

Msur = -Fsur_h X Xsur_n = =25.2 KNm/m

Mp = (Ps1 + Pa1) x p1 = 55.3 kKNm/m

Msat = -Fsat_n X Xsat_n = =0.5 kKNm/m

Muater = -Fwater_h X Xwater_h = =1.6 KNm/m

Mmoist = -Fmoist_h X Xmoist_h = =7.3 KNmM/m

Miotal = Mstem + Mbase + Msur + Mp + Msat + Muater + Mmoist = 59.4 KNm/m

Forop_base = Fiotal_h = 37.7 KN/m

X = Miotal / Frotal v = 1133 mm
€= X-lhase /2 =20 mm
lioad = lbase = 2225 mm
Qtoe = Fiotal_v / lbase X (1 -6 x € / Ipase) = 22.3 KN/m?
Qheel = Fiotal_v / lbase X (1 + 6 x € / lpase) = 24.9 kKN/m?
FoSbp = Pbearing / Max(Qioe, Qheel) = 2.413

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

incorporating National Amendment No.1

Tedds calculation version 2.9.12

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

Concrete strength class

Characteristic compressive cylinder strength

Characteristic compressive cube strength

Mean value of compressive cylinder strength

Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete

Partial factor for concrete - Table 2.1N

Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15

Maximum aggregate size

C30/37

fo = 30 N/mm?

fokcube = 37 N/mm?

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

fom = 0.3 N/mm? x (fo / 1 N/mm?2)?3 = 2,9 N/mm?
few005 = 0.7 x fom = 2.0 N/mm?

Ecm = 22 KN/mm? x (fom / 10 N/mm?)0-3 = 32837 N/mm?
vc =1.50

occ = 0.85

fed = oee x fok / Yo = 17.0 N/mm?

hagg = 20 mm
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Ultimate strain - Table 3.1 gcuz = 0.0035

Shortening strain - Table 3.1 gcuz = 0.0035

Effective compression zone height factor A =0.80

Effective strength factor n=1.00

Bending coefficient k4 K1 =0.40

Bending coefficient k;
Bending coefficient ks
Bending coefficient ks

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N

Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

K> =1.00 x (0.6 + 0.0014/ec.2) = 1.00
K3 =0.40
Ks=1.00 x (0.6 + 0.0014/¢c.2) =1.00

fye = 500 N/mm?

Es = 200000 N/mm?

vs =1.15

fya = fy / ys = 435 N/mm?

Csi = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm

Bending moment - Combination No.1 - kNm/m

Shear force - Combination No.1 - kN/m

s

e 329

434

Bending moment - Combination No.2 - kNm/m

Shear force - Combination No.2 - kN/m

33

_|a892
847
8.47
e i
=) =)
T b
it
B g
8 8
Loading details - Combination No.2 - kN/n?
1
767
7.67
o 12
N 87
: C
% ‘ e
E <

362

409
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Check stem design at base of stem
Depth of section h =225 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - cl.9.2.1.1(3)

M = 32.9 kNm/m
d=h-Cs-dsr/2=167 mm
K =M/ (d? x f«) = 0.039
K'= (2 x M x oeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (n x ac/vc))*?, 0.95) x d = 159 mm
x=25x(d-2z)=21mm
Astreq = M/ (fya x ) = 477 mm?/m
16 dia.bars @ 150 c/c
Asrprov = Tt X Os? | (4 x Ssr) = 1340 mm2/m
Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 252 mm?/m
Asrmax = 0.04 x h = 9000 mm?2/m
max(Asrreq, Asr.min) / Asrprov = 0.356

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

Deflection control - Section 7.4
Reference reinforcement ratio

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

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Library item: Rectangular single output

po = V(fac / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.003
p' = Asr2req / d2 = 0.000
Ko = 0.4
Ks = min(500 N/mm? / (fyk x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fa / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm?) x (po/ p - 1)¥2], 40 x Ky) = 16
hstem / d =10.2
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2 = 0.6

Msis = 21.5 kKNm/m

6s = Msis / (Asrprov x Z) = 100.9 N/mm?
Long term

ki= 0.4

Acerr = min(2.5 x (h-d), (h-x)/3,h/2)
Aceif = 68042 mm?2/m

feteft = fem = 2.9 N/mm?2

Pp.eft = Asrprov | Acerr = 0.020

oe = Es/ Ecm = 6.091

ki=0.8
k2=0.5
ks = 3.4
ks = 0.425
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Maximum crack spacing - exp.7.11 Srmax = K3 X Csr + K1 X K2 X K4 X {sr / pp.esr = 308 mm
Maximum crack width - exp.7.8 Wik = Srmax X Max(os — Ki x (feteft / pp.efr) x (1 + ote X ppeeir), 0.6 x o) / Es
Wk = 0.093 mm

Wik / Wiax = 0.311
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =44.4 KkN/m
Crdc =0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pr = min(Asrprov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k32 x f4%5 = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRkd.c = Mmax(Crac x k x (100 Nmm#* x pi x f)"3, Vmin) x d

VRd.c = 115.7 kN/m
V /[ Vg4 = 0.383
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 335 mm2/m
Maximum spacing of reinforcement — cl.9.6.3(2) Ssx_max = 400 mm

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

Area of transverse reinforcement provided Asxprov = T % dsx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe

Depth of section h =300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 43.1 kNm/m

Depth to tension reinforcement d=h-Cob-dor/2=217 mm

K=M/(d? x fx) = 0.031
K'=(2 x M x aeelye)x(1 - A x (8 - K)/(2 x K2))x(A x (8 - K1)/(2 x K2))

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

Lever arm z=min(0.5+0.5x (1-2x K/ (n x ace/ yc))*?, 0.95) x d = 206 mm
Depth of neutral axis x=25x(d—2z)=27 mm
Area of tension reinforcement required Abbreqg = M/ (fya x z) = 481 mm?/m
Tension reinforcement provided 16 dia.bars @ 150 c/c
Area of tension reinforcement provided Apbprov = T X Qb / (4 x Spp) = 1340 mm?/m
Minimum area of reinforcement - exp.9.1N Abb.min = Max(0.26 x fem / fyk, 0.0013) x d = 327 mm?m
Maximum area of reinforcement - cl.9.2.1.1(3) Abpmax = 0.04 x h =12000 mm?/m

max(Avb.reqs Abb.min) / Abb.prov = 0.359

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

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1 y2 = 0.6

Serviceability bending moment Msis = 31.1 KNm/m

Tensile stress in reinforcement 6s = Msis / (Abb.prov x Z) = 112.6 N/mm?
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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 - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Acert =min(2.5x (h-d), (h-x)/3,h/2)
Acer = 90958 mm?/m

foteft = fom = 2.9 N/mm?

Pp.eft = Abbprov / Acerr = 0.015

oe = Es / Ecm = 6.091

ki=0.8
k2=10.5
ks = 3.4
ks = 0.425

Srmax = K3 X Cpb + K1 X k2 X K4 X Qoo / ppeff = 440 mm
Wk = Sr.max X Max(os — ki x (ferefr / Ppef) X (1 + 0le X ppefr), 0.6 x os) / Es
Wk = 0.148 mm
Wi / Wmax = 0.495
PASS - Maximum crack width is less than limiting crack width

V =43.8 kN/m
Crdc = 0.18/vyc =0.120
k =min(1 + ¥(200 mm / d), 2) = 1.960
pr = Min(App.prov / d, 0.02) = 0.006
Vmin = 0.035 N"2/mm x k32 x %% = 0.526 N/mm?
VRkd.c = Max(Crac x k x (100 N¥mm?* x py x fe)"3, Vmin) x d
VRae = 135.1 KN/m
V/Vrac = 0.324
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreqg = 0.2 x App.prov = 268 mm?2/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = Tt % dpx? | (4 x Spx) = 393 mm>3/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 200 c/c
transverse reinforcement
in base

Reinforcement details

16 dia.bars @ 150 c/c
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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details

Stem type Cantilever

Stem height Nstem = 1030 mm
Stem thickness tstem = 330 mm
Angle to rear face of stem o =90 deg
Stem density Ystem = 25 KN/m?®
Toe length loe = 1000 mm

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

thase = 250 mm
Ybase = 25 KN/m?3
hret = 1030 mm
B =0deg

deover = 0 mm

Height of water Nwater = 100 mm
Water density Yw = 9.8 KN/m3
Retained soil properties

Soil type Firm clay
Moist density Ymr = 19 KN/m?®
Saturated density Ysr = 19 kKN/m?®
Characteristic effective shear resistance angle ¢'rk = 27 deg
Characteristic wall friction angle &k = 13.5 deg
Base soil properties

Soil type Firm clay

Soil density o = 19 kKN/m3
Characteristic effective shear resistance angle ¢'vk = 27 deg
Characteristic wall friction angle dbk = 13.5 deg
Characteristic base friction angle Sbok = 18 deg

Tedds calculation version 2.9.12

Presumed bearing capacity Phbearing = 60 kN/m?

Loading details

Variable surcharge load Surchargeq = 2.5 kN/m?

Note:

The retaining wall has been designed to support lateral pressures only.

Assuming the slab (retaining wall base) has sufficient stiffness, this will transfer the vertical load to a
mass concrete strip foundation uniformly.

Refer to "Addendum to structural calculation package" for strip foundation and load bearing pressure
check.
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[ 1000 | 330 |
J— J— 0.8 kN/m? -
?@i 6.7 kN/m?
oy v Prop °
vy ¥ __ Po ¥
i % 11.2 kN/m? X
7.2 kN/m?

General arrangement

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

Ibase = ltoe + tstem = 1330 mm

Nsat = Nwater + deover = 100 mMm

hmoist = hret = hwater = 930 mm

sur = lheet = 0 mMm

Xsur_v = Ibase = lheet / 2 = 1330 mm
Neft = Nbase + deover + hret = 1280 mm
Xsur_h = heff / 2 = 640 mm

Astem = hstem X tstem = 0.34 m?

Xstem = loe + tstem / 2 = 1165 mm
Abase = lbase X thase = 0.333 m?

Xbase = Ibase / 2 = 665 mm

Ka = sin(o + ¢"rx)2 / (sin(a)? x sin(o - 8rx) x [1 + V[sin('rk + Srk) x SIN(¢'rx
- B) / (sin(a - &) x sin(a + B))]]?) = 0.340

Kp = sin(90 - ¢'vx)? / (SiN(90 + Spx) x [1 - \/[sin(q)'b_k + 8px) % SiN(P'vk) /
(sin(90 + 3v.x))1I%) = 4.044

Fstem = Astem X Ystem = 8.5 kN/m
Fbase = Abase X Ybase = 8.3 kN/m
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Total Fiotal v = Fstem * Foase + Fuater v = 16.8 KN/m
Horizontal forces on wall
Surcharge load Fsur h = Ka x c0s(8:x) x Surchargeq x herr = 1.1 KN/m
Saturated retained soil Fsatn = Ka x €OS(8rk) X (Ysr - Yw) X (Nsat + hbase)? / 2 = 0.2 KN/m
Water Fuwater h = Yw % (Nwater + dcover + Nbase)? / 2 = 0.6 KN/m
Moist retained soil Frmoist h = Ka x €0S(8rk) x ymr X ((Neff = Nsat = Nbase)? / 2 + (Neft - Nsat = Nbase) x
(hsat + hbase)) = 4.8 KN/m
Base soil Fpass h = -Kp x COS(8bk) X ¥b X (deover + Nbase)? / 2 = 2.3 KN/m
Total Fiotal h = Fsur h + Fsat_n + Fwater h + Frmoist_n + Fpass_h = 4.3 KN/m
Moments on wall
Wall stem Mstem = Fstem X Xstem = 9.9 KNm/m
Wall base Mbase = Foase X Xbase = 5.5 KNm/m
Surcharge load Msur = -Fsur_h X Xsur_h = -0.7 KNm/m
Saturated retained soil Msat = -Fsat_n X Xsat_h = 0 KNm/m
Water Muater = -Fuwater h X Xwater h = =0.1 KNm/m
Moist retained soil Mmoist = =Fmoist_h X Xmoist_h = =2.1 KNm/m
Total Miotal = Mstem + Mbase + Msur + Msat + Muwater + Mmoist = 12.5 KNm/m
Check bearing pressure
Propping force Forop_base = Fiotal n = 4.3 KN/m
Distance to reaction X = Miotal / Fiotal_y = 744 mm
Eccentricity of reaction €= X-lbase/2=79 mm
Loaded length of base lioad = Ibase = 1330 mm
Bearing pressure at toe Groe = Frotal_v / Ibase X (1 -6 x € / lpase) = 8.1 KN/m?
Bearing pressure at heel Qreel = Frotal_v / Ibase X (1 + 6 x € / Ibase) = 17.2 kN/m?
Factor of safety FOSup = Pbearing / Max(Qroe, Jheel) = 3.496

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex
incorporating National Amendment No.1

Tedds calculation version 2.9.12

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

Concrete strength class C30/37

Characteristic compressive cylinder strength foc = 30 N/mm?

Characteristic compressive cube strength fokcube = 37 N/mm?

Mean value of compressive cylinder strength fom = foc + 8 N/mm? = 38 N/mm?

Mean value of axial tensile strength fom = 0.3 N/mm? x (foc / 1 N/mm?2)?3 = 2.9 N/mm?

5% fractile of axial tensile strength fot,0.05 = 0.7 x fom = 2.0 N/mm?

Secant modulus of elasticity of concrete Ecm = 22 KN/mm? x (fom / 10 N/mm?)0-3 = 32837 N/mm?
Partial factor for concrete - Table 2.1N vc =1.50

Compressive strength coefficient - ¢l.3.1.6(1) Occ = 0.85

Design compressive concrete strength - exp.3.15  feq = otee x fox / Yo = 17.0 N/mm?

Maximum aggregate size hagg = 20 mm
Ultimate strain - Table 3.1 gcuz = 0.0035
Shortening strain - Table 3.1 gcuz = 0.0035
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Effective compression zone height factor A =0.80

Effective strength factor n=1.00

Bending coefficient k1 K1 =10.40

Bending coefficient k Kz =1.00 x (0.6 + 0.0014/ec.2) = 1.00

Bending coefficient ks Ks =0.40

Bending coefficient ks Ks =1.00 x (0.6 + 0.0014/¢c.2) =1.00

Reinforcement details

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

Modulus of elasticity of reinforcement Es = 200000 N/mm?

Partial factor for reinforcing steel - Table 2.1N vs =1.15

Design yield strength of reinforcement fya = f / ys = 435 N/mm?

Cover to reinforcement

Front face of stem Cst = 40 mm

Rear face of stem Csr = 50 mm

Top face of base Cot = 50 mm

Bottom face of base Cob =75 mm

Shear force - Combination No.1 - kN/m

Loading detais ~Combination No.1~kNImZ Bending moment - Combination No.1 - kNm/m
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Check stem design at base of stem
Depth of section h =330 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M =2.2 kKNm/m

Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - cl.9.2.1.1(3)

d=h-Cs-dsr/2=272 mm
K =M/ (d? x fe«) = 0.001
K'= (2 x M x oeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2x K/ (n x ac/vc))*?, 0.95) x d = 258 mm
x=25x(d—z)=34mm
Asrreq = M/ (fya x 2) = 20 mm?/m
16 dia.bars @ 150 c/c
Asrprov = T X Os? | (4 % Ser) = 1340 mm>3/m
Asrmin = max(0.26 x fem / fyx, 0.0013) x d = 410 mm?/m
Asrmax = 0.04 x h = 13200 mm?/m
max(Asr.req, Asr.min) / Asr.prov = 0.306

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

Deflection control - Section 7.4
Reference reinforcement ratio

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

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Library item: Rectangular single output

po = V(fac / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.000
p' = Asr2req / d2 = 0.000
Ko = 0.4
Ks = min(500 N/mm? / (fyk x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fa / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm?) x (po/ p - 1)¥2], 40 x Ky) = 16
hstem / d = 3.8
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

y2 = 0.6

Msis = 1.4 KNm/m

6s = Mgis / (Asrprov x Z) = 4.1 N/mm?
Long term

ki= 0.4

Acef =min(2.5x (h-d), (h-x)/3,h/2)
Acei = 98667 mm?2/m

feteft = fom = 2.9 N/mm?

Ppeft = Asrprov / Acerr = 0.014

oe = Es/ Ecm = 6.091

ki=0.8
k2=0.5
ks = 3.4
ks = 0.425
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Maximum crack spacing - exp.7.11 Srmax = K3 X Csr + K1 X K2 X K4 X {sr / pp.est = 370 mm
Maximum crack width - exp.7.8 Wik = Srmax X Max(os — Ki x (feteft / pp.efr) x (1 + ote X ppeeir), 0.6 x o) / Es
Wk = 0.005 mm

Wk / Wiax = 0.015
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =5.8 kN/m
Crdc =0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 1.857

Longitudinal reinforcement ratio pr = min(Asrprov / d, 0.02) = 0.005
Vmin = 0.035 N"2/mm x k32 x f4%5 = 0.485 N/mm?
Design shear resistance - exp.6.2a & 6.2b VRkd.c = Mmax(Crac x k x (100 Nmm#* x pi x f)"3, Vmin) x d

Vrdc = 148.8 KN/m
V /[ VRr4c = 0.039
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 335 mm2/m
Maximum spacing of reinforcement — cl.9.6.3(2) Ssx_max = 400 mm

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

Area of transverse reinforcement provided Asxprov = T % dsx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe

Depth of section h =250 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M =2.9 kNm/m

Depth to tension reinforcement d=h-Cop- /2 =167 mm

K =M/ (d? x fx) = 0.003
K'=(2 x M x aeelye)x(1 - A x (8 - K)/(2 x K2))x(A x (8 - K1)/(2 x K2))

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

Lever arm z=min(0.5+0.5x (1-2x K/ (n x ace/ yc))*?, 0.95) x d =159 mm
Depth of neutral axis x=25x(d-—2z)=21mm
Area of tension reinforcement required Avbreq = M/ (fya x 2) = 42 mm?/m
Tension reinforcement provided 16 dia.bars @ 150 c/c
Area of tension reinforcement provided Apbprov = T X Qb / (4 x Spp) = 1340 mm?/m
Minimum area of reinforcement - exp.9.1N Abvb.min = Max(0.26 x fem / fyk, 0.0013) x d = 252 mm?m
Maximum area of reinforcement - cl.9.2.1.1(3) Abbmax = 0.04 x h =10000 mm?/m

max(Abb.reqs Abb.min) / Abb.prov = 0.188

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

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1 y2 = 0.6

Serviceability bending moment Msis = 2.1 KNm/m

Tensile stress in reinforcement 6s = Msis / (Avbprov x Z) = 9.7 N/mm?
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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 - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Acert =min(2.5x (h-d), (h-x)/3,h/2)
Acet = 76375 mm?/m

foteft = fom = 2.9 N/mm?

Pp.eft = Abb.prov / Acerr = 0.018

oe = Es / Ecm = 6.091

ki=0.8
k2=10.5
ks = 3.4
ks = 0.425

Srmax = K3 X Cpb + K1 X k2 X K4 X Qoo / ppeff = 410 mm
Wk = Sr.max X Max(os — ki x (ferefr / Ppef) X (1 + 0le X ppefr), 0.6 x os) / Es
Wk = 0.012 mm
Wk / Wmax = 0.04
PASS - Maximum crack width is less than limiting crack width

V =7.2kN/m
Crdc = 0.18/vyc =0.120
k =min(1 + ¥(200 mm / d), 2) = 2.000
pr = Min(App.prov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k32 x %% = 0.542 N/mm?
VRkd.c = Max(Crac x k x (100 N¥mm?* x py x fe)"3, Vmin) x d
VRae = 115.7 KN/m
V' / Vg4 = 0.062
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreqg = 0.2 x App.prov = 268 mm?2/m
Sbx_max = 450 mm

10 dia.bars @ 200 c/c

Abxprov = Tt % dpx? | (4 x Spx) = 393 mm>3/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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10 dia.bars @ 200 c/c
horizontal reinforcement
parallel to face of stem y
T 12 dia.bars @ 150 c/c o — o 16 dia.bars @ 150 c/c
150 16 dia.bars @ 150 c/c ™~ L1
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T

16 dia.bars @ 150 c/c

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

Reinforcement details
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RETAINING WALL ANALYSIS

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

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

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

Height of water

Water density

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle

Characteristic wall friction angle

Base soil properties

Soil type

Soil density

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

Presumed bearing capacity

Loading details

Variable surcharge load

Vertical line load at 2165 mm

Cantilever

hstem = 2700 mm
tstem = 330 mm
o =90 deg

Ystem = 25 KN/m?®
loe = 2000 mm
thase = 250 mm
Ybase = 25 KN/m?3
hret = 2700 mm
B =0deg

deover = 0 mm
hwater = 1700 mm
Yw = 9.8 KN/m3

Firm clay

Ymr = 19 KN/m?®
Ysr = 19 kKN/m?®
¢'rk = 27 deg
&k = 13.5 deg

Firm clay

o = 19 kKN/m3
O'vk = 27 deg
dbk = 13.5 deg
Sk = 18 deg

Pbearing = 60 kN/m?

Surchargeq = 2.5 kN/m?

Pc1=1.2 kN/m
Pai1 = 3.1 kN/m

Tedds calculation version 2.9.12
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}4 2000 “‘ 33044
| 2165 }
ry ry E¢ 0.8 kN/m? £y
— 7.1 kN/m?
E:iL ‘ %321 kN2

2330 {

General arrangement

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

Ibase = ltoe + tstem = 2330 mm

hsat = Nwater + dcover = 1700 mm
Nmoist = Nret = Nwater = 1000 Mm

Isur = lheet = 0 mm

Xsur_v = lbase - lheet / 2 = 2330 mm
et = hbase + deover + hret = 2950 mm
Xsur_h = hett / 2 = 1475 mm

Astem = hstem % tstem = 0.891 m?

Xstem = loe * tstem / 2 = 2165 mm
Abase = lbase X thase = 0.583 m?

Xbase = lbase / 2 = 1165 mm

Ka = sin(o + ¢"rk)2 / (sin(a)? x sin(o - 8rk) x [1 + V[sin('rk + Srk) x SIN(¢'rx

- B)/ (sin(ct - ) x sin(a + B))]I?) = 0.340

Kp = S|n(90 - ¢Ib-k)2 / (S|n(90 + Sb,k) X [1 - \/[Sin((i)'b‘k + Sb,k) X Sin((i)'b‘k) /

(Sin(90 + 5v.))]1?) = 4.044

Fstem = Astem X Ystem = 22.3 KN/m
Fbase = Abase X Ybase = 14.6 KN/m
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Line loads
Total

Horizontal forces on wall
Surcharge load

Saturated retained soil
Water

Moist retained soil

Base soil
Total

Moments on wall
Wall stem

Wall base

Surcharge load

Line loads

Saturated retained soil
Water

Moist retained soil
Total

Check bearing pressure
Propping force

Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

RETAINING WALL DESIGN

Fp v=Pg1+ Pqi =4.3 kN/m
Fiotal v = Fstem + Foase + Fp_v + Fuater v = 41.1 KN/m

Fsur h = Ka x cOS(8r.k) x Surchargeq x heif = 2.4 kKN/m

Fsat h = Ka x cos(8rk) x (Vsr = Yw) x (hsat + Npase)? / 2 = 5.8 KN/m

Fuwater h = Yw % (Nwater + dcover + Nbase)? / 2 = 18.7 kKN/m

Frmoist h = Ka x €OS(8rk) X Ymr X ((Neff = hsat = Nbase)? / 2 + (Nefr = Nsat = Nbase) x
(hsat + hpase)) = 15.4 KN/m

Frpass_h = -Kp x COS(8bk) X ¥b X (Deover *+ Npase)? / 2 = -2.3 kKN/m

Fiotal_h = Fsur h + Fsat_h + Fwater h + Frmoist h + Fpass_n = 39.9 KN/m

Mstem = Fstem X Xstem = 48.2 KNm/m

Mbase = Fbase X Xpase = 17 KNm/m

Msur = -Fsur_h X Xsur_p = =3.6 KNmM/m

Mp = (Pg1 + Pa1) x p1 = 9.3 kNm/m

Msat = -Fsat_h X Xsat h = -3.7 KNm/m

Muater = -Fwater_h X Xwater_h = =12.1 KNm/m

Mmoist = -Fmoist_h X Xmoist_h = =19.1 KNm/m

Miotal = Mstem + Mbase + Msur + Mp + Msat + Muwater + Mmoist = 35.9 KNm/m

Forop_base = Fiotal_h = 39.9 KN/m

X = Miotat / Frotal v = 874 mm
€= X-lhase/2=+-291 mm
lioad = lbase = 2330 mm
Qtoe = Fiotal_v / lbase X (1 -6 x € / Ipase) = 30.9 KN/m?
Oheel = Fiotal_v / lbase X (1 + 6 x € / lpase) = 4.4 KN/m?
FOSbp = Poearing / Max(Ctoe; Gheel) = 1.942

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

incorporating National Amendment No.1

Tedds calculation version 2.9.12

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

Concrete strength class

Characteristic compressive cylinder strength

Characteristic compressive cube strength

Mean value of compressive cylinder strength

Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete

Partial factor for concrete - Table 2.1N

Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15

Maximum aggregate size

C30/37

fo = 30 N/mm?

fokcube = 37 N/mm?

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

fom = 0.3 N/mm? x (fo / 1 N/mm?2)?3 = 2,9 N/mm?
few005 = 0.7 x fom = 2.0 N/mm?

Ecm = 22 KN/mm? x (fom / 10 N/mm?)0-3 = 32837 N/mm?
vc =1.50

occ = 0.85

fed = oee x fok / Yo = 17.0 N/mm?

hagg = 20 mm
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Ultimate strain - Table 3.1 gcuz = 0.0035

Shortening strain - Table 3.1 gcuz = 0.0035

Effective compression zone height factor A =0.80

Effective strength factor n=1.00

Bending coefficient k4 K1 =0.40

Bending coefficient k;
Bending coefficient ks
Bending coefficient ks

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N

Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

Shear force - Combination No.1 - kN/m

Loading details - Combination No.1 - kN/m?

8.47

Stem

a4

51

K> =1.00 x (0.6 + 0.0014/ec.2) = 1.00
K3 =0.40
Ks=1.00 x (0.6 + 0.0014/¢c.2) =1.00

fye = 500 N/mm?

Es = 200000 N/mm?

vs =1.15

fya = fy / ys = 435 N/mm?

Csi = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob = 75 mm

Bending moment - Combination No.1 - kNm/m

~ Toe

41567 " ]/8.44
Y

11.17

a7

39.6

466
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Shear force - Combination No.2 - kN/m

Loading details - Combination No.2 - kN/n?

|1.08

3.4/6.25

38.546.25
Iy

Check stem design at base of stem
Depth of section

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - ¢l.9.2.1.1(3)

Bending moment - Combination No.2 - kNm/m

393 ———————— 339

409

h =330 mm

M = 39.6 kNm/m
d=h-Cs-dsr/2=272mm
K=M/(d? x fx) = 0.018
K'=(2 x M x aeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required

z=min(0.5+0.5x (1-2x K/ (n x o/ yc))*?, 0.95) x d = 258 mm
x=25x(d—2z)=34mm
Astreq = M/ (fya x ) = 352 mm?/m
16 dia.bars @ 150 c/c
Astprov = T % §s? [ (4 x Ssr) = 1340 mm?/m
Asr.min = max(0.26 x fem / fy, 0.0013) x d = 410 mm?/m

srmax = 0.04 x h =13200 mm?/m
mMax(Asr.req, Asrmin) / Asr.prov = 0.306

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

Deflection control - Section 7.4
Reference reinforcement ratio
Required tension reinforcement ratio

Required compression reinforcement ratio

Structural system factor - Table 7.4N
Reinforcement factor - exp.7.17

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

Library item: Rectangular single output

po = V(fa / 1 N/mm2) / 1000 = 0.005
p = Asrreq / d = 0.001
p' = Asr2req / d2 = 0.000
Ky = 0.4
Ks = min(500 N/mm? / (fyx x Asrreq / Asrprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x V(fac / 1 N/mm2) x po / p + 3.2 x V(fo / 1
N/mm?2) x (po / p - 1)%2], 40 x Kp) = 16
hstem / d = 9.9
PASS - Span to depth ratio is less than deflection control limit
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Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11

Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Wmax = 0.3 mm

y2 = 0.6

Msis = 27.8 kNm/m

6s = Msis / (Asr.prov X 2) = 80.2 N/mm?
Long term

ki= 0.4

Acerf = min(2.5x (h-d), (h-x)/3,h/2)
Acer = 98667 mm?2/m

foteft = fem = 2.9 N/mm?

Ppeft = Asrprov / Acerr = 0.014

oe = Es / Ecm = 6.091

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

Sr.max = K3 X Csr + K1 x Ko x K4 X dsr / ppeff = 370 mm
Wk = Srmax X Max(os — ki x (feteff / ppef) X (1 + 0le X ppefr), 0.6 x os) / Es
wk = 0.089 mm
Wk / Wimax = 0.297
PASS - Maximum crack width is less than limiting crack width

V =47 kKN/m
Crdc =0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 1.857
pr = min(Asrprov / d, 0.02) = 0.005
Vmin = 0.035 N"2/mm x k3?2 x ;05 = 0.485 N/mm?
VRkd.c = Max(Crac x k x (100 Nmm#* x pi x f)"3, Vmin) x d
Vrdc = 148.8 KN/m
V/VRgc=0.316
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1)

Maximum spacing of reinforcement — cl.9.6.3(2)

Transverse reinforcement provided
Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asrprov, 0.001 x tsem) = 335 mm2/m
Ssx_max = 400 mm

10 dia.bars @ 200 c/c

Asxprov = T % dsx® | (4 x Ssx) = 393 mm?/m

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

Check base design at toe
Depth of section

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

h =250 mm

M = 46.6 kNm/m

d=h-cuw- oo/ 2=167 mm

K =M/ (d? x fx) = 0.056

K'=(2 x M x aeelye)x(1 - A x (8 - K)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
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K'> K - No compression reinforcement is required

Lever arm z=min(0.5+0.5x (1-2x K/ (M x 0cc/ yc))*?, 0.95) x d =158 mm
Depth of neutral axis x=25x(d—z)=22mm

Area of tension reinforcement required Abbreq = M/ (fya x Z) = 676 mm?2/m

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

Area of tension reinforcement provided Abbprov = Tt X Pob? [ (4 x Spp) = 1340 mm?2/m

Minimum area of reinforcement - exp.9.1N Agp.min = Max(0.26 x fom / fy, 0.0013) x d = 252 mm?/m

Maximum area of reinforcement - ¢l.9.2.1.1(3) Agp.max = 0.04 x h =10000 mm?/m

maX(Abb.req, Abb.min) / Abb.prov = 0504
PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 y2 = 0.6
Serviceability bending moment Msis = 34.1 KNm/m
Tensile stress in reinforcement 6s = Mgis / (Avb.prov X Z) = 160.8 N/mm?
Load duration Long term
Load duration factor ki=0.4
Effective area of concrete in tension Acert =min(2.5x (h-d), (h-x)/3,h/2)
Acerr = 76128 mm?/m
Mean value of concrete tensile strength forer = form = 2.9 N/mm?
Reinforcement ratio Pp.eff = Abb.prov / Acerr = 0.018
Modular ratio oe = Es/ Ecm = 6.091
Bond property coefficient ki=0.8
Strain distribution coefficient k2=0.5
ks = 3.4
ks = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 X Cpb + K1 X k2 x K4 X Qb / ppett = 409 mm
Maximum crack width - exp.7.8 Wk = Srmax X Max(os — ki x (feteff / pp.efi) X (1 + ote X ppeii), 0.6 x os) / Es
Wk = 0.198 mm

Wk / Wmax = 0-659
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =36.3 kN/m
Crdc =0.18/yc =0.120
k =min(1 + ¥(200 mm / d), 2) = 2.000

Longitudinal reinforcement ratio pi = min(Aob.prov / d, 0.02) = 0.008
Vmin = 0.035 N"2/mm x k%2 x f4%5 = 0.542 N/mm?
Design shear resistance - exp.6.2a & 6.2b Vrd.c = Max(Crac x k x (100 Nmm* x pi x foa)", Vmin) x d

VRrae = 115.7 KN/m
V /[ VRryc = 0.313
PASS - Design shear resistance exceeds design shear force
Secondary transverse reinforcement to base - Section 9.3
Minimum area of reinforcement — cl.9.3.1.1(2) Abxreq = 0.2 x Apbprov = 268 mm?2/m
Maximum spacing of reinforcement — cl.9.3.1.1(3)  Spx_max = 450 mm
Transverse reinforcement provided 10 dia.bars @ 200 c/c
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Area of transverse reinforcement provided Abxprov = T X Pox? / (4 x Spx) = 393 mm?/m

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

40-af e »f 50

10 dia.bars @ 200 c/c
horizontal reinforcement
parallel to face of stem

—

12 dia.bars @ 150 c/c 16 dia.bars @ 150 c/c
v 16 dia.bars @ 150 c/c
150 £ K fﬁ
T 1 T
f

16 dia.bars @ 150 c/c s

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

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

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

Tedds calculation version 3.3.06

Tedds calculation version 1.0.36

ANALYSIS
Geometry
Geometry (m) - Concrete (C30 2500 Quartzite) - R 2000x350
z
1A 2
l #V 6
o 1 £
Span | Length (m) Section Start Support End Support

1 6 R 2000x350 Pinned Roller Pin X

R 2000x350: Area 7000 cm?, Inertia Major 714583 cm*, Inertia Minor 2.x107 cm*, Shear area parallel to Minor
5833 cm?, Shear area parallel to Major = 5833 cm?

kN/mm?2, Thermal 0.00001 °C!

Concrete (C30 2500 Quartzite): Density 2500 kg/m?®, Youngs 32.836568 kN/mm?, Shear 13.6819033

Loading
Self weight included

Permanent - Loading (kN/m)

58.7

\4

N 49— 58.7

» X
>

Imposed - Loading (kN/m)

11.5

0
=

v
z

Load combination factors

5 5 3
) c 0
Load combination E £ 9
3 8 °
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.0G + 1.0y2Q (Quasi) 1.00 | 1.00 | 0.30
Member Loads
Member Load case Load Type Orientation | Description
Beam Permanent ubDL GlobalZz 58.7 KN/m
Beam Imposed uDL GlobalZz 11.5 KN/m

43



Project

SYMMETRYS

43a REDINGTON ROAD, LONDON NW3 7RA

Job no.

21141

STRUCTURAL / CIVIL ENGINEERS

Calcs for Start page no./Revision
Symmetrys B-GBO01 2
Unit 6 The Courtyard, Lynton Road Calcs by Calcs date Checked by Checked date Approved by Approved date
London N8 8SL SB 27/08/2021 DS DS

Results

Forces

Strength combinations - Moment envelope (kNm)

538.5

Strength combinations - Shear envelope (kN)

359

359

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

Concrete strength class

Aggregate type

Aggregate adjustment factor - ¢l.3.1.3(2)
Characteristic compressive cylinder strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

Secant modulus of elasticity of concrete
Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Coefficient ki

Coefficient ko

Coefficient ks

Coefficient ks

Partial factor for concrete -Table 2.1N
Compressive strength coefficient - ¢l.3.1.6(1)
Design compressive concrete strength - exp.3.15
Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15
Maximum aggregate size

Density of reinforced concrete

Monolithic simple support moment factor

Reinforcement details
Characteristic yield strength of reinforcement

C30/37

Quartzite

AAF =1.0

foc = 30 N/mm?

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

fom = 0.3 N/mm?2 x (fa/ 1 N/mm?)?3 = 2.9 N/mm?

Ecm = 22 KN/mm?2x(fem / 10 N/mm?)%3 x AAF = 32837 N/mm?
€cuz = 0.0035

€cus = 0.0035

1 =0.80

n=1.00

ki =0.40

k2 =1.0 x (0.6 + 0.0014 / gcu2) = 1.00
ks = 0.40

ks =1.0 x (0.6 + 0.0014 / £q2) = 1.00
vc =1.50

Occ = 0.85

foa = otee % fok / Yo = 17.0 N/mm?

Ocew = 1.00

fowd = Qleew % Tk / yc = 20.0 N/mm?
hagg = 20 mm

p = 2500 kg/m?®

B1=0.25

fyk = 500 N/mm?
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Partial factor for reinforcing steel - Table 2.1N vs=1.15

Design yield strength of reinforcement

Nominal cover to reinforcement

Nominal cover to top reinforcement

Nominal cover to bottom reinforcement

Nominal cover to side reinforcement

Fire resistance

fyd = fyk / Ys = 435 N/mm?

Cnom_t = 50 mm
Cnom b = 35 mm
Cnom_s = 35 mm

Standard fire resistance period R =60 min
Number of sides exposed to fire 3

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

Rectangular section details

Section width b =2000 mm
Section depth h =350 mm

Moment design

PASS - Minimum dimensions for fire resistance met

Zone 1 Zone 2 Zone 3
1500 3000 1500

-326 kNm

-326 kNm -326 kNm

518 kNm

518 kNm
538.5 718 kNm

Zone 1 Zone 2 Zone 3
1500 3000 1500

I Moment resistance Span1l
[l Elastic moments
A-A c-C
14 x 16) 14 x 160 14 x 16¢
\ A B c |
\ A B c \
14 x 204 6 x 20¢ + 14 x 20¢ 14 x 20

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

Design bending moment
Effective depth of tension reinforcement

Redistribution ratio

Lever arm

Depth of neutral axis

M = abs(Mm1_s1_z1_max_red) = 403.9 KNm
d =293 mm
8 = min(Mgos_red_z1 / Mpos_z1, 1) = 1.000
K=M/ (b x d? x f«) = 0.078
K'=(2xnxocc/yc)x(1-Ax(d-Ki)/(2xKkz))x(Ax(d-ki)/(2xkz2))
=0.207

K'> K - No compression reinforcement is required
z=min(0.5xdx[1+(1-2xK/ (N x oc/yc))’%], 0.95 x d) = 271 mm
x=2x(d-z)/A=55mm
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Area of tension reinforcement required Asreq = M/ (fyq x ) = 3426 mm?
Tension reinforcement provided 14 x 20¢
Area of tension reinforcement provided Asprov = 4398 mm?
Minimum area of reinforcement - exp.9.1N Asmin = Mmax(0.26 x fem / fy, 0.0013) x b x d = 883 mm?
Maximum area of reinforcement - cl.9.2.1.1(3) Asmax = 0.04 x b x h = 28000 mm?

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

Crack control - Section 7.3

Maximum crack width wk = 0.3 mm

Design value modulus of elasticity reinf — 3.2.7(4)  Es = 200000 N/mm?

Mean value of concrete tensile strength fetert = 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

Actual tension bar spacing Sbar = (D - (2 x (Cnom_s + dm1_s1 21 v) + dm1_s1 21 b1 X Nm1_s1 21 6.11)) /
(Nm1.s1 21 bL1- 1)+ dm1 st 21 b1 = 145.1 mm

Maximum stress permitted - Table 7.3N os = 284 N/mm?

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

Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (0ter - 1) x (h = d)) / (b x h + Asprov X (0ter - 1)) =
171 mm

Area of concrete in the tensile zone Act = b x y = 342685 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = ke X K X fereff X Act / 65 = 1349 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1 22 neg_quasi), @bS(Mm1_s1_21_pos_quasi)) =
267.7kNm

Permanent load ratio RpL = Mqgr /M = 0.66

Service stress in reinforcement Gsr = fya X Asreq / Asprov X RpL = 225 N/mm?

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

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

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

Design bending moment M = max(B1 x abs(Mm1_s1_max_red), @8bS(Mm1_s1_z1_min_red)) = 134.6 KNm
Effective depth of tension reinforcement d =280 mm
Redistribution ratio 8§=1=1.000

K=M/ (b x d? x f«) = 0.029
K'=(2xnxoc/yc)x(1-Ax(d-Ki)/(2xKkz))x(Ax(d-ki)/(2xkz2))

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

Lever arm z=min(0.5xd x [1+(1-2x K/ (n x ac/yc))’?], 0.95 x d) = 266 mm
Depth of neutral axis x=2x(d-z)/x=35mm
Area of tension reinforcement required Asreq = M/ (fya x ) = 1164 mm?
Tension reinforcement provided 14 x 16¢
Area of tension reinforcement provided As prov = 2815 mm?
Minimum area of reinforcement - exp.9.1N Asmin = Max(0.26 x fem / ik, 0.0013) x b x d = 843 mm?
Maximum area of reinforcement - c1.9.2.1.1(3) Asmax = 0.04 x b x h = 28000 mm?

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

Crack control - Section 7.3
Maximum crack width Wk = 0.3 mm
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Design value modulus of elasticity reinf — 3.2.7(4)  Es = 200000 N/mm?

Mean value of concrete tensile strength foter = 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

Actual tension bar spacing Sbar = (b - (2 % (Crom_s + dm1_s1_z1_v) + Om1_s1_z1_t L1 X Nm1_s1_z1_t 11)) /
(Nm1 s1 21 t1-1)+ dm1_s1 21t 11 = 145.4 mm

Maximum stress permitted - Table 7.3N os = 284 N/mm?

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

Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (0ter - 1) x (h = d)) / (b x h + Asprov x (0ter - 1)) =
173 mm

Area of concrete in the tensile zone Act = b x y = 345787 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Kc x K X fereff X Act / 65 = 1363 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2 pos_quasi)s @8DS(Mm1_s1_21_neg_quasi)) =
89.2kNm

Permanent load ratio RpL = Map / M = 0.66

Service stress in reinforcement Osr = fyg X Asyreq / Asprov X ReL = 119 N/mm?

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

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (D - (2 X (Crom_s *+ Om1_s1 21 v) + dm1 st 21 ¢ 11 X Nm1 s1_ 21 ¢ 11)) /
(Nm1_s1z1t01-1)=129.4 mm
Minimum allowable top bar spacing Stopmin = MaX(Pm1_s1_21_t L1 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing Sbot = (D - (2 X (Crom_s + Om1_s1 21 v) + dm1_s_z1 b 11 X Nm1_s1 21 b.11)) /
(Nm1_s1 21 b 1-1)=125.1 mm
Minimum allowable bottom bar spacing Sbotmin = MaX(Pm1_s1_z1 b 11 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

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

Design bending moment M = abs(Mm1_s1_z2_max_red) = 538.5 KNm
Effective depth of tension reinforcement d =293 mm
Redistribution ratio 8 = min(Mgos_red z2 / Mpos_z2, 1) = 1.000

K=M/ (b x d? x f«) = 0.105
K'=(2xnxoce/yc)x(1-Ax(d-ki)/(2xk2))x(Ax(d-ki)/(2xkz2))

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

Lever arm z=min(0.5xd x[1+(1-2xK/(n x e/ yc))*%], 0.95 x d) = 263 mm
Depth of neutral axis x=2x(d-z)/A=75mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 4711 mm?
Tension reinforcement provided 6 x 20¢ + 14 x 20¢
Area of tension reinforcement provided As prov = 6283 mm?
Minimum area of reinforcement - exp.9.1N Asmin = Max(0.26 x fem / ik, 0.0013) x b x d = 883 mm?
Maximum area of reinforcement - ¢.9.2.1.1(3) Asmax = 0.04 x b x h = 28000 mm?

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Crack control - Section 7.3
Maximum crack width Wk = 0.3 mm

Design value modulus of elasticity reinf — 3.2.7(4)

Mean value of concrete tensile strength
Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted - Table 7.3N

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

Es = 200000 N/mm?

fetef = fom = 2.9 N/mm?2

ke =0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35 /500 mm, 0.65), 1) = 0.97
Spar = (b - (2 x (Cnom_s + dm1_s1 22 v) + dm1.s1. 22 b 11 X Nm1_s1 2 b 11+
Om1_s1_21.b_11 X Nm1_s1_21.b_11)) / ((Nm1_s1_z2 b 11 + Nm1_s1_21.6.11) - 1) +
Om1_s1z2 b 11 = 99.3 mm

os = 321 N/mm?

der = Es / Ecm = 6.09

Y= (bxh2/ 2+ Agpror x (cter= 1) x (h = d)) / (b x h + Agproy X (ter - 1)) =
170 mm

At = b x y = 339687 mm?

Ascmin = Ke X K x feteft x At/ 65 = 1185 mm?

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

Quasi-permanent moment
Permanent load ratio

Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio

Required compression reinforcement ratio

Structural system factor - Table 7.4N
Basic allowable span to depth ratio

Reinforcement factor - exp.7.17
Flange width factor

Long span supporting brittle partition factor

Allowable span to depth ratio

Actual span to depth ratio

Minimum bar spacing (Section 8.2)
Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

Minimum allowable bottom bar spacing

Map = abs(Mm1_s1 22 pos_quasi) = 356.9kNm
RpL = Mgp / M = 0.66

Gsr = fya X Asreq / Asprov X RpL = 216 N/mm?
Sbar,max = 229.9 mm

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

pmo = (fac / 1 N/mm?2)°5 / 1000 = 0.00548
pm = Asreq / (b x d) = 0.00804
p'm = Aszreq / (b x d) = 0.00000
Ko =1.0
span_to_deptheasic = Ko x [11 + 1.5 x (fac / 1 N/mm?)°8 x pmo / (pm - p'm)
+ (fac / 1 N/Imm2)°8 x (p'm / pmo)®°® / 12] = 16.597
Ks = min(As prov / Asreq x 500 N/mm? / f, 1.5) = 1.334
F1=1=1.000
F2=1=1.000
span_to_depthaiow = min(span_to_depthpasic x Ks x F1 x F2, 40 x Ky) =
22.134
span_to_depthacual = Lm1_s1 / d = 20.478
PASS - Actual span to depth ratio is within the allowable limit

Stop = (b - (2 X (Cnom_s + Om1_s1.22.v) + dm1_s1 22 t L1 X Nm1_s1 2.1 11)) /
(Nm1.s1 22t t1-1)=129.4 mm
Stop,min = MaX(dm1_s1_z2 t L1 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
Soot = (b - (2 X (Crom_s + ¢m1_s1. 22 v) + Om1 s1. 22 b 11 X Nm1.s1 2 b 11+
Om1_s1 21 b 11 X Nm1.s1.21 b 11)) / ((Nm1_s1 22 b 11 + Nm1.s1 21 b.01) - 1) =79.3
mm
Sbotmin = MaX(dm1_s1_z2 b L1 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Zone 3 (4500 mm - 6000 mm) Positive moment - section 6.1

Design bending moment
Effective depth of tension reinforcement
Redistribution ratio

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - cl.9.2.1.1(3)

M = abs(Mm1_s1_z3_max_red) = 403.9 KNm
d =293 mm
8 = min(Mpos_red_z3 / Mpos_z3, 1) = 1.000
K=M/ (b x d? x f«) = 0.078
K'=(2xnxoce/yc)x(1-Ax(d-Ki)/(2xKkz))x(Ax(d-ki)/(2xkz2))
=0.207

K'> K - No compression reinforcement is required
z=min(0.5xdx[1+(1-2xK/ (N x oc/yc))’%], 0.95 x d) = 271 mm
x=2x(d-z)/x=55mm
Asreq = M/ (fya x 2) = 3426 mm?
14 x 20¢
As prov = 4398 mm?
Asmin = max(0.26 x fem / fy, 0.0013) x b x d = 883 mm?
Asmax = 0.04 x b x h = 28000 mm?

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

Crack control - Section 7.3
Maximum crack width

Design value modulus of elasticity reinf — 3.2.7(4)

Mean value of concrete tensile strength
Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted - Table 7.3N

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

Wk = 0.3 mm

Es = 200000 N/mm?

fetert = fom = 2.9 N/mm?

ke =0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35 /500 mm, 0.65), 1) = 0.97
Sbar = (b - (2 X (Crom_s + Om1_s1.23 v) + dm1.s1.23 b 11 X Nm1.s1 23 b 11)) /
(Nm1 st z3b11- 1)+ dmist z3 b 1= 145.1 mm

os = 284 N/mm?

oer = Es / Ecm = 6.09

y=(bxh?/2+ Asprov x (0ter - 1) x (h = d)) / (b x h + Asprov x (0ter - 1)) =
171 mm

Act = b x y = 342685 mm?

Ascmin = Ko x K x ferert X Act / 65 = 1349 mm?

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

Quasi-permanent moment

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

Map = max(B1 x abs(Mm1_s1_z2_neg_quasi), @DS(Mm1_s1_z3_pos_quasi)) =
267.7KNm

ReL = Mqp /M = 0.66

Gor = fya % Asreq ! Asprov x ReL = 225 N/mm?

Sbarmax = 219.4 mm

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

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

Design bending moment
Effective depth of tension reinforcement
Redistribution ratio

M = max(B1 x abs(Mm1_s1_max_red), @8bS(Mm1_s1 23 min_red)) = 134.6 KNm
d =280 mm
5=1=1.000
K=M/ (b x d? x f«) = 0.029
K'=(2xnxoce/yc)x(1-Ax(d-ki)/(2xk2))x(Ax(d-ki)/(2xk2))
=0.207

K'> K - No compression reinforcement is required

49




Project Job no.
SYMMETRYS 43a REDINGTON ROAD, LONDON NW3 7RA 21141
STRUGTURAL GIVIL ENGINEERS Calcs for Start page no./Revision
Symmetrys B-GB01 8
Unit 6 The Courtyard, Lynton Road Calcs by Calcs date Checked by Checked date Approved by Approved date
London N8 8SL SB 27/08/2021 DS DS
Lever arm z=min(0.5xd x[1+(1-2xK/(n x e/ yc))*d], 0.95 x d) = 266 mm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

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

Maximum area of reinforcement - ¢.9.2.1.1(3)

x=2x(d-z)/A=35mm

Asreq = M/ (fya x z) = 1164 mm?

14 x 164

As prov = 2815 mm?

Asmin = Max(0.26 x fem / ik, 0.0013) x b x d = 843 mm?
Asmax = 0.04 x b x h = 28000 mm?

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

Crack control - Section 7.3

Maximum crack width

Design value modulus of elasticity reinf — 3.2.7(4)
Mean value of concrete tensile strength

Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted - Table 7.3N
Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

wk = 0.3 mm

Es = 200000 N/mm?

fotefr = form = 2.9 N/mm?

ke=0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35 /500 mm, 0.65), 1) = 0.97
Sbar = (D - (2 X (Crom_s + $m1_s1_23 v) + dm1_s1_z3 t 11 X Nm1_s1z3 t 11)) /
(Nm1_s1z3tL1-1)+ dmi st z3 ¢ 11 = 145.4 mm

os = 284 N/mm?

Oer = Es / Ecm = 6.09

y=(bxh?/2+ Asprov x (aier = 1) x (h = d)) / (b x h + Agprov X (Cter = 1)) =
173 mm

Ac = b x y = 345787 mm?

Ascmin = Ke X K x ferert X Act / 0s = 1363 mm?2

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

Quasi-permanent moment

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

Map = max(B1 x abs(Mm1_s1_z2_pos_quasi), aDS(Mm1_s1_23 neg_quasi)) =
89.2kNm

ReL = Mgp/ M = 0.66

Gor = fya x Asreq / Asprov x ReL = 119 N/mm?

Sbarmax = 300 mm

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

Minimum bar spacing (Section 8.2)
Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

Minimum allowable bottom bar spacing

Stop = (b - (2 X (Crom_s + Pm1_s1_23_v) + Om1_s1_23_t L1 X Nm1_s1_z3 t 11)) /
(Nm1.s1 23 t1-1)=129.4 mm
Stop,min = MaX(dm1_s1_z3 t L1 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
Sbot = (b - (2 X (Cnom_s + $m1_s1_23_v) + dm1_s1_23 b 11 X Nm1_s1.23 b 11)) /
(Nm1_s1 23 b11-1)=125.1 mm
Sbotmin = MaX(dm1_s1 z3 b L1 X Ks1, Nagg + Ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Shear design

359

Zone 1 Zone 2 Zone 3
1500 3000 1500
I Shear resistance Span 1
[l Elastic shear force

[ ] | ] | )
2 x 12 Tegs @ 100 c/c
fz x 12 legs @ 100 c/c—b‘ Fz x 12 legs @ 100 c/c—ﬂ

| |
Zone 1 Zone 2 Zone 3
1500 3000 1500

Angle of comp. shear strut for maximum shear Omax = 45 deg
Strength reduction factor - cl.6.2.3(3) v =0.6 x (1 -fa /250 N/mm?) = 0.528
Compression chord coefficient - ¢l.6.2.3(3) oew = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asymin = 0.08 N/mm? x b x (foac / 1 N/mm?)°% / fc = 1753 mm?/m

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

Design shear force at support VEedmax = Max(abs(Vz1_max), abs(Vz1_red max)) = 359 kN
Min lever arm in shear zone z =266 mm
Maximum design shear resistance - exp.6.9 VRdmax = Olow X B X Z x V1 X fowg / (COt(Omax) + tan(Bmax)) = 2809 kN

PASS - Design shear force at support is less than maximum design shear resistance
Design shear force at 280mm from support Veq = 325 kN
Design shear stress Ved = Vea / (b x 2) = 0.612 N/mm?
Angle of concrete compression strut - cl.6.2.3 0 = min(max(0.5 x Asin(min(2 x Veq / (dlew X fewd x Vv1),1)), 21.8 deg),

45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Asvdes = VEd x b / (fya x cot(0)) = 1126 mm?/m
Area of shear reinforcement required Asvreq = Max(Asv,min, Asv,ges) = 1753 mm2/m
Shear reinforcement provided 2x121legs @ 100 c/c
Area of shear reinforcement provided Asvprov = 2262 mm?/m
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing - exp.9.6N Svmax = 0.75 x d =210 mm

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

Zone 2 (1500 mm - 4500 mm) shear - section 6.2
Design shear force at support VEdmax = Max(abs(Vzz_max), abs(Vzz_red max)) = 179 kN
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Min lever arm in shear zone z =263 mm
Maximum design shear resistance - exp.6.9 VRdmax = Oew X B X Z x V1 X fowg / (COt(Omax) + tan(Bmax)) = 2776 kN
PASS - Design shear force at support is less than maximum design shear resistance
Design shear force within zone Veqa = 179 kN
Design shear stress Ved = Veda / (b x Z) = 0.341 N/mm?
Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x Veq / (otew % fowa x V1),1)), 21.8 deg),
45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Asvdes = VEd x b / (fya x cot(0)) = 628 mm?2/m
Area of shear reinforcement required Asvreq = Max(Asymin, Asvdes) = 1753 mm?2/m
Shear reinforcement provided 2 x12legs @ 100 c/c
Area of shear reinforcement provided Asvprov = 2262 mm?2/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N Svmax = 0.75 x d = 220 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

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

Design shear force at support Vegmax = Max(abs(Vzz max), abs(Vz3 red_ max)) = 359 kN

Min lever arm in shear zone z =266 mm

Maximum design shear resistance - exp.6.9 VRd,max = Olew X b x Z x V1 X fowa / (COt(Omax) + tan(Bmax)) = 2809 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force at 280mm from support Veq = 325 kN

Design shear stress Ved = Vg / (b x ) = 0.612 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x Veq / (0tew % fowa % v1),1)), 21.8 deg),

45deg) = 21.8 deg

Area of shear reinforcement required - exp.6.8 Asvaes = Vea x b / (fya x cot(0)) = 1126 mm?/m

Area of shear reinforcement required Asvreq = Max(Asvmin, Asvdes) = 1753 mm?2/m

Shear reinforcement provided 2 x12legs @ 100 c/c

Area of shear reinforcement provided Asvprov = 2262 mm?2/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N Svmax = 0.75 x d =210 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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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

13.600

Load Envelope - Combination 1

TEDDS calculation version 3.0.14

4400

kNm
0.0

Bending Moment Envelope

329
4400

Shear Force Envelope

4400

-29.9

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1
Ground floor. 1KN/m2 x 4.8m/2 - Permanent full UDL 2.4 kN/m
Ground floor + partitions. 2.7KN/m2 x 4.8m/2 - Variable full UDL 6.5

kN/m

Support A

Support B

Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Permanent x 1.35
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Variable x 1.50
Analysis results
Maximum moment Mmax = 32.9 kNm Mmin = 0 kNm
Maximum shear Vmax = 29.9 kN Vmin = =29.9 kN
Deflection Omax = 4.8 mm Omin = 0 mm
Maximum reaction at support A Ra_max = 29.9 kN Ra_min = 29.9 kN
Unfactored permanent load reaction at support A Ra_permanent = 6.3 kN
Unfactored variable load reaction at support A RA_variable = 14.3 kN
Maximum reaction at support B RB_max = 29.9 kN RB_min = 29.9 kN

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

Section details
Section type
Steel grade

RBfPermanent =

6.3 kN

RB_variavle = 14.3 KN

UC 203x203x46 (BS4-1)

S§355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 11.0 mm

fy = 355 N/mm?
fu = 470 N/mm?
E =210000 N/mm?

I 2
A = ‘
T
g —» (7.2
2 NG
vy = ‘
T
¢ 203.6 >
Partial factors - Section 6.1
Resistance of cross-sections ymo = 1.00
Resistance of members to instability ymt1 = 1.00
Resistance of tensile members to fracture ymz = 1.10

Lateral restraint

Effective length factors

Effective length factor in major axis
Effective length factor in minor axis
Effective length factor for torsion

Span 1 has lateral restraint at supports only

K, = 1.000
Kz=1.000
Kira = 1.000
Kirs =1.000
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Classification of cross sections - Section 5.5
€ =vV[235 N/mm?/ f,] = 0.81

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

Width of section c=d=160.8 mm
c/tw=274xe<=72x¢ Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tt=98xeg<=10x¢ Class 2
Section is class 2
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm
Shear area factor n =1.000
he/tw<72x€/n
Shear buckling resistance can be ignored

Design shear force Ved = max(abs(Vmax), abs(Vmin)) = 29.9 kKN
Shear area - cl 6.2.6(3) Ay =max(A -2 xb xti+ (tw+ 2 xr) xt;, N X hy X tw) = 1698 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpira = Av % (fy / V[3]) / ymo = 347.9 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment Med = max(abs(Ms1_max), abs(Ms1_min)) = 32.9 kNm
Design bending resistance moment - eq 6.13 Mcrd = Mpird = Wiy X fy / ymo = 176.6 kNm
Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6 ke = 0.94
Ci=1/k?=1.132
Curvature factor g=Vv[1-(/1)=0.813
Poissons ratio v=0.3
Shear modulus G=E/[2x(1+v)]=80769 N/mm?
Unrestrained length L =1.0 x Ls1 = 4400 mm
Elastic critical buckling moment Mer=CiXxTBXE XL/ (L2xg)xV[lw/lz+L2xG x|/ (MBXExI)] =
326.5 kNm
Slenderness ratio for lateral torsional buckling AT = V(Whoiy x fy / Mer) = 0.735
Limiting slenderness ratio Ao =0.4

“Aur > “Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oL = 0.34

Correction factor for rolled sections =0.75

LTB reduction determination factor @r=0.5x[1+ar % (At~ Auto) + B X Ar?] = 0.760
LTB reduction factor - eq 6.57 Xor = min(1 / [@r + Y(@r? - B X A?)], 1, 1/ A?) = 0.852
Modification factor f=min(1-0.5x(1-ke)x[1-2x(Ar-0.8)3], 1) =0.970
Modified LTB reduction factor - eq 6.58 XLTmod = Min(X.t / f, 1) = 0.878

Design buckling resistance moment - eq 6.55 Mb,Rrd = XLT,mod X Wpiy X fy / ym1 = 155 kNm

PASS - Design buckling resistance moment exceeds design bending moment
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Check vertical deflection - Section 7.2.1

Consider deflection due to permanent and variable loads

Limiting deflection

Maximum deflection span 1

Oim = Ls1/250 = 17.6 mm
0 = max(abs(dmax), abs(dmin)) = 4.758 mm

PASS - Maximum deflection does not exceed deflection limit
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STEEL COLUMN DESIGN

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

annex

Design summary

Tedds calculation version 1.1.06

Description Unit Provided Required Utilisation |Result
Shear resistance (y-y) kN 916 1 0.001 PASS
Shear resistance (z-z) kN 458 8 0.017 PASS
Axial compression kN 2381 154 0.065 PASS
Bending resistance (z-z) kNm 87 23 0.265 PASS
Combined bending & axial |kNm 87 23 0.265 PASS
Buckling in compression kN 1560 154 0.099 PASS
Combined buckling 0.280 PASS
Partial factors - Section 6.1

Resistance of cross-sections ymo =1

Resistance of members to instability it =1

Resistance of cross-sections in tension to fracture yw2 = 1.1

200

RHS 200x100x12.5 (Tata Steel Celsius (Gr355 Gr420))
Section depth, h, 200 mm

Section breadth, b, 100 mm

Mass of section, Mass, 52.7 kg/m

Section thickness, t, 12.5 mm

Area of section, A, 6707 mm?

Radius of gyration about y-axis, iy, 68.377 mm

Radius of gyration about z-axis, i,, 38.688 mm

Elastic section modulus about y-axis, We,y, 313596 mm?
Elastic section modulus about z-axis, W, ,, 200791 mm?
Plastic section modulus about y-axis, W, , 408228 mm?
Plastic section modulus about z-axis, Wplz, 244736 mm3

—» |4 12.8econd moment of area about y-axis, Iy, 31359643 mm*

e 100——»|

Column details
Column section
Steel grade

Yield strength
Ultimate strength
Modulus of elasticity
Poisson’s ratio

Shear modulus

Column geometry

System length for buckling - Major axis
System length for buckling - Minor axis
The column is not part of a sway frame in the direction of the minor axis
The column is not part of a sway frame in the direction of the major axis

Second moment of area about z-axis, |,, 10039542 mm*

RHS 200x100x12.5

User defined

fy = 355 N/mm?

fu = 470 N/mm?

E =210 kN/mm?

v=0.3

G=E/[2x(1+V)] =80.8 kN/mm?

Ly =3000 mm
L, =3000 mm
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Column loading

Axial load

Major axis moment at end 1 - Bottom
Major axis moment at end 2 - Top

Minor axis moment at end 1 - Bottom
Minor axis moment at end 2 - Top

Major axis shear force
Minor axis shear force

Ned = 154 kKN (Compression)
Myeq1 = 0.0 KNm
My.ed2 = 0.0 kKNm

Mzed1 = 23.0 KNm
Mz,Edz = 2.0 kNm
Minor axis bending is single curvature

Buckling length for flexural buckling - Major axis

End restraint factor
Buckling length

Vy,Ed =1kN
Vzed = 8 KN
K, = 1.000

Lcr_y = Ly X Ky =3000 mm

Buckling length for flexural buckling - Minor axis

End restraint factor
Buckling length

Web section classification (Table 5.2)
Coefficient depending on fy,

Depth between fillets

Ratio of c/t

Length of web taken by axial load

For class 1 & 2 proportion in compression

Limit for class 1 web

Flange section classification (Table 5.2)
Depth between fillets
Ratio of c/t

K:=1.000
Ler 2 = Lz x Kz = 3000 mm

€ = V(235 N/mm?/ fy) = 0.814
cw=h-3xt=162.5 mm
ratiow = cw / t = 13.00
lw = min(Neq / (2 x fy X t), cw) =17.4 mm
a = (cw/2 + Iw/2) / cw = 0.553
Limitw = (396 x€) / (13 xa - 1) = 52.02
The web is class 1

c=b-3xt=62.5mm
ratior=cs/ t = 5.00

Conservatively assume uniform compression in flange

Limit for class 1 flange
Limit for class 2 flange

Limit for class 3 flange

Overall section classification

Resistance of cross section (cl. 6.2)
Shear - Major axis (cl. 6.2.6)

Design shear force

Shear area

Plastic shear resistance

Shear - Minor axis (cl. 6.2.6)
Design shear force

Limitys = 33 x € = 26.85
Limitr = 38 x £ = 30.92
Limitsr = 42 x € = 34.17
The flange is class 1

The section is class 1

Vyed = 1.0 kKN
Ay=Axh/(b+h)= 4472 mm?
Voiyrd = Aw X (fy / V(3)) / ymo = 916.5 kN
Vy.ed / Vpiyrd = 0.001
PASS - Shear resistance exceeds the design shear force
Vy.ed <= 0.5xV,u1y,ra - No reduction in f, required for bending/axial force

Vzed = 8.0 kKN
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Shear area

Plastic shear resistance

Compression (cl. 6.2.4)
Design force
Design resistance

Bending - Major axis(cl. 6.2.5)
Design bending moment
Section modulus

Design resistance

Az=Axb/(b+h)= 2236 mm?
Voizrd = Avz X (fy / V(3)) / ymo = 458.2 kN
Vzed / Vpizrd = 0.017
PASS - Shear resistance exceeds the design shear force
Vzed <= 0.5xVyi,2,rd - NO reduction in f, required for bending/axial force

Neq = 154 kN
Ncrd = Npira = A x fy / ymo = 2381 kN
Ned / Nera = 0.065
PASS - The compression design resistance exceeds the design force

Mzed = max(abs(Mq1), abs(Mzed2)) = 23.0 KNm
W, = Wy, = 244.7 cm®
Mczrd = Wz % fy / ymo = 86.9 KNm
Mzed / Mczra = 0.265
PASS - The bending design resistance exceeds the design moment

Combined bending and axial force (cl. 6.2.9)

Ratio design axial to design plastic resistance

Ratio web area to gross area

Ratio flange area to gross area

Bending - Minor axis (cl. 6.2.9.1)
Design bending moment
Plastic design resistance

Modified design resistance

Buckling resistance (cl. 6.3)

Yield strength for buckling resistance
Flexural buckling - Major axis
Elastic critical buckling force
Non-dimensional slenderness
Buckling curve (Table 6.2)
Imperfection factor (Table 6.1)
Parameter @

Reduction factor

Design buckling resistance

Flexural buckling - Minor axis
Elastic critical buckling force
Non-dimensional slenderness
Buckling curve (Table 6.2)
Imperfection factor (Table 6.1)
Parameter @

n = abs(Ned) / Npird = 0.065
aw =min(0.5, (A-2 xb xt)/A)=0.500
ar=min(0.5, (A-2xh xt)/A)=0.255

Mzeq = max(abs(MzEeq1), abs(Mzeq2)) = 23.0 kNm
Moi.zrd = Wpiz X fy / ymo = 86.9 KNm
Mn,zRd = Mpizrd X min(1, (1 -n)/(1-0.5 x ar)) = 86.9 kNm
Mzed / Mnzrd = 0.265
PASS - Bending resistance in presence of axial load exceeds design moment

fy = 355 N/mm?

Nery = T8 X E x Iy / Ler 2 = 7222 kN
Ay = V(A xfy/ Nery) = 0.574
a
ay=0.21
®,=0.5x[1+ayx(Ay-0.2) + A\? =0.704
Xy = min(1.0, 1/ [®y + V(®,2 - A\,?)]) = 0.900
Nby,rd = Xy X A x fy /yw1 = 2141.8 kN
Ned / Npy,rd = 0.072
PASS - The flexural buckling resistance exceeds the design axial load

Nerz = TE X E X I/ Ler 22 = 2312 kN

“Az=V(A xfy/ Nerz) = 1.015

a

oz =0.21

®,=0.5x[1+0z:x(Az-0.2)+ A2 =1.100
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Reduction factor Xz = min(1.0, 1/ [®; + V(P2 - A\2)]) = 0.655
Design buckling resistance Nbzrd = Xz X A x fy / ym1 = 1560.2 kN

Ned / Nbzrda = 0.099
PASS - The flexural buckling resistance exceeds the design axial load
Minimum buckling resistance
Minimum buckling resistance Nb,rd = MiN(Nb,y,Rd, Nb,zrd) = 1560.2 kN
Ned / Nbra = 0.099
PASS - The axial load buckling resistance exceeds the design axial load

Combined bending and axial compression (cl. 6.3.3)

Characteristic resistance to normal force Nrk = A x fy = 2381 kN
Characteristic moment resistance - Major axis Myrk = Wpiy x fy = 144.9 kNm
Characteristic moment resistance - Minor axis Mzrk = Wpiz X fy = 86.9 kNm

WYy = if(abs(My,eq1)<=abs(My,eqd2), Myed1 / if(Myeq2>=0 KNm,max(Myeq2,0.0001 kNm),My ed2), My,eq2 / if(My,gq1>=0
kNm,max(My,eq1,0.0001 kKNm),My e41)) = 0.000

Moment distribution factor - Major axis Wy = Myedr / Myeq2 = 0.000

Moment factor - Major axis Cmy = max(0.4, 0.6 + 0.4 x ) = 0.600

Moment distribution factor - Minor axis Yz = MzEed2 / Mzea1 = 0.087

Moment factor - Minor axis Cmz = max(0.4, 0.6 + 0.4 x |,) = 0.635

Moment distribution factor for LTB Wit = Myed1 / Myea2 = 0.000

Moment factor for LTB Cmir = max(0.4, 0.6 + 0.4 x Y1) = 0.600

Interaction factor kyy Kyy = Cmy % [1 + min(0.8, Ay - 0.2) x Nea / (Xy X Nrk / ym1)] = 0.616
Interaction factor ky Kzy =1 -min(0.1, 0.1 X Az)xNeg / ((Crmit - 0.25)%(Xz X Nri/yw1)) = 0.972
Interaction factor k. kzz = Cmz X [1 + min(0.8, Az - 0.2) x Nea / (Xz X Nr / ym1)] = 0.685
Interaction factor ky, kyz = 0.6 x kzz = 0.411

Section utilisation URs 1= Nea / (Xy X Nrk / Ym1) + Kyz X Mzed / (Mzre / yw1) = 0.181

URB 2 = Ned / (Xz X Nrx / Ym1) + kzz X Mzed / (Mzrk / ym1) = 0.280
PASS - The buckling resistance is adequate

60




SYMMETRYS

STRUCTURAL / CIVIL ENGINEERS

Symmetrys
Unit 6 The Courtyard, Lynton Road
London N8 8SL

Project Job no.

43a REDINGTON ROAD, LONDON NW3 7RA 21141

Calcs for Start page no./Revision
1F-1SBO1 1
Calcs by Calcs date Checked by Checked date Approved by Approved date
SB 27/08/2021 DS DS

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

96.550

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

2600 J

kNm
0.0

Bending Moment Envelope

816
2600 J

125.
125.515 53

0.0

Shear Force Envelope

-125.515

mm |

-125.5
2600

A

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

330mm Masonry. 6.5KN/m2 x 5.8m - Permanent full UDL 38 kN/m
Roof. 1.3KN/m2 x 7.8m/2 - Permanent full UDL 5 kN/m

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

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

2nd floor + partitions. 2.7KN/m2 x 5m/2 - Variable full UDL 6.7 kN/m
1st floor. 1KN/m2 x 7.8m/2 - Permanent full UDL 3.9 kN/m

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

Support A Permanent x 1.35
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Analysis results

Support B

Maximum moment
Maximum shear
Deflection

Maximum reaction at support A

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

Maximum reaction at support B

Mmax = 81.6 KNm
Vimax = 125.5 kN
Omax = 1.2 mm
Ra_max = 125.5 kN

RA_Permanent = 64.8 kN

RA_variable = 25.4 KN
RB_max = 125.5 kN

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

Section details
Section type
Steel grade

RBfPermanent = 64.8 kN
RB_variavle = 25.4 KN

UC 203x203x46 (BS4-1)

S§355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 11.0 mm

fy = 355 N/mm?
fu = 470 N/mm?
E = 210000 N/mm?

I 2
A = ‘
T
5 —»> 7.2
2 NG
v = ‘
T
] 203.6 >
Partial factors - Section 6.1
Resistance of cross-sections ymo = 1.00
Resistance of members to instability yw1 = 1.00
Resistance of tensile members to fracture ymz = 1.10

Lateral restraint

Variable x 1.50
Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Mmin = 0 kNm
Vmin = =125.5 kN
Omin = 0 mm

RAﬁmin =125.5 kN

Re_min = 125.5 kN

Span 1 has lateral restraint at supports only
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Effective length factors
Effective length factor in major axis Ky =1.000
Effective length factor in minor axis Kz =1.000
Effective length factor for torsion Kira =1.000
Kirs = 1.000

Classification of cross sections - Section 5.5
€ =V[235 N/mm? / f,] = 0.81

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

Width of section c=d=160.8 mm
c/tw=274xe<=72x¢ Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/t=98x%xeg<=10x%x¢ Class 2
Section is class 2
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm
Shear area factor n =1.000
hw/tw<72x€/n
Shear buckling resistance can be ignored

Design shear force Ved = max(abs(Vmax), abs(Vmin)) = 125.5 kN
Shear area - cl 6.2.6(3) Av=max(A-2xbxti+ (tw+2xr)xt, N xhy X ty) = 1698 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpirda = Av % (fy / V[3]) / ymo = 347.9 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment Med = max(abs(Ms1_max), abs(Ms1_min)) = 81.6 KNm
Design bending resistance moment - eq 6.13 Mcrd = Mpird = Woiy X fy / ymo = 176.6 KNm
Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6 ke = 0.94
Ci=1/k?=1.132
Curvature factor g=v[1-(/1)]=0.813
Poissons ratio v=0.3
Shear modulus G=E/[2x(1+V)]=80769 N/mm?
Unrestrained length L =1.0 x Ls1 = 2600 mm
Elastic critical buckling moment Ma=CiXxTBXE XL/ (L2xg)xV[lw/lz+L2xG x|/ (MxExI)] =
753.5 kNm
Slenderness ratio for lateral torsional buckling AT = V(Woy x fy / Mer) = 0.484
Limiting slenderness ratio At =0.4

“Aur > “Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oL = 0.34

Correction factor for rolled sections B=0.75

LTB reduction determination factor @1 =0.5x%x[1+awr x (Ar- Auto) + B X Aur?] = 0.602
LTB reduction factor - eq 6.57 Xur = min(1/ [ + V(@r? - B X A, 1, 1 /7 Ar?) = 0.967
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Modification factor f=min(1-0.5x(1-ke)x[1-2x(Ar-0.8)3], 1) =0.976
Modified LTB reduction factor - eq 6.58 XLT,mod = Min(Xr / f, 1) = 0.990
Design buckling resistance moment - eq 6.55 Mb,rd = XLT,mod X Wiy X fy / ym1 = 174.9 kKNm

PASS - Design buckling resistance moment exceeds design bending moment

Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads
Limiting deflection Oim = Ls1 / 360 = 7.2 mm
Maximum deflection span 1 0 = max(abs(dmax), abs(dmin)) = 1.21 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 February 2006 and April 2009 and the UK national

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

2800

Bending Moment Envelope

61.2
2800

59.052 I_\

Shear Force Envelope

7N

-1533
2800 J

annex
125.580
004 Jm
mm |
A
kNm
0.0 =
61.224
mm |
A
kN 59.1
0.0 J=
-153.288
mm |
A
Support conditions
Support A
Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

225mm Masonry. 4.5KN/m2 x 4.2m to 5.8m - Permanent full VDL 18.9
kN/m to 26.1 kN/m

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

1F-1SBO01 - Variable point load 25.4 kN at 2400 mm

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50
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Support B Permanent x 1.35

Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

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

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

Section details
Section type
Steel grade

Variable x 1.50

Mmax = 61.2 kNm Mmin = 0 kNm
Vmax = 59.1 kKN Vmin = =153.3 kKN
Omax = 0.5 mm Omin = 0 mm
Ra_max = 59.1 kN Ra_min = 59.1 kN

Ra_permanent = 39.7 kN
RA_variable = 3.6 KN
RB max = 153.3 kN
RB_permanent = 89.4 kKN
Rg variable = 21.8 kN

RBfmin =153.3 kN

UC 203x203x46 (BS4-1)
S§355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tv) = 11.0 mm
f, = 355 N/mm?

fu = 470 N/mm?

E = 210000 N/mm?

I 2
A = ‘
+ N
§ > €72
2 AN
¥y = ‘
T
] 203.6 >
Partial factors - Section 6.1
Resistance of cross-sections ymo = 1.00
Resistance of members to instability w1 = 1.00
Resistance of tensile members to fracture ymz = 1.10

Lateral restraint

Effective length factors

Effective length factor in major axis
Effective length factor in minor axis
Effective length factor for torsion

Span 1 has lateral restraint at supports only

Ky =1.000
Kz =1.000
Kira =1.000
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Kirs = 1.000

Classification of cross sections - Section 5.5

£ =V[235 N/mm? / f,] = 0.81

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

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section

Check shear - Section 6.2.6
Height of web
Shear area factor

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

c=d=160.8 mm
c/tw=274xe<=T72x¢ Class 1

c=(b-tw-2xr)/2=88 mm
c/tr=9.8xe<=10x¢ Class 2
Section is class 2

hw=h-2xt=181.2 mm
n =1.000
hw/tw<72%x¢€/n
Shear buckling resistance can be ignored

Ved = max(abs(Vmax), abs(Vmin)) = 153.3 kN
Ay =max(A-2xbxt+ (tw+ 2 xr) xt;, n xhy xty) = 1698 mm?
Verd = Vpira = Av % (fy / V[3]) / ymo = 347.9 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment

Design bending resistance moment - eq 6.13

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor
Poissons ratio
Shear modulus
Unrestrained length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5
Imperfection factor - Table 6.3

Correction factor for rolled sections

LTB reduction determination factor

LTB reduction factor - eq 6.57
Modification factor

Modified LTB reduction factor - eq 6.58

Design buckling resistance moment - eq 6.55

Med = max(abs(Ms1_max), abs(Ms1_min)) = 61.2 kNm
Merd = Mpird = Woiy X fy / ymo = 176.6 KNm

ke = 0.94

Ci=1/k?=1.132

g=v[1-(./1)=0.813

v=0.3

G=E/[2x(1+V)] = 80769 N/mm?

L =1.0 x Ls1 = 2800 mm
Mor=CixTBXE X1,/ (L2xg)xV[lw/ 1l +L2x G x i/ (B XE xI,)] =
664.6 KNm

At = V(Woly % f, / M) = 0.515

“AT0=0.4

“Aut > “Auro - Lateral torsional buckling cannot be ignored

b
oLt = 0.34
B=0.75

@r=05x[1+aur % (A= Aro) + B X Aur2] = 0.619

Xt =min(1/ [qur + V(@12 - B X M), 1, 17 Ar?) = 0.954
f=min(1-0.5x (1 - ke)x [1 -2 x (A7 - 0.8)2], 1) = 0.975
XLT.mod = Min(xr / f, 1) = 0.978

Mb,rd = XLT.mod X Wiy X fy / ym1 = 172.8 KNm

PASS - Design buckling resistance moment exceeds design bending moment
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Check vertical deflection - Section 7.2.1
Consider deflection due to variable loads
Limiting deflection

Maximum deflection span 1

Oim = Ls1/ 360 = 7.8 mm

0 = max(abs(dmax), abs(dmin)) = 0.516 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 February 2006 and April 2009 and the UK national

annex

66.970

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

4400 |

kNm
0.0

Bending Moment Envelope

162.067

mm |

162.1
4400 |

A

1473
147.334

0.0

Shear Force Envelope

-147.334

mm |

-147.3
4400

A

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

102.5mm Masonry. 2.2KN/m2 x 7m - Permanent full UDL 15.4 kKN/m
2nd floor. TKN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m

2nd floor + partitions. 2.7KN/m2 x 8.4m/2 - Variable full UDL 11.3 kN/m
1st floor. 1KN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m

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

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
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Variable x 1.50
Support B Permanent x 1.35

Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

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

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

Section details
Section type
Steel grade

Mmax = 162.1 kNm
Vmax = 147.3 kN

Omax = 14.4 mm
Ra_max = 147.3 kN
Ra_permanent = 53.9 kN
RA_variavle = 49.7 kKN
Re_max = 147.3 kN
RB_permanent = 53.9 kN
Rs_variable = 49.7 kN

UC 203x203x71 (BS4-1)
$355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 17.3 mm
fy = 345 N/mm?

fu = 470 N/mm?

E =210000 N/mm?

Variable x 1.50

Mmin = 0 kNm
Vmin = -147.3 kN
Omin = 0 mm

Ra_min = 147.3 kN

Rs_min = 147.3 kN

7&7%‘

T N

E —» |10

¥ PAN

v 5 |
T

Partial factors - Section 6.1
Resistance of cross-sections
Resistance of members to instability

Resistance of tensile members to fracture

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

VMO=1-00
VM1=1.00
w2 = 1.10

Span 1 has lateral restraint at supports only

K, = 1.000
K = 1.000
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Effective length factor for torsion Kira =1.000
KLT,B =1.000

Classification of cross sections - Section 5.5
€ =vV[235 N/mm?/ f,] = 0.83

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

Width of section c=d=160.8 mm
c/tw=195xeg<=72x¢ Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section c=(b-tw-2x%xr)/2=88 mm
c/tt=6.2xg<=9x¢ Class 1

Section is class 1
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm
Shear area factor n =1.000
he/tw<72x€/n
Shear buckling resistance can be ignored

Design shear force Ved = max(abs(Vmax), abs(Vmin)) = 147.3 kN
Shear area - cl 6.2.6(3) Ay =max(A -2 xb xti+ (tw+ 2 xr) xt;, N X hy X tw) = 2427 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpira = Av % (fy / V[3]) / ymo = 483.5 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment Med = max(abs(Ms1_max), abs(Ms1_min)) = 162.1 kKNm

Design bending resistance moment - eq 6.13 Mcrd = Mpird = Wiy % fy / ymo = 275.6 kKNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.94
Ci=1/k?=1.132

Curvature factor g=Vv[1-(/1)]=0.817

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?

Unrestrained length L =1.0 x Ls1 = 4400 mm

Elastic critical buckling moment Mer=CixTBXE XL/ (L2xg)xV[lw/lz+L2xG x|/ (MBXExI)] =
691.2 kNm

Slenderness ratio for lateral torsional buckling AT = V(Woy x fy / Mer) = 0.631

Limiting slenderness ratio Ao =0.4

“Aur > “Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oL = 0.34

Correction factor for rolled sections =0.75

LTB reduction determination factor @r=0.5x[1+ar % (At~ Auto) + B X Ar?] = 0.689
LTB reduction factor - eq 6.57 Xor = min(1 / [@r + V(@r? - B X Acr?)], 1, 1/ Ar?) = 0.903
Modification factor f=min(1-0.5x(1-ke)x[1-2x(Ar-0.8)3], 1) =0.972
Modified LTB reduction factor - eq 6.58 XLTmod = Min(X.t / f, 1) = 0.929

Design buckling resistance moment - eq 6.55 Mb,Rrd = XLT,mod X Wpiy X fy / ym1 = 256 kKNm
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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

Maximum deflection span 1

Oim = Ls1 /250 = 17.6 mm
d = max(abs(dmax), abs(dmin)) = 14.367 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 February 2006 and April 2009 and the UK national

annex

69.895

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

4400 |

kNm
0.0

Bending Moment Envelope

169.145

mm |

169.1
4400 |

A

153.
153.769 538

0.0

Shear Force Envelope

-153.769

mm |

-153.8
4400

A

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

102.5mm Masonry. 2.2KN/m2 x 7m - Permanent full UDL 15.4 kKN/m
2nd floor. TKN/m2 x 9.5m/2 - Permanent full UDL 4.7 kN/m

2nd floor + partitions. 2.7KN/m2 x 9.5m/2 - Variable full UDL 12.8 kN/m
1st floor. 1KN/m2 x 8.4m/2 - Permanent full UDL 4.2 kN/m

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

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
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Variable x 1.50
Support B Permanent x 1.35

Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

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

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

Section details
Section type
Steel grade

Mmax = 169.1 kNm
Vmax = 153.8 kN
Omax =15 mm
Ra_max = 1563.8 kN
Ra_permanent = 55 kN
Ra variable = 53 kKN
Rs _max = 153.8 kN
Rg_permanent = 55 kN
Rs_variable = 53 kKN

UC 203x203x71 (BS4-1)

§355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 17.3 mm

fy = 345 N/mm?
fu = 470 N/mm?
E = 210000 N/mm?

Variable x 1.50

Mmin = 0 kNm
Vmin = =153.8 kN
Omin = 0 mm

Ra_min = 153.8 kN

RBfmin =153.8 kN

7&7%‘

T N

E —» |10

¥ PAN

v 5 |
T

Partial factors - Section 6.1
Resistance of cross-sections
Resistance of members to instability

Resistance of tensile members to fracture

Lateral restraint

Effective length factors
Effective length factor in major axis
Effective length factor in minor axis

VMO=1-00
VM1=1.00
w2 = 1.10

Span 1 has lateral restraint at supports only

K, = 1.000
K = 1.000
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Effective length factor for torsion Kira =1.000
KLT,B =1.000

Classification of cross sections - Section 5.5
€ =vV[235 N/mm?/ f,] = 0.83

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

Width of section c=d=160.8 mm
c/tw=195xeg<=72x¢ Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section c=(b-tw-2x%xr)/2=88 mm
c/tt=6.2xg<=9x¢ Class 1

Section is class 1
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm
Shear area factor n =1.000
he/tw<72x€/n
Shear buckling resistance can be ignored

Design shear force Ved = max(abs(Vmax), abs(Vmin)) = 153.8 kN
Shear area - cl 6.2.6(3) Ay =max(A -2 xb xti+ (tw+ 2 xr) xt;, N X hy X tw) = 2427 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpira = Av % (fy / V[3]) / ymo = 483.5 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment Med = max(abs(Ms1_max), abs(Ms1_min)) = 169.1 kKNm

Design bending resistance moment - eq 6.13 Mcrd = Mpird = Wiy % fy / ymo = 275.6 kKNm

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6 ke = 0.94
Ci=1/k?=1.132

Curvature factor g=Vv[1-(/1)]=0.817

Poissons ratio v=0.3

Shear modulus G=E/[2x(1+v)]=80769 N/mm?

Unrestrained length L =1.0 x Ls1 = 4400 mm

Elastic critical buckling moment Mer=CixTBXE XL/ (L2xg)xV[lw/lz+L2xG x|/ (MBXExI)] =
691.2 kNm

Slenderness ratio for lateral torsional buckling AT = V(Woy x fy / Mer) = 0.631

Limiting slenderness ratio Ao =0.4

“Aur > “Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oL = 0.34

Correction factor for rolled sections =0.75

LTB reduction determination factor @r=0.5x[1+ar % (At~ Auto) + B X Ar?] = 0.689
LTB reduction factor - eq 6.57 Xor = min(1 / [@r + V(@r? - B X Acr?)], 1, 1/ Ar?) = 0.903
Modification factor f=min(1-0.5x(1-ke)x[1-2x(Ar-0.8)3], 1) =0.972
Modified LTB reduction factor - eq 6.58 XLTmod = Min(X.t / f, 1) = 0.929

Design buckling resistance moment - eq 6.55 Mb,Rrd = XLT,mod X Wpiy X fy / ym1 = 256 kKNm
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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

Maximum deflection span 1

Oim = Ls1 /250 = 17.6 mm
d = max(abs(dmax), abs(dmin)) = 14.977 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 February 2006 and April 2009 and the UK national

annex

61.360

TEDDS calculation version 3.0.14

Load Envelope - Combination 1

2500 |

kNm
0.0

Bending Moment Envelope

479
2500 |

Shear Force Envelope

767
2500 |

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1

330mm Masonry. 6.5N/m2 x 6m - Permanent full UDL 39 kN/m
Ground floor. 1KN/m2 x 1.5m/2 - Permanent full UDL 1.5 kN/m

1st floor + partitions. 2.7KN/m2 x 1.5m/2 - Variable full UDL 4.05 kN/m

Support A Permanent x 1.35
Variable x 1.50
Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35
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Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

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

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

Section details
Section type
Steel grade

Mmax = 47.9 kNm
Vmax = 76.7 kN

Omax = 2.4 mm
Ra_max = 76.7 kN
RA_permanent = 51.2 kN
Ra_variable = 5.1 kKN
RB_max = 76.7 kKN

RBfPermanent =

51.2 kN

RB_variavle = 5.1 KN

UC 203x203x46 (BS4-1)

S§355

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

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 11.0 mm

fy = 355 N/mm?
fu = 470 N/mm?
E =210000 N/mm?

Variable x 1.50

Mmin = 0 kNm
Vmin = =76.7 kN
Omin = 0 mm
RAimin =76.7 kN

Rs_min = 76.7 kN

I 2
A = ‘
+ N
§ > 7.2
i \
Yy =
T
¢ 203.6 »
Partial factors - Section 6.1
Resistance of cross-sections ymo = 1.00
Resistance of members to instability ywmr = 1.00
Resistance of tensile members to fracture ymz = 1.10

Lateral restraint

Effective length factors

Effective length factor in major axis
Effective length factor in minor axis
Effective length factor for torsion

Span 1 has lateral restraint at supports only

Ky =1.000
Kz =1.000
Kira =1.000
Kirs = 1.000
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Classification of cross sections - Section 5.5
€ =vV[235 N/mm?/ f,] = 0.81

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

Width of section c=d=160.8 mm
c/tw=274xe<=72x¢ Class 1

Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=88 mm
c/tt=98xeg<=10x¢ Class 2
Section is class 2
Check shear - Section 6.2.6
Height of web hw=h-2xt=181.2 mm
Shear area factor n =1.000
he/tw<72x€/n
Shear buckling resistance can be ignored

Design shear force Ved = max(abs(Vmax), abs(Vmin)) = 76.7 kN
Shear area - cl 6.2.6(3) Ay =max(A -2 xb xti+ (tw+ 2 xr) xt;, N X hy X tw) = 1698 mm?
Design shear resistance - cl 6.2.6(2) Verd = Vpira = Av % (fy / V[3]) / ymo = 347.9 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment Med = max(abs(Ms1_max), abs(Ms1_min)) = 47.9 kNm
Design bending resistance moment - eq 6.13 Mcrd = Mpird = Wiy X fy / ymo = 176.6 kNm
Slenderness ratio for lateral torsional buckling
Correction factor - Table 6.6 ke = 0.94
Ci=1/k?=1.132
Curvature factor g=Vv[1-(/1)=0.813
Poissons ratio v=0.3
Shear modulus G=E/[2x(1+v)]=80769 N/mm?
Unrestrained length L =1.0 x Ls1 = 2500 mm
Elastic critical buckling moment Mer=CiXxTBXE XL/ (L2xg)xV[lw/lz+L2xG x|/ (MBXExI)] =
806 kNm
Slenderness ratio for lateral torsional buckling At = V(Woiy x fy / Mer) = 0.468
Limiting slenderness ratio Ao =0.4

“Aur > “Auro - Lateral torsional buckling cannot be ignored

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5 b

Imperfection factor - Table 6.3 oL = 0.34

Correction factor for rolled sections =0.75

LTB reduction determination factor @r=0.5x[1+ar % (At~ Auto) + B X Aur?] = 0.594
LTB reduction factor - eq 6.57 Xor = min(1 / [@r + V(@r? - B X Ar?)], 1, 1/ Ar?) = 0.973
Modification factor f=min(1-0.5x(1-ke)x[1-2x( Ar-0.8)3, 1) =0.977
Modified LTB reduction factor - eq 6.58 XLT.mod = Min(X.t / f, 1) = 0.996

Design buckling resistance moment - eq 6.55 Mb,Rrd = XLT.mod X Wpiy X fy / ym1 = 176 kKNm

PASS - Design buckling resistance moment exceeds design bending moment
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Check vertical deflection - Section 7.2.1

Consider deflection due to permanent and variable loads

Limiting deflection

Maximum deflection span 1

Oim = Ls1 /250 =10 mm
3 = max(abs(dmax), abs(dmin)) = 2.386 mm

PASS - Maximum deflection does not exceed deflection limit

80



CONTINUE THE
CONVERSATION

T0 DISCUSS YOUR PROJECT WITH US
PLEASE GET IN TOUCH ON 020 8340 404
OR EMAIL US AT INFO@SYMMETRYS.COM



