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1. Scope

The scope of this report is to provide the structural design report for the basement underpinning at
subject address.

The report scope is the structural design for:

Design of external side wall and party wall underpinning.

Design of basement wall for front lightwell and rear garden wall.

Design of Basement slab.

Design of steel beams BB1, BB2, BB3 and BB4 supporting load bearing walls and/or floor
joist.

Design column BC1, BC2 supporting beam BB1.

Design padstone BP1 supporting beams BB2 and BB4 (only one side).

Design steel beams B4 and B5 supporting Chimney Breast.

Design column C3 to support steel beam B4 and B5.

Design Padstone P3 to support beam B4 (only one side) and P4 to support beam B5 (only
one side).

Design all connections: beam to beam, beam to column and column base plates.

Figure 1 15 Landor Road View

It is envisaged that a contractor who is experienced in this type of work is appointed to carry out the
works. The contractor will be responsbile for the design and implementation of any temporary works
necessary to build the basement. They will also be repsonsible for maintaining the stability of the
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existing structure throughout the works. A method statement showing the proposed temporary works
shall be submitted by the chosen contractor for the review and approval of Beta Design Consultants.

2. Existing Structure

The existing property is end of terrace house arranged over three levels (ground, first and second
floor levels).

Generally, the construction is typical of period properties in London. The main walls are masonry on
corbelled out footings. The upper floors and roof are timber.

3. Proposal

The proposal invloves the underpinning of the new basement by 2400mm. Following the
underpinning, and the laying of a new basement slab, double waterproofing systems shall be
installed to comply with BS8102.

4. Potential Impact — Party Wall Matters

The structural design of the basement, wall and slab as well as the design of all necessary temporary
works (contractor scope), and the sequencing of the construction; will take into account the all the
geographical aspects and the locality of the adjoining properties. The underpinning of the existing
house would be via sequantial mass concrete underpins in a sequential pattern, adopting contruction
legs no wider than 1.0m folllowed by a reinforced concrete slab. This will avoid undue stresses being
applied to the walls being underpinned. The works shall follow the Outline Method Statement
included in this report. This method is generally accepted for basement construction of this type.
Adoption of this method statement will limit any movement to the existing fabric of Adjoining Owner
and any adjoining properties to ‘aesthetic’ as described by the BRE document for movement in
buildings, or category of damage 1 under the Burland Scale.

5. Subterranean Conditions

The design is based on the following:

- Basement Impact assessment report document 18372/BIA_R38 prepared for the property by KK
Facades Ltd, dated June 2020

- Geotechnical data are taken from Basement Impact assessment report .

- Borehole logs are taken from Basement Impact assessment report .

5.1 Site conditions are established from Basement Impact assessment report data. The ground
condition in trial holes have describes as Made Ground typically comprised yellowish orange
building SAND/concrete over soft black, slightly sandy,gravelly,light and dark brown sandy,slightly
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gravelly CLAY for 0.8m bgl. The London clay formation was incountered in one of the trial hole
from directly below the Head to the final depth of 8.0m bgl. The soil conditions are known to be
DRY at the proposed basement depth.

5.2 Records for borehole for the site show firm brown London clay formation from ~4m depth overlain
by gravel. The basement would be founded on gravel (2.6m to 5.7m BGL) while the retained soil is
stiff dark grey slightly sandy clay.

5.3 The groundwater was not encountered within any of the trial holes, but change of ground water
level occur for seasonal effects and variations in drainage. The variable ground water was
encountered at 2.39m bgl. The formation of the new basement will be above any water table and no
de-watering to form the basement will be required.

5.4 The soils at new basement formation level will be LONDON CLAY OVERLAIN BY GRAVEL, and
from Basement Impact assessment report data a safe bearing pressure on the clay of 85KN/m2,
this value should ensure that differential and total settlements are very minimal.

5.5 The basement works will not affect any public services or utilities.

5.6 There are no nearby trees that will be affected by the works.

5.7 The design of the basement walls and bases and temporary works will take into account the
locality of adjoining structures and any loading that may be imposed by these structures. The
formation of the underpins and bases will be made in a sequential underpinning pattern adopting
legs no wider than 1.0m will ensure help to avoid undue distress to the walls being underpinned.

Strata  Epoch Depth Encountered Typical Typical Description
(m bgl) Thickness
Top Bottom (m)

MG Anthropocene  GL 0.80 — 1.20' 0.90 Yellowish orange building

SAMD/concrete over soft black,
slightly sandy, gravelly PEAT
overlying soft, light and dark
brown sandy, slightly gravelly
CLAY with flint, concrete, brick,
glass, clinker and wood gravel.
HEAD Holocene 0.80 1.90 .10 Soft to firm light orangish brown
mottled grey very sandy CLAY.

LCF Eocene 1.50 8.00' —9.00" Mot proven®  Firm, orange brown mottled grey,
slightly sandy CLAY becoming stiff,
dark grey, slightly sandy CLAY.

Mote: Final depth of trial hole. * Base of strata not encountered. * Inferred from the results of dynamic probing.

Figure 2 Map showing site Ground condition taken from the Basement Impact assessment
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Figure 3 Records for borehole in site taken from the Basement Impact assessment
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6. Structural Design Principles

Underpins are designed as propped cantilievers in reinforced concrete. The basement slab acts as
the prop at base level. The walls are designed using parameters relevant to the London Clay. Even
though no water table was found in the trial pits, in boreholes in the area or in basements in the area,
the design adopts a water head behind the wall to % the height of the wall below ground in
accordance with BS 8102. The surcharge load allowed on the external walls of the property will be
10KN/m? .The design will consider floor loading, any partition wall construction and will also take into
account any loads from structure above.

The basement slab will be formed in reinforced concrete. It will be designed for uplift due to water
pressure below. The basement slab will act as a prop to the base of the basement walls.

7. Design Criteria

Basement walls and bases are designed using the program ‘TEDDS’ parameters for the retained
soils and bearing soils are as chosen for each particular project. The design is in accordance with BS
8002:1994. The design adopts the coulomb theory in calculating the active and passive earth
pressures. Pressure coeficients in the design adopt * at rest pressures’.

The wall and base are designed for the following

1. Vertical loads from walls above.

2. Party wall will be designed for a surcharge loading of 10kN/m2.

3. Other external walls, will be designed with a surchage load of 10KN/m2.

4. The design adopts a water head behind the wall to % the height of the wall below ground in
accordance with BS 8102. (EVEN THOUGH NO WATER TABLE WAS FOUND IN THE TRIAL
PITS)

5. An allowable increase in bearing pressure at base formation on the LONDON CLAY will be taken
at 85KN/m2 this will limit settlements as noted above.

6. Concrete will generally be grade C30/35 and Class 1 to BRE Digest 363. Reinforcement will be
grade 500N/mm?2.

7. Existing brickwork assumes 10N bricks in a lime mortar, CP.111 gives basic compressive stress
for this makeup of 0.70N/mm2, and therefore allowable bearing stress will be 0.70N/mm2. Any
bearings into existing external or party wall masonry will take account of this allowable stress.
Mortar will be class (ii) or (iii) as required.
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8. Design data

8.1 Materials
Steel Young's Modulus (Mpa) E = 210000
Yield Strength Steel Grade S355 (Mpa) Fy= 355
Steel Specific Gravity (KN/m3) SGs = 78.6
Masonry Specific Gravity — Brickwork (kN/m3) SGu= 22
Masonry Specific Gravity - Blockwork 7N/mm2 SGe= 15
Masonry Specific Gravity — Aircrete (kN/m3) SGe= 15
Blockwork Specific Gravity - hollow/hourdi (kN/m3) SGe= 10
Timber Specific Gravity (kN/m3) SGr= 6
Plaster Specific Gravity (kN/m3) SGe= 10
Gypsum boards Specific Gravity (kN/m3) SGey = 6.55
Reinforced concrete Specific Gravity (kN/m3) SGrc = 25.00
Concrete Specific Gravity (kN/m3) SGec= 24.00
Concrete Grade C30/37 (Mpa) Fyck = 30
8.2 Design Codes
Component Year Code
Loading: imposed loading, material weights, wind 1996 BS6399
Design of Steelwork Structures 2005 EC3
Structural Use of Timber 2002 BS5268-Part 2
Code of Practice for Use of Masonry 2005 BS5628-Part 1
Code of Practice for Foundations 2015 BS8004
Code of Practice for earth retaining structures 1994 BS8002
8.3 Design Data
Floor Live Loads (First Floor, Future Loft) LLFioor = 1.5 kN/m? Ref BS EN 1991-1-1-2002 Cat A Floors
Roof Live Load LLRoof = 0.5 kN/m?  Ref BS EN 1991-1-1-2002 30° Roofs
Factor of Safety, Permanent (Dead) Loads YG = 1.4 Ref UK NA BS EN 1990
Factor of Safety, Variable (Live) Loads Yo = 1.6 Ref UK NA BS EN 1990
Factor of Safety, Material Strength Bending ™= 1.05 For structural steel in bending
Factor of Safety, Material Strength Shear yMo1 = 1.15 For structural steel in shear
Factor of Safety, Material Strength Compression y™MC = 3.5 Normal Control, Cat I, Table 4 BS5628
Factor of Safety, Material Strength Bending y™MC = 3.0 For masonry in bending
Factor of Safety, Material Strength Bending ™= 13 For structural timber in bending




Suspended slab Floors (200 thk slab)

Dead Loads

Screed

Floor swt

Services

Total Dead Load
Imposed Load (plant)

Walls

105 Brickwork + plaster

215 Brickwork + plaster

330 Brickwork + Plaster
Cavity brick / block (100/100)
Stud partitions (on elevation)

1.20 KN/m?
4.60 KN/m?
0.20 kN/m?2
6.00 kN/m?2
7.50 kN/m?

2.60 kN/m?
5.10 kN/m?2
7.20 kN/m?
4.20 kN/m?
0.70 kN/m?2
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8.4 Loading Data
Flat roof
Dead Loads
Felt and chippings 0.45 kN/m?
Boards and joists 0.20 kN/m?2
Ceiling 0.20 kN/m?
Services 0.15 kN/m?
Total Dead Load 1.00 kN/m?
Imposed Load 0.75 kN/m?
Pitched Roof
Dead Loads
Slate and felt 0.35 kN/m?
Boards and joists 0.25 kN/m?
Ceiling 0.25 kN/m?
Services 0.15 kN/m?
Total Dead Load 1.00 kN/m?
Imposed Load Roof 0.75 kN/m?
Total Imposed Loading 0.75 kN/m?
Timber Floors
Dead Loads
Boards and joists 0.35 kN/m?
Ceiling 0.20 kN/m?
Services 0.20 kN/m?
Total Dead Load 0.75 kN/m?
Imposed Load 1.50 kN/m?
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9. BB1: UC254x254x73 S355 Span 4.5M
Steel Beam GF BB1 Section Load UDL (kN/m2) | Length (m) | Contribution Factor Calculation Loads Units. Position
4500mm 'wall Load 330thk Dead 7.2 8.1 1 7.2x8.1x1 58.32|kN/m For 1 m. width from LHS
'wall Load 330thk Dead 7.2| 8.1 1 7.2x81x1 58.32|kN/m For 0.5 m. width from RHS
Bifolding door load Dead 0.5 3.2 1] 0.5x3.2x1 1.60/kN/m For 3.2m width from RHS
Column reaction GF Dead(kN/m) 45.48 3.2 0.5 45.48x3.2x0.5 72.77|kN at 1.0m from LHS
Column reaction GF Dead(kN/m) 45.48 22 0.5 45.48x3.2x0.5 72.77|kN at 0.5m from RHS
Column reaction GF Live(kN/m) 8.94 3.2 0.5] 8.94x3.2x0.5 14.30 kN at 1.0m from LHS.
Column reaction GF Live(kN/m) 8.94 3.2 0.5 8.94x3.2x0.5 14.30|kN at 0.5m from RHS
Beam Reaction B3 Dead(kN/m) 1.91] 4.5 0.5 1.9125x4.5x0.5 4.30 kN 1.m from LHS
Beam Reaction B3 Live(kN/m) 3.83 4.5 0.5 3.825x4.5x0.5 8.61 kN 1.m from LHS
Beam Reaction B3 Dead(kN/m) 4.30| 1] 0.5 43x1x05 2.15kN 1.m from LHS
Beam Reaction B3 Live(kN/m) 8.61] 1] 0.5 8.61x1x0.5 4.30 kN 1.m from LHS
UDL SUM UDL Dead Dead UDL= 58.32|kN/m For 1 m. width from LHS
58.32|kN/m For 0.5 m. width from RHS
1.60|kN/m For 3.2m width from RHS
UDL SUM UDL Live Live UDL= 0.00|kN/m Full uDL
Point Point Dead Dead Point = 73.22 kN at 1.0m from LHS
Point Point Dead Dead Point = 72.77)kN at 0.5m from RHS
Point Point Live Live Load = 27.21 kN at 1.0m from LHS
UC 254x254x73 Point Point Live Live Load = 14.30 kN at 0.5m from RHS
Beam deflection is checked for L/250.
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STEEL MEMBER ANAL Y515 & DESIGH (EN1953-1-1:2005)

In accordamce with EN1S93-1-1:2005 incorporating Comgenda February 2006 and Apnil 20049 and the UK naticnal

afirex
Tadds caloualion version 4.3.04
ANALYSIS
Teods calouation version 1.0.27
Geometry
Geometry (m] - Steal (EC3) - UC 254x254x73
I
L? . 45 e
p * =
Span | Length () Section Start Support End Support
1 45 T 2545054473 Fixed Fixed
LAC 25425473 Area 03 enr. Inertia Major 11407 em®, Inertia Minor 3008 cm®, Shear area parallel to Minor|
22 om?, Shear area paralldl to Major = 85 om?
Steel (EC3): Density 7850 kgim®, Youngs 210 kMimm®, Shear 80.8 kM'mnn®, Thermal 0.000012 =C!
Lioading
Self weight included
Permanent - Loading (kMm kMN)
hﬂ =
- e @ =
i 2y i
i a ﬁ
EF'I " h = %
il ita
z 405m
02m
Imposed - Loading (kM)
™ "
o o
Ay ¥ l 7
1/. = k1A
7 4 05
02m
Load combination factors
E
2| 8|3
- - i
$|&|°
1.35G + 1.50 + 1.5R0 (Strength) 135 | 135 | 150
1.35G + 1.5 + 1.5ynS (Strength) 1.25 | 1.35 | 150
1.35G + 1 5yeld + 1.55 (Strength) 135 | 135 | 1.05




Project

Job Ref.

15 Landor Road, London SW9 9RX 20.052
B E TA Section Sheet no.
Basement Underpinning Structural Design Report 12
Calc. by Date Chk'd by Date Doc No.
AJ 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 AO
2| 5|3
Load combination E g §_
il &=
1.35G + 1.50 + 1.5ynS + 1.5yl [ Strength) 135 1 1.35 | 1.50
1.35G + 1.5y + 1.55 + 1 5y (Strength) 135 | 1.35 | 1.05
1.35G + 1.5yod + 1.5905 + 1.50W (Sirength) 1 135 | 105
1.0G + 1.5 [Strength) 1.00 | 1.00
1.0G + 1.0W [Senvice) 1.00 | 1.00
1.35G + 1.5y0Q + 1.590R0 (Strength) 1.35 ) 1.35 | 105
1.35G + 1.5yl + 1. 5yoS (Strength) 135 | 1.35 | 1.05
1.35EG + 1.50 + 1.5RQ (Strength) 1.25 | 1.25 | 1.50
1.355G + 1.50 + 1 5yS (Stremgth) 1.25 | 1.25 | 1.50
1.36EG + 1,500 + 1.55 [Stremgth) 1.25 1 1.25 | 1.05
1.35G + 1.5y002 + 15905 + 1.5y (Strength) 1.35 1 1.35 | 1.05
1.38EG + 1.50 + 1.5yS + 1.5y (Strength) 1.25 | 1.25 | 1.50
1.355G + 1. 5900 + 1.55 + 1.5y (Strengti) 1.25 | 1.25 | 1.05
1.355G + 1. 5pol) + 1.5ynS + 1.5W (Strength) 1.25 | 1.25 | 1.05
SERVICE LOAD CASE (Sendce) 1.00 | 1.00 (| 1.00
Member Loads
Member Load case Load Type Orientation | Description
Memmiber Pemanent uoL GlobalZ 5832 kMNmat0mio 0.8 m
Memmiber Pemanent Paoint losd GlobalZ TEXZkMatDBm
Memiber1 Pemanent Paoint load GlobalZ 7277 kM at 4.05 m
Memniber Pemanent UDL GlobalZ 5832 kM at 4.05 mto4.5m
Memmiber Pemmanent uoL GlobalZ 1.6 kMfm at 0.9 m to 4.05m
Memiber1 Imposed Paoint losd GlobalZ 2T kN at DB m
Memiber Imposed Paoint load GlobalZ 143 kM at 4.05m
Resulis
Fomces
Strength combinations - Moment envelope | kiNmi)
-11 ?.Eiﬁ
S
N A
B _ — g
= I 'l
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Strength combinations - Shear emeelope [KN)

2088
i3 i

Service combinations - Deflection envelope (nim)

1.8
Partial factors - Section 6.1
Resistance of cross-sections =1
Resistance of members to instability =1
Resistance of tensile members to frachurs e =11
Memberi design
Section details
Section ype UG 254204073 (BS4-1)
Steel grade - EM 10025-2: 2004 5355
Mominal thickness of element trem = miazdt, ) = 14.2 mm
Mominal yield stremgth fy = 355 Minnnr
Mominal ultimate tensile strength fu = 470 Mimm®
Modulus of elasticity E = 24 000D M
= l [ ] [L=f TP 1 TR
T "y Bacon depls, &, 2541 mm
Eaciion tramdth, b, 2548 mm
mm of sedion, Mem 7.1 bgim
Fargs Tidnem, . W2
E'H:ilr:t_l_dﬂ'rn
Fook e, r, 2.7 mm
Aran of nmction, &, T390 o
. uldmlmmb 1580
= uldmlmmhﬂ-ﬁ?m
& 2 i it s Pl nboud paTe, A D
b i mcchlon w bod s, W S0 rn?
- l-AE Fu:.nh1rﬂ1ulbnlrﬂ.'¢hlmm
l'un:.nh1rul.||.1bnln-l:h.'llhlﬂ1rn"'
mmlﬂnmmkllml!ﬂ
. Esomnd mamesi of srea sboof rache, | EEITS008 M
i : AN
*F
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Lateral restraint

Both flanges hawe lateral restraint &t supports onify

Consider Combination & - 1.35G + 1.5 + 1.5yuS + 1.5yoW (Strength)

Classification of cross sections - Secfion 5.5

5= [Z35 Mimm?/ ] = 081

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 design at start of span

Check shear - Section 6.2.6
Height of web:

Diesign shear fioms
Shear area - o 8.206(3)
DCiesign shear resistance - o §.2.8(2)

Check bending moment - Section 6.2.5
Diesign bending rmcmmsnt
Di=sign bending resistance moment - g 8.13

o =d=200.3 mm

Clw=233=2B0wmsg=s=72xg Class1
o= b-tw- 2 =0} 2 =110.3 mm
cft=78=85=xg<= 10=s Class 2

Section is class 2
he=h -2 =« iy =2Z25.F mm n=1.000
helty=202=323ms/n=T2xEln

Wy = 20B.9 kN
Ay =madA - 2w b ot # et 200 r) sl v w b ted = 2562 mm?
Ve Rt = Vpigra = Aa ¢ (fy / ¥(3)) / yvo = 525.2 kN
Wyss f Veyra = 0,338
PASS - Design shear resistance exceeds design shear force

Mz = 1176 KMmi
Meyro = Muyms = Wy = £,/ yup = 2522 BMNm
h“l'EElllhl'hpﬁ! =n-m

PASS - Design bending resistance moment excesads design bending moment

Slendemess ratio for lateral torsional buckling

Comection factor - Table 8.5

Poissons rafic

Shear modulus

Unrestrained effective length

Blastic cntical buckling moment

Slendemess rafio for lateral torsional buckling
Limiting slemdemess ratio

Check design 300 mm along span
Check shear - Section 626
Height of web

b = 0472
Ci=1/k*=448
v=03
G=E/[2 =(1 +v]] = 80769 MWimn+
L=1.0 = L st seqrr & = 4500 rom
Mo=Cix i xEx b/ L = Whet ke + L2 = Gox b/ [7° = E = k) = 2B90.6 kMNm
AT = Wy = iy / M) = 0.349
ILT_:|=U'-4
Air < Airo - Lateral forsional buckling can be ignored

he=h -2 = ty=225.7 mm = 1.000
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Deecign shear fioms
Shear area - o 8.26(3)

el tw=202=323us/N<T2xEN
Wy = 1372 kM
Ay=madd - 2w bt £ [t + 2 xr) 2y, 7 = by x 1) = 2562 mm?

Ceesign shear resistance - of §.2.8(2) WenRd = Wegra = A Eff.f‘JI[E:I]ff-\EI:ﬁZﬁ.EHN

Wyms f Veyma = 0261
PASS - Design shear resistance exceeds design shear force

Check bending moment - Seclion 6.2.5

Diesign bending moment

M,z = 38.1 kNm

DCesign bending resistance moment - eq 8.13 My rs = Muyre = Way = /e = 35222 kMNm

Moy e f Mo = 0108
FASS - Design bending resistance moment exceeds design bending moment

Slendemess ratio for lateral torsional buckling

Comection facior - Table 8.8

Poissons ratio
Shear modulus

Unrestraimed effective length
Elastic crtical buckling moment

ke = 0L472
Ci=1/k =448

v=03

G=EJ[2 = (1 +v]] = 80769 Mimm?

L=1.0 = L g1 _sagr 7= A500 mm

Me=Cix = Exle/ L = Whet b+ L% = Gx i/ (7 = E = kj) = 2890.6 kNm

Slendemess rafio for lateral torsional buckling = Wy = fo/ My) =10.349

Limiting slemdemess ratio

hro=04
A= .ﬂIm-LatﬂaHurshtﬁMﬁhﬁngcaﬂbeigﬂmEd

Consider Combination 23 - SERVICE LOAD CASE (Service)

Chech design 1785 mm along span

Check y-y axis deflection - Section 7.2.1

Mazdmum deflection
Allowable deflection

=1.8 mm

ddovastie = Bn(Loe &1 [ 250, 15 mm) =15 mm

Gy 1 Gy sacvatee = 0117

FASS - Allowable deflfection exceeds design deflection

_Fll
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10. BB2: UC203x203x52 S355 Span 5.1M
Steel Beam GF B2 Section Load UDL (kN/m2) | Length {m) | Contribution Factor Calculation Loads Units Position
5100mm
Beam Reaction B3 Dead(kN/m) 1.91 4.5] 0.5] 191x4.5x0.5 4.30| kN 1.m from LHS
Beam Reaction B3 Live(kN/m) 3.83 4.5 0.5] 3.83x4.5x0.5 8.61/kN 1.m from LHS
Beam Reaction B3 Dead(kN/m) 4.30] 1] 0.5] 4.3x1x0.5 2,15 kN 1.m from LHS
Beam Reaction B3 Live(kN/m) 8.61 1] 0.5] 8.61x1x0.5 4.30kN 1.m from LHS
Beam Reaction B4 Dead(kN/m) 1.91 3.5 0.5 1.91x3.5% 0.5 3.35 kN 0.8m from LHS
Beam Reaction B4 Live(kN/m) 3.83 3.5] 0.5 3.83x3.5x0.5 6.69| kN 0.8m from LHS
ubL SUM UDL Dead Dead Point = 6.45 kN 1.m from LHS
ubL SUM UDL Live Live Point = 12.91kN 1.m from LHS
Point Point Dead Dead Point = 3.35/kN 0.8m from LHS
UC 203x203x52 Point Point Live Live Point= 6.69/kN 0.8m from LHS

Beam effective length is taken as 1.2 L + 1.2 D to allow for support by bearing on padstone/metal plate.
Beam deflection is checked for L/250.

A

BC1

BP1

330(L) x140(W)x215(H)

Beam deflection is checked for L/250.

C

Do)

BB1

UC203x133x30

BB3

CON

a2t rea0

w3 (Dl ve 5en

UC203x133x30

BB4

Lgnaived

— S

» BC2

BP1

330(L) x140(W)x215(H)

BASEMENT PLAN
Scale 150

Figure 5: Location of Steel Beams on Plan showing BB2
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STEEL MEMBER ANAL YSIS & DESIGN (EN1953-1-1:2005)

In accordance with ENA993-1-1: 2005 incorporating Cormigenda February 2006 and April 2009 and the UK national

Tedds calculation version 4.3.04

Tedds calcuiation version 1.0.27

annex
AMNALYSIS
Geometry
Geometry (m) - Steel (EC3) - UC 203x203x52
z
1o 5.1 “
W I
Span | Length (m) Section Start Support End Support
1 51 UIC 20320352 Pinned Pinned

LIC 20E3x203:52: Area 66 onr, Inertia Major 5259 o, Inertia Minor 1775 cnr’, Shear area parallel to Mnor
16 cn, Shear area paralel to Major = 46 cnr

Steel (EC3): Density 7850 kg/n?, Youngs 210 kNimn?, Shear 80.8 kNmn??, Thermal 0.000012 °C"

Loading
Self weight included

Permanent - Loading (kM)

o 2
S @
I L L 4
7 102m
0.765 m
Imposed - Loading (kM)
o
m ™
fl —
P
> v
7 102m
0.765 m
Load combination factors

Load combination

Solf Weight
Permanent

Imposed

1.35G + 1.5Q + 1.5RQ (Strength) 135 | 1.35 | 150
1.35G + 1.50 + 1.5uS (Strength) 1.35 | 1.35 | 150
1.35G + 15050 + 1.55 (Strength) 1.35 | 1.35 | 1.05
1.35G + 1.5Q + 1.5u5 + 1.5uW (Strength) 1.35 | 1.35 | 150




Project

Job Ref.

15 Landor Road, London SW9 9RX 20.052
B E TA Section Sheet no.
Basement Underpinning Structural Design Report 18
Calc. by Date Chk'd by Date Doc No.
AJ 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 A0
E | E
2| &
Load combination 2 g g
S E
d | &
1.35G + 1.5y + 1.55 + 1.5y (Strengti) 1351135 | 103
1.356G + 1.5900 + 1. 5yS + 1.5W (Sirength) 135 1135 | 105
1.0G + 1.5W (Strength) 1.00 | 1.00
1.35G + 1.5y + 1.5yaR0 (Strength) 135 135 | 105
1.35G + 1.5y0Q + 1.5yeS (Strength) 135 1135 | 105
1.35:G + 1.5Q + 1.5R0 (Strength) 125 (125 | 1.50
1.35EG + 1,50 + 1.5yeS (Sirength) 125 1125| 150
13556 + 1.5yl + 1.55 (Strength) 1251125 105
1.35G + 1.5w0 + 1.5waS + 1.5\ (Strength) 135 1135 | 105
13856 + 1.50 + 1.5uS + 1. SpaW (Sirength) 125 1125|150
1.35EG + 1. 5yal + 1.55 + 1 .5u0W (Strength) 15 | 1.25 | 105
13556 + 1.5y + 1.5y:S + 1.5W (Sirength) 1251125 105
SERVICE (Senice) 1.00 | 1.00 | 1.00
Member Loads
Member Load case Load Type Onentation | Description
Member Permanent Point load Global? G.45 kN at 1.02 m
Member Permanent Point load Global? 335 kN at 0.765 m
Member Imposed Point load Global? 1291 kM at 1.02 m
Member Imposed Point load Global” 6.69 kN at 0.765 m
Results
Forces
Strength combinations - Moment envelope (kNmij)
“m2
Strength combinations - Shear envelope (kM)
g8




Project Job Ref.
15 Landor Road, London SW9 9RX 20.052
3 E A Section Sheet no.
l Basement Underpinning Structural Design Report 19
SIGN CONSULTANTS Calc. by Date Chk'd by Date Doc No.
\J \ D
AJ 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 AO
Service combinations - Deflection envelope (mim)
i i

45
Partial factors - Section 6.1
Resistance of croes-seciions o =1
Resistance of members to instability Tt =1
Resistance of tenzile members to fracture: Tz = 1.1
Member1 design
Section details
Section type UC 2030020352 (BS4-1)
Stes grade - EN 10025-2:2004 5355
Mominal thickness of element fnem = i, tw) = 12.5 mam
Mominal vield strength f; = 356 Nimm?®
MNominal ulimate tensile strength fu = 470 Nimm?
Modulus of elasticity E = 210000 Mim?
S 3 | | U BRRabEhld (BEAA)
T Saclen dasls, h, 0.3 fn
Emclien braadth, &, 2043 mw
rasi ol eecion, Mass, 57 hgin
Fhitggh B chTuiri, | 126 Fife
\Wals Mickraa, L, 7.9 s
Raot sdies, 1, 10,2 fn
Arm ol swcion, & SECE mad
g Rancis of gymaton wboul y-axds, |, 80072 e
= i o gy bon abedl -k, |, 51 767 rfe
E Elastic aocton maduius sbeut ptahs, W 590080 e
Ehiid: nctins: Facchiis abssi B-ambi, VY . 1 T4 fre?
— BT m-ﬂrmmmqrmmw
m-ﬂrmmmq‘_mnmﬂ
Savcefed romant ol s sboul pazh, | SSSEHET nef
w Sdcand romant of e boill Bask, | 17T A1 me®
i AN
x I |
T
k s d
Lateral restraint

Both flanges have lateral resiraint at supports only

Consider Combination 6 - 1.35G + 1.50 + 158 + 1.500W [ Strength)

Clagsification of cross sections - Section 5.5

£ =[235 Nimn¥ / ] = 0.8

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

Width of section

¢ =d=160.8 mm

City=204=25xg==72x¢E Class 1
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Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section

Check design 1020 mm along span

Check shear - Section 6.2.6
Height of web

Design shear foree
Shear area - o 6.2.6(3)
Design shear resistance - ¢ 6.2.6(2)

Check bending moment - Section 6.2.5
Design bending moment
De=ign bending resistance moment - eq 6.13

c=(b-tw-2xr)/2 =88 nm
Cltt=T=87xg<=9x¢g Class 1
Sectionis class 1

he=h-2=t=181.2 mm 1 =1.000
Meltu=229=282xcin=T2xeln
Shear buckling resistance can bo ignored
Wy = 213 kN
= man( - 2 % b sty + [y + 2 % 1) % b, 1) % Dy 2 Ea) = 1875 mn??

Veyma= Vagas = A x (5 1 (3)) / e = 384.2 kN
Wye { Weyma = 0.056

PASS - Dasign shear resistance axceads design shear force

Wy Es = 33.2 kiNm
Meyra = Mo yme = Wiy % 1§ Yo = 2014 KNm
Mye f Meyra = 0,165

PASS « Dasign bending resistance momeant exceads design benaing moment

Slendemess ratio for lateral torsional buckling

Comection factor - Table 6.6

Poissons rafio

Shear modulus

Unresirained effective length

Elastic critical buckling maoment

Slendemess ratio for lateral torsional buckiing
Limiting slkendemess ratio

Check buckling resistance - Section 6.3.2.1
Buckling cunve - Table 5.5

Imperfection factor - Takble 6.3

Comection factor for rolled sections

LTE reduction determination factor

LTE reduction factor - eq 6.57

Meodification factor

Meodified LTB reduction factor - eq 6.58
De=ign buckling resistance moment - g 6.55

ke = 0004
Ci=1/k?=1.132

=03
G=E/[2x (1 +V]] = BOTEI Nimn?*
L =12 % Lovi_st_segit *+ 2 = h = 6532 mm
Me=Cix @ Exlef/ L2 x Wl e+ L2 G b/ (7 % E x k) =193.2 kNm
Aur = Wiy x fy / Me) = 1,024

Jro=0.4

Agr > H:r,u-f_amrﬂf torsional buckling cannot be ignored

b
ot =034

8=0.75

for=0.5%[1+0ur x| hur- Aurg) + B x hr] = 0.997
er=min(1 /[ + (g - B x Al 1, 17 Aur) = 0,687
f=min{1-0.5 % (1-k) = [1-2 =% fr-08F, 1) = 0.973
forma = min{yer (£, 1, 1/ ) = 0,706

Moy me = Fommea % Wey 2 § f Tan = 142.2 kKNm

My § Mbygre = 0,234

PASS « Dasign buckiing resistance momeant exceads design benading moment
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Consider Combination 23 - SERVICE [Service)

Check design 2215 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflection &y =4.5mm
Allowable defiection Oy spoveee = Min{Le_z1 £ 230, 15 mm) =15 nm
Oy I By soomaie = 0,297
PASS - Allowable deffaction exceods design deflection

11. BB3: UB203x133x30 S355 Span 3.79M

Steel Beam GF BB3 Section Load UDL (kN/m2) | Length (m) | Contribution Factor Calculation Loads Units Position
4500mm Column reaction GF UB152  [Dead{kN/m) 1.9125 4.5 0.5 1.9125x4.5x0.5 4.30|kN 0.5m from LHS
Column reaction GF UB152 _ [Live(kN/m) 3.825) 4.5] 0.5 3.825x4.5x0.5 8.61[kN 0.5m from LHS
Ground floor Joist Dead 0.75 5.1 0.5 0.75x5.1x0.5 1.91|kN/m Full UDL
Ground floor Joist Live 15 5.1 0.5] 15%5.1x0.5 3.83|kN/m Full uDL
ubL
ubL
SUM UDL Dead Dead UDL= 1.91[kN/m Full UDL
UC 203x133x30 SUM UDL Live Live UDL= 3.83[kN/m Full UDL

Beam deflection is checked for L/250.
*Design is done for beam span = 4.5m, conservative , so OK
Beam deflection is checked for L/250.

1 C B :
.f | |
| |
' besuwson
A i 1 v v I A
I BB1
BC1 [ _— R » BC2
{11 &
=t 2 ] .
=il
! wal
I

BP1 : ’ 1 BB2 o BP1
{ 84 é
1'—7
|
‘ e
i Lgrmives
‘ ( B |
} |

BASEMENT PLAN
Scae 150

Figure 6: Location of Steel Beams on Plan showing BB3
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STEEL MEMBER AMALY SIS & DESIGN (EN1 993 -1-1: 2005

In accordance with EN1833-1-1: 2003 incorporating Corrigenda February 2006 and April 2009 and the UK naticnal

annex
Tadds calcidafion wersion 4.3.04
AMNALYSIS
Tadds calciudafon warsion 1027
Geometry
Geometry (m) - Steel (EC3) - UB 203x 133230
+ 45
Gt 1 i
Span |Length (m} Section Start Support End Support
1 4.5 UB 203x133x30 Finned Pinned
UB 20313 3x30: Area 38 cm, Inertia Major 2855 cm®, Inertia Minor 385 cm®, Shear area paraliel to Minor
13 cm?, Shear area parsllel to Major = 23 om®
Steel (EC3): Density TEHD kg'/m?, Youngs Z10 kMN/mm?, Shear 0.8 kN/mm?, Thermnal § 012 =C-
Leading
Self weight incledad
Permanent - Loeading [kMim, kM)
- s =t
(np] =+ o
T -
. X 4
i v [
' .54 m
Imposed - Loading (kNim, kN)
= = &
Lt 1
Y ¥ ¥
B [
L 2
' 0.54 m

Load combination factors

| =

=3 [ 3

Load combinati S| 5| 3

oad combination = z ]

£ 4 E

2| a |-
1.35G + 1.5Q + 1.5RQ (Strength) 135 [ 135 [ 1.50
1.35G + 1.5Q + 1.5y5 [Strength) 1.256 35 5D
315G + 1.5yl + 1.55 {Strength) 135 35 | 1.05
1.235G + 1.5Q + 1.5ye5 + 1.5y W (Strength) 1.35 5| 1.50
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5% |3
Load combinaticn E E 2
3|e|E
355G + 1.5p0Q + 1.55 + 1. 5ywyW (Strength) 1.2 35| 1.05
1.35G + 1.5p0Q + 1.5p,5 + 1.5W (Strength) 135 | 1.35]1.056
1.0G + 1.5W {Strength) 1.0 | 1.0D
135G + 1.5w02 + 1.5y RQ (Strength) 135 (135 1.05
A5G + 1590 + 1.5y S (Strength) 135 351 1.05
1.352G + 1.5Q + 1.5RQ (Strength) 1.25 25| 1.50
A5G + 1.5Q + 1.5y5 (Strength) 126 |125]|1.50
1.355G + 1.5y.Q + 1.55 (Strength) 25 25| 1.05
135G + 1.5 + 1.5y S + 1.5y W [Strength) 126 35 | 1.05
1.352G + 1.5Q + 1.5y5 + 1.5y (Strength) 25 25| 1.50
1.38:G + 1.5yweQ + 1.55 + 1.5ypW (Strength) 125 [ 125 | 1.05
A5G + 1.5weQ + 1.5yp5 + 1.5W (Strength) 125 | 125]1.05
ERVICE LOAD {Service) 1.0 00 | 1.00
Member Loads
Member Load case Load Type Orientation | Description
Member1 Permanent UL Globald 1.594 kMSm
Mem ber i Permanent Point load GlobalZ 4.3 kN at 0.54 m
Membert Imposad Point koad GlobalE 561 kN at D.54 m
Member 1 Imposad UL GlobalE 3.83 kM/m
Results
Forces
Strength combinations - Moment enve lope (kNm)
.o
Strength combinations - Shear envelope (KN}
38.2
8

22
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Service combinations - Deflection envelope (mm})

&8
Partial factors - Section 6.1
Resistance of ooss-sections v =1
Resistance of members to instability =1
Resistance of Ensile membsrs to fracture =14

Memberi design

Section details

Section type UB 203213330 {B54-1)
Stesl grade - EM 1002 5-2:2004 5355

Mominal thickness of elemant tean = MLy, t,) = 9.6 mm
Mominal yigld streng th f, = 335 MN/rm*

Mominal witimate t=nsile strangth £, =470 Msram*

Meodulus of elasticity E =000 M

LB 38313030 |BREA)
St ez, b 23R4 mm
all=, b 1A
M of gorton, ks, 30 kg
Flangn thicknaes. |, 5 mm

~ Jeis
o

R of g

L wrrd o mes ks A
Edae St i i e
Pl S0 reaohbiss abedal

219 5

I+

- i

I 1315

Lateral restraint
Both flanges have lateral restraint at supports onhy

Consider Combination 6 - 1.35G + 1.50 + 15wy 5 + 1. 5w W [Strength)

Classification of cross sections - Section 3.5
== 5[235 Nimm? / £]=0.81
Internal com pressicn parts subject to bending - Table 5.2 (sheet 1 of 3)
c=d=172.4 mm
6.5 =331

Width of section

H

cza= T2 w=e  Class 1

[
£
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Cutstand flanges - Table 5.2 (sheet 2 of 3)

Width of s=ction c={b-t.-2xry/2=75362mm
o/t =58=T2ves=8ue Class
Secoon is class 1
Check design 1534 mm along span
Check bending moment - Section 6.2.3
Design bending momsnt M, ey = 375 kMm
Ciesign bending resistance moment - =g §.12 Me i = Moy = Wo w £ Vv = 111,86 kMNm

Mo f M = 0247
PASS - Design bending resisi@nce mom ent ex ceeds design bending moment

Slenderness ratic for lateral tersional buckling

Caorrection factor - Table 6.6 k=094

Ci=1/k*=1132
Poissons ratio v=0.3
Shear modulus G=E/[2={1+)]=807T63 N/mm*
Unrestrained efizctive length L=1.2 % Lt ar swgr 1 +2 » h = 3814 mm
Elastic crtical buckling moment Ma=CiumuExle /iFx Wlu/k+FuGul/{w«Exl))= 36 kNm
Slenderness ratio for lateral torsional buckling Lor = Wy« £ Ma)=1.404
Limiting slend=mess ratio Luo=0.4

ir ® dvse- Lareral rorsienal buckling cannor be ignored

Check buckling resistance - Section 6.3.2.1
Buckling curve - Table 6.5 b
Imperfecton factor - Table 5.3 oy = 0034
Caorrection factor for rolled sections BE=0.T3
LTE reduction determination factor dur =05 % [1 4+ 0w = { Loe - Luea) + B = L9 = 1.410
LTE reduction factor - eq 6.57 goe = min(d { [or + Woe? - Box LoD 1, 17 1009 = 00474
Modification factor F=min{1 - 0.5 « {1- k)« [1-2 = { iy - 0.8F), 1)=10.992
Medified LTE reduction factor - eg 6.58 Tormen = My 4 F 1, 10 L0 = 0.475
Design buckling resistance moment - g §.55 My = g0t % Wiy o £ § oy = 33 kNm

Moea § My = 0519
PASS - Design buckling resis@nce mom ent ex ceeds design bending moment

Consider Combination 33 - SERVICE LOAD [Service]

Check design 2181 mm along span
Check y-y axis deflection - Section 7.2.1

M azcimum deflection &, = 6.9 mm
Allowsble deflection &y anmatse = Min{ Ly o0 § 250, 15 mm) = 13 mm
By By amte = 0462
PASE - Allowable deflection exceeds design deflection
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12. BB4: UB203x133x30 S355 Span 2.75M
Steel Beam GF BB
3500mm Section Load UDL (kN/m2) | Length (m) | Contribution Factor Calculation Loads Units Position
Ground floor Joist Dead 0.75] 5.1 0.5 0.75%5.1x0.5 1.91|kN/m Full UDL
Ground floor Joist Live 1.5 5.1 0.5 1.5x5.1x05 3.83[kN/m Full UDL
uDL
ubDL
SUM UDL Dead Dead UDL = 1.91|kN/m Full UDL
UC 203x133x30 SUM UDL Live Live UDL= 3.83[kN/m Full uDL

Beam effective length is taken as 1.2 L + 1.2 D to allow for support by bearing on padstone/metal plate.
Beam deflection is checked for L/250.
*Design is done for beam span = 3.5m, conservative, so OK

Beam deflection is checked for L/250.

C

A

BC1

A
BP1

330(L) x140(W)x215(H)

Pl

UC203x133x30

BB1

CoN

R LT

UC203x133x30

BB4

LgruNed

» BC2

BP1

BASEMENT PLAN
Scoale 150

| DpR———

Figure 7: Location of Steel Beams on Plan showing BB4

330(L) x140(W)x215(H)
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STEEL MEMBER ANALY SIS & DESIGN [EN1993-1-1:2005}

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 20068 and April 2009 and the UK national

annex
Tedds caloudaion version 4.3.04
ANALY SIS
Tadds calouafon version 1027
Geometry
Geometry (m) - Steel (EC3) - UB 203x133x30
' T 38 2
P
00 1] Fay
Span Length [(m} Section Start Support End Support
1 3.5 UB 203x133x30 Pinned FPinned
UB 203x133x30: Area 28 om®, Inertia Major 2898 cm®, Inertia Minor 385 cm®, Shear area parallel to Minor
12 cm®, Shear area parallel to Major = 22 om®
Steel (EC2): Density 7850 kg/m”, Youngs 210 kM/mm*, Shear 80.8 kN/mm*, Thermal 0.000012 *C
Leading
Self weight included
Permanent - Leading (kN/m}
@ @
Y +
"' iy
¥
Imposed - Loading (kN/m}
[] ]
= =
] ]
¥ l
= [

Load combination factors

b =

2| 3 | 3

. . U 5 3

Load combination E E 2

3| e |f
1.356G + 1.5Q + 1.5RQ (Strength) 135 | 1.36 50
1.35G + 1.50Q + 1.5y,5 (Strength) 1.35 | 1.356 50
1.35G + 1.5y,Q + 1.55 {Strength) 1.35 | 1.38 05
1.35G + 1.50Q + 1.5y,5 + 1.5y,W {Strength) 1.35 | 1.356 .50
1.35G + 1.5y, Q + 1.55 + 1.5y,W {Strength) 1.35 | 1.356 .05
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Load combination E L &
= | E| &
N
1.358G + 1.5y, Q + 1.5y, 5 + 1.5W ({Strength) 1.25 | 1.35 | 1.08
1.0G + 1.5W | Strength) 1.00 | 1.00
1.35G + 1.5y, Q + 1.5y, RQ { Strength) 135 1.35 | 1.08
1.35G + 1.5y + 1.5y, 5 {Strength) 1.35 | 1.3 1.05
1.35:G + 1.50Q ERQ [Strength) 1.25( 1.25 | 1.50
1.35:3 + 1.5Q + 1.5y,5 [Strength) 1.25 | 1.25 | 1.50
1.355G + 1.5y Q + 1.55 (Strength) 1251 1.25 | 1.0&
1.35G + 1.5y Q + 1.5y, 5 + 1.5y W (Strength) 1.36 | 1.35 | 1.08
1368556 + 1.5Q + 1.5y, + 1.5w,W [Strength) 1.25 | 1.25 | 1.50
1.355G + 1.5y, + 1.55 + 1.5y {Strength) 125 1.25 | 1.08
13553 + 1.5y, @ + 1.5y,.5 + 1.5W [Strength) 1.25 [ 1.25 | 1.05
SERVICE {Service) 1.00 | 1.00 | 1.00
Member Loads
Member Load case Load Type Crientation | Description
Member1 Permanent UL GlobalZ 1.891 kEMN/m
Member1 Imposed uoL GlobalZ 3.83 kEN/m
Results
Forces
Strength combinations - Moment envelope (kNm}
13,4
Strength combinations - Shear envelope (kN}
15.2

Service combinations - Deflection envelope (mm}

15.3
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Partial factors - Section 6.1

Resistance of cross-sections Yhan =

Resistance of members to instability Ty =

Resistance of tensile members to fracture Tz = 1.1

Member design

Section details

Sedion type

Steel grade - EN 10025-2:2004
Mominal thidkness of element
Maminal yield strength

NMominal ultimate tensile strength

Meadulus of elasticity

UB 203x133:30 (B54-1)
5355

toum = max(t, t.) = 9.6 mm
f, = 355 N'mm*

f, = 470 N/mm*

E = 210000 M/

] U 30kat 12e2b (854-1]

"
-

G 5

Sncine dapth, & INEAmMA
Bosabo® Bsran, b, 1538
s of encins, Wass, 30 &pm
Fiiange Hhechnesn, L, 5.8 mr

Ly i)

168, L, 8.4 i
Rnod e

1y b AT 0B my
Fad garalin ot ¥ - AT06 mm

i, 1, 3T Aam
2306 ren
5748 ma!

Msdam ol gyralmn abua z-
Elastic: saction meduwies abaul y-a3sis, ‘W
Riaedic mariicn moduliss abcul s-asis, 'W

Phasis sedicn modur aboul a1, W 3143485 rem

Plagiks saciion modwies abaul zaws, W 83234 mm
Sncond maman ol ams ss meim, |, INEASAR mm!

Boaond iedivedin Of Gicd SSoal 2- a8k l. BA4A5AD i 4

| s

[ 1338

Lateral restraint

Baoth flanges have lateral restraint at supports only

a

Censider Combination 6 - 1.35G + 1.50 + 1 5w, 5 + 1.5e,W [ Strength}

Classification of cross sections - Section 5.5

5 =4[235 N/mm* / f,] = 0.81

Internal compression parts subject te bending - Table 5.2 {sheet 1 of 3}

Width of section

Cutstand flanges - Table 5.2 (sheet 2 of 3}
Width of section

c=d=17T2.4 mm

c/t,=288=331=5==72=5 Class 1
c=(b-t.-2=r)/2 =562 mm
c/lt=B8=72xg<=89xg Class 1

Section is class 1
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Check design 1750 mm along span
Check bending moment - Section 6.2.5
Design bending moment M, o= 13.4 ENm
Design bending resistance moment - eg 6.13 Mg = Muyna = Wo, = £,/ 7 = 111.6 KENm

FASS - Design bending resistance moment exceeds design bending moment

Slenderness ratio for lateral torsional buckling

Correction factor - Table 8.6

Foissons ratic

Shear modulus

Unrestrained effective length

Elastic oritical buckling moment

Slenderness ratio for lateral torsional budkling

Limiting slenderness ratic

Check buckling resistance - Section 6.3.2.1
Budkling curve - Takle §.5

| mperfection factor - Table 8.3

Correction factor for rolled sections

L TB reducticn determination factor

LTB reduction factor - eq 8.57

Meodification factor

Medified LTB reduction factor - eq 8.58

Design buckling resistance moment - eg 8.55

k.=10.94
C.=1/k*=1.132
v=03

E=E/[2=(1+v]]=B80763 Nimm?
L=12% Lni wt sy 1 + 2= h= 4614 mm
Me=Cixm mEx L/ =3l L+ L =G=x L /{&=E=))=T5.8 kNm

For = Wy = f, 0 M) =1.214
Fie=04
A= Auss- Lateral forsional buckling cannot be ignored
b
oy =0.34
B=075
b =05=[1+a = { hur- koo + B = wof]= 1191
gor =min{1 § b + Wbo® - Bx Lo 1,17 L) = 0671
f=min{1-05={1-k)=[1-2={ k.- 0.8F] 1) =0.980
Formes = min{ge (£, 1,10 ¥} =0.583
My e = Tnmeg = Wo, = £ 0 4 = BB ENm
My e/ My e = 0205

FASS - Design buckling resistance moment exceeds design bending moment

Consider Cembination 23 - SERVICE [ Service]

Check design 1750 mm along span

Check y-y axis deflection - Section 7.2.1
Maximum deflecticn

Allowable deflection

G, =2 mm
Gy mowae = Min{lo: o0 £ 250, 15 mm) = 14 mm
Gy f By anmane = 0.145
FASS - Allowable deflection exceeds design deffection
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13. BC1 and BC2: UC203x203x52 S355 Span 2.4M
Steel Column GF C1
2400mm Section Load UDL (kN/m2) | Length {m) |Contribution Factor Calculation Loads Units Position
Beam Reaction B1 Dead 103.00 kN
Beam Reaction BL Live 41.50 kN
uDL
uDL
SUM UDL Dead Dead UDL= 103.00/kN
UC 203x203x52 SUM UDL Live Live UDL= 41.50 kN
Beam deflection is checked for L/250.
| C B !
\ i
I |
|
¢ besucsen |
A ] I - I A
l BB1
BC1 s v (BG2
i 2 CON]
=i
=
| UN2
A 7 rrr '. A
BP1 BB2 o BP1
o
i S 2
=)
i ot
T
i fedp
i Lgnued

SASEMENT PLAN

Scae 150

Figure 8: Location of Steel Beams on Plan showing C1
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STEEL COLUMMN DESIGHN
In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex

Tedds calculation varsion 1.1.04

Partial factors - Section 6.1

Resistance of cross-sections Yo =1
Resistance of members to instability T =1
Resistance of croes-gections in tension o fractiure pe =14
T 1 I UKD 305ndi1a83 [Tote Ginel &d varoe)
Sacien . h, 205 i
T Ay Swlm:::mlu &, Bk 3 e
Marss of iclion, bass 57 igin
Flnsga Sickres, | 125 mm
WAl hickres, |, 78 mm
Feoot secles, 7, 10 mm
Adwi ol seclen, A, SEOE mal
Rlﬂ.‘l-:lur1h||lhu1:-n_= 072 e
E Radies of gpeuben abeun pash, |, 51 757 me
T Elinifle: =i Mot sbsul p-iati I'.r S90080 e
Elialle: Sacliie® Feadhii abaill E-abi, VY 17400 e
i h-To Flasc: sectins sreduin sbeul paats I'lr &1 e
Plasie sectios meduiln sbeut B-axhi I'L 284240 peerr
Sacard rroment of i absil pani | A ST
o Smosrd rromant ol ase about Fasis, | TTTPEIE1 med
1 A
Lo |
: o Y -:
Column details
Column section UKC 203x203x52
Stesl grade 3355
Yield strength f, = 355 Nimn??
Ulimate strength f, = 470 N
Modulus of elasticity E = 210 kM/mm?
Poisson's ratio v=03
Shear modulus G=E/[2 =({1 +v]] =80.8 kmm’
Column geometry
System length for bucking - Major axis Ly = 2400 mm
Systemn length for buckling - Minor axis Lz = 2400 mm

The column is not part of a sway frame in the direction of the minor axs
The column is part of a sway frame in the direction of the major ads

Column loading

Axial load Mea = 210 kN (Comprassion)
Major axis moment at end 1 - Bottom Myesr = 118.0 kNm

Major axiz moment at end 2 - Top M, 2= = 0.0 kMNm

Major axis bending is single curvature
Minor axs moment at end 1 - Bottom Nega = 0.0 kMm
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Minor axis moment at end 2 - Top Meec = 0.0 KMm
Major axis shear force Wym=0kN
Minor axis shear force Wrea= 0 kM
Buckling length for flexural buckling - Major axis
End restraint factor Ky = 1.000
Buckling length Loy = Ly = Ky = 2400 mm
Buckling length for flexural buckling - Minor axis
End restraint factor Kz =1.000
Buckling length Loz = Lz x Kz = 2400 mim
Web section classification (Table 5.2)
Coefficient depending on f; £= M'EEBS Mimee { f,) = 0.814
Depth between fillets =N -2 % [t +r) = 160.8 mm
Ratio of cft rafice = cal tw= 20,35

Length of web taken by axal load

For class 1 & 2 propartion in compression
Limnit fior class 1 web

Flange section classification (Table 5.2)
Cutstand length
Ratio of cft

Limit for clas= 1 flange
Limnit for class 2 flange
Limit for clasa 3 flange

Owverall section classification

Resistance of cross section (cl. 6.2)

Compression (cl. 6.2.4)
Design force
Design resistance

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

Design resistance

Combined bending and axial force {cl. 6.2.9)
Fatio design axal to design plasiic resistance

by = mriniMga  (F = ta), Go) =74.9 mm
o= (w2 + kaf2) f ow = 0.733
Limitiw= (396 = )/ (13 = x- 1) = IT.7T9
The web is class 1

=(b-tw)/2-r= 88.0 mm
rator=cd r=7.04

Limity =9 =z =7.32
Limitr = 10 = £ = 8.14
Limitz = 14 = £ =14.39
The flange is class 1

The section is class 1

Mea =210 kN
= Mo pa = Ay pup = 2353 KN
Mea ! Nepa = 0089
PASS - The compyression design resistance exceads the design force

Wyea = me abe{Mesn), aba{Mess)) = 118.0 kNm
Wy =Woy= 567.4 cm’
Meyra =Wy = f /v = 2014 KNm
Wyea f Neyrn = 0.586
PASS - The bending design resistance exceeds the design moment

n = abs({Meg) § Mpirg = 0.089
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Rafio web area to gross arsa a=min{05, (A-2xbxt)/A)=
Bending - Major axis (cl. 6.2.9.1)
Diesign bending moment My 22 = maa(abs{M 2 ), abs{Myzc)) = 118.0 khm
Plastic design resistance Meiyra = Wiy % fy /o = 201.4 kKNm
Medified design resistance Meyma = Mars < min{1, (1 -n) /7 {1-0.5 = aj) = 201.4 kNm

W ea | Meyyma = 0.586
FPASS - Bending resistance in presance of axial load excosds design momant

Buckling resistance (cl. 6.3)

‘iedd strength for buckling resistance f, = 355 Nimny?

Flexural buckling - Major axis

Elastic critical buckling force Moy =1 % E % Iy f Los® = 18923 kN
Mon-dimensional slendemess Ry = A =, Ngy) = 0,353

Buckling curve (Table 6.2) b

Imperfiection factor (Table 6.1) oy =0.34

Parameter & Ey=05x%[1 +ox{ ky-02) + 77 =0.588
Reduction factor o= min(1.0, 1/ [Sy + V(82 - LA =0.944
Design buckling resistance Moyma =y A % J = 2222.4 kN

Mea f Moyma = 0,094
PASS - The flexural buckling resistance exceads the design axial load

Flexural buckling - Minor axis

Elastic critical lxuckling force Moz =T 2 E % o f Lo~ = G396 kM
Mon-dimensional slendemess Az = WA x | Ngz) = 0.607

Buckling curve (Table 6.2) c

Imperfection factor (Table 6.1) oy = 0.49

Parameter @ =05%[1+0x( hz- 0.2) + =7 = 0.784
Reduction factor fz=min{1.0, 1/ [$= + V& - 35 = 0.782
Deesign buckling resistance Mozma =%z 3 A xfy e = 1838.9 kN

Mea f Mozra = 0,114
PASS - The flexural buckling resistance exceads the design axial load

Torsional and torsional-flexural buckling (cl. 6.3.1.4)

Torsional buckling length factor Kr="1.04)

Effective buckling length Lot = Ko = ma(Ly, L) = 2400 mim

Distance from shear ctr to centroid along major axis yo= 0.0 mm
Distance from shear ctr to centroid along minor axis Zn = 0.0 mm

io = Wi,@ + i + y&@ + %) =103.0 mm
Br=1- (! if=1.000

Elastic critical torsional buckling force Mor=1/iF % (G x |+ 7 x E x hu / L 1) = 8068 kN

Elastic critical torsional-flexural buckling force a7 = Margd{ 28] 1+ oM V[ 1M fMar P+ Alynfin P mier ]
M7 = BOGS kN

Mon-dimensional slendemess Aor = {A x iy f min{Nzr, Nee)) = 0.540

Buckling curve (Table 6.2) c
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Imperfection factor (Table 6.1) or = 0,49

Parameter & Sr=05x[1+gr={ ir-02)+ il =0.729

Reduction factor yr=min{1.0, 1/[&r+ & - 32 =

De=ign buckling resistance Metra=yr=x A xfy Fyn =1930.3 kN

Mea § Mo im0 = 10,108

PASS - The torsionalforsional-flexwural buckling resistance exceags the dasign axial load

Minimum buckling resistance
Minimum buckling resistance Mogn = MmNy s, Mozag, Mezaa) = 1838.9 kN
Mea / Mopa = 0,114
FASS - The axial load buckling resistance exceags the design axial load

Buckling resistance moment (cl.6.3.2.1)

Lateral torsional buckling length factor Kor=1.00
Effective buckling length Lz o7 = Kir = Lz = 2400 mm
End moment factor wr=Meze f Mz = 0000

Moment distribution comection factor (Table 668)  ke=1/(1.33-03 =)= 0752
Ty =1/k2*=1.769

Curvature factor g="[1-(l=/ )] = 0.514

Poissons ratio v=0.3

Shear modulus G=E/[2x (1 +v]] = BOTEO Nimn?

Elastic critical buckling moment Mo = Cr % 7 % E % 2 % flwd ke + Lot % G x k7 x E x k)L rrxg)
Mo = 1609.2 kNm

Slendemess ratio for lateral torsional buckling R = Wy = fy / M =0.354

Limiting slendemess ratio iira=0.40

Comection factor for rolled sections Br=0.75

Buckling curve (Table 6.5) b

Imperfection factor (Table 6.1) ot = 0.34

Parameter 11 Sr=05x[1+0ur*( her- Aura) +fex ] = 0.539

Reduction factor qer=min{1.0, 1 P, 1/ [Eur+ Ydrd - Bex jur)]) = 1.000

Modification factor f=min(1-0.5%(1-k)=[1-2=( hr-0.87, 1) =0.925

Medified LTB reduction factor - eq 6.58 femmoa = mindger /£, 1, 1 her?) = 1.000

Design buckling resistance moment Mz = Tommea X Wy % Fy / Jun = 201.4 kNm

Design bending moment My2s = maabs(Mzn), abs{Me=s)) = 118.0 kNm

My s/ Mygg = L5686
PASS - The dasign buckling resistance moment exceads the maximum design momeant
Combined bending and axial compression (cl. 6.3.3)
Characteristic resistance to normal force Mek =4 x f; = 2353 kN
Characteristic moment resistance - Major axs Myre = Wy = £, = 201.4 kNm
Characteristic moment resistance - Minor axs Merx = Wez x fr= 938 kNm

Moment distribution factor - Major asds Wy = My f Myen = 0,000
Moment factor - Major axis Crry = miax{0.4, 0.6 + 0.4 = ywy) = 0L600
Moment factor - Minor axis Cr==0.9

Moment distribution factor for LTE it = hMyeo / Myes = 0L000
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PASS - The buckiing resistance is adeguate

Ioment factor for LTE Cror = max(0.4, 0.6 + 0.4 x yyr) = 0600
Interaction factor ky, kw=f3mx[1+rri1{l:].ﬂ-,E—D.E}xhﬁh{y_,xhdafm:lhﬂ.mg-
Interaction factor ke ke =1 -min(0.1, 0.1 % Az)xMea { ((Coir - 0.25)(3z X Nrwhpan)) = 0,980
Interaction factor ke ke = Crm % [1 + min{1.4, 2 x Az - 0.6)xNea / (3= % New /)] = 0,963
Interaction factor ke bz = 0.6 < kz=0.578
Section utilisation URE_1 = Mea § 3y = Mes /) + Koy = Weza d (e = Wiss /) + Boz = Meza § (Mers /)
UR=_1 =0.451
URe_z = Mea { {2 % MNex /Y] + Ky % Myza /(e = Myre /o) + Bz % Mega £ (Meae /i)
URs_z =0.688
14. Connection Design CON1
Beam deflection is checked for L/250.
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Figure 9: Location of Steel Beams to Beam connection CON1.
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Project: "
Project no [[3]=F-] StatiCa"
ﬁu‘[hn,r_' Cmiukls peilaeddp odlaasie
Project item Connection Type C1
Design
MName Canngation Type C1
Diascription
Analyais Stress, straind simplifed loading
Beams and columns
- ¥= an Offset Offsat Offsat Forces
Nama Crossssaction Diraction Pitch Raotation ax Ry |z in
[l iy ] I ) [rrirr] [rirr]
B ;:;’CDNHUGES#::ZMJ: 0.0 0.0 0.0 a o 0 Nods
B1 36}‘3‘:'”””5 203x133x 0,0 0.0 0.0 o 0 24 Node
Cross-sections
Mame Masterial
1= CONTIUC 254 x 254 x
73) 5355
2=CONIUB 203 x 133 x
a0 5355
Bolts
Diamater fu Gross area
Name Baolt assembly fmm] (MPa] [mrr|2|
20 BOOO a4
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Project: )
Praject no: (/=[=/-] StatiCa
Auther: T B
Load effects (equilibrium not required)
N Wy Ve Mx My Mz
Name Member [kN] (k] [M] [kNm] [k [kMm]
LE1 81 0,0 0.0 =37.0 0.0 0,0 0,0
Check
Summary
Name Valua Status
Analysis 100.0% OK
Plates 0,1 <58% OK
folts 31,8 < 100% (=i
Welds 35,4 = 100% O
Buckling G224
Plates
Thickness Tgy Ep|
Marme [r_ '11] Loads [M=a] %] Status
B=hfl 1 14,2 LE1 1761 0.0 oK
B 1 14,2 LE1 1931 00 oK
i 1 86 LE1 106.,7 0,0 OK
i 1=bil 1 8,6 LE1 T4.2 oo oK
B=t 1 9.6 LE1 741 0o 0K
Biaw 1 6.4 LE1 96.5 0.0 oK
SEP1a 15,0 LE1 35651 01 OK
SEP1E 150 LE1 138.3 0,0 0K
STIFF1 14,2 LE1 345 0o 0K
Design data
| E[;
Materi ¥ ik
aterial WPal 5]
5 355 3550 5.0
Symbol explanation
Ep| Shrain
Ty Eq, stross
[:f field sirength

Ejm Lirmit of plastic strain
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Project: a
Praject no: [[*]=F=] StatiCa"
Author: P ———

K

Ceral check, LET

s

/ﬂ\\h
\

“a

x"\
<\
<
o

pr
&

[%]

150%

100%
{5.00)
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Project: rm— 3
Project no: [/#]=]=] StatiCa
Author: Spgo ik

[MPa]

3550

325
300
275
250
225
200
175
150
125
100

75

50

25

1( 0.0

Equivalent stress, LET

Bolts
Frea \ ut, Fu.Rd Ut, Uty
Name Loads (kN] [N] %) (kN] (%) (%) Status
- 1 B1 LE1 1.7 108 1.2 1326 M6 12,5 OK
+ +
82 LE1 1.7 10.9 1.2 1326 .6 125 OK
£ £ 83 LE1 448 76 318 2034 81 308 OK
84 LE1 449 7.6 318 203.4 8.1 308 OK
Design data
Fsra Bp ra Fyrd
. (kN] (kN) (xN)
M20BE=1 1411 3491 4.1
Symbol explanation
Fira Solt tension resistance EN 1993-1-8 t@ab, 3.4
Feeg Tension force
By rg Punching shear resistance
v Resultant of shear forces Vy, Vz in belt
Fyrd Boll shear resistance EN_1993=1.8 table 3,4
Fo,rd Plate bearing resstance EN 1993-1-8 tab, 3.4
Uy Utilization in tension
Ut Utilization in shear

Uty Utilization In tenson and shear EN 199348 table 3.4
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Project: - .
Project no: [/n]/=/=] StatiCa"
Auther: s
Welds (Plastic redistribution)

o i T o Gt S B s
SEP1a Bl 1 44,3 134 LE1 141.0 0.0 3B =203 764 D24 224 OK
SEF1a  Bebfl1 44,3 134 LE1 1358 00 =170 24.0 740 M2 213 OK
SEP1b Bi=bfl1 443k 134 LE1 573 0.0 46,8 0.2 174 138 87 OK

FLRS 134 LE1 196 0.0 =74 =7.5 T3 4.5 33 OK
SEP1b  Bi1=1 FLNS 134 LE1 380 00 =201 =7.0 i73 B.7 6.8 OK
FLR:S 134 LE1 331 00 =302 0.2 14,3 a.0 70 OK
SEP1b  Bi=w 1 FLRS 183 LE1 1541 0.0 TEE =180 TH1 354 130 OK
FLNS 183 LE1 153.0 0.0 739 17,3 <754 351 130 OK
B=hil 1 STIFF1 44,3k 110 LE1 818 0.0 =350 34,2 <350 2141 8.5 OK
FLES 110 LE1 818 0.0 <350 =342 ELVA N 85 OK
B 1 STIFF1 FLRS 200 LE1 986 0.0 =224 =134 <24 222 113 OK
44,3k 200 LE1 986 0.0 =224 49,4 224 222 N3 OK
Bl 1 STIFF1 FLRS 10 LE1 985 0.0 38,8 350 38 226 104 OK
FLE N 110 LE1 985 0.0 386 =350 <368 226 104 OK
Design data
By Ty el 08c
=l [MPFa) [M=a]
5358 0,80 4356.6 352.8
Symbol explanation
Ep| Slrain
O Ed Equivalenl siress
U Rd Equivalent stress resistance
o Perpendicular stress
Shear streas paralle] to weld axis

| Shear atregs perpendicular o weld axis
08 o Parpendicular stress resistance - 0,9 fuiyh2
P Corelation factor EN 1993-1-8 tab, 4,1
Lit Lilization
Utz Weld capacity utilization

Buckling
Loads Shape Fa[::_mr
LE1 62,24
2 70,08
3 85,98
4 98,14
5 124,18
] 127.11
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Project: - )
Project no: [/=]=/=] StatiCa"
Author: o
Code settings

[tern Value Unit Reference
¥ 00 - EN 1983=1=1" 8,1
¥idd 1.00 - EMN 1993-1-1: &,1
Yz 25 - EN 19%3=1=1: 6,1
L{TE] 1.25 - EN 1953=1-8: 2,2
¥ S0 - EN 1952=1=1" 2.£.2.4
Yires 1,20 - ETAG 001=C: 3,21
Join] cothicient B 0.67 - EMN 1993=1=8. §,2.5
Effeclive area - influence of mesh size 0D -
Fricbon coefclant = concrete 0.25 - EM 15953=-1=8
Fricton cosfficient in slip-resistance 0,30 - EM 199318 tab 3,7
Limd plaslie strain 0,05 - EM 19953=1=5

Wald stress svaluation

Datailing

Distance between bolts [d]

Distance batween bolts and edge [d)
Concrela breakoul fesislance

Use calculated ob in bearing check,
Cracked concraie

Loce| defarmation check

Local deformation lim

Geomettical nonlinearity (GMMNA)

Plastic redistribution

Mo
2,20
1.20

EM 15%3=1-8: tab 3,2
EMN 19%3=1=0" tab 3,3
ETAG D01=(2

EM 13%3=1=8: fab 3,4

CIDECT DE1, 3=1.1

Large deformatons for bollow seclions
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15. Connection Design CON2
Beam deflection is checked for L/250.
! —C B |
[ E——
| I ]
l | . |
¢ bosucson |
A ] - i A
l BB1 ‘
BC1 ' oK) Dk v s ) . BCZ
, g || E2ND
i
i s =
i ! h_‘m
YA S
BP1 1 BB2 1 BP1
azo(y xadowp1sH) || 3 sesnay 330(L) X140(W)x215(H)
| 2
| S 3
o
T
| 5 =
i Lghtrived
| c B :
BASEMENT PLAN
Scale 150

Figure 10: Location of Steel Beams to Beam connection CON2.
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Project:
- L]
Project no: EEE_‘E_; StatiCa
Author: AJ rene————
Project item Connection type C2
Design
Nama Conmeclion type G2
Description 15 Landor Road
Analysis Streas, straind simplfied [oeding
Beams and columns
B— 'L = Offset Offset Offset Forces
Mame Crossssection Direction Pitch Rotation ex Bz in
[’ [l [l [mm] [rmm] [rrim]
B ;Z'JCD"“”C 203 % 203 x 0.0 0.0 0.0 0 0 Mode
B4 gI;]CDMIEUE 203 %133 x 800 0.0 0.0 o 0 Mode
Cross-sections
Name Material
;E CONT{UC 203 x 203 x S 356
)
2= CONTUB 203 2133
30) 3355
Bolts
Diameter fu Gross area
Name Bolt assembly fmm] [MPa] |mm2]
M20 8.8 M20 8.8 20 8OO0 314
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\[C Sy NES : ¢ Calc. by Date Chk'd by Date Doc No.
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Project:
Tl =] ] "
Project no: [/=/=]] StatiCa
nuthor: mcahaa Frat ANLET
Load effects (equilibrium not required)
N Wy vz M My Mz
Nema Wsinber [kN] [kN] [kN] (kNrm] (kM) kNm]
LE1 B1 0.0 0.0 =370 0,0 0.0 0,0
Check
Summary
Name Value Status
Analysis 100,0% OK
Flatas 0.0 =< 5% QK
Balts 22.8 < 100% OK
Welds 42,5 < 100% OK
Bucxling 64.99
Plates
Thickness Oy Ep|
Name rimi Loads MPal %] Status
B=tA] 1 125 LE1 23T 5 00 oK
B=tf] 1 125 LE1 2335 a0 OK
By 1 7.8 LE1 1301 0,0 OK
B1=bi 1 96 LE1 1.2 00 OK
B1-t] 1 96 LE1 1.1 0,0 OK
Bl=w 1 64 LE1 81,1 0,0 OK
SEP1a 150 LE1 2394 00 OK
SEP1b 150 LE1 04 .4 00 Ok
STIFF1 125 LE1 427 00 Ok
Design data
f £
¥ lirm
Material [MPa] [%]
5355 355.0 50
Symbel explanation
Epl Strain
Teg Eq. strass
fy Yield sirength

Limit of plaslic strain
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Project: .

Project no: @ StatiCa’

% : DIPTSR Rp—

K
Overall check, LET

[%]
150%

100%
(5.00)

K o—on
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Project:
Project no:
Author:

[MPa]

3550

325
300
275
250
225
200
175
150
125
100

5

50

25

¥ 0.0

Equivalent stress, LET

Bolts
Frea A ut, Fora ut,
Name Loads (kN] [kN] (%) (kN] (%]
81 LE1 2.1 10,1 1.5 1326 10,7
2 4
82 LE? 2.1 10.1 1.5 1326 10.7
‘P .g 83 LE1 278 84 19.5 1340 9.0
d 24 LE1 275 8.4 19.5 1340 9.0
Design data
FiRa Bp kg
e (&N) (kN)
M2088=1 141.1 3491

Symbol| explanation

Fi ra Solt tansion resistance EN 1993-1-8 tab, 3.4
Fi g4 Tension force

By ra Punching shaar rasistance

Y Resultant of shear forces Vy, Vz in bolt

FyRrd Boll shear resistance EN_1993=1.8 table 3.4
FbRrd Plale bearing resstance EN 1993-1-8 tab, 3.4
uy Utilization in tension

Uty Utilization in shear

Uty Utilization In tension and shear EN 1993-1.8 table 3,4

[[]=]-] StatiCa"

Uty
(%]

1.8 OK

Status

229 OK
229 OK

Fyrd
[«N}
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Project: - i
Project no: [/n/=/=] StatiCa"
Auther: S
Welds (Plastic redistribution)

o Eie T S e TSSO b s
SEP1a Bl 1 44,3 132 LE1 1852 00 56,4 22,5 9.5 425 220 OK
S5EP1a  B=bfl1 443 134 LE1 1784 D =54, 23.5 432 4.0 224 OK
SEP1E  Bi-bfl 1 FLRN 134 LE1 459 00 40,8 0.2 21 NG B1 OK

FLRN 134 LE1 164 00 =70 T.0 5.0 3.8 25 OK
SEF1E  B1-t11 FLRN 134 LE1 338 00 =226 5.0 16,2 9.1 73 OK
FLRN 134 LE1 3.6 00 =272 0.3 14,1 8,4 62 OK
SEP1b Bi=w 1 A4,0 193 LE1 1110 o R2T =20GF 525 255 103 OK
A0 193 LE1 088 00 5.8 19.49 =522 252 103 OK
B=hifl 1 STIFF1 LB 83 LE1 1003 o =36,4 ar.z =384 230 111 OK
A0 83 LE1 1003 o =36,4 =a7.2 W4 230 11 OK
B 1 STIFF1 FLRY 161 LE1 083 oo =2B,2 =534 =282 248 132 OK
44,0 161 LE1 083 o =26,3 53.4 282 248 132 OK
Bl 1 STIFF1 FLIN a3 LE1 1024 0.0 inE ava e 2385 14 OK
440k a3 LE1 1024 00 e A7 =358 235 114 OK
Design data
By T, Rl 089 o
ol [MFa [MPa]
5 355 0,80 435,56 352.8
Symbaol explanation
Ep| Slramn
Oy Ed Equivalenl slress
T Rd Equivalent stress res|slance
o) Perpendicular siress
Shear atress paralle] to weld axis

| Shear atress perpendiculgr o wald axis
D9 Farpendicular siress resistance = 0,5 w2
B Corelation tactor EN 1993-1=8 tab, 4,1
L Ulilization
Ltz Weld capacily ulilization

Buckling
Loads Shape Fa[ti_tor
LE1 64,5949
2 a7
%] 90,63
4 107,64
] 13215
& 136,12
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Project: - i
Project no: l/=/=/-] StatiCa"
Author: T
Code settings
[tem Value Unit Reference

¥ 1,00 - EN 19831=1. &1

1 1.00 - EM 198311 &,1

Yhaz 1.25 - EM 1983-1-1: 6.1

Va3 1.25 - EM 1953=1=8- 2.2

Yo 1.50 - EM 1992-1=1- 2,4.2.4

Flret 1,20 - ETAG 001=C: 3,2,1

Joint coefficient f 0.67 - EM 1983=1=8: §,2.5

EMeclive area - influence af mesh size 010 -

Friction coafcien] = concrate 0.25 - EM 1993=1=A

Fricbon coefficlant in slip=resistance 0,30 - EM 159493=1=8 tan 3.7

Limt plastic strain 0,05 - EM 19%93=1=5

Weld slress evaluation Flastic redistribution

Destailing Me

Distance between bolts [d] 2.20 - EM 1993=1=3: fab 3,3

Distance batween bolts and edgs [d) 1.20 - EM 199318 tab 3.3

Cancrete breakout resistance Yes ETAG 001=C

Use caleulated ab in bearing check, Yiag EM 19893=1= tah 3,4

Cracked concrein Yos

Local deformation check Ma

Loca| defarmation lim:t 0,03 - CIDECTDG 1, 3=11

Geomettical nonlinearity (SRMA] Yeg Large deformatons for bollow sactiaons
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16. Connection Design CON3

15 mm Siiffener Plate

[r 6
514 mmx 200x15mm | [ —/———— e ——
Backing Plate
i
E = f 4 6
6 No. Countersunk i ! 300
Bolts M20 @ Grade 8.8~ =70~ |-60-40 UC254x254x73
______ S y————_
I
A

N

ZSXEDEZXE0ZON

g

CONNECTION 3

15 mm end Plate

6l

6 No. Countersunk

Bolts M20 & Grade 8.8

CONNECTION 3A (SIMILAR)

Figure 11: Location of Steel Beams to Column connection CON3.
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Project: i
Project no: [/=/=/=] StatiCa
Auther: T -
Project item Con N3
Design
Mame Comn M3
Description
Analyss Stress, straind |oads Inegulllibram
Beams and columns
Marme Cross-section k- Dil:n{:‘tiun ¥ -I:it::h om Rita‘tiun ﬂﬂs-al_a: ﬂf_l‘sfnt ay Offsetez Forcas in
I "] "] [mm] [mm] [rmm]
B2 F3-UC 203 £ 203 2 52 0.0 80,0 0.0 il a 0 Position
B3 2-UC 254 0 204w T3 180,0 0,0 0.0 =104 il 0 Position
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Project:
ProjescE rn:
Aifther;

L.

Crosassactions
LE g
A L) w30 x5
2 LS w0 m T

Maierial
Lige b 4]
L 4]

[[#]=F] StatiCa®
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Project: —
Project no: (==~ StatiCa
ashar: P Y —
Cross-gaclions
Yara Material Brawing
3 UC 13 x 303 x 562 335
2o LG w20 oAk
Bolts
DHamislar ] Gross ares
Mame Bin|l assembly (] P4 lf"’l"'z]
[ ranl AL P2 B franl B 414
Load aliecis [Torces in lﬁl-ll“hﬂl.ll'l"lf
L Wy Wz .1 Wy Mz
Heme Meriber K HH] [k4] JaHm]| JeMm] [ENm|
LE3 BE Lraal i ] ANE] D& 0.0 «198.0 Do
B2 1 ] afE] =210 0.0 118.0 .o
Check
Summary
Harra W |ua Bradus
Anafysis 4040, (s
Flatec 0,0 < 5%, ]
Basjts 56,9 < 100% [ §
(1] = 1,5 < 100% [
Bascilng 9,85
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Project:
Projet no: L= C) StatiCa®
Authar; ’ ) )
P lates
Thcknaas PR L]
Yama [rmil Leads [MPa’ %) Blalus
Bazd 1 125 LE3 2481 0.0 G
B2 1 125 LE3 2050 0.0 O
BZww ¥ T8 LEZ 23040 0.0 o
Bl 1| 42 LEZ TT 1.0 o
B3-7] 1 14,2 LE3 83,8 0,0 Ok
B3 8,8 LE3 243,5 0,0 O
BM 150 LE3 2GR 0,0 O
BPLA 150 LE3 TR 0 O
STIFFia 150 LE3 HIa [FI
STIFFihb 150 LE3 HIA [FI I
Deaign daia
J g
¥ m
Material pr ]
5 a55 5,0 50
Syrrkanl sxplanatcn
] Sarsin
[ Ed. siroas
r’ Yisld sirangin
LI Lim= of plastie stain
[%]
150%
r 100%
l"\.\, . 5. 003
! .
4
1(: 1!1".'.! —_—

ran check, LEJ
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Project:
Project no: [=/==] StatiCa”®
Aunhar: - o .
[MiPa)
3550
0%
kv
P
=0
=5
0
178
150
1%
100
5
50
5
i o0
Equrvnbinf efress, LES
Bolts
Figd L U Fama Wy Uy
Hame [+ P T | mas kK] [kN] o kN] - ] SEafum
E1 M2laa-1 LE3 13,0 205 = 2383 45,4 BEO OK
EZ [tral ¥ LE3 1.0 268 0,7 1886 45,8 03 OK
:s.ﬁ.ﬁ B3 M2l Ba-1 LE3 0,3 &8,T TA 178,32 5.7 GRS OK
E4d M0 aan1 LE3 3,0 &6 5 82 2383 45,4 RO OK
ES M0 A, A LE3 1,0 488 a7 1856 498 503 OK
B M3 AA-1 =3 1 2R T3 1783 51,7 BRE OK
BT M2OEA-2 =3 84,3 541 &4 2753 4 &05 OK
_II B2 M2I3H-2 LE3 B4.1 51 R 783 24 204 OK
“1|;| F B MEIAA-2 =3 A4 ar 45 aTE3 ] 8,1 OK
B10 M0 AA- 2 =3 fé ar 45 oTEA .4 84 0K
f4 0 B BRI BB - 3 £3 2B 64 B OFTRA 4T 14 O
B2 M0 A0- 2 =] 4.8 R | 34 @TEA 8 114 OK
Liemign duia
Fy B F,
1 Rd =Rd b ]
Hama [ah: [4] [A
B T 41,7 JHLE B
B H e 2 141,17 R LEA
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Fraject: —
Projest no: Je/=FZ] StatiCa
P S Ry B TS

Dedniled reeult for B3

Tensinn resistarca chock (ER THE5 10tk 1.4
Fipg=242% w0 431 W 2 Fi= 103 WN
wiinin!
dy = 0,90 — Fhichir

fia = BOOD MPa  — Ulimabs fersile sirengih of the Dol

Ay =28 mm® — Tenslle stoess arsa ol e bolt
ey — 1,25 — Salaly ladar

PFunching resistence chack [E4 158814 1nb J4)

By g = 2= 2005 WM 2 Fp = 0.3 KN
whaora:
ey = 32 mim — The mean of tha acress ponls and scross fhis dimensons of T2 bok head or the nut, whichreer
I3 smalor
tp = 13 mm — Thickrazs

f L0800 MPa  — Upmate strergth

Tz = 1.25 — Saraby facser

Shaar rosBtanos chack (EN 1989314 152 3.4]

Fome=2mled o gy ko2 W= a7 W
wham;
.'i:, — 1,00 — Fgsiasing tesios
£ty = 050 — Rosicing facior

fia = BO0.0 MPa  — Ulmats torsile strangih of the Dokt
A=a245mmé  —Tensile giwss ar=a of #a bak

e — 1,25 — Salaty Mo

Baarltg realstance check (FH 1050-1-51ah 54)
Fipg=8nh® o y7ez kN =2 V= 487 W

whana:
k) =2.850 — Facior for adge distance and bok spacng porperdicular fo the direchon of load transfar
[ | — Faior

".. 20,0 MPa  — Ulimats svesglh
d = i — Horming diamier of tha Tt
g 15 mm — Thicknass

Tz = 1% — Safuly facior
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Project:
Prohect mi:
Aisthar:

|rtsraction of tnneion and shear (ERO1905-1-6 sk 3,4]

¥ F
U = 2554 oL =m0 5

Uslization in tarsion

¥ FiLind
Ve = ey = 72 %
Utlizetion in shiaar
r — Hm ]
e =TT T CAFT
Symko| saplanaton
Fima Bl tsrsnn redsnnes BN 159304 188, 3,4
Fira Tansan bta
B s Punching shear rosistance
W Rosubart of shoar fonoas Wy, Wz in Dol
Fy i Boll shogr resistanme: EN_1993 148 jazls 34
Fii Main Baarning reaimiancs EN 10803-1-6 &b, 34
Lil LHijzarfon in lareskn
Uty Utlzaton in shear

Lityy Ltlizasan o lardisn and abwar EM 10E83-1-5 bkl 3,8

=== StatiCa*®
=,
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Praject; —
Project no: [Tal=[Z] StatiCa
P S e & 4

Welds (Plasiic redistribution)

Iiace Edge Th[r;luﬂ'llhl L'.-T Loacs rtl'r:;": II':! [:l:a: T-'Tll=!a1 |'~:'_'u| II:'-II :.1;.; At
Ei G-bl 1 FERIN 200 | LE3 436 22 -156.8 B2 23E B BET OK
FLRY 200 | LE3 4335 g 3372 ==4 Q04 ¢EFE D5 OK
EF1 Bzl 1 A,k 200 | ILE3 Tk.F 2 =G 3.4 2d BN 18T DK
FERS 200  LE] 1874 ag A9,2 43,4 ATS 383 3050 OK
EF1 Baww 1 FLR i LE 42865 1E& <2080 <18 2082 =26 302 OK
FLM = el i 1 I v H Pt 1.4 JUES =ELE O G LR
ERL1 Biw 1 44,3 243 | LE3 43345 10 a5 2474 35 @4 ORE OK
= Bt Ad,J 2o LEJ B8 a0 G54 w302 28,2 Ebh 128 OK
L= R [FE 44,3 204 LE3 iTha 08 1340 B GRA 392 205 OK
Bawr 1 STIFFa 443k 113 | LE3 288 ap 245 «113.3 20,7 482 155 OK
ke e | el T =Tl T HEE B 200 0K
B3y ATIFF1a 44,3k >0 | LE3 Fing Qg 26,2 118,9 102 433 74 OH
Al 200 | |LE3 24 2o =3 «J1ER 05 4605 ArD OK
Bi11 STIFFYa 44,0k 110 | LE3 4280 a7 1975 -18E.2 1l W0 T4 OK
dd Ak 1 | LE3 E4E 00 «IE0A a0 «6BE &6 G655 OK
Bt 1 STFF b ad, ik & LEd o B il w1904 ool B2 20 UK
FLm 113 | LE3 T ap i 5 113,32 20T 433 155 OH
Bty STFF &40k 200 LE3 o211 ap LI TE.G 04 454 37D OK
FERY o | LE3 2102 a0 26,3 -NET 2005 482 373 OK
Elz11  STIFFIE ik 110 | LE3 =28 00 <1404 «25.0 1671 &9.0 554 OK
dd 1@ | LED e 0R <NERD 1ol SAE0AE S0 FRA LR
Deslgn dita
B T Fid 05
y [kiPs] Ml
5355 0,83 4356 35248
Syrka| sxplanaton
L] Sirain
g Equalan siross
Tos Al Equialan sirses mestanos
a Farpand colar BTeEE

| Shaat sireas patala| o weeld i

Shear siress porpersioular fo wald axis

ihAa Prmpandcolar stress ressisnces « 0,5 futy b2
P Corelwinn fecior EN 100510 tan, 4,1
Lt Ualation

Ute Wik papacity utlzoton
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Project:
Broject no: (== -] BtatCa®
Ainher; ’ ' )
Gedniled reeult for LP B2k 1
Weld resisiance chack [EN 1580040 4 53,25
ouni = fuf(famnnl= 4386 MPa 2 cusi= 7 +H{ + 771 = s335 wea
e = LAF Sy A52E WFa & |0y T2 MPa
whina:
£y = &80,0 MPa  — Ubmate srergth
e =050 — gppraprale cnme|phon Sclos twren from Tesle 4, 0
ey = 1,25 — Sealuly facier
Siress utlleatian
L .'IIH.ll.% _'-—': s %
Buckling
Loads $nape ”"::pr
LEJ -1
& 10,20
J 14,10
| 0¥
5 1744
1] L. =
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Project:
Broject no: L=~ StatiCa*
Aifthar: ’ ’ )
Bill of material
Manufacturing oparaticns
Hame H:T Shape b H:I:u Lmr Bali= Hr
L I
EA P15 Dec0n, - 3003 (8 355) 4 4 i Dhub e Thsi & = 4,3 aas.7 MIDRE E
+ ¥
G- | P15 ek o, - 2064 3 (5 355 'Il' +| t i WIhHE B
i
ETIFF1 P15 w120 02257 (5 365) 2 Duoubla flet a = 4.2 Bl B2
Walds
Typs Mstiarial Thraal ikickness Lrllg dlre Liengeh
| imm| [mm]
Dor=n flal 8535 4.3 A1 14355
Filbat 535 4.3 H,1 i 7
Filbat S 355 4.3 H,1 23
Bao|ts
Nara Grip langih Court
|
M0 BA 2r
KM BA 28 ]
Dirarwing

EP1
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Py ject:
Project no: ==y Sta't.l'ﬂa"
Aither: ’ -
Ps, 0 dad 0 |55 58]
o (]
¥ 7
® H O ® ¥
i I 7 ;
.__.-
2| 2 A i o A i i A
-~
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- i
— | ® H & &
5 :
F ]
J -
40 | i2¥ il | £l
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FAS, Daddd=Et 4 {5 355])
oy
& -
Ay |
8 ’ 7
— @ © O g
-4
E E s T |
i 'l.jﬁ o
5 e
%
© O & 7
] 4
o )
45 | T | 7 | I
- : -
514




Job Ref.

Project
15 Landor Road, London SW9 9RX 20.052
B E A Section Sheet no.
l Basement Underpinning Structural Design Report 63
DESIGN CONSULTANTS Calc. by Date Chk'd by Date Doc No.
Al 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 AO
Project:
Projest no: (=== StatiCa”®
Mhur: - . . - - ']
STIFF1
P15, 0xkd. 123 {5 355]
228
15 0D L
T N

E H
- : : -

1 !

230
- -
B2, UC 203 x 203 x 52 = Top Nlange 1:
4 i

— @ ©
E E Farr " . ' i F r X o ' i Farard I rd " ol X &

Y - @ @ ©

|
1
5] il m 353
— —T— o
554 -
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Froject:
Fm“t G H l _F 'Stﬂ-t-ﬂ:a'
Aimher: -
B3, W 254 x 254 x T3 - Boellom fllngﬁ 1:
B
:E - —_— —e
= _—_——————
i
E
3] | [ | 232
1
—i -
Code settings
[tem | s Unn Rafarencs
] T 1150 . EX 15593«1«9: 5.1
Wi 150 - EM 193-1-1: 8,1
LI TE 135 - ER 1893-7-1: 8,1
L TR T3 . M 15t 2
Vi 1340 . ER 1559200 24,24
LI ETH 120 - ETHG 001=C; 327
Joint coesfficient fij U . R 15500 bl
Effactive sran « nflsencs of mesh size a0 .
F i cosficient « conGrels el . [ SR e S P
Friction cosficient i dimessanc W eli . EM 150l Inh 5
Limé# plastic sirais 2,54 . Ex 1959008
Weld srrpes evalugion Hastic redeirbution
Desaibng W
Disierco betenen baks () 2iili ] EM 1550141 fab 3,1
Dsisrco babaoon baks o adgs [d] 1210 . ER 15590048 ink 2.1
Comonaln Droakour resslanco i ETAG H01=C
Usa caloulated ab in bearing check. igeg EM 1583<142: ioh 1.4
Crockpd concreln
Local dolormation chock wa
Leezal dirloerrriatioe |kt ANE . CIDECTDGE 1,311
Goamatrical norlinaarty [GMNA] Yo Largn daformations far holoss Sookiores
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17. Connection Design connection CON4: Base Plate and Anchor Bolts

1

6 No. Countersunk .
Bolts M20 @ Grade 8.8

260mm x 200x15 mm
Backing Plate

Existing masonry

4 No. Countersunk

Bolts M20 & Grade 8.8

15 mm end Plate

CONNECTION 4

CONNECTION 4A (SIMILAR)

3

Figure 12: Location of Steel Base Plate and Anchor Bolts
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Project:
i T | = L [
Project no: [/=/=]=] StatiCa
Author: Spm——— -

Project item Base plate

Design

Mame Fase plabe

Diescription 15 Landoor Rioad

Analyss Stress, stralnd simplified leading

Beams and columns

p- W= am Offset Diffsat Difsat Foress
MNama Crossssection Direction Pitch Rotation ax By az |
. - " n
[l Il I [rmm] [rmirm] [rrm]
coL | Ly FONTIUC 203 x 203 x Bo 00 0.0 o 0 ¢ Naode
Cross-sections
Marme Malerial
1w COMT LG 200 x 203 x 5 355
57
Anchors
Diarmater fu Gross area
Mame Bolt assembly [mm) (MPs] |'rnrn2]

M20 a5 M20 B.& 20 B00,0 314
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Project: )
Project no: (/=== ] StatiCa
Author: e -
Load effects (equilibrium not required)
N Wy Vz Mx My Mz
Name Member k] (KM [5M] kNm] [km] [kNm]
LE1 [Mn] =2 10,0 0.0 0.0 .0 0.0 0,0
Foundation block
|t Value Umit
CE1
Dimensians 1404 x 1406 mim
Depth 300 mim
Anchaor M20 8.8
Ancharing length 250 Tl
Shear force transfar Friction
Check
Summary
Mame Walue Status
Analysis 100.0% oK
Plates 00 = 6% OK
Anchors 0,0 = 100% OK
‘Walds 23,9 = 100% (ol
Concreta block 25,4 = 100% o9
Shear 0.0 = 100% 0K
Buckling 57,84
Plates
Thickness gy Ep|
M L
arma [mmj oads MPa] %) Status
COL=bfl 1 125 LE1 806 0.0 oK
GOt 1 125 LE1 BOE 00 oK
SO 1 8 LE1 ra 00 0K
E1=8| 150 LE1 7.8 0.0 0K
Design data
. i £
Mt ¥ im
aterial MFal ]
5 355 355.0 5.0
Symbo| explanation
Ep| Slrain
Ty Eq. stross
[:f ‘field stranglh

Efm

Lirnit of plastic steain
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Project: )
Project no: [/=n[=/-] StatiCa
Author: e -
i
Overall check, LET
=210.0
1 (%]
Q_L_ , 150%
| 100%
{5.00)
. —_— %

L

Strain chack, LET
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Project: )
Praject no: (5[ ==] StatiCa

Author:

-210.0
1 [MPa]

3550

125
300
275
250
225
200
175
150
125
100
s
50
25

L

0.0

Equivalent slress, LET

Anchors
Flea ¥V Nege Mpgp UL Fprg Wy Uly  Vegen Vade
N Lesiad ¥ Stat
GEOTEREEUMN RND RN DRND [D IRND O[] [ DRN] O DeN]
Al LE1 0,0 0,0 0,0 [0 0 .0 0,0 0,0 0,0 00 Ok
'£ -+-1 G LE1 0,0 0.0 0,0 9.0 00 0,0 0,0 0.0 0,0 oo 0K
£ £ A3 LE1 00 00 00 00 00 00 00 00 0.0 00 OK
Ad LE1 0r 00 00 00 00 00 00 00 0.0 040 OK
Design data
FI.R{I EIJ.RH F\".Hd vl"dl 511'
Name [kh] [kM] [M] [xM] [MBdI]

W20 8.6 -1 1200 3481 120,65 0.0 413
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Project: - )
Project no: [/=[=/-] StatiCa"
Auther: o
Symbal explanation
Fi md Boll tansion resistanca EN 19953=1-8 tab, 3.4
Fieq Tension forco
B ka Punching shear resistance
W Resultant of shear forces Wy, Vz in bolt
Fiira Boll anear resstance EN_ 19895 1=4 table 3,4
Wi Characteristic anchor resistance ETAG 001 Annex O (5,2 ,3,2)
=1 Anchor longiludingl stiffness
Frrd Plale bearing resistance EM 199315 talk, 3,4
Meg Concrete breakout resistance
Med g PFull-out resistancse
Ly Jtilzation in tension
L, Utilzation in shear
LIty Jilzation in t2nsien and shear EM 1850318 table 3,4
Ve op Concrete pry=cut failure ETAG 001 Annsx C (5,2,3,3)
Wi ¢ Concrete edge fallure ETAG 001 Annex © {5,2,3.4)
Coat Concrete pry=cut f2dlure ETAG 001 Annex C (5,2,3,3)
Car Concrete edge failure ETAG 001 Annex © {5,2,3.4)
Welds (Plastic redistribution)
om - Eage T T v GO ew e e G0 ph S
BP1  COL=bfl 1 FER Y 24 LE1 038 00 =517 126 =05 238 201 OK
FERY 204 LEA 559 0.0 =14 29,5 1268 128 104 OK
BP1  COL-l 1 FER Y 204 LEf 558 0.0 =49 =255 =128 128 104 Ok
L 204 LE1 1038 00 =51.7 =326 406 238 20071 QK
BP1 GOl 1 FER Y 194 LE1 a2 00 =518 =22 =521 233 191 0K
FERY 194 LEd 42 00 =522 2.4 520 238 199 OK
Design data
P Ty, Rel 09 o
H MPa] [MFa]
5355 0,50 435,56 352.8




Symbao| explanation
""'IEI'

Wz

vH.d,!.'

YRz

Ve Rl
Lt

Shaar force in basa plate Vy
Shaar force in basae plate Vz
Shear resistance
Shaar resistance
Concrele bearing resistance

Uilization
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Project: - )
Project no: i '_" 1=/ SF'E'“EE‘
Auther:
Symba| explanation
Ep| Sfrain
Ty Ed Equivalent stross
Ty Ad Equivalant siress resistanca
o) Parpandicular siress
Shear stress parallel to wald axis
1 Shear stress poarpendicular o waeld axis
D9 o Perpendicular siress resislance = 0,5 TuhyM2
Bu Coralation factor EN 1953-1=8 fab, 4,1
Lit Iilization
Life Weld capacity utilization
Concrete block
Itern Loads [r“:ﬂ] jr.::rf;| l"-'lI:‘ﬂ] o [LI:IE'-:ia] l:_:'] Status
CB1 LE1 28 24650 8.5 3,00 35 254 Ok
Symbao| explanation
c Baaring wizth
A Effective area
a Ayarage sbress n concrate
k1 Conceniration laclor
Fig The ultimate bearinsg strength of the concrete block
Ui Utilization
Shear in contact plane
Nama Loads ::ﬁ] [:‘hl u[m':" T::j‘ ‘;:i:t]d [I;:: Status
BP1 LE1 0.0 0.0 52,5 52,5 0.0 0.0 oK
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Project: - )
Project no: [/#/=/=] StatiCa"
Author: S
Buckling
Loads Shapa F‘l'i."nr
LE1 1 &7.64
2 654,65
3 202
4 93,00
=] 103,08
L 125,89
Code settings
[term Value Unit Reference
Rt 1,00 - EM 1893=1=1-8,1
i 1.00 - EM 19893=1=1- 6.1
iz 1.23 - EM 19%3=1=1: &,1
Y 129 - EMN 1993=1=8: 2,2
Wi 1,50 - EM 1989211 24,24
Virss 1.20 - ETAG 00-C: 3.2
Joint coefficient fj 0,67 - EMN 1593=1=8 §.2.5
Effective area - influence of mash size 0,10 -
Fricbon coefficlent - concrate 0,25 - EM 19931-4
Frickon coeffcient in slip-resistance 0,30 - EM 1983=1=3 a5 3,7
Limd plastic strain 0.0% - EM 1980=1=5
‘We|d stress avaluation Flastic redistribution
Detalling M
Dislance belwern bolts |et] ] - EMN 199501 fakh 3,3
Distance batween bolts and edge [d] 1.20 - EM 1993=1=8 {ak 3,3
Concrate breakout resistance Yoz ETAG 001-C
Use caleulated aby in bearing check, Yes EM 19493a1-4 tab 3,4
Cracked concrate Vs
Loca| deformation check hla
Local deformation limst 0.03 - CIDECT MG 1, 2=1,1

Geometrical nonlineanty (GRNA) YeE Largs deformatons for hollow sectons
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18. Padstone BP1 Design
Beam deflection is checked for L/250.
| C !
[P GRS
| [ ]
Ho(d
4 bosucson |
A ’ - : A
l BB1 B
BC1 ' l K3 (Dedveaen ) . BCz
(= g [ o0
2 | o
=i s
i l“_‘m
A F AR, h A
BP1 R BB2 rw - BP1
o
330(L) x140(W)x215(H) [ g Shil34) 330(L) x140(W)x215(H)
| 2
| S 3
[++]
i i
T
i i
i Lgrtried
\ i |
i C I
BASEMENT PLAN
Scate 150

Figure 13: Location of Steel Beams on Plan showing Padstone BP1
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MASONRY BEARING DESIGN TO BS5628-1:2005

TEDCS calculaton version 1005

Masonry details
Masonry type Clay or calcium silicate bricks
Compressive strangth of unit puit = 5.0 Minm®
Mortar designation i
Category of masonny units Categony I
Category of construction contnol Mormsal
Partial safety factor for material strength =35
Thickness of load bearing leaf t =140 mm
Effective thickness of masonny wall ter =260 mm
Hesdght of mascnry wall b= 1000 rmm
Effective height of masonny weall hier = 1000 rrm
Beam fo span out of plane of wall
Spfeahg?'
Bearimg details
Beam spanning out of plane of wall
Width of bearing B =200 mm
Length of bearing I =140 rnm
Edige distance i = B IO
Compressive stremgth from Table 2 BS5628:Part 1 - Clay or calcium silicate bricks:
Maortar designation Maortar = "ii™
Brick compressive strength Pt = 5.0 M
Characterisfic compressive strength fi = 2.50 Mmn*
Loading details
Characteristic concentrated desd losd =27 kM

Characterisiic concentrated imposed load x=0kM
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Ci=sign concentrated load F={G=14)+ (= 1.8)=381 kN
Characterisic distributed dead load gk = 0.0 kM'm
Characterisiic distibuted imposad load qi = 0.0 kM'm
Ciesign distributed load f=ige = 1.4) + [gx = 1.8)= 0.0 kh/m
Masonry bearing type
Bearing type Type 1
Bearing safety factor T = 1.25
Check design bearing withouwt a spreader
Ci=sign b=aning siress faa = F 1B = Ig) + F/ £ =1.360 Mimm?
Allowiable bearing stress oo = v = B/ vm = 0893 Nimm?
FAIL - Design bearing stress exceeds allowsble bearing sfress, use 3 spreader
Spreader details
Length of spreader b = 230 rm
Depth of spreader hs = 245 rom
Edige distance Sarige = M0 mim, asge — (ks - B/ 2= 0rmm
Spreader bearing type
Bearing type Type 3
Bearing safety factor ey = 200

Check design bearing with a spreader
Loading acts eccentricalty within rriddle third — tiangular stress distribution

Eccentricity of losd &= (lg— Bl 2} — Haige = 15 mm
Maedrmum beaning siress fa=F = {1+ (B xell))/ =1 +F/t=1.049 Nmm?
Allowiable bearing stress fop = yomar = i f ym = 1.429 Himm®

FPASS - Alowable bearing stress excesds design bearing siress
Check design bearing at 0.4 = h below the bearing level

Slendemess rabio hies { 1 =385

Eccentricity at top of wal &= 0.0 mm

From BS5628:1 Table T

Capacity reduction factor E=0.29

Length of bearing distributed at 0.4 = h 4= 850 mm

Mzdrmum bearing stress fu= E /(L= t) = £/t = 0.418 Nmm?
Allowable bearing stress fo =2 = fi/ ym = O.TOT Nimm?®

FASS - Allowable bearing siress af (4 = below bearing leve! excesds design bearing siress
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19. Design of Underpins and Slab

19.1 Underpin Design inc Slab & Wall Stability (Side wall and party wall)

Loads are based on the self weight of the wall only as this weight gives the most onerous load case
becasuse the weight of the wall will act to restore any destabilizing moment and we do not want to
overstimate this beneficial restoring moment. As such, any loads on the rear wall or flank wall coming
from beams supported on the wall are ignored. At the same time, it is important not to underestimate
these loads as the vertical load on the wall will affect the bearing pressure under the wall. So these
loads are considered when checking bearing and ingored when checking sliding and overturning.

Load on Retaining wall (Side wall /Party wall}

Walls

Ground floor wall load 28 x026 x18 = 131 KMN/m
First floor wall load 28 x026 x18 = 131 KMN/m
Second floor wall load 28 x026 x18 = 131 kMNim

Timber Floors (Ground floor)
Dead Load Ground floor (D.?EkNImz} 075 x255 = 1.9  kMN/m
Live Load Ground floor (1.5kNIm2} 1.5 x255 = 38 EMN/m

Pitched Roof

Dead Load (D.?Est‘mz} 075 x255 = 1.9  kMN/m
Live Load (1.DkNIm2} 15 x255 = 26  EkMN/m
Total Load on wall = 495 kKMN/m

(Basement wall Load not added)
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RETAINING WALL AMAL ¥SIS (BS B002:1994)
TEDDS caicul3on version 1.2.01.06
I e |
Ji————teo—— sfatons]
&0 EMim P
| .

Wall details

Retaining wall type
Height of retaining wall stem
Thickness of wall stem

Length of toe

Length of heel

Orwerall length of base
Thickness of base
Depth of downstand

Position of downstand
Thickness of downstand
Height of retaining wall

Depth of cover in front of wall
Depth of unplanned excavation
Height of ground water behind wall
Height of saturated fill above base
Dengity of wall construction
Density of base construction
Angle of rear face of wall
Angle of =0il surface behind wall
Effective height at virtual back of wall

Retained material details
Mohilisation factor

250

AR

27204

X

Cantilever propped at base
Nzte= = 2500 mm

fsan = 400 mm

ke = 1600 mm

et = {0 AT

leaze = loe + Ihest + tuen = 2000 mm
foaee = 300 mm

ez =0 mm

ks = 1000 mm

fae = 300 mm

szt = histsm + foase + daz = 2800 mm
ever = 0 MM

e = 0

Fazt=r = 220 mim

Fizae = M Pter - toase - doe, O mm) = 1904 mm

ot = Z56 kWIm?

Vbaze = 236 KN/NY

o ="90.0 deg

G=0.0deg

Fier = Fiaat + bt = £3N0(3) = 2600 mm

M=15
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Moist density of retained material m = 18.0 kNin?

Saturated density of retained material ve = 21.0 khim?d

De=ign shear strength it = 24.2 deqg

Angle of wall friction o=0.0deg

Base material details

Moist density e = 18,0 kN/m?

Des=ign shear strength i'e = 24.2 deg

De=ign base friction Ge=18.6deg

Allowable bearing pressurs Poearng = 85 kMWt

Using Coulomb theory

Active pressure coefficient for retained matenal

Ka =sin{o + 4" 1 (sin(o)® = sinfo- &) = [1 + (=in(d + &) = sin(d’ - B) f (sin{o - 3) = sinfu + B))F) = 0.419
Passive presaure coefficient for base material
Ko = sin(0 - i's P 7§ (8in{90 - &) = [1 - Wsin(i's + Gu) = sin(i's) / (2in(90 + G))F) = 4.187

At-rest pressure

Af-rest pressure for retained material
Loading details

Surcharge load on plan

Applied vertical dead load on wall
Applied verical live load on wall
Position of applied vertical load on wall
Applied horizontal dead load on wall
Applied horizonta live load on wall
Height of applied horizontal load on wall

Ko =1 —sin(i") = 0.590

Surcharge = 10.0 khint?

Wioeaa = 49,5 kN/m
Wie = 0.0 kMN/m

bima = 1800

mim

Feaa = 0.0 kM/m
Five = 0.0 kW/m
hieaa = 0 mim

/| Fro—a|

FE)

ans

[t

P |
-
i

1.5
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Vertical forces on wall
Wall stem

Wall base

Applied vertical load
Total vertical load

Horizontal forces on wall

Surcharge

Moist backfill above water table
Moizt backhill below water table

Saturated backfll
Water
Tota horizontal load

Calculate propping force

Passive resistance of soil in front of wall

Propping force

Crverturning moments
Surcharge

Meoist backfill above water table
Maoizt backhill below water table

Saturated backfill

Water

Total overtuming moment
Restoring moments
Wall stem

Wall bass

Dieaign vertical load

Total restoring moment
Check bearing pressure
Tota moment for bearing
Total vertical reaction
Distance to reaction
Eccentricity of reaction

Bearing pressure at toe
Beaning pressure at heel

Lioads shown In kWm, pressures shown in kRm?

Wil = Nster = fnot > e = 23,6 KN/'m
Womse = |pase # thase # Vhaee = 1402 KNIM
Wi = Woaeaa + Wee = 49,5 kKMNmM

Wine = Wiet + Whase + W, = 87.3 KN/m

Far = Ka = Surcharge = her = 11.7 kNim

Froa = 005 5 Ka = Jm 2 (D - Newaer P = 1.3 kMM
FPm:gﬂ-.-m,(.[m_hm]th:EBkwm
Fr=0.5 = Ka = (72 faeter) = heae” = 11.4 kNim
Fuater = 0.5 % Nuair® * Yumeer = 23,5 KMNimM

Fow = Far + Fr_a + Frp + Fz + Faaer = 58.2 kMNim

Fo=0.5 = Kp = c08(fn) « (Oover + toese + e - dee)® % 7me = 3.2 KN/M
Fermo = mawiFess - Fr - (W) = tan(Ze), 0 khm)
Femo = 25.6 kN/m

Wer = Four % (Ner - 2 50 dg) £ 2 =164 KMNmdm

Mm_a = Fra * (her + 2 5 Meater - 3 5 das) £ 3 = 3.2 KNmm
Wb = Frp o (Puater - 2 0 ) /2 = 10,9 KNmim

e =Fy o (Mgeer - 3 % di) £ 3 = 5.4 KNmVm

Whiater = Finnter ¢ (Pater - 3 0 ) £ 3 = 17,5 Kim/m

Mot = Mear + Mi_a + Mine + Me + Maeer = 56.4 kNmYm

Mt = Wt  {lice + tust § 2) = 42.5 kNmim
Moase = Whase  loase | 2 = 14.2 KNmym

My =W * loss = 89.1 kNmim

Mrest = M + Msse + M = 145.7 kNmvm

Mots = Mex - Me = 39,4 Khnvm
R = Wi = 87.3 kiim
sear = Mo / R = 1024 mm
e = abs(lase / 2) - ¥ear) = 24 mm
FReaction acts within middle third of base
Pre = (R kas) - (B = R % 8 lae™) = 40,5 KMmM?
= (R d lzz) + (B % R & J emee®) = 46,8 KNP
PASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAIMING WALL DESIGHN (BS 8002:1994)
TEDOS caiculation version 1.2.01.06

Utimate limit state load factors

Dead load factor wa=14

Live load factor =16

[Earth and water pressure factor e=14

Factored vertical forces on wall

Wall stem Waeal_* = Tra ¥ Nistern 0 foait 3 v = 33 KNM

Wall base Woase § = 17.d * lbase * fhase ¥ Jhase = 19,8 KNm

Applied verical load Wi r = g % Waean + 7y % Wie = 89,3 KN/m

Total vertical load Wintal 1 = Wt + W 1 + Wi r = 1222 kMN/m

Factored horizontal at-rest forces on wall
Surcharge

Moist backfill above water table

Moist backfill below water table

Saturated backdil

Water

Total horizontal load

Calculate propping force
Passive resistance of soil in front of wall

Propping force

Factored overtuming moments
Surcharge

Ncist backfill abxove water table
Maist backfill below water table
Saturated backdil

Water

Tota overtuming moment
Restoring moments

Wall stem

Wall base

Diesign vertical load

Tota restoring moment
Factored bearing pressure
Tota moment for bearing

Total vertical reaction

Distance o reaction
Eccentricity of reaction

Bearing pressure at oe

Faurr =1y = Ko = Surchange = her = 26.4 khm
Frons= 7= % 0.5 % Ko % jm % (Nt - Framier® = 206 KRiM
Frb = 7o % Ko % Ve % (Pt - Nugger) % Dgter = 19.5 km
Far=1ex 0.5 = Ko % (s Tusker) * haoer® = 22,5 kN/m
Fuater s =71 % 0.5 % Mot * Juaier = 33.4 KN/M

Pt = Fau s + Fr_as #+ Frn s + Foy + Fumm_r = 104.4 KRim

Fer="1re = 0.5 = Kg = 008{0c) * (Qoover + toase + O - Qe P = T = 4.5 KWmM

Feron_r = manFrow_r - Fo_r - (Wioals) = tan{), 0 khfim)
Fomor= 58.8 kM/m

Wbt = Faur = (her - 2 = das) [ 2 = 37 kNmm

Mhra s = Froae % (Rler + 2 5% Mo - 3 ¢ )/ 3= 6.3 KNmym
Whipr = Frinr # (haer - 2 das) /2 = 21.5 KNmvm

Me_r = For {Pater - 3 = das) f 3 =16.5 KNmfm
Whaees = Famter 1 % (Fhazter - 3 % das) [ 3 = 24.5 KNmvm

Notr = Mo s + Meias + Mo + Wi + Maoer e = 105.9 kKNmvm

Mzl = Wit #  (lee + taaa [ 2) = 595 kNmm
Wbase_r = Wease 1 lpase / 2 = 19,8 KNmim
Mer =W # boaa = 124.7 KNm¥m
ezt s = Wiz + Mbase_s + Mo = 204 KMmim

Whotai_r = Mrest_r - Mowr = 96.2 KMmm
e = Wi r = 122.2 kN'm
¥oar_ = Whosr / Re = 803 mm
er = alba({loase { 2) - ¥oac 1) = 197 mm
FReaction acts within middie third of base
= (R leaze) + (B * R gr [ kase®) = 97,1 kM
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Bearing pressure at hedl P { = (P o) - (5 = Ry r ) loame™) = 251 KNi®
Rate of change of base reaction rate = (Dus 1~ Pral 1) 1 e = 36040 KMTEM
Bearing pressure &t stem | tos Psterns b 1= TN Prow - (FabE @ lea], O KNAE) = 3905 kN
Bearing pressure a1 mid siem Patirn i 1 = T Pisg 1 - (302 = (s + b / 230 0 KNTE) = 323 KN
Bearing pressure &t stem / hesl Psterns e 1= G0 Pios 1 - (rate @ (hoe + teat)], O kNTE) = 25,1 kNE

Design of reinforced concrete retaining wall toe (BS 8002 1334)

Material properties

Characteristic strength of conoete s = 30 Mirnm
Characteristic strength of reinforcement f, = 500 Mimme
Base details
Minimum area of reinforcement k=013"%
Cover io reinforcement in toe cea = 50 mm
Calculate shear for toe design
Shear from bearing pressure \fin s = ([Diew_f & Pt tow_f) = hee /2 = 10803 kMM
Shear from weight of base Vi it b = 77 4 0 Yiase = how = fome = 15.9 kim
Total shear for toe design Vi = Vice_bear - Wioa_w s = 33,4 kMim
Calculate moment for toe design
Morment from bearning pressure Wi tmer = (2 = Prows 1+ Patarm i 1) % (hoa + toat / 2 /6 = 1223 kMNmim
Morment from weight of base Mos e s = 71 8 = Toasa % oo (ke + tasa £ 27 1 2) = 16.1 kMm¥m
Total monnent for toe design Miee = Moo - Pobess o base = 1062 ki

s

-
= -::_} <:}-
]
l L ] [ ] L ] w L L ] L ] L ] L L ]
X
o 102
Chieck toe in bending
Width of to= b = 100 rmimm
Diepth of reinforcemeant Chon = ftusa — Ciow — (ioa’ 2) = 2440 mm
Constant Kass = Mhs { (D * Chew® * fiu) = 0.0559
Compression reinforcement is nod required

Leyer amn Tz = min 0.5 + 5(0.25 - {minfKe, 0.2Z25)/ 0.8)),0085) = g

Area of tension reinforcement reguired
Ninimmunn area of tension reinforcernent
Area of tension reinforcement reguired

Reinforcement provided

Area of reinforcement provided

Tiea = 227 mim

P ton des = Nhoa [ [ILET = fy = 2w ) = 1078 orim
A ow min = K = B = tps = 390 mmdim

Aa en ey = Mg B o _des, Ba e mn) = 1078 mméim
12 mm dia bars (@ 100 mm centres

Ba tom e = 1131 mdfm
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PASS - Reinforcement provided af the retzining wall foe is adequate

Chieck shear resistance at foe
Cesign shear siress Wiza = Visa f (b o chew) = 0.383 Mimne®
Allowsble shear stress Waders = MINDLE = A{Ex 7 1 Nmme), 5) = 1 Wmime® = 4382 Mimme?

FASS - Design shear sfress is less than maximum shear stress
From BS8110:Part 11997 — Table 3.8
Cesign concrete shear stress Ve ea = (UGBS Mo
Viow = Ve kew - Mo shear reinforcement reguired

Design of reinforced concrete retaining wall stem [BS 8002-1534)

Material properties

Characteristic strength of conorete fiu = 30 Mo

Characteristic strength of reinforcement f; = 500 MimnT

Wall details

Minimum area of reinforcement k=013"%

Conver o reinforcement in stem Catern = 5} mim

Corver o reinforcernent inowall Gt = B i

Factored horizontal at-rest forces on stem

Surchamge Fasr_1= "¢ 1 = Ko = Surcharge = (hat - teese - ds) = 2306 kh'm
Moist backfil above water table Famar =053 4 % Ko % Ym = (- toase - das - huat}* =26 kW/m
Miist backfil balow water table Fa e =100 % Ko = fim 5 (Pt - bsese - s - hisar) = st = 16,9 KMN/m
Saturated backdill Fas p= 0.5 71 0 = Ko = (o Yomie} = Naa® = 168 KN'm

Water F_ w1 = 0.5 = 77 0 = Joater ¢ b = 24.9 kMM
Calculate shear fior stem design

Shear at base of stem Wien = Fa s 0+ Fs ma 1+ Famb 1+ Fa s 0% Fs sater 1 - Faes 1 = 26 kMN'm
Calculate moment for stem design

Surcharge Wb sie = Fi_sae ¢ = (Piitmss + boasa) / 2 = 33 kMmm

Muist backfil above water table Wb s = Fa s £ (2 % e + hes - dhis + tase 2}/ 3= 5.9 kNmim
Miist backfil balow water table ML b = Fa e po g/ 2= 16,1 kNmim

Saturated backdill M s = Fu st = hsat / 3 = 10.6 kNmim

Water M, e = Fiy mater ¢ = Pt / 3= 15.8 kNm/m

Total moment for stem design Whimess = Wb sar + N s + Wb e+ Wb s + Wb e = B1.5 kMmmim

. E 3

400

A _—

— 20—
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Chech wall stem in bending
Width of wall stem b =100 rmmifm
Cepth of reinforcement Oatirr: = sl — Chatirrs — [t/ 2} = 3420 mirm
Constant Faarn = Mutaen (b = digae? = ) = 0,023
Compression reinforcement is nod reguired
Lever amn Zatwen = MIN{05 + {025 - (min{Kase, 0.225) / 0.9)),0.85) * duwen

Area of tension reinforcement reguired
Ninimum area of tension reinforcement
Area of tension reinforcement reguired
Feinforcemment provided

Areg of reinforcement provided

Check shear resistance at wall stem
Cesign shear stess
Allowable shear stress

Fromn BS8110:Part 11357 — Table 3.8
Design concrete shear stress

Chieck retaining wall deflection
Basic span/effective depth rado
Cesign service sress

Tatwens = 323 MM

A st o = Blisnen /| (0UBT = iy = Zuiwen) = 5TT mmdion

P sam pin = K % b b = 520 mimreim

Ay s me = MadPs siern des, M stom m:l=5||'?rrm‘".'m

16 mm dia_bars @ 200 mm centres

A starn_pree = 1005 Mt

FPASS - Reinforcement provided at the retaining wall stem is adeguate

iderr = osarr | {b b li-l.-u}= 0076 NulIITI'I'F
Ve = min(0.8 = 4= ¢ 1 Mmne), 5) = 1 Nimnr® = 4.382 Wmm?
PASS - Design shear siress is less than maximum shear stress

Wi siern = 0.464 Nfnnn?
Vatam < Ve siem - N0 shear reinforcement requined

rﬂfﬂ:b-=?
fas2 f-.- w B aam rlq.'ll:a" A sam Fl.'-.:|=1912 M'rrl"l'r"

Medification factor faciDfius = Min(0.55 + (477 Nimm? - £3{120 = (0.9 Nimr? + (Mg (b = dese?} 112} = 2.00

Maximurn span/effective depth ratio
Actual spanieffective depth rado

raticee: = rEticons = fEohones = 14.00
ratices = hawn { Daen = 7.3
PASS - Span to depth ratio is accepiable

Indicative retaining wall reinforcement diagram

Toe reinforement

Stem reinforcement

Toe bars - 12 mm dia.@ 100 mm centres - (1131 marim)
Stem bars - 16 mm dia@ 200 mm centres - (1005 mnrim)
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Sliding between brick wall and concrete basement check (Temporary condition)

Consider underpinning to basement with Temp. prop at 1.0m Below GL (neglect water as borehole sample did not encounter any)

Geometry Basement underpinning

RN

iaF

2000 '£

1000

|

Soil pressure K, 7 H Surcharge Pressure K, H

Sliding between brick wall and concrete basement check (Temporary condition)

Temp. prop

Temp tos 400
wide

3204

Congider underpinning to basement with Temp. prop at 1.0m Below GL (neglect water as borehole sample did not encounter any)

Shear at prop level - assume pinned at base

Base Shear Load due to soil + Surcharge = K,7H (H/2) (H/3} + K. Qg H Hf2
Load in prop
Base Load = KavH(H/2) + KaQsH - Loadin prop

Wall Load (GF wall+ 1% floor wall + 2™ floor wall+basement wall)
(Wall Load is based on the self weight of the wall only as this weight gives the most
onerous load case )

Friction Load

FOS sliding

Check bending moment in underpin at joint

Bending moment atthe base = Load in prob x distfrom joir K7 HIH2).(H/3) - K, Qs H{

Line of thrust "e’

45.0

22

7.2

0.2

kMN/m

kMN/m

kMN/m

kMN/m

kMN/m

O for shear load

KN-mim

CK line of thrust lies within underpin
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GF
2000
Temp toe 300 wide
— *Tgint
Sail pressure Kyp M Surcharge Pressure Ko H

Shear at Jaink lewel -

Shear Load due bo sail « Surcharge = KL M| + B O H Hf 2 = 128 kMim

wall Load [GF walls 1" floor wall « 2 loor wallsbasement wall] = 23 kMNim

[WallLoad i based on the self weight of the wall only as this weight gives the most

onerous load case )

Friction Load = 2 kMNIm

FOS =liding = 2.28 Ok tor shear load

Check | i - lerpi o

OT Bending maoment at the Joink = By HEHSZRIH3) + p, O WU ME2) = 122 kM-mim

Feztoring Moment [eccentricity of load CG of temp Toe] = 125  kh-mim

fet OT moment = 0y kMN-mim

Eccentricity 'e’ = ne  mm Ok, by inspection
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Check final case underpinning
Allow far burst water main pipe | therefore design for 1.0m water table below ground level.
/
f GF
TN A
'JJ- -,_LI Looo
1.6  EkN/m
r_
« 3204
4 kMNim
Soil pressure  Water Surcharge Pressure K, H
Total lateral load on wall = 514  kN/m
Say free BM = 206  KN-m/m
Axial load = 739 kN/m
Eccentricity of load '’ = 2786 mm (Meed to reinforce the underpin)

Design Base slab for uplift

Slab span

Basement Slab Thickness

Concrete Density

Ground water level

Basement slab width

Dead weight of slab

Uplift pressure { Ground water pressure assumed)
Uplift UDL of slab

Hogaging moment due to uplift

Grade of steel, Fy

Effective depth of slab , d

Area of steel required Ast, (atthe top face of slab)

Minimum steel required , Ast min

Provide mesh A393 at Top of slab

= 945 m
= 030 m
= 2500 kMM’
= 100 m
= 100 m

= 7.50
= 8.81
= 8.81

kMim
kM/m?®
kMim

= 231x094542/8
= 258  kM-mim

= 5000 Mpa

= 2420 mm

= 257910 /(0,783 x 1000 x 242 x 500)
= 02722 mm2im
= 3146 mm2im




Project Job Ref.
15 Landor Road, London SW9 9RX 20.052
3 E TA Section Sheet no.
Basement Underpinning Structural Design Report 87
Calc. by Date Chk'd by Date Doc No.
AJ 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 AO

19.2 Design Front and back Slab & Wall

Load on Retaining wall (back and front}

Glass Rooflight

Dead Load (0.25kM/m?) 05 x05
Live Load (1.5P:Ns'm2} 1.5 x05
Total Load on wall

(Basement wall Load not added)

= 03 kMim
= 08  EkNmM
= 1 kM/m
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RETAIMING WALL ANALYSIS (B S B002:1994)
TEDDS calculafion version 12.01.08
[+ 1750 "
e
1m-1|:|:|:|}“mm.
_*_W T T
ik
B
E s N
L3 x L3
I+ 1500 H
Wall details
Retaining wall type Cantilever propped at base
Height of retaining wall stem huum = 2500 mm
Thickness of wall stem toan = 300 mm
Length of toe s = 1600 mm
Length of heel It = 0 MM
Owerall length of base lsa = s ¥ Ihesat # Lo = 1900 mm
Thidkness of base toam = 300 mm
Depth of downstand dy. = 0 mm
Position of downstand le = 16800 mm
Thickness of downstand tys = 300 mm

Height of retaining wall

Depth of cover in front of wall
Depth of unplanned excavation
Height of ground water behind wall
Height of saturated fill above base
Density of wall construction
Density of base construction
Angle of rear face of wall

Angle of soil surface behind wall

Effective height at virtual badk of wall

Retained material details
Makbilisation factor

Ruar = Nuam # toume + o = 2800 mm

Oezyvwr = 0 mm

Oun: = 0 mm

Huuie = 2204 mm

hau = MBX{Nuuiar - bwse - dus, 0 mm) = 1904 mm
Yo = 236 KM/

Tauue = 23.6 KM/

o =90.0 deg

B = 0.0 deg

hait = Naun # e = tan{ B) = 2800 mm
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Maoist density of retained material ¥ = 1B.0 KN/’
Saturated density of retained material =210 kN/m?
Design shear strength 3= 24.2 deg
Angle of wall friction 0= 0.0deg
Base material details
Moist density e = 180 NS m?
Dresign shear strength i = 24.2 deg
Cresign base friction iy = 18.6 deg

Allowable bearing pressure

Using Coulomb theory

At-rest pressure

Loading details
Surcharge load on plan

/zi

Atrest pressure for retained material

Applied vertical dead load on wall
Applied vertical live load on wall
Faosition of applied vertical load on wall
Applied horizontal dead load on wall
Applied horizontal live load on wall

Height of applied horizontal load on wall

Active pressure coefficient for retained material

Fassive pressure coefficient for base material

P'.'-..ulll; = B85 kMN/m*

K. =sinfo + ¢/ sinfo)® = sinfm - &) = [1 + {sin{$" + &) = sinfd’ - B) / (sinfx - &) = sinfz + BN = 0.419

o= 5in{B0 - #F 7 [5in(B0 - 5.} = [1 - V[sin{#s + 5} = sin{#u)/ (5in{B0 + 5.)01F) = 4.187

Ko =1 —sin{#) = 0.530

Surcharge = 10,0 kN/m*
Wywae = 1.0 kEN/im
Wi = 0.0 ENM/m

lias = 1750 mm
Fuaas = 0.0 kEMN/m
Fre =0.0EM/m

Pyas =0 mm

Prop —pue

FE]

.HJJ“J_|-_T_[_|_|_LLLLLLLL1111““

=
=)

o 1N N I I N I o ey
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Loads shown in ENm, pressures shaoan in KNm®
Vertical forces on wall
Wall stern Wl = Najam ® taan ® Toun = 17.7 EN/m
Wall base Woiea = lsse ® thase ® Toww = 13.5 kN/m
Applied vertical load W = Wipas + Wi = 1 kN/m
Total vertical load Wit = Woan  Weaw W, =322 kN/m
Horizental forces on wall
Surcharge Far = Ka = Surcharge » hey = 11.7 kN/m
Maist backfill above water table Fma=05x K,= 7= {Hair - Neararf® = 1.3 KN/
Maist backfill below water table Fen e = K™ tm % {Hait = Raaae) ® Rowee = 9.9 EN/m
Saturated backfill Fu=0.5% K™ [T Touar) ® Pouia® = 11.4 kN/m
Water Fusiar = 0.5 % Bpnia® ® Youiwr = 23.8 EN/m
Total horizontal load Frsa = Fawr # F a# Fi o+ Fu % Foue = 582 EN/mM
Calculate propping force
Fassive resistance of soil in front of wall Fo=0.5x K, = c05{8u) ® [Deowmr ¥ toasm + Qs - uee ) ® 70e = 3.2 KN/
Propping force Foup = mam|Fuw - Fp - (Wiaw) = tan{Ge), 0 EN/m)

Fruwe = 44,1 EN/m

Orwerturning moments

Surcharge Mo = Far ® {Rur - 2% dw)/ 2 =16.4 ENm/m

Maist backfill above water table M o = Fonw ™ {Ran # 2 % R - 3 % du) /3 =3.2 ENmM/m
Maist backfill below water table M e = Fo o ™ {Paue - 2 % dua) /2 =109 ENm/m

S aturated backfill Mo = Fo ® [Py - 2% dua)/ 2= B4 ENm/m

Water Macisr = Futar ® {Potar - 3 % g} /3 =175 kNm/m

Total overturning moment Mu = May + My o # My p + M+ Moo, = 564 ENm/m

Restoring moments

Wall stem Mot = Woan ® {lis # toan # 2) = 31 ENmM/m
Wall base M = Woime ® low £ 2= 12.8 ENm/m
Cesign vertical load M, =W, % ly.= 1.8 ENmm

Total restoring moment Mua = M + Muuw + M, = 455 ENmMdm

Check bearing pressure

Total moment for bearing M = Muw - My = -10.9 ENm/m
Total vertical reaction R =W, =322 kN/m
Distance to reaction *¥ar = Mg/ R =-338 mm
E coentricity of reaction &= 8bs{{ e / 2) - X)) = 1288 mm
WARMNING - Beyond scope of calculation
Bearing pressure at toe Pus = R/ {1.5 % %) = -63.3 KN/m*
Bearing pressure at heel Pras = 0 KM/mM* = 0 KN/m?

FPASS - Maximum bearing pressure is less than allowable bearing pressure
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RETAINING WALL DESIGN (B S5 B002: 1994}

Ultimate limit state lead factors
Desad load factor
Live load factor

Earth and water pressure factor

Factored vertical forces on wall

Wall stem

Wall base

Applied vertical load
Total vertical load

Factored horizontal at-rest forces on wall
Surcharge

Maoist backfill above water table

Maoist backfill below water table

S aturated backfill

Water

Total horizontal load

Calculate propping force
Passive resistance of soil in front of wall

Propping force

Factored owerturning moments
Surcharge

MMaoist backfill above water table
Moist backfill below water table
Saturated backfill

Water

Total overturning moment

Restoring moements
Wall stem

Wall base

Design vertical load

Total restoring moment

Factored bearing pressure
Total moment for bearing
Taotal vertical reaction
Distance to reaction

E ccentricity of reaction

Besaring pressure at toe

TEDDS caloulafion wersion 1.2.01.08

wa=14
wai=1.6
ne=14

Wi 1= 710 Paen ® fean ® Yoan = 24.8 EN/m
Whan (=T 0 ™ Do ™ toase ® Toase = TB.B EN/m
Wt =7 a® Wasan + 700 % Wiwe = 1.4 EN/m
Wikt 1= Waat 1 F Whaaa 1+ W, = 45 EN/m

Faur 1 =711 % Ky % Surcharge = hy = 26.4 EN/m

Frw i =T ® 0.5 % Ko ® 9 % {Nat - Musar = 2.6 KN/M

Fb r =7 Ko ® Tm * {hatt - N} = N = 19.5 KN/
Fur=70a=0.5% Ko ® (T Yuutar) % Do = 22.5 kN/m

Fuosar 1 = 70w % 0.5 % Nywiar” % Yo = 33.4 KN/m

Frasi t = Fue t # Frow t % Frow ¢ + Fut + Fouiar ¢ = 1044 kN/m

T
B
]

': _l.-C{I_E.-CKl_..-C D‘E’E'{'\-:'L':"'c{d-:w-u+tl.1|x-|+dllx'd-|.a-::'2"c':"m|.'=4-5kN-'Im
= ma|F i ¢ - Foor = (Wi ) = tan{b.), 0 kEM/m)
Faue = B4.8 kM/m

il
q
E

|

Mar 1 = Fasr ¢ ® {harr -2 = dya) / 2 = 3T ENm/m

M w = Fuar® (et + 2 % Rogiar - 3% do) / 3= 6.3 ENm/m
Mu bt = Fm bt ™ (P - 2 = dua) /2 =21.5 kNm/m

Myt =Fu = {Pomier - 3 = dus) / 3 =165 ENm/m

Maiar ¢ = F ot 0 % {Poaiae - 3 @ dis) F 3= 24.5 EMm/m

Mot = May o+ My a0+ My w0+ M+ Mo, = 1059 ENm/m

Muar 1 = Woan 1 % (s # s/ 2) = 434 KNmM/m
Meass ¢ = Whana 1 ¥ huse /2= 179 ENm/m

ML =W, ¢ lyae = 2.5 KNm/m

Mrasa 1 = Man 1 + M ¢+ B, = 637 ENm/m

Muia ¢ = M ¢ - My o = 422 kKNm/m
R =Wy ¢ = 45.0 kM/m
Hoar 1 = Mg ¢/ e = -837 mm
& = 8bs{{luwe ! 2) - Xpur )= 1887 mm
WARMNING - Beyond scope of calculation
Pus i = R/ (1.5 % par () = -32 KN/M*
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Bearing pressure at stem / toe Putsm ius ¢ = MAX{Pws - (rate = Lue), 0 EN/m®) = 0 kN/m?

Bearing pressure at mid stem Putsern mi (= M| Prs ¢ - (1818 = (Lo + te / 2)), 0 EN/MP) = 0 EN/M®
Bearing pressure at stem / heel Pt nas 1= M| Pus ¢ - (r8te % (Lo + tead), 0 EN/m*) = 0 kN/m?

Design of reinforced concrete retaining wall toe (B S 8002:1994)

Material properties
Characteristic strength of concrete fo, = 30 W'mm*

Characteristic strength of reinforcement f, = 500 Nmm*
Base details

Minimum area of reinforcement =013 %

Cowver to reinforcement in toe Gue = 50 mm

Calculate shear for toe design
Shear from weight of base Wise w vasme = T o ™ Toame ® e ® thaw = 159 EN/m

Total shear for toe design Wise = Wi pase = 185.9 kN/m.

W

Calculate moment for toe design
Moment from weight of base Mhios wi bees = {7 d % Toasm ® Toam % s + toan £ 20 7 2) = 15.2 KENm/m
Total moment for toe design Mise = Mis wi puse = 15.2 ENm/m

- —

— 284 4

|4730

fa-100-8|

Check toe in bending

Width of toe b =1000 mm'm
Depth of reinforcement Dive = tousm — Cum — (o / 2) = 244.0 mm
Constant Fise = My ! (b * di* = £.,) = 0.008
Compression reinforcement is not required
Lever arm Zine = min{0.5 + V{025 - {min{ K, 0.225) /0.9)),0.95) = du.
Ziue = 232 mm
Area of tension reinforcement required A e ma = My F{0BT =, » =) = 151 mm¥'m
Minimum area of tension reinforcement Ao s mn = K % B twes = 3890 mm*'m
Area of tension reinforceme nt required Ao s g = MAEX AL ne e B e mn) = 330 mmé/m
Reinforcement provided 12 mm dia.bars @ 100 mm centres
Area of reinforcement provided A s e = 1131 mme/m

FASS - Reinforcement provided at the retaining wall toe is adequate
Check shear resistance at toe
Design shear stress Vigs = Viga /(b = diw) = 0.065 N/mm*

Allzwable shear stress Vaum = Min{0.8 = V{fo / 1 N/mm®), 5) = 1 N/mm* = 4.382 N/mm*
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From B58110:Part 1:1997 - Table 3.8
Cz=ign concrete shear stress

PASS - Design shear soress is less than maximum shear smress

Ve nm = 0.308 MNimme
Vice 2 Vo e - Mo shear reinforcem ent reguired

Design of reinforced concrete retaining wall stem [B5 8002: 1594}

Material properties

Characteristic strength of concrete
Characteristic strength of reinforcemsant
Wall details

Minimum area of reinforcemsant
Ciower to reinforcemsent in stem
Cowver to reinforcement in wall
Factored horizental at-rest forces on stem
Surchargs

Moist backfill sbove water table
Moist backfill below water table
Satwrated backill

Water

Calculate shear for stem design
Shear at bass of s=m

Calculate moment for stem design
Surchargs

Moist backfill sbove water table
Moist backfill below water table
Satwrated backfill

Water

Taotal moment for siem design

£ =30 MNimm#
f, = 500 Nimm?
E=013%
Cidiarn = 20 mimn

Fawr ¢ =« Ky« Surchange « (hai - fe - e = 26 kN/m
Famai=0.5 % % ax Kax vm = (e - tmes - G - B = 31.2 kN/m
Fom ot = 50w Ko i [t = o = B = o)+ e = 21.3 KN
Faur= 0.5 % 31 0 Ko x (3 Yosse) * s = 2.3 KN/

Fa vt ¢ = 0.5 % % o ¥ Voutar % hi® = 3.4 kN/m

'lil..{-ill=F.-€.{J +F.»:|||.-| +F.»:|||'_' +F.-<.: +F.{H|-I 'F;.'ll:;.' =2 2 kNim

My wr = Fuar o (Baen + tee) # 2 = 396 kNmd'm

M o = Famoar 202 5 i + iy - G + tisss § 237 3 = 479 kKNm/'m
e m b = Fam oo bog /2 =75 kNmim

e 5= Faau % hag § 3= 0.3 kMmm

e waatir = Fa st 1 % Prca 7 3 = 0.8 kNm/m

I
I
I
Maam = Mo ar + Mam o+ My e + M o+ My e = 96523 KNmiim

F3

il
f—2

_:::}

00—

Check wall stem in bending
Width of wall stem
Depth of rein forcemsent

Constant

b= 1000 mimim
Qg = b — Gataam — H‘.-:-m-" -2: = 3420 mm
Heatian = Mhaian / [b oy — :'.; = 0035

Compression reinforcement is not reguired
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Depth of reinforcement Quum = teun — Guten — {fuien / 2) = 242.0 mm

Constant

Lever arm

Area of tension reinforcement required

Minimum area of tensicn reinfor

cement

Area of tension reinforcement required

Reinforcement provided

Area of reinforcement provided

Check shear resistance at wa
Design shear stress

Allowable shear stress

Il stem

From BS8110:Part 1:1997 — Table 3.8

Design conorete shear stress

Check retaining wall deflectio

B asic span/effective depth ratic
Design service stress

Modification factor

n

factof . = min{l .55

Maximum span/effective depth ratic

Actusl span/effective depth ratio

Indicative retaining wall reinforcement d

iagram

Tee relnfercement.

5

5

Faiam = Mijan ! (B = dyan® = f.,) = 0.046

Compression reinforcement is not required
Zowm = Min{0.5 + (0. 25 - {min{Muum, 0.225) / 0.9)),0.95) = diium
Zowm = 229 mm

Mirr /{087 = f, ® Zyrd) = 819 mm*/m

A dam dus
= k= b=t = 390 mm‘/m

A
g dmm_min

MEXA wam das, Pa sian mn) = B19 mmé/m

Ao sam i
16 mm dia.kars @ 150 mm centres
Ay s g = 1340 mm*/m

FPASS - Reinforcement provided at the retaining wall stem is adeguate

Vatam = Vaam { {B = duen) = 0.000 H/mm?*
Vaum = Min{0.8 = +{f., / 1 N/'mm*), §) = 1 N/mm* = 4.382 N/mm*

FPASS - Design shear stress is less than maximum shear stress

Ve wam = 0.625 N/mm*

Waem = Vo atm - Mo shear reinforcem ent reguired

raticw. =T
o= 2% f = A wm e F {3 % Ao sian pre) = 2036 M e

+ (477 Mimm® - £30120 = (0.9 N/mm* + {Muan/{b * duam®

ratiSyw. = ratiow. = factor.... = 10.81
ratice: = huem § duem = 10,33
FASS - Span to depth rafio is acceptable
e renfarcememnt

Toe bars - 12 mm dis@ 100 mm centres -
Stem bars - 18 mm diz.&@ 200 mm centres

121 mmnfim

.
1
- {1005 e S}
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20. Design steel beams B4 and B5 supporting Chimney Breast.

Chimney brick work load

Chimney brickwork width = 15 m
Chinmeybrickwork depth = 04 m
Chimney brickwork height (first floor + Second floor) = 295 +255 = 51 m
Unit weight brickwork = 180 KkN/m®
Reduced weight brickwark 30% = 126 kN/m®
Dead load of chimney brickwork = 386 kN
UDL on UC beam for 1.5m width = 25.7  kNim
Beam Span (Max of B4 and BS) = 388 m

Steel member analysis & design (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national annex
Tedds calculation version 4.3.04

Analysis

Tedds calculation version 1.0.27

Geometry
Geometry (m) - Steel (EC3) - UC 203x203x46

%)

L29"¢ 3.88
Spa Length Section Start Support End Support
1 3.88 UC 203x203x46 Pinned Pinned

UC 203x203x46: Area 59 cm?, Inertia Major 4568 cm?, Inertia Minor 1548 cm*, Shear area parallel to
Minor 15 cm?, Shear area parallel to Major = 40
cm?

Steel (EC3): Density 7850 kg/m?, Youngs 210 kN/mm?, Shear 80.8 kN/mm?2, Thermal 0.000012 °C+

Loading
Self weight included
Permanent - Loading (KN/m)

25.7
25.7

; .
7 41e4m 2716m

N

Load combination factors




Strength combinations - Moment envelope (KNm)

429

Strength combinations - Shear envelope (kN)

2?“]7

-28.1

Partial factors - Section 6.1

Resistance of cross-sections;

Resistance of members to instability;
Resistance of tensile members to fracture;
Library item: Partial factors out

Memberl design

Section details

Section type;

Steel grade - EN 10025-2:2004;

Nominal thickness of element;

ymo =1
=1
M2 =1.1

UC 203x203x46 (BS4-1)
S355
thom = max(ts, tw) = 11 mm
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N — £ o
Load combination 5 5 =
N o E
STRENGTH DESIGN (Strength) 1 1. 1
Member Loads
Member Load case Load Type Orientat Description
Memberl Permanent UDL Globalz 25.7kN/m at 1.164 m to 2.716 m
Results
Forces
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Nominal yield strength; fy = 355 N/mm?
Nominal ultimate tensile strength; fu =470 N/mm?2
Modulus of elasticity; E = 210000 N/mm?
Library item: Section details out
X T;L | | UG 203203%46 (E54-1)
T ", I_.--' Seclion gapin, h, 233.2 mm
Sechon breadtn, b, 203.6 mm
fass al geshan, Mass, 459 Eqm
Flange Iicknass, §, 11 mm
Wab thicknass, L. 7.2 mm
Rodat radius, r, 10.2 mm
Area of seciian, &, 5873 mme
o Fadlus of gyradian about y-axds, |, 58,18 mm
l'“ﬁ'i Radlus of gyratian aboul 2-anls, Lo 21,5458 mm
’ Elaslic secion moddlus aboul y-axis, W, | 449588 mm
Elaslic secion modulus aboul z-axis, W o 152083 mrn?
— Plastic 5ecion modulus abo J|.:|'-3::|E, W, 407439 mmn?
Plasiic secion modulus atout 2-akls, W, , 230364 mm?
Second momenl of area aaoul y-axls, |, 45678158 mm?
Spcond momenl of anka aboul F=-axis, L, 154805 mimt
+ AN
x __+_ |
L |
= 2028 il

Lateral restraint

Both flanges have lateral restraint at supports only

Classification of cross sections - Section 5.5

Library item: Class heading out

¢ = \[235 N/mm?/ f,] = 0.81

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

Width of section;

Library item: Int bend class out
Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section;

Library item: Out flange class out
Section is class 2

Check design at start of span
Check shear - Section 6.2.6
Height of web;

Shear buckling resistance can be ignored
Library item: Shear slenderness out
Design shear force;

Shear area - ¢l 6.2.6(3);

Design shear resistance - ¢l 6.2.6(2);

c=d=160.8 mm
c/tw=223=274xeg<=72x¢; Class 1

c=(b-tw-2xr)/2=88mm

c/tt=8=98xeg<= 10 x¢g; Class 2

hw=h-2xt=181.2 mm; n =1.000
hw/tw=252=309xe/n<72x¢gln

Vyed = 28.1 kN

Av=max(A -2 x b xtr+ (tw+ 2 x 1) x t, N x hw x tw) = 1698 mm?
Vey.Rd = Vplyrd = Av x (fy / V(3)) / ymo = 347.9 kN

Vy,ed / Vey,rda = 0.081
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PASS - Design shear resistance exceeds design shear force

Library item: Shear resistance out

Check design 1940 mm along span

Check bending moment - Section 6.2.5

Design bending moment; My,ed = 42.9 KNm

Design bending resistance moment - eq 6.13; Mec,y,Rd = Mply,rd = Wply x fy / ymo = 176.6 KNm
My.ed / Mcy,rd = 0.243

PASS - Design bending resistance moment exceeds design bending moment

Library item: Bending resistance out

Slenderness ratio for lateral torsional buckling

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

Poissons ratio; v=0.3

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

Unrestrained effective length; L=1.2 x Lmi_s1 seg1_T + 2 x h =5062 mm

Elastic critical buckling moment; Mar=Cixm2x Exl/L2x(lw/lz+L2x G x It/ (n? x E x I5)) =217.3
kNm

Slenderness ratio for lateral torsional buckling; At = V(Whpiy x fy / Mer) = 0.901

Limiting slenderness ratio; To=0.4

ALT > ALTo - Lateral torsional buckling cannot be ignored
Library item: Bending LTB slenderness out
Check buckling resistance - Section 6.3.2.1

Buckling curve - Table 6.5; b

Imperfection factor - Table 6.3; ot = 0.34

Correction factor for rolled sections; B=0.75

LTB reduction determination factor; oLt = 0.5 x [1 + awr x ( ALt~ Ato) + B x Acr?] = 0.890
LTB reduction factor - eq 6.57; xur = min(L/ [our + V(o2 - B x Ard)], 4, 1/ Ar?) = 0.759
Modification factor; f=min(1-0.5x (1 -ke) x[1-2x( AT-0.8)?], 1) =0.971
Modified LTB reduction factor - eq 6.58; xLT.mod = min(ycr / f,1, 1/ Ar?) = 0.782

Design buckling resistance moment - eq 6.55; Mb,y,Rd = yLT,mod X Wply x fy / ym1 = 138.1 KNm

My.ed / Mbyrd = 0.311

PASS - Design buckling resistance moment exceeds design bending moment

Library item: Bending buckling out

Check design 1940 mm along span

Check y-y axis deflection - Section 7.2.1

Maximum deflection; Sy = 6.9 mm

Allowable deflection; Sy, Allowable = Lm1_s1 / 360 = 10.8 mm
Sy / dy,Allowable = 0.639

PASS - Allowable deflection exceeds design deflection

Library item: Deflection out
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21. Design steel column C3.

steel column design

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national annex
Tedds calculation version 1.1.04

Library item: Calc title

Partial factors - Section 6.1

Resistance of cross-sections; ywmo =1

Resistance of members to instability; ym1=1

Resistance of cross-sections in tension to fracture; w2 =1.1

Library item: Partial factors
Library itern: Partial factors

F | UB 152«<89x16 (BS54-1)
T S Section depth, h. 152.4 mm

Section breadth, b, 88.7 mm

Mass of section. Mazs, 18 kgim

Flange thickness, 1, 7.7 mm

Web thickness, t,, 4.5 mm

Roat radius, r, 7.8 mm

Ares of section, A, 2032 mm?

Radius of gyration about y-axis, i,, 84.074 mm

152 .4

Radius of gyration about z-axis, i, 21.0186 mm

Elastic section modulus about y-axis. W, . 108483 mm?
Elastic section modulus about z-axis. W, ., 20237 mm?
—| |5 Plastic section modulus about y-axis. W . 1232558 mm?
Plastic section modulus about z-axis, W, ,. 31130 mn??
Second maoment of area about y-axis, 1, 3342621 mm*
Second moment of area about z-axis, |, 397508 mm*®

Columin defails

Column section UE 152=89x16
Steel grade 5355
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Column details
Column section UB 152x89x16
Steel grade S355

fy = fy_basic = 355.0 N/mm?; _tmp.fy = fy =355.0 N/mm?; _tmp.fyReduced = fy =355.0 N/mm?

Yield strength fy = 355 N/mm?

Ultimate strength fu = 470 N/mm?

E = Esec3 = 210 kN/mm?; v=0.3=0.3

Modulus of elasticity E =210 kN/mm?

Poisson’s ratio v=0.3

Shear modulus G=E/[2x (1 +v)]=80.8 KN/mm?

Column geometry

System length for buckling - Major axis Ly = 2550 mm

System length for buckling - Minor axis L; = 2550 mm

The column is not part of a sway frame in the direction of the minor axis
The column is not part of a sway frame in the direction of the major axis
Column loading

Axialload  Ned = 56 KN (Compression)

Major axis moment at end 1 - Bottom  My,ed1 = 0.0 kKNm

Major axis moment at end 2 - Top My,ed2 = 0.0 KNm

Minor axis moment at end 1 - Bottom  Mzed1 = 0.0 kNm
Minor axis moment at end 2 - Top Mzed2 = 0.0 KNm

Major axis shear force Vy,ed = 0 kN

Minor axis shear force Vzed = 0 kN

Library item - Column details

Buckling length for flexural buckling - Major axis

End restraint factor; Ky =1.000

Buckling length; Ler y = Ly x Ky = 2550 mm

Library item - Buckling length factor y

Buckling length for flexural buckling - Minor axis

End restraint factor; Kz =1.000

Buckling length; Ler z = Lz x Kz = 2550 mm

Library item - Buckling length factor z

Web section classification (Table 5.2)

fy = _tmp.fy = 355 N/mm?

Coefficient depending on fy; e = V(235 N/mm2 / f,) = 0.814
Depth between fillets; cw =h -2 x (tr+r) =121.8 mm

Ratio of c/t; ratiow = cw/tw = 27.07

Length of web taken by axial load; lw = min(Neq / (fy x tw), cw) =35.1 mm
For class 1 & 2 proportion in compression; o =(cw/2 +Iw/2)  cw = 0.644
Limitaw = if(0>0.5,(396 x €) / (13 x o - 1), 36 x e / o) = 43.71
Limit for class 1 web; Limitiw = (396 x &) / (13 x o - 1) =;43.71
The web is class 1

Library item - Web class 1 I/PFC

Flange section classification (Table 5.2)

ct = if(type=="1",(b - tw) / 2 -1, b - tw - r) =34.5 mm
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Outstand length; ce=(b-tw)/2-r=;34.5 mm
Ratio of c/t; ratior = ct/ tr = 4.48
Limit for class 1 flange; Limitir =9 x £ =7.32
Limit for class 2 flange; Limitzr = 10 x ¢ = 8.14
Limit for class 3 flange; Limitsr = 14 x ¢ = 11.39

Classt = if(ratior <= 9 x g, 1, if(ratior <= 10 x ¢, 2, if(ratior <= 14 x ¢, 3, 4))) = 1
The flange is class 1
Library item - Flange class I/PFC
Overall section classification
Class = max(Classw, Classf) = 1
The section is class 1
Library item - Overall class
Resistance of cross section (cl. 6.2)
Library item - CS title
Compression (cl. 6.2.4)
Design force; Ned = 56 kN
fy = _tmp.fy = 355 N/mm?
Design resistance; Nc,rd = Npi,rd = A x fy / ymo = 721 kN
Ned / Ncrd = 0.078
PASS - The compression design resistance exceeds the design force
Library item - CS comp resistance
Buckling resistance (cl. 6.3)
fy = max(_tmp.fyReduced, 0.001 N/mm?) = 355 N/mm?
Yield strength for buckling resistance; fy = 355 N/mm?
Library item - Buck resistance title
Flexural buckling - Major axis
Elastic critical buckling force; Ncry = m2 x E x ly / Ler y? = 2659 kN
Non-dimensional slenderess; Ay = V(A x fy / Nery) = 0.521
Buckling curve (Table 6.2); a
oy = Select(_scd.FBucklingCurveY,”ao”, 0.13, "a”, 0.21, "b”, 0.34, "c”, 0.49, "d”, 0.76) = 0.21
Imperfection factor (Table 6.1); ay = 0.21
Parameter ®;®y = 0.5 x [1 + oy x ( Ay - 0.2) + Ay%] = 0.669
Reduction factor; xy = min(1.0, 1/ [@y + V(Dy2 - 12)]) = 0.918
Design buckling resistance; NbyRrd = xy x A x fy /ym1=662.0 kN
Ned / Nb,y,rd = 0.085
PASS - The flexural buckling resistance exceeds the design axial load
Library item - Flexural buckling y
Flexural buckling - Minor axis
Elastic critical buckling force; Ncrz =12 x E x Iz / Ler 22 = 286 kN
Non-dimensional slenderness; 2z = V(A x fy / Nerz) = 1.588
Buckling curve (Table 6.2); b
oz = Select(_scd.FBucklingCurveZ,”ao”, 0.13, "a”, 0.21, "b”, 0.34, "c”, 0.49, "d”, 0.76) = 0.34
Imperfection factor (Table 6.1); oz = 0.34
Parameter ®;®; = 0.5 x [1 + 0z x ( Az- 0.2) + A% = 1.997
Reduction factor; xz = min(1.0, 1/ [®; + V(D22 - 1-2)]) = 0.312
Design buckling resistance; NbzRrd = xz x A x fy [ym1=224.9 kN
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Ned / Nb.z,rd = 0.249
PASS - The flexural buckling resistance exceeds the design axial load
Library item - Flexural buckling z
Torsional and torsional-flexural buckling (cl. 6.3.1.4)
Torsional buckling length factor; Kr=1.00
Effective buckling length; Ler 1= Kt x max(Ly, Lz) = 2550 mm
e = if(type=="C",[(b - tw/2)? x (h - t)? x t] / (4 x ly), 0 mm) = 0.0 mm

Yo = if(type=="C”,e - tw/2 + getvar(*ys”, 0 mm), 0 mm) = 0.0 mm

Distance from shear ctr to centroid along major axis; yo =;0.0; mm
Zo=0mm
Distance from shear ctr to centroid along minor axis; 2o =0.0 mm

io = V(iy?2 + i22 + yo? + 202 = 67.4 mm
Br=1- (yo/io)?>=1.000
Elastic critical torsional buckling force; Nert=1/1i0? x (G x lt + 12 x E x lw / Ler_12) = 962 kN
Elastic critical torsional-flexural buckling force;  Ner.te = Nery/(2xB1)x[1+Ner7/Nery-N[(1-Ner 7/Nery)? + 4x(yolio)2xNer 7/Nery]]
Ner,7F = 962 kN
Non-dimensional slenderness; At = V(A x fy / min(NerT, Ner,76)) = 0.866
Buckling curve (Table 6.2); b
ot = Select(_scd.TBucklingCurve,’ao”, 0.13, "a”, 0.21, "b”, 0.34, "c”, 0.49, "d”, 0.76) = 0.34
Imperfection factor (Table 6.1); ar =0.34
Parameter ®;d1 = 0.5 x [1 + ar x ( Ar-0.2) + A% = 0.988
Reduction factor; xT = min(1.0, 1/ [®r + V(P12 - A12)]) = 0.683
Design buckling resistance; NbT,Rd = 7 x A x fy [ym1 =492.6 KN
Ned / Nb,TRd =0.114
PASS - The torsional/torsional-flexural buckling resistance exceeds the design axial load
Library item - Tor/tor-flex buckling
Minimum buckling resistance
Minimum buckling resistance; Nb,rd = Min(Nb,y,Rd, Nb,zRd, Nb,T,rd) = 224.9 kN
Ned / Nb,rd = 0.249
PASS - The axial load buckling resistance exceeds the design axial load
Library item - Min buck resist I/PFC
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22. Design padstone P3 and P4.

MASONRY BEARING DESIGN TO BS5628-1:2005

TEDDS calculation version 1.0.06

Masonry details

Masonry type; Clay or calcium silicate bricks

Compressive strength of unit; punit = 5.0 N/mm2

Mortar designation; i

Category of masonry units; Category Il

Category of construction control ; Normal

Partial safety factor for material strength; gm =35

Thickness of load bearing leaf; t =110 mm

Effective thickness of masonry wall; tef =250 mm

Height of masonry wall; h = 2550 mm

Effective height of masonry wall; hef = 2550 mm
Beam to span out of plane of wall

Bearing details
Beam spanning out of plane of wall

Width of bearing; B =200 mm

Length of bearing; Ib =110 mm

Edge distance; xedge = 200 mm

Compressive strength from Table 2 BS5628:Part 1 - Clay or calcium silicate bricks
Mortar designation; Mortar = "iii"

Brick compressive strength; punit = 5.0 N/mm2
Characteristic compressive strength; fk = 2.50 N/mm2

Loading details
Characteristic concentrated dead load; Gk =21 kN
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Characteristic concentrated imposed load; Qk = 0 kN
Design concentrated load; F=(Gk x1.4) + (Qk x1.6) =29.4 kN
Characteristic distributed dead load; gk = 0.0 KN/m
Characteristic distributed imposed load; gk = 0.0 KN/m

Design distributed load,;

Masonry bearing type

Bearing type;

Bearing safety factor;

Check design bearing without a spreader
Design bearing stress;

Allowable bearing stress;

f=(gk x1.4) + (gk x 1.6) = 0.0 KN/m

Type 2
gbear = 1.50

fca=F/(B xIlb) +f/t=1.336 NNmm2
fcp = gbear xfk /gm =1.071 N/mm2

FAIL - Design bearing stress exceeds allowable bearing stress, use a spreader

Spreader details
Length of spreader;
Depth of spreader;
Edge distance;

Spreader bearing type

Bearing type;

Bearing safety factor;

Check design bearing with a spreader
Loading acts at midpoint of spreader
Design bearing stress;

Allowable bearing stress;

Is =600 mm
hs =215 mm

sedge = max(0 mm, xedge — (Is-B) /2) =0 mm

Type 3
gbear = 2.00

fca=F/(Is xt) +f/t=0.445 N/mm2
fcp = gbear xfk / gm = 1.429 N/mm2

PASS - Allowable bearing stress exceeds design bearing stress

Check design bearing at 0.4 x h below the bearing level

Slenderness ratio;

Eccentricity at top of wall;

From BS5628:1 Table 7

Capacity reduction factor;

Length of bearing distributed at 0.4 x h;
Maximum bearing stress;

Allowable bearing stress;

hef / tef = 10.20
ex =0.0 mm

b =0.99

Id = 1420 mm

fca=F/(d xt) +f/t=0.188 N/mm2
fcp =b xfk/gm =0.707 N/mm2

PASS - Allowable bearing stress at 0.4 * h below bearing level exceeds design bearing stress
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23. Design Connection CON4

Project name
Project number
Author
Description
Date 3/16/2021
Design code EN
Steel S 355

Design
Name connection
Description
Analysis Stress, strain/ simplified loading

Beams and columns

B- Y- a- Offset Offset Offset Forces
Name Cross-section Direction Pitch Rotation ex ey ez ;
o o . in
[°] [°] [°] [mm] [mm] [mm]

c 1g UBIOEXE9X g0 9.0 | 90.0 100 0 0 Node
B 2, UC203x28x g9 0.0 0.0 0 0 0 Node
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Cross-sections

Name Material
1-UB 152 x 89 x 16 S 355
2-UC203x203x46 | S 355
Bolts
Diameter fu Gross area
Name | Bolt assembly [mm] [MPa] [mm?]
M20 8.8 | M20 8.8 20 800.0 | 314

Load effects (equilibrium not required)

N Vy Vz Mx My Mz

Name | Member | o | ing | kN | [kNm] | [kNm] | [kNm]
LE1 | B 0.0 |0.0 |[-56.00.0 0.0 0.0

B 0.0 (0.0 |00 |00 0.0 0.0
Check
Summary

Name Value Status
Analysis 100.0% OK
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Plates 0.0 <5% OK
Bolts 1.1<100% | OK
Welds 24.5<100% | OK
Buckling 33.00
Plates
Thickness Oc&d Ep|
Name [mm] Loads [MPa] | [%] Status
C-bfl1 | 7.7 LE1 48.1 0.0 | OK
C-tfll | 7.7 LE1 48.0 0.0 | OK
C-wl |45 LE1 124.7 [ 0.0 | OK
B-bfl1 | 11.0 LE1 72.8 0.0 | OK
B-tfll1 | 11.0 LE1 73.2 0.0 | OK
B-wl |7.2 LE1 85.0 0.0 | OK
EP1 15.0 LE1 71.3 0.0 | OK
Design data
Material fy | &m
[MPa] | [%]

S 355 355.0 | 5.0

Symbol explanation

err Strain
oed EQ. stress
fy Yield strength

&im  Limit of plastic strain
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Overall check, LE1 Error! Bookmark not defined.
[%]
150%
100%
{5.00)
=]
t::.- 0.00 0%

Strain check, LE1 Error! Bookmark not defined.




3ETA

Project Job Ref.
15 Landor Road, London SW9 9RX 20.052
Section Sheet no.
Basement Underpinning Structural Design Report 109
Calc. by Date Chk'd by Date Doc No.
AJ 10/03/2021 FM 10/03/2021 REP-ST-20-052-01 AO

[MPa]
355.0
325
300
275
250
225
200
175
150
125
100
5
50
25
x( 0.0
Equivalent stress, LE1 Error! Bookmark not defined.
Bolts
Ft.ed \% Ut; | Fbra | Uts | Uts
Name | Loads (kN] | [kN] | [o6] | [KN] | [9] | o] Status
Bl LE1 0.1 1.0 0.1 (215611 |11 | OK
_E _|1_ B2 LE1 0.1 1.0 0.0 215611 |11 | OK
B3 LE1 0.1 1.0 0.1 (215611 |11 | OK
_{E —ﬁ B4 LE1 0.1 1.0 0.1 (215611 |11 | OK
Design data
Ftrd | Bprd | Furd
Name | Ny | [kN] | [KN]
M208.8-1 | 141.1 | 256.0 | 94.1

Symbol explanation

Fira  Bolt tension resistance EN 1993-1-8 tab. 3.4
Fiea  Tension force
Bpra  Punching shear resistance
\% Resultant of shear forces Vy, Vz in bolt
Fvra Bolt shear resistance EN_1993-1-8 table 3.4
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Fo,rd
Ut
UtS
Utts

Plate bearing resistance EN 1993-1-8 tab. 3.4
Utilization in tension

Utilization in shear

Utilization in tension and shear EN 1993-1-8 table 3.4

Welds (Plastic redistribution)

Throat th. | Length (o € (o T T Ut Ut
ltem | EBdge | "y [mr?1] Loads | et | o6] | ey | (MPa] | (MPal | (9] | [o] | SttUS
EP1 | C-bfl 1 | 44.3x 89 LE1 787 |00 |-30.1 (343 |-243 [18.1|7.2 |OK
443N 89 LE1 55.3 [0.0 |-14.7 |23.1 |203 |12.7|7.8 |OK
EP1 | C-tfl1 | 44.3n 89 LE1 549 [0.0 |-14.7 |-229 |-203 |[12.6|7.6 | OK
443N 89 LE1 782 |00 |-29.7 [341 |241 [18.0|7.1 |OK
EP1 |C-wl | 44.3n 145 LE1 106.9 | 0.0 | -50.1 | -21.4 |-50.1 | 24.5|13.6 | OK
443N 145 LE1 106.8 [ 0.0 | -50.1 |[21.4 |[50.1 |245|13.6| 0K
Design data
Bw | Owrd | 0.9 0
[-] | [MPa] | [MPa]
S 355 | 0.90 | 435.6 | 352.8

Symbol explanation

£p| Strain
owed Equivalent stress
Owrd Equivalent stress resistance
oL Perpendicular stress
T Shear stress parallel to weld axis
TL Shear stress perpendicular to weld axis
0.9 0 Perpendicular stress resistance - 0.9*fu/yM2
Bw Corelation factor EN 1993-1-8 tab. 4.1
Ut Utilization
Utc Weld capacity utilization
Buckling
Loads Shape Fa[ti]tor
LE1 1 33.00
2 39.66
3 47.51
4 55.15
5 62.31
6 63.31
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Code settings
Iltem Value Unit Reference
ymo 1.00 - EN 1993-1-1: 6.1
ym1 1.00 - EN 1993-1-1: 6.1
Y2 1.25 - EN 1993-1-1: 6.1
ym3 1.25 - EN 1993-1-8: 2.2
yc 1.50 - EN 1992-1-1:2.4.2.4
Yinst 1.20 - ETAG 001-C: 3.2.1
Joint coefficient f3j 0.67 - EN 1993-1-8: 6.2.5
Effective area - influence of mesh size | 0.10 -
Friction coefficient - concrete 0.25 - EN 1993-1-8
Friction coefficient in slip-resistance 0.30 - EN 1993-1-8 tab 3.7
Limit plastic strain 0.05 - EN 1993-1-5
Weld stress evaluation Plastic redistribution
Detailing No
Distance between bolts [d] 2.20 - EN 1993-1-8: tab 3.3
Distance between bolts and edge [d] 1.20 - EN 1993-1-8: tab 3.3
Concrete breakout resistance Yes ETAG 001-C
Use calculated ab in bearing check. Yes EN 1993-1-8: tab 3.4
Cracked concrete Yes
Local deformation check No
Local deformation limit 0.03 - CIDECTDG 1,3-1.1
Geometrical nonlinearity (GMNA) Yes Large deformations for hollow sections
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24. Designer’s risk assessment

24.1 Health and safety

1.

3.

All work will be carried out in accordance with the relevant health and safety legislation including
the Construction (Design and Management) Regulations 2007, the Health and Safety at Work Act
1974 and the Management of Health and Safety at Work Regulations 1999.

To comply with the above, detailed risk assessments and method statements will be developed
by the main contractor for all site activities prior to commencing the works. This will include but
not be limited to measures for protecting the public, local environment and surrounding areas.

As vehicles arrive, unload, and leave the site they will be supervised by banksmen. During
loading/unloading vehicles, barriers will be erected across the pavement to prevent access by
pedestrians, which will be supervised by banksmen. At all other times, the public/pedestrians will
have right of way along the pathways that surround the site. The construction site entrance will be
kept closed and closely monitored to prevent unauthorized access.

24.2 Noise control

All noisy work on site will be carried out in accordance with guidance provided by RBKC. It is
intended that site hours will be Monday to Friday — 8am to 6pm, Saturday — 8am to 1pm, Sunday
and public holidays — no working.

The site hoarding will assist in acting as a noise barrier. All machinery, tools and equipment will
be well maintained and silenced where possible for items such as compressors, generators, and
power tools. Stationary noise sources will be shielded with acoustic barriers were considered
necessary.

In all cases, the best practicable means of minimising noise will be used, and the guidance given
in British Standard BS 5228: Parts 1, and 2 (1984) and Part 4 (1986) entitled 'Noise control on
construction and open sites' will be used where practical.

In the event that a complaint or concern is raised, an immediate review will be completed to
remove the problem wherever possible and to establish what levels of noise have been emitted
from the site.

These actions may include reducing the operating hours, re-siting the equipment, changing the
method of working or providing temporary barriers.
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24.3 Party Wall Matters

1. The Party Wall etc Act 1996 provides owners of buildings with certain rights and obligations to
adjoining owners for work in relation to party walls or similar structures. Therefore, the
requirements of the act will be adhered to which will require party wall agreements with all
adjoining owners prior to the works commencing. This may include the Highways Department of
the city council.

24.4 Strategy for waste Disposal and management

A waste management strategy for the project will be implemented to ensure that:

¢ The site is kept clean and tidy.

¢ The collection of waste is from a central point.

e There is segregation of waste on site.

¢ The removal of waste products from site is minimised by recycling and re-use of excess materials
wherever possible.

¢ Waste is disposed of legally at licensed tips and/or designated sites.

e Disruption to traffic in the surrounding area is minimised.

Prior to the works commencing the removal of waste will be covered by a site waste management
plan developed by the contractors in line with this CMS, which will follow the requirements of the
Environment Agency under S.34 of the Environmental Protection Act 1990 and the guidelines
contained in the statutory guidance, Waste Management, The Duty of Care, A Code of Practice,
1996. This will be developed further in strict accordance with this strategy once a main contractor has
been appointed for the project.
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25. Outline Method Statement for the Basement Construction

Please refer to the structural drawings and Report — REP-ST-20-052-01-R1

26. Appendix 01: Designer’s risk assessment form
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PROJECT RISK REGISTER JOB No. [Comments] PROJECT: Harwell SHEET No. REVISION
1 of 0
STAGE: CONSTRUCTION PREPARED BY: AJ APPROVED BY: FM DATE: 19/11/2020
Hazard Location Who is at Risk Consequence Risk before | Mitigation measures Residual Risk info / Notes Residual
Mitigation Risk
Substrate Beam & Slab Occupants of the | The FRP system H Surface preparation to manufacturer or L
building not working Structural Engineer’'s recommendations
according to the Substrate to be inspected before the
design intent application
Surface must be free from any
contamination
CONCRETING
Operatives coming in | Beams and slabs | Site operative Sensitisation of H Long sleeves and rubberised gloves to be L
contact with concrete skin & worn by pump man.
development of Ensure all operatives have been briefed on
dermatitis the COSHH assessment and follow the
manufacturer’s recommendation.
Damage to eyes H Eye protection to be worn at all times. L
and skin from Ensure sufficient eye washout facilities are
concrete splashes available and close to the working area.
Ensure there are sufficient hygiene/washing
facilities available nearby.
Cube Making Beamé& Slab Error in cube H Ensure person undertaking test has been Error may still occur / L
making could result trained to carry out sampling and cube Process to be monitored
in strengthening making.
being condemned
unnecessarily
[Comments]
Risk Level: Risk =severity x likelihood

(H) HIGHUnNacceptable likelihood that injury or damage will be severe — further management controls are essential
(M) MEDIUMInjury or damage is very unlikely to be severe, but minor injury could occur from time to time
(L) LOWThe risk of injury is well controlled and harm is likely to be minor if it occurs
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OCCUPATIONAL
HEALTH & WELFARE
Use of hazardous Beams & Slab Site operative Exposure could Ensure COSHH assessments on site and Incorrect disposal M
materials surface preparation lead to a health relevant PPE is provided.
hazard.
Noise Beams & Slab Site operative Excessive noise in Hearing protection to be provided as per L
surface preparation the workplace noise assessment for machine & usage to
could cause be monitored.
hearing loss to Persons in or near (within 2m) to wear ear
employees protection
Ear protection zone marked
Vibration Beams & Slab Site operative Excessive Low vibration and noise tools and L
surface preparation exposure to equipment will be used where possible
vibration Equipment certificated
equipment causes Operators to take frequent short breaks
Hand- Wear working gloves or anti vibration gloves
Arm Vibration Synd
rome
Flying debris Beams & Slab Site operative Injury due to flying Before grinding make sure no one will be L
surface preparation objects affected by flying objects
Operative involved to wear appropriate PPE
(googles additional to mandatory PPE)
Reinforcement
Lifting of Beams Site operative Cage dropped Lift Plan to be in place before commencing L
Reinforcement cage causing damage. any lift.
Major injury or
Fatality could
occur.
Dowels and rebar Slabs and beam Site operative Injury due cuts, Plastic mushroom cap to the ends of the L
projecting from trip and fall dowels/rebar
surface
3
[Comments]

Risk Level: Risk =severity x likelihood

(H) HIGHUnNacceptable likelihood that injury or damage will be severe — further management controls are essential

(M) MEDIUMInjury or damage is very unlikely to be severe, but minor injury could occur from time to time
(L) LOWThe risk of injury is well controlled and harm is likely to be minor if it occurs
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Working at Height

Work at Height

Beams

Site operative

Major injury or
fatality

Provide temporary platform

[Comments]

Risk Level: Risk =severity x likelihood
(H) HIGHUnNacceptable likelihood that injury or damage will be severe — further management controls are essential
(M) MEDIUMInjury or damage is very unlikely to be severe, but minor injury could occur from time to time

(L) LOWThe risk of injury is well controlled and harm is likely to be minor if it occurs
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