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1 Introduction

In accordance with instructions received from the client | have carried out a Structural

calculations for proposed residential dwelling.
2 Location of the Property

The property is situated at
1a Blaendowlais, Dowlais,
Merthyr Tydfil,
CF48 3RB

See below the satellite view from Google Maps.
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3 Construction Method Statement: Timber Cut
Roof Structure

Before starting any of the below works please contact Building Control for guidance
regarding Building Control Approval

Reference Standard: BS EN 1995-1-1 (Eurocode 5) & BS 8103-3

1.0 General Specification
- Timber Grade: All structural timber (rafters, purlins, ceiling joists, wall plates) to be

Strength Class C24 (unless specified otherwise in calculations) to BS EN 338.

« Preservative: All timbers to be pressure treated with preservative suitable for Use
Class 2 (internal risk of wetting). Cut ends must be re-treated on site.

+ Moisture Content: Moisture content at time of erection not to exceed 20%.

2.0 Construction Sequence (Step-by-Step)
Step 1: Wall Plate Installation
» Bed timber wall plates (typically 100x 75mm) onto a full bed of mortar (1:3

cement:sand) along the top of the inner leaf of load-bearing masonry.?
« Ensure plates are level and aligned.

« Join lengths of wall plate using half-lap joints (min. 100mm lap), fully nailed with
2no. 4.0 x 90mm nails.

« Restraint: Install vertical holding down straps at this stage (see Section 3.0 for
detail).

Step 2: Ceiling Joists (Ties)
Install ceiling joists spanning between load-bearing walls.

« Fix joists to the wall plate using skew-nailing or truss clips.

« Central Binder: Where joist spans require, install a continuous runner (binder)
centrally along the top of the joists to maintain spacing and prevent buckling.

Step 3: Primary Support Structure (Purlins & Ridge)
Install Purlins as per structural calculations. Purlins must be supported by load-

bearing walls or designed struts.

« Strutting: If struts are used to support purlins, they must bear directly onto load-
bearing walls below (not mid-span of joists) and be effectively cleated to the purlin.

» Install the Ridge Board. This provides the apex fixing point for rafters.

Step 4: Rafter Installation
« Cut rafters with a "birdsmouth" notch to seat securely onto the wall plate. The depth

of the notch must not exceed 1/3 of the rafter depth.
- Fix rafters at the top (ridge) and bottom (wall plate):
o Ridge: Skew nail to ridge board.
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o Wall Plate: Skew nail to wall plate.

« Opposing Pairs: Rafters must be installed in opposing pairs to prevent lateral thrust
on the ridge board before the roof is fully triangulated.

Step 5: Final Restraint & Bracing
« Install lateral restraint straps to gable walls (see Section 3.0).

- Install diagonal and longitudinal bracing (see Section 4.0).

3.0 Metal Strapping Specifications (Restraint)
This section details the mechanical fixing required to resist wind uplift and provide lateral
stability to masonry walls.
3.1 Vertical Holding Down Straps (Wind Uplift)
« Purpose: To prevent the roof lifting off the wall plate under wind loading.

« Specification: Galvanised steel straps, minimum cross-section 30 x 2.5mm.
« Spacing: Maximum 2.0m centres along the wall plate.
e Fixing:
o Top: Fixed to the wall plate with min. 3no. 30mm x 3.75mm square twist nails.

o Bottom: Fixed to the masonry vertical face. The strap must extend at least
1.0m down the masonry. Fix using min. 4no. stainless steel screws (plugged)
or hardened masonry nails.

o Note: The lowest fixing must be within 150mm of the bottom of the strap.

3.2 Horizontal Lateral Restraint Straps (Gable Stability)
« Purpose: To prevent gable walls bowing out by tying them into the roof structure.

« Specification: Heavy-duty galvanised steel straps, minimum cross-section 30 x
5.0mm.

« Spacing: Maximum 2.0m centres along the rake of the gable.
« Length: Strap must be long enough to span across at least 3no. rafters.
« Installation:

o The "cranked" end of the strap is to be securely embedded in the mortar joint
or screwed directly to the masonry face (if using a straight strap with a
separate anchor).

o The strap arm must be fixed to each of the 3 rafters it crosses.

o Packing/Noggings: Solid timber noggings must be installed between the
rafters at the strap position to prevent the rafters twisting. The strap fixes into
these noggings or solid blocks.
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4.0 Bracing Requirements
Unless rigid sarking (e.g., OSB or Plywood) is applied over the entire roof area, the following
timber bracing is required to prevent racking.
4.1 Longitudinal Bracing
« Provide a continuous timber binder (min 100 x25mm) running the full length of the

roof at node points (e.g., at the level of the purlin or ridge).
« This binds all rafters together ensuring they act as a single unit.

4.2 Diagonal Rafter Bracing
« Location: Underside of rafters, running from the eaves to the ridge at approximately

45°.

- Extent: At least one diagonal brace on each pitch of the roof. For wide roofs, provide
criss-cross (X) bracing.

« Fixing: Nail to the underside of every rafter it crosses with 2no. 3.35 x 65mm nails.

4.3 Chevron Bracing (For spans > 8m or high wind zones)
- If specified in calculations, install V-shaped bracing across the rafter plane to

effectively transfer wind loads to the supporting structure.
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4 Sequence of Operations: Reinforced
Blockwork and Solid Blockwork Retaining Walls

Project Component: Reinforced Blockwork and Solid Blockwork Retaining Walls

Design Basis: All works shall be carried out strictly in accordance with the Structural
Engineer's drawings, calculations and approved construction details.

Building Control: Before commencement of the works, Building Control should be
contacted as required to confirm inspection requirements and Building Control
approval.

Project Notes

« All works shall be carried out in accordance with the Structural Engineer's drawings
and calculations.

« The contractor shall verify all dimensions, levels and existing site conditions prior to
commencement.

« The retaining walls shall be constructed to the locations, thicknesses, heights and
foundation arrangements shown on the Structural Engineer's drawings.

« The contractor shall ensure that suitable temporary works and safe working
arrangements are provided throughout the construction.

« No structural wall, reinforcement, foundation or connection shall be altered without
prior approval from the Structural Engineer.

« The excavation and retaining wall construction sequence shall be arranged to
maintain the stability of the surrounding ground and adjacent structures.

1. Site Preparation and Setting Out

Before commencing excavation, the retaining wall locations and levels shall be
established.

- Setting Out: Set out the retaining wall positions in accordance with the approved
structural and architectural drawings.

- Existing Services: Identify existing underground services within and adjacent to the
proposed excavation area before excavation begins.

« Levels: Confirm existing ground levels, proposed finished levels and retaining wall
heights.

« Inspection: Check the existing ground conditions and notify the Structural Engineer
of any unexpected ground conditions encountered.

« Access: Provide safe access and suitable working areas around the proposed
retaining wall construction.
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2. Excavation and Formation

« Excavate to the required foundation dimensions and levels shown on the Structural
Engineer's drawings.

« Excavation shall be carried out in a controlled manner to avoid undermining adjacent
structures, walls or foundations.

« Keep the excavation free from standing water and loose or disturbed material.
« The formation level shall be inspected before placing concrete.

« Any soft, loose or unsuitable material encountered at formation level shall be
reported to the Structural Engineer before proceeding.

» Provide suitable temporary support or battering to excavation faces where required
for safe working.

3. Foundation Construction

The retaining wall foundations shall be constructed in accordance with the structural
drawings.

« Formation: Trim and compact the formation to provide a firm and level base.

- Blinding: Provide concrete blinding where specified to provide a clean and level
surface for reinforcement and foundation construction.

+ Reinforcement: Install foundation reinforcement in accordance with the Structural
Engineer's reinforcement details.

« Cover: Ensure the specified concrete cover to reinforcement is maintained using
suitable spacers and chairs.

« Formwork: Install formwork where required to achieve the specified foundation
dimensions.

« Inspection: The reinforcement and formwork shall be inspected prior to concrete
placement.

« Concrete: Place the specified concrete carefully to avoid displacement of
reinforcement.

« Compaction: Compact the concrete adequately to prevent voids and honeycombing.
« Curing: Protect and cure the concrete in accordance with the concrete specification.
4. Construction of RW1 — Reinforced Blockwork Retaining Wall

RW1 is identified on the structural drawing as 215 mm reinforced blockwork, with
the retaining wall shown at approximately 1400 mm retained height.

« Blockwork: Construct the wall using the specified reinforced blockwork units.
« Setting Out: Set out the wall accurately on the completed foundation.

« Mortar: Use the specified mortar appropriate to the blockwork and structural design.
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+ Reinforcement: Install vertical and horizontal reinforcement in accordance with the
Structural Engineer's drawings.

« Alignment: Ensure the blockwork remains plumb, level and correctly aligned
throughout construction.

- Joints: Maintain consistent and properly filled mortar joints.

« Grouting: Where the structural design requires reinforced cores to be filled, grout the
specified blockwork cores in accordance with the Structural Engineer's details.

« Connections: Ensure the wall reinforcement is adequately connected to the
foundation reinforcement as detailed.

« Curing: Allow sufficient time for mortar/grout to achieve the required strength before
applying significant lateral loading or commencing backfilling.

5. Construction of RW2 — Solid Blockwork Retaining Wall

RW?2 is identified on the structural drawing as 330 mm solid blockwork, with an
approximately 990 mm retained height shown.

« Blockwork: Construct the retaining wall using the specified solid blockwork units.
« Setting Out: Position the wall accurately on the completed foundation.
« Mortar: Use the specified structural mortar.

« Bonding: Construct the blockwork in the required bond and maintain proper
alignment.

« Alignment: Check the wall regularly to ensure it remains plumb, level and correctly
positioned.

« Joints: Ensure all joints are adequately filled and finished.

« Connections: Provide any required restraint, reinforcement or connection to the
foundation in accordance with the Structural Engineer's drawings.

« Curing: Allow sufficient curing time before commencing backfilling.
6. Drainage and Waterproofing

Adequate drainage shall be provided behind the retaining walls where specified by
the design.

« Install the specified drainage system behind the retaining wall.

« Provide suitable free-draining granular material where shown on the drawings or
specification.

« Install drainage pipes, outlets and associated fittings where required.
« Ensure drainage outlets remain unobstructed.

» Provide waterproofing or protection to the rear face of the wall where specified.
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» Prevent water from accumulating behind the retaining wall.
7. Backfilling

Backfilling shall only commence after the retaining wall and associated foundation
have achieved the required strength.

« Approval: Confirm that the wall is sufficiently cured and stable before commencing
backfilling.

« Material: Use suitable selected fill material as specified.
« Placement: Place backfill in controlled layers.
« Compaction: Compact each layer carefully using suitable equipment.

« Wall Protection: Avoid impact or excessive vibration against the retaining wall
during compaction.

- Drainage: Maintain the designed drainage zone behind the wall throughout the
backfilling operation.

« Loading: Do not place heavy plant or stored materials close to the retaining wall
unless permitted by the Structural Engineer's design.

8. Completion and Inspection
Upon completion of the retaining wall construction, the following shall be checked:

1. Retaining wall location and dimensions are in accordance with the approved
drawings.

Foundation dimensions and levels have been achieved.

Concrete foundation is adequately cured and free from significant defects.
RW1 reinforced blockwork is correctly constructed and reinforced as detailed.
RW?2 solid blockwork is correctly constructed as detailed.

All specified reinforcement and structural connections are complete.

Wall alignment and levels have been checked.

Drainage and waterproofing provisions are complete where specified.

© ®©® N o o A w0 D

Backfill material and compaction comply with the specification.

—_
o

. No unexpected ground or structural conditions remain unresolved.

—_—
—

. The completed retaining wall is ready for the associated groundworks and external
works.
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Contractor Disclaimer

The contractor is responsible for checking all dimensions, levels and site conditions
prior to commencement of the works.

The contractor is responsible for providing suitable temporary works, excavation
support, safe access and appropriate construction methods to maintain the stability
of the retaining walls, surrounding ground and adjacent structures throughout the
works.

Any discrepancy between the Structural Engineer's drawings and the actual site
conditions shall be reported to the Structural Engineer before proceeding with the
affected works.

No structural member, reinforcement, foundation or retaining wall detail shall be
modified without prior approval from the Structural Engineer.

Marcin Krawucki
BSc (Hons) MCIOB, MIET, ACABE, GMICE

MCIOB Membership no.: 7006632
MIET Membership no.: 1101281027
CABE Membership: 80455303
ICE Membership no.: 92007313
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LOAD TAKEDOWN

Bl

TR1

TR2

B2

Pitched Roof
DL
LL

Floor & staircase load
DL
LL

Wall (Stud wall)
DL

0.85kN/m2 x
0.75kN/m2 x

0.50kN/m2 x
2.00kN/m2 x

0.50kN/m2 x

TR1 point load @ 0.52m & 2.8m

DL
LL

Wall (Stud wall)
DL

Pitched Roof
DL
LL

Floor
DL
LL

Tie joists (Attic)
DL
LL

TR2 point load @ 1.8m
DL
LL

0.50kN/m2 x

0.85kN/m2 x
0.75kN/m2 x

0.50kN/m2 x
2.00kN/m2 x

0.35kN/m2 x

0.75kN/m2 x

Total dead UDL
Total Live UDL

2.70m =

2.70m

1.70m =

1.70m

2.10m

1.20m

2.40m

2.40m =

2.00m =
2.00m =

0.60m =

0.60m

2.30kN/m
2.03kN/m

0.85kN/m
3.40kN/m

1.05kN/m

1.77kN
3.00kN

0.60kN/m

2.04kN/m
1.80kN/m

1.00kN/m
4.00kN/m

0.21kN/m
0.45kN/m

3.85kN/m
6.25kN/m

2.21kN
3.51kN



LOAD TAKEDOWN

TR3

Wall (Stud wall)
DL

Floor
DL
LL

TR4

Staircase load
DL
LL

TR3 point load @ 1.7m
DL
LL

B3

Floor
DL
LL

TR4 point load @ 1.8m
DL
LL

L1

Wall (cavity wall)
DL

Floor
DL
LL

Pitched Roof
DL
LL

0.50kN/m?2 x 2.35m
0.50kN/m?2 x 0.85m
2.00kN/m2 x 0.85m

Total dead UDL

Total Live UDL
0.50kN/m?2 x 0.70m
2.00kN/m2 x 0.70m
0.50kN/m2 x 3.25m
2.00kN/m2 x 3.25m
2.00kN/m2 x 2.90m
0.50kN/m?2 x 2.00m
2.00kN/m2 x 2.00m
0.85kN/m?2 x 1.20m
0.75kN/m2 x 1.20m

1.18kN/m

0.43kN/m
1.70kN/m

1.60kN/m
1.70kN/m

0.35kN/m
1.40kN/m

1.50kN
1.53kN

1.63kN/m
6.50kN/m

1.10kN
2.20kN

5.80kN/m

1.00kN/m
4.00kN/m

1.02kN/m
0.90kN/m



Tie joists (Attic)
DL 0.35kN/m2 x 0.60m
LL 0.75kN/m2 x 0.60m

Total dead UDL
Total Live UDL

Line 1

Wall (cavity wall)
DL 4.00kN/m2 x 7.20m

B1 distributed load
DL 7.00kN / 7.10m
LL 5.60kN / 7.10m

B2 distributed load
DL 13.00kN / 7.10m
LL 19.50kN / 7.10m

B2 distributed load
DL 13.00kN / 7.10m
LL 19.50kN / 7.10m

B3 distributed load
DL 6.60kN / 5.20m
LL 20.10kN / 5.20m

Total dead UDL
Total Live UDL

Line 2 (middle)

Wall (300mm solid wall)
DL 6.00kN/m2 x 7.20m

B1 distributed load (Left)
DL 7.00kN / 7.10m
LL 5.60kN / 7.10m

B1 distributed load (Right)
DL 7.00kN / 7.10m
LL 5.60kN / 7.10m

B2 distributed load (Left)
DL 12.30kN / 7.10m
LL 18.30kN / 7.10m

0.21kN/m
0.45kN/m

8.03kN/m
5.35kN/m

28.80kN/m

0.99kN/m
0.79kN/m

1.83kN/m
2.75kN/m

1.83kN/m
2.75kN/m

1.27kN/m
3.87kN/m

34.72kN/m
10.15kN/m

43.20kN/m

0.99kN/m
0.79kN/m

0.99kN/m
0.79kN/m

1.73kN/m
2.58kN/m



B2 distributed load (Right)

DL 12.30kN / 7.10m = 1.73kN/m

LL 18.30kN / 7.10m = 2.58kN/m

B2 distributed load (Left)

DL 12.30kN / 7.10m = 1.73kN/m

LL 18.30kN / 7.10m = 2.58kN/m

B2 distributed load (Right)

DL 12.30kN / 7.10m = 1.73kN/m

LL 18.30kN / 7.10m = 2.58kN/m

B3 distributed load (Left)

DL 6.00kN / 5.20m = 1.15kN/m

LL 18.90kN / 5.20m = 3.63kN/m

B3 distributed load (Right)

DL 6.00kN / 5.20m = 1.15kN/m

LL 18.90kN / 5.20m = 3.63kN/m
Total dead UDL = 54.41kN/m
Total Live UDL = 19.16kN/m

Line 3

Wall (cavity wall)

DL 4.00kN/m2 x 6.50m = 26.00kN/m

Floor

DL 0.50kN/m2 x 2.05m = 1.03kN/m

LL 2.00kN/m2 x 2.06m = 4.10kN/m

Tie joists (Attic)

DL 0.35kN/m2 x 0.60m = 0.21kN/m

LL 0.75kN/m2 x 0.60m = 0.45kN/m

Pitched Roof

DL 0.85kN/m2 x 1.20m = 1.02kN/m

LL 0.75kN/m2 x 1.20m = 0.90kN/m

TR4 distributed load

DL 2.00kN / 4.30m = 0.47kN/m

LL 3.80kN / 4.30m = 0.88kN/m
Total dead UDL = 28.72kN/m

Total Live UDL 6.33kN/m
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1a Blaendowlais, Dowlais, Merthyr Tydfil, CF48 3RB

Job Ref.
AUX843

Section Sheet no./rev.
STRUCTURAL ENGINEERING 181 01/1
Calc. by Date Chk'd by Date App'd by Date
MK 24-08-2026 MK 24-08-2026 MK 24-08-2026

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

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

annex

6.482

TEDDS calculation version 3.0.18

Load Envelope - Combination 1

5480 J

kNm
0.0

Bending Moment Envelope

243
5480 |

Shear Force Envelope

-17.8
5480 J

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1
Permanent full UDL 2.3 kN/m
Variable full UDL 2.03 kN/m

Support A Permanent x 1.35
Variable x 1.50

Permanent x 1.35
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A U XI L I U M Section Sheet no./rev.
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MK 24-08-2026 MK 24-08-2026 MK 24-08-2026

Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50

Analysis results

Maximum moment Mmax = 24.3 KNm Mmin = 0 KNm
Maximum shear Vmax = 17.8 kN Vmin = =17.8 kN
Deflection Smax = 10.9 mm Smin = 0 mm
Maximum reaction at support A RA_max = 17.8 kN Ra_min = 17.8 kKN
Unfactored permanent load reaction at support A Ra_permanent = 7 KN

Unfactored variable load reaction at support A RA_variable = 5.6 kKN

Maximum reaction at support B Rg_max = 17.8 kN Re_min = 17.8 kKN
Unfactored permanent load reaction at support B Rs_permanent = 7 KN

Unfactored variable load reaction at support B RB_variable = 5.6 kKN

Section details

Section type UB 203x133x25 (British Steel Section Range 2022 (BS4-1))
Steel grade S275
EN 10025-2:2004 - Hot rolled products of structural steels
Nominal thickness of element t = max(tr, tw) = 7.8 mm
Nominal yield strength fy = 275 N/mm?
Nominal ultimate tensile strength fu = 410 N/mm?
Modulus of elasticity E = 210000 N/mm?
I
. \
T
g —»> 57
3
v [ |
T

1332

Partial factors - Section 6.1

Resistance of cross-sections ymo = 1.00
Resistance of members to instability w1 = 1.00
Resistance of tensile members to fracture w2 =1.10

Lateral restraint
Span 1 has lateral restraint at supports only

Effective length factors
Effective length factor in major axis Ky =1.000
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Effective length factor in minor axis Kz=1.000
Effective length factor for torsion Kira =1.000
Kire = 1.000

Classification of cross sections - Section 5.5

e = V[235 N/mm?/ f,] = 0.92

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

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section

Check shear - Section 6.2.6
Height of web
Shear area factor

Design shear force
Shear area - cl 6.2.6(3)

Design shear resistance - cl 6.2.6(2)

c=d=172.4 mm
c/tw=327xe<=72x¢ Class 1

c=(b-tw-2xr)/2=56.1mm
c/t=78xe<=9x¢ Class 1

Section is class 1

hw=h-2 x tr=187.6 mm
n =1.000
hw/tw <72 x¢/ln
Shear buckling resistance can be ignored

Ved = max(abs(Vmax), abs(Vmin)) = 17.8 kN
Av=max(A-2xb xt+ (tw+ 2 x 1) x tr, 1 x hw x tw) = 1282 mm?
Verd = Voird = Ay x (fy / \[3]) / ymo = 203.5 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment

Design bending resistance moment - eq 6.13

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor
Poissons ratio
Shear modulus
Unrestrained length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5
Imperfection factor - Table 6.3
Correction factor for rolled sections
LTB reduction determination factor
LTB reduction factor - eq 6.57

Med = max(abs(Ms1_max), abs(Ms1_min)) = 24.3 kKNm
Mcrd = Mpird = Wiy x fy / ymo = 70.9 KNm

ke = 0.94
Ci=1/k?=1.132
g=1[1-(/1)]=0.932
v=0.3
G=E/[2x(1+v)] = 80769 N/mm?
L =1.0 x Ls1 = 5480 mm
Mor=Cixm2xEx I/ (L2xg) x Vw/lz+ L2x G x It/ (12 x E x I)] =46.3
kNm

et = V(Wi x fy / Mer) = 1.237

Ao = 0.4

Aur> Auto - Lateral torsional buckling cannot be ignored

b

ot = 0.34

B=0.75

ot = 0.5 x [1 + awr x ( At - Auto) + B x Ar?] =1.217
xur = min(1/ [gur + V(w2 - B x Ar?)], 1, 1/ Aur?) = 0.558
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Modification factor f=min(1-0.5x (1-ko)x[1-2x( AT-0.8)2], 1) =0.981
Modified LTB reduction factor - eq 6.58 ¥LT.mod = Min(yLr / f, 1) = 0.568
Design buckling resistance moment - eq 6.55 Mb,Rd = yLT.mod X Woiy x fy / ym1 = 40.3 KNm

PASS - Design buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection 8im = Ls1/ 360 =15.2 mm
Maximum deflection span 1 & = max(abs(dmax), abs(dmin)) = 10.934 mm
PASS - Maximum deflection does not exceed deflection limit
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TIMBER RAFTER ANALYSIS & DESIGN (EN1995-1-1:2004)

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Tedds calculation version 1.0.09

Rafter details

Description 47 x 150 C24 timber rafters
Rafter spacing SRafter = 600 mm
Rafter inclination Oratter = 38 deg

6(|)0
L
[
600
|

Forces input on Rafter
Permanent load on slope FG_Ratter= 0.85 kN/m?
Imposed load on plan Fa_Rafter= 0.75 KN/m?
Rafter loading details
Distributed loads
Permanent load on slope PG = Fc_Rafter X Sratter= 0.51 KN/m
Imposed load on slope Pa = Fa_Rafter X SRafter X COS(ORatter)= 0.35 KN/m
Member span 1 results summary Unit Capacity Maximum Utilisation Result
Compressive stress N/mm? |9.24 0.539 0.058 PASS
Bearing stress N/mm? | 1.1 0.636 0.578 PASS
Bending stress N/mm?2 | 10.56 4.198 0.397 PASS
Shear stress N/mm? |[1.76 0.465 0.264 PASS
Bending and axial force 0.401 PASS
Column stability check 0.469 PASS
Deflection mm 9.2 1.3 0.141 PASS
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Member span 2 results summary Unit Capacity Maximum Utilisation Result
Compressive stress N/mm? |9.24 0.286 0.031 PASS
Bearing stress N/mm? | 1.1 0.404 0.367 PASS
Bending stress N/mm? | 10.56 4.198 0.397 PASS
Shear stress N/mm? |[1.76 0.5 0.284 PASS
Bending and axial force 0.398 PASS
Column stability check 0.439 PASS
Deflection mm 10.4 2.761 0.265 PASS
ANALYSIS
Tedds calculation version 1.0.40
Loading
Self weight included (Permanent x 1)
Load combination factors
S 8 3 °
Load combination s & 9| &
oad co atio £ g I s
s | E
o
1.35G + 1.50Q (Strength) 1.35 | 1.50 | 0.00 | 0.00
1.00G + 1.00Q (Service) 1.00 | 1.00 | 0.00 | 0.00
Member Loads
Member Load case Load Type Orientation | Description
Member Permanent uDL Globalz 0.51 kN/matOmto4.9m
Member Imposed UDL Globalz 0.35kN/mat0Omto4.9m
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Results
Total deflection

1.35G + 1.50Q (Strength) - Total deflection

1.00G + 1.00Q (Service) - Total deflection
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Node deflections
Load combination: 1.35G + 1.50Q (Strength)
Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) )
1 0 0 0.09108 Member
2 -0.1 0 0.02976 Member
3 -0.1 0 -0.16413 Member
Load combination: 1.00G + 1.00Q (Service)
Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) )
1 0 0 0.06462 Member
2 -0.1 0 0.02111 Member
3 -0.1 0 -0.11644 Member
Total base reactions
Load case/combination Force
FX FZ
(kN) (kN)
1.35G + 1.50Q (Strength) 0 6.2
1.00G + 1.00Q (Service) 0 44
Element end forces
Load combination: 1.35G + 1.50Q (Strength)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 2.3 1 -3.8 -0.8 0
2 2 -1.5 -0.7
2 2.6 -2 -1.6 0.7
3 0 -1 0
Load combination: 1.00G + 1.00Q (Service)
Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 2.3 1 -2.7 -0.6 0
2 1.4 -1 -0.5
2 2.6 2 -14 -1.1 0.5
3 0 -0.7 0
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Forces

Strength combinations - Moment envelope (kNm)

Strength combinations - Shear envelope (kN)
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Member results
Envelope - Strength combinations
Member Position Shear force Moment
(m) (kN) (kNm)
Member 2.3 -1.5 -0.7 (min)
3.887 0 0.5 (max)
Tedds calculation version 2.2.28
Member - Span 1
Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 v = 2.000
Member details
Load duration - cl.2.3.1.2 Medium-term
Service class - ¢l.2.3.1.3 2
Timber section details
Number of timber sections in member N=1
Breadth of sections b =47 mm
Depth of sections h =150 mm
Timber strength class - EN 338:2016 Table 1 C24
N
A 47x150 timber section
Cross-sectional area, A, 7050 mm?2
Section modulus, Wy, 176250 mm3
Section modulus, W,, 55225 mm?3
Second moment of area, Iy, 13218750 mm*
Second moment of area, IZ, 1297787 mm#
Radius of gyration, iy, 43.3 mm
& Radius of gyration, i,, 13.6 mm
2 Timber strength class C24
Characteristic bending strength, f_, 24 N/mm?2
Characteristic shear strength, fv_k, 4 N/mm?2
Characteristic compression strength parallel to grain, f_,, 21 N/mm?
Characteristic compression strength perpendicular to grain, f o, ,, 2.5 N/mm?2
Characteristic tension strength parallel to grain, f,, , 14.5 N/mm?2
Mean modulus of elasticity, E g means 11000 N/mm?2
Fifth percentile modulus of elasticity, Ej 050 7400 N/mm?2
v -
- Shear modulus of elasticity, G, ., 690 N/mm?

Characteristic density, Prs 350 kg/m?
Mean density, p, ..., 420 kg/m?

Span details

Bearing length Lo =100 mm

Consider Combination 1 - 1.35G + 1.50Q (Strength)

Modification factors

Duration of load and moisture content - Table 3.1 kmos = 0.8
Deformation factor - Table 3.2 Kdet = 0.8
Bending stress re-distribution factor - cl.6.1.6(2) km=0.7
Crack factor for shear resistance - cl.6.1.7(2) o = 0.67
System strength factor - cl.6.6 ksys = 1.1
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Check compression parallel to the grain - cl.6.1.4

Design axial compression P4 = 3.8 kN
Design compressive stress 6c0d = Pa/ A =0.539 N/mm?
Design compressive strength fc0.d = Kmod X Ksys x feok / ym = 9.240 N/mm?

6c04d/ fe0q4 = 0.058
PASS - Design parallel compression strength exceeds design parallel compression stress

Check design at start of span

Check compression perpendicular to the grain - cl.6.1.5
Design perpendicular compression - major axis Fecy90d = 3.885 kN
Effective contact length Lb,ef = Lb + min(Lb, 30 mm) = 130 mm
Design perpendicular compressive stress - exp.6.4 ccy90d = Fey904d / (b x Lber) = 0.636 N/mm?
Design perpendicular compressive strength fey.90.d = Kmod X Ksys x feook / ym = 1.100 N/mm?
Gey.90.d / (Kego x feyg04d) = 0.578
PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear force Fyqd = 0.82 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fya / (ker x b x h) = 0.260 N/mm?
Design shear strength fvy.d = Kmod x Ksys x fuk / ym = 1.760 N/mm?

Ty,d /fv,y,d =0.148
PASS - Design shear strength exceeds design shear stress

Check columns subjected to either compression or combined compression and bending - cl.6.3.2

Effective length for y-axis bending Ley = 0.9 x 2300 mm = 2070 mm
Slenderness ratio Ay = Ley /iy = 47.805

Relative slenderness ratio - exp. 6.21 Mrely = Ay / @ x \(feok / Eo.05) = 0.811
Effective length for z-axis bending Lez=0mm

Slenderness ratio Az=Llez/iz=0

Relative slenderness ratio - exp. 6.22 Mrelz = Az [ T x V(foox / Eoos) = 0

Arely > 0.3 column stability check is required
Straightness factor Bc=0.2
Instability factors - exp.6.25, 6.26, 6.27 & 6.28 ky = 0.5 x (1 + Bc X (Arely - 0.3) + Arety?) = 0.880
kz = 0.5 x (1 + Bc x (Arelz - 0.3) + Arel2) = 0.470
Koy = 1/ (ky + V(ky? - Areiy?)) = 0.819
koz = 1/ (kz + V(kz2 - hrei2)) = 1.064
Column stability checks - exp.6.23 & 6.24 6c0d / (Key x fcod) = 0.071
6c0d | (Kez % fe0,4) = 0.055
PASS - Column stability is acceptable

Check design at end of span

Check compression perpendicular to the grain - cl.6.1.5

Design perpendicular compression - major axis Fecy904d =3.038 kN

Effective contact length Lbef = min(Lb, 30 mm) + Lo + min(Ls, 30 mm) = 160 mm
Design perpendicular compressive stress - exp.6.4 ccy.904d = Fey904d / (D x Loer) = 0.404 N/mm?




Project Job Ref.
1a Blaendowlais, Dowlais, Merthyr Tydfil, CF48 3RB AUX843
A U XI L I U M Section Sheet no./rev.
STRUCTURAL ENGINEERING 2 Rafters 02/°8
Calc. by Date Chk'd by Date App'd by Date
MK 24-08-2026 MK 24-08-2026 MK 24-08-2026
Design perpendicular compressive strength fey.90.d = Kmod X Ksys x feook / ym = 1.100 N/mm?

Gey.90.d / (Kego x feyg04) = 0.367
PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear force Fyd=1.463 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fya / (ker x b x h) = 0.465 N/mm?
Design shear strength fvy.d = Kmod x Ksys x fuk / ym = 1.760 N/mm?

Ty,d /fv,y,d =0.264
PASS - Design shear strength exceeds design shear stress

Check bending moment - Section 6.1.6

Design bending moment My.d = 0.74 KNm
Design bending stress omyd = Myda/ Wy = 4.198 N/mm?
Design bending strength fmy.d = Kmod x ksys X fmk / ym = 10.56 N/mm?

Om,y,d / fm,y,d =0.397
PASS - Design bending strength exceeds design bending stress

Check combined bending and axial compression - Section 6.2.4
Combined loading checks - exp.6.19 & 6.20 (0c04d / fe04)? + omyd / fnyd = 0.401
(0c0d ! fe0,d)?2 + Km x Omy,d [ fmy,d = 0.282

PASS - Combined bending and axial compression utilisation is acceptable

Check columns subjected to either compression or combined compression and bending - ¢l.6.3.2

Effective length for y-axis bending Ley = 0.9 x 2300 mm = 2070 mm
Slenderness ratio Ay = Ley /iy = 47.805

Relative slenderness ratio - exp. 6.21 Arely = Ay / T x (feox / Eoos) = 0.811
Effective length for z-axis bending Lez =0 mm

Slenderness ratio Az=Lezliz=0

Relative slenderness ratio - exp. 6.22 Mrelz = Az [ T x V(foox / Eoos) = 0

Arely > 0.3 column stability check is required

Straightness factor Bec=0.2
Instability factors - exp.6.25, 6.26, 6.27 & 6.28 ky = 0.5 x (1 + Bc x (Arely - 0.3) + Arety?) = 0.880

kz = 0.5 x (1 + Bc x (Arelz - 0.3) + Arel2) = 0.470

Koy = 1/ (ky + V(ky? - Are1y?)) = 0.819

kez = 1/ (kz + (k2 - Arelz?)) = 1.064
Column stability checks - exp.6.23 & 6.24 6c0d / (Key % fe0d) + omyd / fmyd = 0.469

6c,04d | (Kez % fe,04) + Km X omy,d / fmyd = 0.333

PASS - Column stability is acceptable

Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 946 mm along span

Check y-y axis deflection - Section 7.2
Instantaneous deflection Sy = 0.7 mm
Quasi-permanent variable load factor y2=0.3

Final deflection with creep SyFinal = 8y x (1 + Kaef) = 1.3 mm
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Allowable deflection Sy Allowable = Lm1_s1 / 250 = 9.2 mm

Sy,Final / Oy,Allowable = 0.141
PASS - Allowable deflection exceeds final deflection

Member - Span 2

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 v = 2.000

Member details
Load duration - ¢l.2.3.1.2 Medium-term
Service class - ¢l.2.3.1.3 2

Timber section details

Number of timber sections in member N=1
Breadth of sections b =47 mm
Depth of sections h =150 mm
Timber strength class - EN 338:2016 Table 1 C24
a7
yy 47x150 timber section

Cross-sectional area, A, 7050 mm?2
Section modulus, Wy, 176250 mm3
Section modulus, W,, 55225 mm?3

Second moment of area, Iy, 13218750 mm*
Second moment of area, IZ, 1297787 mm#
Radius of gyration, iy, 43.3 mm

Radius of gyration, i,, 13.6 mm

(=]
2 Timber strength class C24
Characteristic bending strength, f_, 24 N/mm?2
Characteristic shear strength, fv_k, 4 N/mm?2
Characteristic compression strength parallel to grain, f_,, 21 N/mm?
Characteristic compression strength perpendicular to grain, f o, ,, 2.5 N/mm?2
Characteristic tension strength parallel to grain, f,, , 14.5 N/mm?2
Mean modulus of elasticity, E g means 11000 N/mm?2
v Fifth percentile modulus of elasticity, Ej 050 7400 N/mm?2
- Shear modulus of elasticity, G, ..., 690 N/mm?
Characteristic density, Py 350 kg/m?
Mean density, p, ..., 420 kg/m?
Span details
Bearing length Lo =100 mm
Consider Combination 1 - 1.35G + 1.50Q (Strength)
Modification factors
Duration of load and moisture content - Table 3.1 kmod = 0.8
Deformation factor - Table 3.2 Kdet = 0.8
Bending stress re-distribution factor - cl.6.1.6(2) km=0.7
Crack factor for shear resistance - cl.6.1.7(2) ker = 0.67
System strength factor - cl.6.6 ksys = 1.1
Check compression parallel to the grain - cl.6.1.4
Design axial compression P4 =2.016 kN
Design compressive stress Gc0d = Pa/ A =0.286 N/mm?
Design compressive strength fe0.d = Kmod X Ksys x feok / ym = 9.240 N/mm?

6c0d/ feo0,d = 0.031
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PASS - Design parallel compression strength exceeds design parallel compression stress

Check design at start of span

Check compression perpendicular to the grain - cl.6.1.5
Design perpendicular compression - major axis Fecy90d =3.038 kN
Effective contact length Lbef = min(Lb, 30 mm) + Lo + min(Lb, 30 mm) = 160 mm
Design perpendicular compressive stress - exp.6.4 ccy90d = Fey904d / (b x Lber) = 0.404 N/mm?
Design perpendicular compressive strength fey.90.d = Kmod X Ksys x feook / ym = 1.100 N/mm?
Gey90.d / (Kego x feyg04) = 0.367
PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear force Fyd =1.575 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fya / (ker x b x h) = 0.500 N/mm?
Design shear strength fvy.d = Kmod x Ksys x fuk / ym = 1.760 N/mm?

Ty,d /fv,y,d =0.284
PASS - Design shear strength exceeds design shear stress

Check bending moment - Section 6.1.6

Design bending moment My.d = 0.74 KNm
Design bending stress Omyd = Myda/ Wy = 4.198 N/mm?
Design bending strength fmy.d = Kmod x ksys X fmk / ym = 10.56 N/mm?

Om,y,d / fm,y,d =0.397
PASS - Design bending strength exceeds design bending stress
Check combined bending and axial compression - Section 6.2.4
Combined loading checks - exp.6.19 & 6.20 (0c04d /! feod)? + omyd / fmya = 0.398
(0c0d ! fe0,d)?2 + Km x Omy,d [ fmyd = 0.279

PASS - Combined bending and axial compression utilisation is acceptable

Check columns subjected to either compression or combined compression and bending - ¢l.6.3.2

Effective length for y-axis bending Ley = 0.9 x 2600 mm = 2340 mm
Slenderness ratio Ay = Ley /iy = 54.04

Relative slenderness ratio - exp. 6.21 Arely = Ay / T x \(feox / Eoos) = 0.916
Effective length for z-axis bending Lez =0 mm

Slenderness ratio Az=Lezliz=0

Relative slenderness ratio - exp. 6.22 Mrelz = Az [ T x V(foox / Eoos) = 0

Arely > 0.3 column stability check is required

Straightness factor Bec=0.2
Instability factors - exp.6.25, 6.26, 6.27 & 6.28 ky = 0.5 x (1 + Bc x (Arely - 0.3) + Arely?) = 0.981

kz = 0.5 x (1 + Bc x (Arelz - 0.3) + Arel2) = 0.470

Koy = 1/ (ky + V(ky? - Are1y?)) = 0.750

kez = 1/ (kz + V(k? - Arelz?)) = 1.064
Column stability checks - exp.6.23 & 6.24 6c0d / (Key % fc0d) + omyd / fmya = 0.439

6c04d | (Kez % fe,04) + Km X omy,d / fmyd = 0.307

PASS - Column stability is acceptable
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Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 1453 mm along span

Check y-y axis deflection - Section 7.2

Instantaneous deflection dy=1.5mm

Quasi-permanent variable load factor y2=0.3

Final deflection with creep Sy,Final = By x (1 + Kder) = 2.8 mm
Allowable deflection Sy Allowable = Lm1_s2 / 250 = 10.4 mm

Sy,FinaI / Sy,AIIowabIe =0.265
PASS - Allowable deflection exceeds final deflection
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TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating

National Amendment No.1
Tedds calculation version 1.7.05

7.763

Load Envelope - Combination 1

1800

kNm

Bending Moment Envelope

1800

Shear Force Envelope

1800

-7.0

Applied loading

Beam loads

Permanent self weight of beam x 1
Permanent full UDL 0.850 kN/m
Variable full UDL 3.400 kN/m
Permanent full UDL 1.050 kN/m

Load combinations

Load combination 1 Support A Permanent x 1.35
Variable x 1.50

Span 1 Permanent x 1.35
Variable x 1.50

Support B Permanent x 1.35

Variable x 1.50
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Analysis results
Maximum moment Mmax = 3.144 KNm Mmin = 0.000 KNm
Design moment M = max(abs(Mmax),abs(Mmin)) = 3.144 kNm
Maximum shear Fmax = 6.987 kN Fmin = -6.987 kKN
Design shear F = max(abs(Fmax),abs(Fmin)) = 6.987 kN
Total load on beam Wiet = 13.973 kN
Reactions at support A RA_max = 6.987 kN Ra_min = 6.987 kN
Unfactored permanent load reaction at support A Ra_permanent = 1.775 kN
Unfactored variable load reaction at support A RA_variable = 3.060 KN
Reactions at support B Rg_max = 6.987 kN Re_min = 6.987 kN
Unfactored permanent load reaction at support B Rs_permanent = 1.775 kN
Unfactored variable load reaction at support B RB_variable = 3.060 KN

94— N
41003
Timber section details
Breadth of timber sections b =47 mm
Depth of timber sections h =225 mm
Number of timber sections in member N=2
Overall breadth of timber member bb =N xb =94 mm
Timber strength class - EN 338:2016 Table 1 C24
Member details
Load duration - ¢l.2.3.1.2 Long-term
Service class of timber - ¢l.2.3.1.3 1
Length of span Ls1 = 1800 mm
Length of bearing Lo =100 mm
Section properties
Cross sectional area of member A=Nxb xh=21150 mm?
Section modulus Wy=Nxbxh?/6=793125 mm?®
Wz =h x (N x b)?/6 =331350 mm?
Second moment of area ly=Nxbxh®/12 = 89226562 mm*
lz=hx (N xb)/12 = 15573450 mm*

Radius of gyration ry=(ly/ A) = 65.0 mm

rz=(l;/A) =27.1 mm

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 w =1.300

Modification factors
Modification factor for load duration and moisture content - Table 3.1
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Kmoa = 0.700
Deformation factor for service classes - Table 3.2 kder = 0.600
Depth factor for bending - exp.3.1 kh.m = 1.000
Depth factor for tension - exp.3.1 knt=1.000
Bending stress re-distribution factor - cl.6.1.6(2) km = 0.700
Crack factor for shear resistance - cl.6.1.7(2) ker = 0.670
Load configuration factor - exp.6.4 ke9o = 1.000
System strength factor - cl.6.6 ksys = 1.000
Lateral buckling factor - cl.6.3.3(5) Kerit = 1.000

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress

Design compressive strength

6c90.d = Ra max / (N x b x L) = 0.743 N/mm?
fe90.d = Kmod x Ksys X Kc.90 x feook / ym = 1.346 N/mm?
6c90.d / feo0.a = 0.552

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress

Design bending strength

Shear - ¢l.6.1.7
Applied shear stress

Permissible shear stress

Deflection - cl.7.2

Deflection limit

Instantaneous deflection due to permanent load
Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action

Final deflection due to variable load

Total final deflection

oma =M/ Wy = 3.964 N/mm?
fmd = khm X Kmod X Ksys X Kerit x fmk / ym = 12.923 N/mm?
omd / fma = 0.307
PASS - Design bending strength exceeds design bending stress

T4 =3 x F /(2 x ker x A) = 0.740 N/mm?
fvd = Kmod x Ksys x fux / ym = 2.154 N/mm?
td / fv.a = 0.343
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.004 x Ls1) = 7.200 mm
Sinstc = 0.340 mm
8finG = Sinstc X (1 + kder) = 0.545 mm
Sinsta = 0.587 mm
y2=0.3
Sfina = Sinsta X (1 + 2 x kdef) = 0.692 mm
8fin = dfing + Ofina = 1.237 mm
&fn / Sim = 0.172
PASS - Total final deflection is less than the deflection limit
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TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating
National Amendment No.1

Tedds calculation version 1.7.05

Load Envelope - Combination 1

6.889

00— e
mm | 4000 |
A 1
KNm Bending Moment Envelope
0.0 =
7.027
7.0
mm | 4000 |
A 1 B
Shear Force Envelope
8,2‘;’; 83
0.0
-5.914 )
mm | 4000 |
A 1 B
Applied loading
Beam loads
Permanent self weight of beam x 1
Permanent point load 1.770 kN at 520 mm
Variable point load 3.000 kN at 520 mm
Permanent point load 1.770 kN at 2800 mm
Variable point load 3.000 kN at 2800 mm
Load combinations
Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Span 1 Permanent x 1.35

Variable x 1.50
Support B Permanent x 1.35
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Variable x 1.50

Analysis results

Maximum moment Mmax = 7.027 kNm Mmin = 0.000 KNm
Design moment M = max(abs(Mmax),abs(Mmin)) = 7.027 KNm
Maximum shear Fmax = 8.257 kN Fmin = -5.914 kN
Design shear F = max(abs(Fmax),abs(Fmin)) = 8.257 kN

Total load on beam Wit = 14.171 kN

Reactions at support A Ra_max = 8.257 kN Ra_min = 8.257 kN
Unfactored permanent load reaction at support A Ra_permanent = 2.216 kN

Unfactored variable load reaction at support A Ra_variable = 3.510 kN

Reactions at support B Re_max = 5.914 kN Rs_min = 5.914 kN
Unfactored permanent load reaction at support B Rs_prermanent = 1.614 kN

Unfactored variable load reaction at support B Re_variavle = 2.490 kN

}472254>{

94| L
[« 100-»]
Timber section details
Breadth of timber sections b =47 mm
Depth of timber sections h =225 mm
Number of timber sections in member N=2
Overall breadth of timber member bo =N xb =94 mm
Timber strength class - EN 338:2016 Table 1 C24
Member details
Load duration - cl.2.3.1.2 Long-term
Service class of timber - ¢l.2.3.1.3 1
Length of span Ls1 = 4000 mm
Length of bearing Lo =100 mm
Section properties
Cross sectional area of member A=Nxb xh=21150 mm?
Section modulus Wy =N xbxh?/6=793125 mm?3
Wz=h x (N x b)?/6 =331350 mm?
Second moment of area ly=Nxbxh3/12=89226562 mm*
lz=h x (N x b)®/12 = 15573450 mm*
Radius of gyration ry=(ly/ A) = 65.0 mm

rz=(l./A)=27.1 mm

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 = 1.300
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Modification factors

Modification factor for load duration and moisture content - Table 3.1

Deformation factor for service classes - Table 3.2

Depth factor for bending - exp.3.1

Depth factor for tension - exp.3.1

Bending stress re-distribution factor - cl.6.1.6(2)
Crack factor for shear resistance - cl.6.1.7(2)
Load configuration factor - exp.6.4

System strength factor - cl.6.6

Lateral buckling factor - ¢l.6.3.3(5)

Kmod = 0.700
kdef = 0.600
knm =1.000
knt=1.000
km = 0.700
ker = 0.670
kc.90 =1.000
ksys = 1.000
Kerit = 1.000

Compression perpendicular to the grain - ¢cl.6.1.5

Design compressive stress
Design compressive strength

6c90d = Ra_max / (N x b x Lp) = 0.878 N/mm?
fe.00.d = Kmod x Ksys x Kc.90 x feook / ym = 1.346 N/mm?
6c90.d / feo0a = 0.653

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress
Design bending strength

Shear - cl.6.1.7
Applied shear stress
Permissible shear stress

Deflection - cl.7.2

Deflection limit

Instantaneous deflection due to permanent load
Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action
Final deflection due to variable load

Total final deflection

omd = M/ Wy = 8.859 N/mm?
fmd = khm x Kmod X Ksys X Kerit % fmk / ym = 12.923 N/mm?
omd / fma = 0.686
PASS - Design bending strength exceeds design bending stress

14 =3 xF /(2 xker x A) =0.874 N/mm?
fv.d = Kmod x Ksys x fvk / ym = 2.154 N/mm?
14/ fv.a = 0.406
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.004 x Ls1) = 14.000 mm
Sinstc = 3.225 mm
8finG = Sinstc X (1 + Kaer) = 5.159 mm
Sinsta = 5.031 mm
y2=0.3
Sfina = Sinsta X (1 + w2 x kdef) = 5.937 mm
8fin = dfing + Ofina = 11.096 mm
Sfin / 8im = 0.793
PASS - Total final deflection is less than the deflection limit
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex
TEDDS calculation version 3.0.18

Load Envelope - Combination 1

15.063

l

mm | 5480 |

KNm Bending Moment Envelope

0.0

N Shear Force Envelope
46.8

- ’\|\

0.0

-44.0

mm | 5480 |
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading

Beam loads Permanent self weight of beam x 1
Permanent full UDL 3.85 kN/m
Variable full UDL 6.25 kN/m
Permanent point load 2.21 kN at 1800 mm
Variable point load 3.51 kN at 1800 mm

Load combinations
Load combination 1 Support A Permanent x 1.35
Variable x 1.50




Project Job Ref.
1a Blaendowlais, Dowlais, Merthyr Tydfil, CF48 3RB AUX843
A U XI L I U M Section Sheet no./rev.
STRUCTURAL ENGINEERING 582 05/ 2
Calc. by Date Chk'd by Date App'd by Date
MK 24-08-2026 MK 24-08-2026 MK 24-08-2026

Permanent x 1.35

Variable x 1.50
Support B Permanent x 1.35

Variable x 1.50

Analysis results

Maximum moment Mmax = 64.2 KNm Mmin = 0 KNm
Maximum shear Vmax = 46.8 kN Vmin = -44 kKN
Deflection Smax =12 mm Smin = 0 mm
Maximum reaction at support A Ra_max = 46.8 kN Ra_min = 46.8 kN
Unfactored permanent load reaction at support A Ra_rermanent = 13 kN

Unfactored variable load reaction at support A RA_variable = 19.5 kN

Maximum reaction at support B Re_max = 44 kN Rs_min = 44 kN
Unfactored permanent load reaction at support B Rs_rermanent = 12.3 kN

Unfactored variable load reaction at support B Re_variable = 18.3 kN

Section details

Section type UB 254x146x37 (British Steel Section Range 2022 (BS4-1))
Steel grade S275
EN 10025-2:2004 - Hot rolled products of structural steels
Nominal thickness of element t = max(tr, tw) = 10.9 mm
Nominal yield strength fy = 275 N/mm?
Nominal ultimate tensile strength fu = 410 N/mm?
Modulus of elasticity E =210000 N/mm?
_x
A ‘
T
8 > 463
*
v \ |
T

1264

Partial factors - Section 6.1

Resistance of cross-sections ymo = 1.00
Resistance of members to instability ym =1.00
Resistance of tensile members to fracture w2 =1.10

Lateral restraint
Span 1 has lateral restraint at supports only
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Effective length factors

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

Classification of cross sections - Section 5.5

Ky =1.000
2=1.000
Kira =1.000
Kire =1.000

e = V[235 N/mm2/ f,] = 0.92

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

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section

Check shear - Section 6.2.6
Height of web
Shear area factor

Design shear force
Shear area - ¢l 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

c=d=219 mm
c/tw=376xe<=72x¢ Class 1

c=(b-tw-2xr)/2=62.5mm
c/ti=6.2xe<=9x¢ Class 1
Section is class 1

hw=h-2 x tr=234.2 mm
n =1.000
hw/tw<72x¢e/n
Shear buckling resistance can be ignored

Ved = max(abs(Vmax), abs(Vmin)) = 46.8 kN
Av=max(A -2 x b xtr+ (tw + 2 x r) x t;, N x hw x tw) = 1759 mm?
Verd = Vpird = Av x (fy / \[3]) / ymo = 279.3 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment

Design bending resistance moment - eq 6.13

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor

Poissons ratio

Shear modulus

Unrestrained length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5
Imperfection factor - Table 6.3
Correction factor for rolled sections

Med = max(abs(Ms1_max), abs(Ms1_min)) = 64.2 KNm
McRrd = Mpird = Wiy x fy / ymo = 132.9 kKNm

ke = 0.94
Ci=1/k?=1.132
g="[1-(./1)] =0.947
v=0.3
G=E/[2x(1+ V)] =80769 N/mm?
L = 1.0 x Ls1 = 5480 mm
e =CixmxExl/(L2xg) x V[lw/l:+L2x G x It/ (12 x E x I2)] =101.4
kNm
A = V(Wi x fy / Mer) = 1.145
ALTo = 0.4

Aur> Auto - Lateral torsional buckling cannot be ignored

b
ot = 0.34
B=0.75
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LTB reduction determination factor Gt =0.5 x [1 + awr x ( ALt~ ALto) + B x Ar?] =1.118
LTB reduction factor - eq 6.57 xur = min(1/ [gur + V(o2 - B x Ar?)], 1, 1/ Aur?) = 0.612
Modification factor f=min(1-0.5x (1 -ke)x [1-2x ( Ar-0.8)3, 1) = 0.977
Modified LTB reduction factor - eq 6.58 ¥LT.mod = Min(yLr / f, 1) = 0.626
Design buckling resistance moment - eq 6.55 Mb,Rd = yLT.mod X Woiy x fy / ym1 = 83.2 KNm

PASS - Design buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection 8im = Ls1/ 360 =15.2 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 11.991 mm
PASS - Maximum deflection does not exceed deflection limit
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TIMBER JOIST ANALYSIS & DESIGN (EN1995-1-1:2004)

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Joist details
Description
Joist spacing

47 x 225 C24 timber joists

SJoist = 400 mm

Tedds calculation version 1.0.09

T 1
} 4000 }
Forces input on Joist
Vertical permanent load on joist Fo_soist= 0.50 kN/m?
Vertical imposed load on joist Fa_soist= 2.00 kN/m?
Joist loading details
Distributed loads
Vertical permanent load on joist pc = Fo_soist X Suoist= 0.20 KN/m
Vertical imposed load on joist pa = Fa_soist x Syoist= 0.80 KN/m
Member results summary Unit Capacity Maximum Utilisation Result
Bearing stress N/mm? | 1.692 0.5 0.296 PASS
Bending stress N/mm? | 16.246 7.71 0.475 PASS
Shear stress N/mm? |2.708 0.647 0.239 PASS
Beam stability check 0.475 PASS
Deflection mm 16 13.377 0.836 PASS
ANALYSIS
Tedds calculation version 1.0.40
Loading
Self weight included (Permanent x 1)
Load combination factors
E |3
e 2 3 T
Load combination g 9 ;:: S
s | E
o
1.35G + 1.50Q (Strength) 1.35 | 1.50 | 0.00 | 0.00
1.00G + 1.00Q (Service) 1.00 | 1.00 | 0.00 | 0.00
Member Loads
Member Load case Load Type Orientation | Description
Member Permanent uDL Globalz 0.2kN/matOmto4 m
Member Imposed UDL Globalz 0.8kN/matOmto4 m
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Results
Total deflection
1.35G + 1.50Q (Strength) - Total deflection

1 2
» X

Z

1.00G + 1.00Q (Service) - Total deflection

z

Node deflections

Load combination: 1.35G + 1.50Q (Strength)

Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) ©)
1 0 0 0.47598
2 0 0 -0.47598
Load combination: 1.00G + 1.00Q (Service)
Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) ©)
1 0 0 0.3249
2 0 0 -0.3249
Total base reactions
Load case/combination Force
FX FZ
(kN) (kN)
1.35G + 1.50Q (Strength) 0 6.1
1.00G + 1.00Q (Service) 0 4.2

Element end forces

Load combination: 1.35G + 1.50Q (Strength)

Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 4 1 0 -3.1 0
2 0 -3.1 0
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Load combination: 1.00G + 1.00Q (Service)

Element Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 4 1 0 -2.1 0
2 0 -2.1 0
Forces

Strength combinations - Moment envelope (kNm)

341

Strength combinations - Shear envelope (kN)
3.1

Member results
Envelope - Strength combinations
Member Position Shear force Moment
(m) (kN) (kNm)
Member 0 3.1 (max abs) 0 (min)
2 0 3.1 (max)
4 -3.1 0 (min)

Tedds calculation version 2.2.28

Member - Span 1

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 = 1.300

Member details
Load duration - ¢l.2.3.1.2 Medium-term
Service class - ¢l.2.3.1.3 2

Timber section details

Number of timber sections in member N =
Breadth of sections b =47 mm
Depth of sections h =225 mm

Timber strength class - EN 338:2016 Table 1 C24
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a7

225

Characteristic compression strength perpendicular to grain, f
Characteristic tension strength parallel to grain, f,
Mean modulus of elasticity, E,

X 47x225 timber section

Cross-sectional area, A, 10575 mm?

Section modulus, Wy, 396562.5 mm?

Section modulus, W,, 82838 mm3

Second moment of area, Iy, 44613281 mm#*
Second moment of area, IZ, 1946681 mm*
Radius of gyration, iy, 65 mm

Radius of gyration, i,, 13.6 mm

Timber strength class C24

Characteristic bending strength, f_,, 24 N/mm?2
Characteristic shear strength, f, ., 4 N/mm?2
Characteristic compression strength parallel to grain, f

21 N/mm?
2.5 N/mm?

.0k’

©.90.k’

fos 145 N/mm?2

11000 N/mm?

‘0.mean’

Fifth percentile modulus of elasticity, E, ., 7400 N/mm?2
Shear modulus of elasticity, G

690 N/mm?

'mean’

Characteristic density, P 350 kg/m3
Mean density, p,...... 420 kg/m?

Span details
Bearing length

Lb =100 mm

Consider Combination 1 - 1.35G + 1.50Q (Strength)

Modification factors

Duration of load and moisture content - Table 3.1
Deformation factor - Table 3.2

Bending stress re-distribution factor - cl.6.1.6(2)
Crack factor for shear resistance - cl.6.1.7(2)
System strength factor - cl.6.6

Check design at start of span

Kmoa = 0.8
Kdet = 0.8
km=0.7
o = 0.67
ksys = 1.1

Check compression perpendicular to the grain - cl.6.1.5

Design perpendicular compression - major axis
Effective contact length

Fc,y,QO,d = 3.058 kN
Lb,et = Lo + min(Lb, 30 mm) =130 mm

Design perpendicular compressive stress - exp.6.4 ccy,90d = Fey904d / (b x Lber) = 0.500 N/mm?

Design perpendicular compressive strength

fc,y,90,d = kmod X ksys X fc.90.k / ™ = 1.692 N/mm2
Gey90.d / (Kego x feyg04d) = 0.296

PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7
Design shear force
Design shear stress - exp.6.60

Design shear strength

Check design 2000 mm along span

Check bending moment - Section 6.1.6
Design bending moment
Design bending stress

Fyq = 3.058 kN

Tyd = 1.5 x Fy,a / (ker x b x h) = 0.647 N/mm?
fvy.d = Kmod x Ksys x fuk / ym = 2.708 N/mm?
Tyd / fvya = 0.239

PASS - Design shear strength exceeds design shear stress

My.q = 3.058 kKNm
Omyd = My,d / Wy =7.71 N/mm2
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Design bending strength fmy,d = Kmod X Ksys x fmk / ym = 16.246 N/mm?

omyd [ fmyd = 0.475
PASS - Design bending strength exceeds design bending stress
Check beams subjected to either bending or combined bending and compression - cl.6.3.3
Lateral buckling factor - exp.6.34 Kerit = 1.000
Beam stability check - exp.6.33 omyd ! (Kerit X fmy,d) = 0.475
PASS - Beam stability is acceptable

Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 2000 mm along span

Check y-y axis deflection - Section 7.2

Instantaneous deflection 8y =7.4 mm

Quasi-permanent variable load factor y2=0.3

Final deflection with creep SyFinal = By x (1 + Kaer) = 13.4 mm
Allowable deflection Sy Allowable = Lm1_s1 / 250 =16 mm

Sy,FinaI / Sy,AIIowabIe =0.836
PASS - Allowable deflection exceeds final deflection
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TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating

National Amendment No.1
Tedds calculation version 1.7.05

4.808

Load Envelope - Combination 1

1800

kNm
0.0

Bending Moment Envelope

1.947

19
1800

Shear Force Envelope

1800

-4.3

Applied loading

Beam loads

Load combinations
Load combination 1

Permanent self weight of beam x 1
Permanent full UDL 1.600 kN/m

Variable full UDL 1.700 kN/m

Support A

Span 1

Support B

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




Project Job Ref.
1a Blaendowlais, Dowlais, Merthyr Tydfil, CF48 3RB AUX843
A U XI L I U M Section Sheet no./rev.

STRUCTURAL ENGINEERING 7 TR3 07/ 2

Calc. by Date Chk'd by Date App'd by Date

MK 24-08-2026 MK 24-08-2026 MK 24-08-2026
Analysis results
Maximum moment Mmax = 1.947 KNm Mmin = 0.000 KNm
Design moment M = max(abs(Mmax),abs(Mmin)) = 1.947 kNm
Maximum shear Fmax = 4.327 kKN Fmin = -4.327 kKN
Design shear F = max(abs(Fmax),abs(Fmin)) = 4.327 kN
Total load on beam Wiet = 8.654 kN
Reactions at support A RA_max = 4.327 kN Ra_min = 4.327 kN
Unfactored permanent load reaction at support A Ra_permanent = 1.505 kN
Unfactored variable load reaction at support A RA_variable = 1.530 kN
Reactions at support B Re_max = 4.327 kN Re_min = 4.327 kN
Unfactored permanent load reaction at support B Rs_permanent = 1.505 kN
Unfactored variable load reaction at support B RB_variable = 1.530 kN

94— N
41003
Timber section details
Breadth of timber sections b =47 mm
Depth of timber sections h =225 mm
Number of timber sections in member N=2
Overall breadth of timber member bb =N xb =94 mm
Timber strength class - EN 338:2016 Table 1 C24
Member details
Load duration - ¢l.2.3.1.2 Long-term
Service class of timber - ¢l.2.3.1.3 1
Length of span Ls1 = 1800 mm
Length of bearing Lo =100 mm
Section properties
Cross sectional area of member A=Nxb xh=21150 mm?
Section modulus Wy=Nxbxh?/6=793125 mm?®
Wz =h x (N x b)?/6 =331350 mm?
Second moment of area ly=Nxbxh®/12 = 89226562 mm*
lz=hx (N xb)/12 = 15573450 mm*

Radius of gyration ry=(ly/ A) = 65.0 mm

rz=(l;/A) =27.1 mm

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 w =1.300

Modification factors
Modification factor for load duration and moisture content - Table 3.1
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Kmoa = 0.700
Deformation factor for service classes - Table 3.2 kder = 0.600
Depth factor for bending - exp.3.1 kh.m = 1.000
Depth factor for tension - exp.3.1 knt=1.000
Bending stress re-distribution factor - cl.6.1.6(2) km = 0.700
Crack factor for shear resistance - cl.6.1.7(2) ker = 0.670
Load configuration factor - exp.6.4 ke9o = 1.000
System strength factor - cl.6.6 ksys = 1.000
Lateral buckling factor - cl.6.3.3(5) Kerit = 1.000

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress

Design compressive strength

6c90.d = Ra max / (N x b x L) = 0.460 N/mm?
fe90.d = Kmod x Ksys X Kc.90 x feook / ym = 1.346 N/mm?
6c90.d / feooa = 0.342

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design bending stress

Design bending strength

Shear - ¢l.6.1.7
Applied shear stress

Permissible shear stress

Deflection - cl.7.2

Deflection limit

Instantaneous deflection due to permanent load
Final deflection due to permanent load
Instantaneous deflection due to variable load
Factor for quasi-permanent variable action

Final deflection due to variable load

Total final deflection

oma =M/ Wy = 2.455 N/mm?
fmd = khm X Kmod X Ksys X Kerit x fmk / ym = 12.923 N/mm?
omd / fma = 0.190
PASS - Design bending strength exceeds design bending stress

T4 =3 x F /(2 x ker x A) = 0.458 N/mm?
fvd = Kmod x Ksys x fux / ym = 2.154 N/mm?
td / fva =0.213
PASS - Design shear strength exceeds design shear stress

Sim = min(14 mm, 0.004 x Ls1) = 7.200 mm
Sinstc = 0.289 mm
8finG = Sinstc X (1 + Kder) = 0.462 mm
dinsta = 0.293 mm
y2=0.3
&inQ = Sinsta X (1 + w2 x kdef) = 0.346 mm
8fin = dfing + Ofina = 0.808 mm
&fn / Sim = 0.112
PASS - Total final deflection is less than the deflection limit
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FLITCH BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

In accordance with EN1995-1-1:2004 + A2:2014 and Corrigendum No.1 and the UK National Annex incorporating
National Amendment No.1

Tedds calculation version 1.7.05

Load Envelope - Combination 1

l

mm | 4100 |

4.320

KNm Bending Moment Envelope

PAN AN
9.991 100
mm | 4100 |
A 1 B
N Shear Force Envelope

8.2

8248 ’_\‘

0.0

= N
7511

-7.5
mm | 4100 |

A 1 B

Applied loading

Beam loads
Permanent self weight of beam x 1
Permanent full UDL 0.300 kN/m
Variable full UDL 1.400 kN/m
Permanent point load 1.500 kN at 1700 mm
Variable point load 1.530 kN at 1700 mm

Load combinations

Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Span 1 Permanent x 1.35

Variable x 1.50
Support B Permanent x 1.35
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Variable x 1.50

Analysis results

Maximum moment Mmax = 9.991 kNm Mmin = 0.000 kNm
Design moment M = max(abs(Mmax),abs(Mmin)) = 9.991 kNm
Maximum shear Fmax = 8.248 kN Fmin = -7.511 kN
Design shear F = max(abs(Fmax),abs(Fmin)) = 8.248 kN
Total load on beam Wit = 15.759 kN
Reactions at support A Ra_max = 8.248 kN Ra_min = 8.248 kN
Unfactored permanent load reaction at support A Ra_permanent = 1.926 kN
Unfactored variable load reaction at support A RA_variable = 3.766 kN
Reactions at support B Re_max = 7.511 kN Re_min = 7.511 kN
Unfactored permanent load reaction at support B Rs_permanent = 1.670 kN
Unfactored variable load reaction at support B Re_variable = 3.504 kN

] :

i +

[« 102-»f
|« 100-»|

Timber section details
Breadth of timber sections b =47 mm
Depth of timber sections h =225 mm
Number of timber sections in member N=2
Timber strength class - EN 338:2016 Table 1 C24
Steel section details
Breadth of steel plate bs =8 mm
Depth of steel plate hs =225 mm
Number of steel plates in member Ns =1
Nominal yield stress fy = 275 N/mm?
Bolt diameter o =12 mm
Member details
Load duration - cl.2.3.1.2 Long-term
Service class of timber - ¢l.2.3.1.3 1
Length of span Ls1 = 4100 mm
Length of bearing Lo =100 mm
Section properties
Cross sectional area of member A=Nxb xh=21150 mm?
Timber section modulus Wyt=Nxbxh?/6=793125 mm?
Steel section modulus Wys = Ns x bs x hs? / 6 = 67500 mm?
Second moment of area of timber li=Nxb xh3/12 = 89226562 mm*

Second moment of area of steel lys = Ns x bs x hs®/ 12 = 7593750 mm*
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Load proportions
Instant deflection under permanent actions Uinstc = 1.556 mm
Instant deflection under principal variable action Uinsta1 = 2.860 mm
Kdef = 0.6
y2=0.3

Final fifth percentile value of modulus of elasticity
Eo.05.fn = E0.05 x (Uinstg + Uinsta1) / (Uinstc + Uinsta1 + Kaef X (Uinstc + W2 X Uinsta1)) = 5572 N/mm?
Final mean value of modulus of elasticity
Eo.mean.fin = Eo.mean X (Uinst + Uinsta1) / (UinstG + Uinsta1 + Kdef x (Uinstc + W2 X Uinsta1)) = 8283 N/mm?
Proportion of applied load in timber to check bending, shear and instantaneous deflection
kt = Eo.mean X Iyt / (Eo.mean % Iyt + Eseca x lys) = 0.381
Proportion of applied load in steel to check strength of bolts and steel plate
ks = 1.1 x Esecs x lys / (Eo.05.6in x Iyt + Esecs x lys) = 0.839
Proportion of applied load in timber to check final deflection

Ktdef = Eomeanfin X Iyt / (Eomeanfin x Iyt + Esecs x lys) = 0.317

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 w =1.300

Modification factors
Modification factor for load duration and moisture content - Table 3.1

Kmoa = 0.700
Deformation factor for service classes - Table 3.2 kder = 0.600
Depth factor for bending - exp.3.1 kh.m = 1.000
Depth factor for tension - exp.3.1 knt=1.000
Bending stress re-distribution factor - cl.6.1.6(2) km =1.000
Crack factor for shear resistance - cl.6.1.7(2) ker = 0.670
Load configuration factor - exp.6.4 ke9o = 1.000
System strength factor - cl.6.6 ksys = 1.000
Lateral buckling factor - cl.6.3.3(5) Kerit = 1.000
Compression perpendicular to the grain - ¢cl.6.1.5
Design compressive stress 6c90.d = Ra max / (N x b x L) = 0.877 N/mm?
Design compressive strength fe00.d = Kmod x Ksys x Kc.90 % fegok / ym = 1.346 N/mm?

6c.90.d / feo0.d = 0.652
PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - cl 6.1.6
Design timber bending stress omtd = ki x M/ Wy = 4.799 N/mm?
Design timber bending strength fmd = khm X Kmod X Ksys X Kerit x fmk / ym = 12.923 N/mm?
omtd / fma = 0.371
PASS - Design timber bending strength exceeds design timber bending stress
Design steel bending stress omsd = ks x M/ Wys = 124.114 N/mm?
Design steel bending strength fya = fy / ymo = 275.000 N/mm?
omsd/ fya = 0.451
PASS - Design steel bending strength exceeds design steel bending stress
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Shear - cl.6.1.7

Applied shear stress ¢ = 3 x ki x F /(2 x ker x A) = 0.333 N/mm?

Permissible shear stress fvd = Kmod x Ksys x fux / ym = 2.154 N/mm?

td / fv.a = 0.154
PASS - Design shear strength exceeds design shear stress

Deflection - cl.7.2
Deflection limit Sim = min(14 mm, 0.004 x Ls1) = 14.000 mm
Instantaneous deflection due to permanent load Sinstc = 1.765 mm

Final deflection due to permanent load 8finG = Binstc X (1 + Kaef) = 2.823 mm
Instantaneous deflection due to variable load Sinsta = 3.220 mm

Factor for quasi-permanent variable action y2=0.3

Final deflection due to variable load &inQ = Sinsta X (1 + w2 x kdef) = 3.800 mm
Total final deflection &fin = dfing + dfina = 6.623 mm

Ofin / Oim = 0.473
PASS - Total final deflection is less than the deflection limit

Steel-to-timber connections - cl.8.2.3

Characteristic yield moment - exp.8.30 Myrk = 0.3 mm®* x fuk x ¢pp>® = 76745 Nmm

Char.embed.strength par.to grain - exp.8.32 fhox = 0.082e9 m/sec? x (1 mm - 0.01 x ¢v) x pk = 25.256 N/mm?
koo = 1.35+ 0.015 x ¢p / 1 mm = 1.530

Char.embed.strength perp.to grain - exp.8.31 fh.ook = fhok / keo = 16.507 N/mm?

Thickness limit for thin steel plates bsthn = ¢o /2 = 6 mm

Thickness limit for thick steel plates bsik = ¢p =12 mm

Characteristic load-carrying capacity for a plate of any thickness as the central member in double shear - exp.8.11
Fvrks = fak x b x ¢pp = 9.310 kN
Furkg = fak x b x ¢o x (V[2 + 4 x Myrk / (frk x ¢ x b2)] - 1) = 5.992 kN
Furcn = 2.3 x V[My.Rk x fax x o] = 8.968 kN
Fvre = Min(Fv.ref, Fvreg, Fvrkn) = 5.992 kN

Flitch plate bolting requirements

Total load on member Wit = 15.759 kN

Total load taken by steel Ws = ks x Wit = 13.215 kN

Number of interfaces Nint = (N + Ns)—1=2

Number of bolts required at supports Nbe = max(ks x Ra_max / (Nint X FvRrk), 2) = 2
Limiting bolt spacing Siimit = Min(2.5 x h, 600 mm) = 563 mm
Maximum bolt spacing Smax = 375 mm

Minimum number of bolts along length of member Nu = Ws / (Nint x Fvrk) = 1.103
Provide a minimum of 2 No.12 mm diameter bolts at each support
Provide 12 mm diameter bolts at maximum 375 mm centres staggered 55 mm alternately above and below the centre line

Minimum bolt spacings - cl.8.5

Minimum end spacing - Table 8.4 Send = 7 x ¢pp = 84 mm

Minimum edge spacing - Table 8.4 Sedge = 4 x ¢p = 48 mm
Minimum bolt spacing - Table 8.4 Sbot = 4 x ¢p = 48 mm
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Minimum washer diameter - ¢l.10.4.3

Minimum washer thickness - ¢l.10.4.3

dw =3 x ¢pp =36 mm
tw=0.3 x ¢p = 3.6 mm
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national
annex
TEDDS calculation version 3.0.18

Load Envelope - Combination 1

l

mm | 5480 |

12.441

KNm Bending Moment Envelope

0.0

53.6
mm | 5480 |

KN Shear Force Envelope
39.1

00 J=

-36.5

mm | 5480 |
A 1 B
Support conditions
Support A Vertically restrained
Rotationally free
Support B Vertically restrained

Rotationally free

Applied loading

Beam loads Permanent self weight of beam x 1
Permanent full UDL 1.63 kN/m
Variable full UDL 6.5 kN/m
Permanent point load 1.66 kN at 1800 mm
Variable point load 3.45 kN at 1800 mm

Load combinations
Load combination 1 Support A Permanent x 1.35
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Variable x 1.50
Permanent x 1.35
Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50

Analysis results

Maximum moment Mmax = 53.6 KNm Mmin = 0 KNm
Maximum shear Vmax = 39.1 kN Vmin = -36.5 kN
Deflection Smax = 9.9 mm Smin = 0 mm
Maximum reaction at support A RA_max = 39.1 kN Ra_min = 39.1 kKN
Unfactored permanent load reaction at support A Ra_permanent = 6.6 kN

Unfactored variable load reaction at support A RA_variable = 20.1 kN

Maximum reaction at support B Rg_max = 36.5 kN Re_min = 36.5 kKN
Unfactored permanent load reaction at support B Rs_permanent = 6 kKN

Unfactored variable load reaction at support B RB_variable = 18.9 kN

Section details

Section type UB 254x146x37 (British Steel Section Range 2022 (BS4-1))
Steel grade S275
EN 10025-2:2004 - Hot rolled products of structural steels
Nominal thickness of element t = max(tr, tw) = 10.9 mm
Nominal yield strength fy = 275 N/mm?
Nominal ultimate tensile strength fu = 410 N/mm?
Modulus of elasticity E =210000 N/mm?
yy i ‘
T
8 > €63
v
v \ |
T

e 1464———

Partial factors - Section 6.1

Resistance of cross-sections ymo = 1.00
Resistance of members to instability w1 = 1.00
Resistance of tensile members to fracture w2 =1.10

Lateral restraint
Span 1 has lateral restraint at supports only




Project Job Ref.
1a Blaendowlais, Dowlais, Merthyr Tydfil, CF48 3RB AUX843
A U XI L I u M Section Sheet no./rev.
STRUCTURAL ENGINEERING 9B3 09/'3
Calc. by Date Chk'd by Date App'd by Date
MK 24-08-2026 MK 24-08-2026 MK 24-08-2026

Effective length factors

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

Classification of cross sections - Section 5.5

Ky =1.000
2=1.000
Kira =1.000
Kire =1.000

e = V[235 N/mm2/ f,] = 0.92

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

Width of section

Outstand flanges - Table 5.2 (sheet 2 of 3)

Width of section

Check shear - Section 6.2.6
Height of web
Shear area factor

Design shear force
Shear area - ¢l 6.2.6(3)
Design shear resistance - cl 6.2.6(2)

c=d=219 mm
c/tw=376xe<=72x¢ Class 1

c=(b-tw-2xr)/2=62.5mm
c/ti=6.2xe<=9x¢ Class 1
Section is class 1

hw=h-2 x tr=234.2 mm
n =1.000
hw/tw<72x¢e/n
Shear buckling resistance can be ignored

Ved = max(abs(Vmax), abs(Vmin)) = 39.1 kN
Av=max(A -2 x b xtr+ (tw + 2 x r) x t;, N x hw x tw) = 1759 mm?
Verd = Vpird = Av x (fy / \[3]) / ymo = 279.3 kN

PASS - Design shear resistance exceeds design shear force

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

Design bending moment

Design bending resistance moment - eq 6.13

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor

Poissons ratio

Shear modulus

Unrestrained length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5
Imperfection factor - Table 6.3
Correction factor for rolled sections

Med = max(abs(Ms1_max), abs(Ms1_min)) = 53.6 KNm
McRrd = Mpird = Wiy x fy / ymo = 132.9 kKNm

ke = 0.94
Ci=1/k?=1.132
g="[1-(./1)] =0.947
v=0.3
G=E/[2x(1+ V)] =80769 N/mm?
L = 1.0 x Ls1 = 5480 mm
e =CixmxExl/(L2xg) x V[lw/l:+L2x G x It/ (12 x E x I2)] =101.4
kNm
A = V(Wi x fy / Mer) = 1.145
ALTo = 0.4

ALt > Auto - Lateral torsional buckling cannot be ignored

b
ot = 0.34
B=0.75
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LTB reduction determination factor Gt =0.5 x [1 + awr x ( ALt~ ALto) + B x Ar?] =1.118
LTB reduction factor - eq 6.57 xur = min(1/ [gur + V(o2 - B x Ar?)], 1, 1/ Aur?) = 0.612
Modification factor f=min(1-0.5x (1 -ke)x [1-2x ( Ar-0.8)3, 1) = 0.977
Modified LTB reduction factor - eq 6.58 ¥LT.mod = Min(yLr / f, 1) = 0.626
Design buckling resistance moment - eq 6.55 Mb,Rd = yLT.mod X Woiy x fy / ym1 = 83.2 KNm

PASS - Design buckling resistance moment exceeds design bending moment
Check vertical deflection - Section 7.2.1
Consider deflection due to permanent and variable loads
Limiting deflection 8im = Ls1/ 360 =15.2 mm
Maximum deflection span 1 8 = max(abs(dmax), abs(dmin)) = 9.85 mm
PASS - Maximum deflection does not exceed deflection limit
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MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK
National Annex.

Tedds calculation version 1.0.14

Summary table

Load Local concentration Spreader Utilisation
Design force ‘ Resistance Design stress ‘ Resistance
1 17.9 kN \ 37.7kN 0.55 N/mm? \ 2.84 N/mm? 0.193 Pass
Masonry panel details
Panel length L =3000 mm
Panel height h =3000 mm

Panel support conditions
Top and bottom edges supported only

L‘
g

3000

€
|«

e 3000 >
Effective height of masonry wall - Section 5.5.1.2
Vertical restraints Wall restrained at top and bottom only
Horizontal restraints Simply supported
Reduction factor - eq. 5.5 p2=1.00
Effective height of wall - eq. 5.2 hef = p2 x h =3000 mm

Wall construction details

|« 100p{e—150—»}¢ 100»|
/<
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Wall type Cavity wall

Inner leaf thickness t2=100.0 mm
Cavity thickness te =150.0 mm
Outer leaf thickness t1=100.0 mm

Effective thickness of masonry wall - Section 5.5.1.3

Effective thickness of inner leaf
Effective thickness of outer leaf
Factor for the relative E values
Effective thickness - eq. 5.11

Masonry material details

terz = 12 =100.0 mm

ter1 = Min(ts, t2) = 100.0 mm

kiet = 1.00

tef = (kief X ter1® + ter2®)"® = 126.0 mm

Unit type Aggregate concrete - Group 1
Compressive strength of masonry unit fo = 7.3 N/mm?

Height of unit hy =215 mm

Width of unit wu =102 mm

Conditioning factor k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1 dst = 1.376

Mean compressive strength of masonry unit fb = fc x k x dst = 10.04 N/mm?
Specific weight of units y =18 kN/m?

Mortar type M4 - General Purpose
Compressive strength of mortar fm = 4.0 N/mm?

Compressive strength factor - Tbl. NA 4 K=0.75

Characteristic compressive strength - eq. 3.1 fk = K x f%7 x fm03 = 5.72 N/mm?
Short term secant modulus of elasticity factor Ke = 1000

Modulus of elasticity - cl.3.7.2 Ew = Ke x fk = 5715 N/mm?

Design compressive strength of masonry for inner (loaded) leaf

Category of manufacturing control Category Il
Class of execution control Class 2
Partial factor for compressive strength v = 3.00

Cross-sectional area of wall

Design compressive strength of masonry

Partial safety factors for design loads

A=Lxt=0.30 m?
fa = fc /ym = 1.91 N/mm?2

Partial safety factor for permanent load vic = 1.35
Partial safety factor for variable load yia = 1.50
Superimposed vertical loading details

Permanent UDL at top of wall gk = 0.00 kN/m
Variable UDL at top of wall gk = 0.00 kN/m
Eccentricity of permanent UDL load egu=0mm
Eccentricity of variable UDL load equ =0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit

Slenderness ratio

Aim = 27
A = het/ ter = 23.8
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PASS - Slenderness ratio is less than slenderness limit

Concentrated Load 1 details

17.85 kN

/ 13.22 kN/m \
/ | \
F4444444444444718654444444‘4‘4“"

3000

3000

Fy
A

Permanent concentrated load Gke1 = 7.00 kN
Variable concentrated load Qxc1 = 5.60 kN
Eccentricity of concentrated load €c1 =0 mm
Length of concentrated load Let =133 mm
Width of concentrated load We1 = 100 mm
Height of concentrated load het = 3000 mm
Distance of load to right vertical edge ri1 = 1434 mm
Distance of load to nearest vertical edge a1 = 1434 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check e <=t/4
PASS - Eccentricity of load is less than t/4
Area of bearing Ab1 = Let x Wer = 13300 mm?
Effective length of bearing at mid-height lefm1 = Le1 + het x tan(30) = 1865 mm
Effective bearing area Act = lefm1 x t = 186505 mm?
Bearing area ratio check Aratior = Min(Ab1 / Aer1, 0.45) = 0.07
Initial enhancement factor Binitt = Max((1 + 0.3 x @11/ he1) x (1.5 - 1.1 x Aratio1), 1.0) = 1.63
Maximum enhancement factor Bmaxt = Min(1.25 + a11 /(2 x het), 1.5) = 1.49
Enhancement factor for concentrated loads B1 = Min(Binit1, Bmax1) = 1.49
Design value of the concentrated load Nedet = Gket x Y16 + Qiet x yia = 17.85 KN
Design value concentrated load resistance NRac1 = B1 x Ab1 x fa = 37.73 kN

PASS - Design resistance exceeds applied concentrated load
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Design of spreader beam
Type of spreader

Type of bearing onto spreader
Location of load from RHS of spreader
Length of spreader

Height of spreader

Width of spreader

Eccentricity of load on spreader
Modulus of elasticity

Second moment of area
Modulus of the wall

Winkler's constant
Characteristic of the system
Classification of spreader

Krilov's functions for the spreader length

Krilov's functions at the point load

Using method of initial conditions
Initial moment of LH edge

Initial shear of LH edge

Which gives

and

Therefore,
Initial deflection of LH edge

Initial rotationof LH edge

Location of maximum deflection
Krilov's functions at the spreader length

Distance of point load right of loaction
Krilov's functions at the spreader length

Particular integral due to load
Maximum deflection

Concrete padstone

Point load
P11 =165 mm
Lsp1 = 330 mm
hsp1 = 140 mm
Wsp1 = 100 mm
esp1 =0 mm

Esp1 = 29962 N/mm?

Ispt = 1/12 x Wsp1 x hgp1® = 22866667 mm*

ko = Ew/ h =1.91 N/mm?/mm

Ke1 = ko x Wsp1 = 190.51 N/mm/mm

o = (Kot / (4 x Espt x Isp1))"* = 0.00289 mm-"

ol1 =01 x Lsp1 = 0.95 Medium

Bat = 1/2 x (cosh(al1) x sin(180 x alL1 / ) + sinh(al1) x cos(180 x al+ / w))
=0.93

Cut = 1/2 x sinh(aL1) x sin(180 x alL1/ nt) = 0.45

Dat = 1/4 x (cosh(aL1) x sin(180 x al1 / ©t) - sinh(al1) x cos(180 x al+ / w))
=0.14

Acp11 = cosh(au x P11) x cos(180 x a1 x P11/ ) = 0.99

Bop11 = 1/2 x (cosh(o1 x P11) x sin(180 x a1 x P11/ 1) + sinh(a1 x P11) x
cos(180 x ot x P11/ 7)) = 0.48

Mot =0 kKNm

Vo1 =0 kN

(4 x 01? x Cant x 801 + 4 x 01 x Dot x @o1) x Espt x lspt - Bap11 / o1 x NEdet =
0.00 kNm

(4 x 013 x Bat x 801 + 4 x 01?2 x Cai1 x Do1) x Esp1 x Isp1 = Aap11 x NEge1 = 0.00
kN

801 = 0.27957 mm
Do1 = 0.000059

Xdett = 165 mm

Acuxdett = cOSh(ou1 x Xger1) x c0S(180 x a1 x Xder1 / ) = 0.99

Boxder1 = 1/2 x (cosh(a1 x Xder1) x SiN(180 x o1 x Xdet1 / 1) + sinh(au x Xger1) x
€0s(180 x a1 x Xdef1 / 7)) = 0.48

P1dert = 0 mm

Daptdert = 1/4 x (cosh(ou1 x pidef1) x Sin(180 x a1 x p1der1 / ) - Sinh(o1 x Pidett)
x €0S(180 x o1 x p1der1 / w)) = 0.00

8'1 = Dapideft / 013 x NEdet / (Isp1 x Espt) = 0.000 mm

Smax1 = Acxdett X 001 + Baxdeft x ®o1/ o1 + 8'1 = 0.287 mm
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Location of maximum moment xm1 = 165 mm

Krilov's functions at the spreader length Caxm1 = 1/2 x sinh(a1 x Xm1) x sin(180 x a1 x xm1 / ) = 0.11

Daxm1 = 1/4 x (cosh(o1 x xm1) x sin(180 x a1 x xm1 / 1) - sinh(a1 x Xm1) x
cos(180 x o x xm1 / w)) = 0.02

Distance of point load right of loaction pimt =0 mm
Krilov's functions at the spreader length Bopim1 = 1/2 x (cosh(ou x pimit) x sin(180 x a1 x p1m1 / 1) + sinh(ou x pami) x
cos(180 x a1 x pim1 / w)) = 0.00

M'1 = -Boptm1 / a1 x NEder = 0.00 KNm

Medspt = (4 x a1? x Caxm1 x 801 + 4 x a1 x Doxmt x Do1) x (lspt x Espt) + M'y =

0.73 kNm

Particular integral due to load

Maximum moment

Location of maximum shear Xv1 = 165 mm

Krilov's functions at the spreader length Baxv1 = 1/2 x (cosh(ou x xv1) x sin(180 x o1 x xv1 / 1) + sinh(au x Xv1) x
cos(180 x o x Xv1 / m)) = 0.48

Coxvt = 1/2 x sinh(ai1 x Xv1) x sin(180 x a1 x xv1 / w) = 0.11

Distance of point load right of loaction pivi=0mm
Krilov's functions at the spreader length Aaprvt = cosh(a x p1v1) x cos(180 x a1 x pave / ) = 1.00

V'1 = -Agp1v1 x NEde1 = -17.85 kN

V1= (4 x o1® x Boxv1 x 801 + 4 x a12 x Caxv1 x @o1) x (Ispt x Esp1) + V'1 = -8.93
kN

Vedspt = Max(Abs(V1), Nedc1 - Abs(V1)) = 8.93 kN

Particular integral due to load

Shear at concentrated point load

Maximum shear

Maximum allowable stress under spreader GRdspt = 1 x fa = 2.84 N/mm?
NEdsp1 = Ke1 x Smax1 = 54.64 kKN/m

GEdspt = NEdspt / Wsp1 = 0.55 N/mm?

Maximum reaction
Design stress
PASS - Design stress under spreader is less than the allowable bearing stress

Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load
€gmut = €gu X he1 /(2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load
€gmut = €qu X he1 /(2 x h) = 0.0 mm
emct = €c1/2=0.0 mm
einit = hef / 450 = 6.7 mm
Nme1 = Nedet / leimt = 9.57 KN/m
Nea1 = (gk + y x t x (h - he1 / 2)) x yic + gk % yra + Nme1 = 13.22 KN/m
Med1 = gk X YfG X €gmut + Ok X yiQ X €gmu1 + Nmct X €me1 = 0.00 kNm/m
em1 = Abs(Med1) / Ned1 + €init = 6.7 mm
he =27
ekt = 0.0 mm

Eccentricity of concentrated load at mid-height
Initial eccentricity - ¢l.5.5.1.1(4)

Concentrated load at mid-height as UDL
Vertical load at mid-height

Design moment at mid-height

Eccentricities due to loads - eq. 6.7
Slenderness ratio limit for creep eccentricity
Eccentricity due to creep

Eccentricity at mid-height - eq. 6.6 emk1 = Max(em1 + ex1, 0.05 x t) = 6.7 mm
Ar1=1-2xemn/t=0.87

ut = (hef / tef x (1 / Ke)"2-0.063) / (0.73 - 1.17 x emk1 / t) = 1.06

®m1 = A11 x exp(-(u+?) / 2) = 0.50

From eq. G2
From eq. G3

Capacity reduction factor - eq. G1
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Design vertical resistance of panel - eq.6.2 Nrd1 = ®m1 x t x fa = 94.32 kN/m

PASS - Design value of vertical resistance exceeds applied vertical load
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MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK
National Annex.

Tedds calculation version 1.0.14

Summary table

Load Local concentration Spreader Utilisation
Design force ‘ Resistance Design stress ‘ Resistance
1 46.8 kN \ 41.7 kN 1.44 N/mm? \ 2.86 N/mm? 0.502 Pass
Masonry panel details
Panel length L =3000 mm
Panel height h =2450 mm

Panel support conditions
Top and bottom edges supported only

L‘
gl

2450

€
<

[
<

3000 >
Effective height of masonry wall - Section 5.5.1.2
Vertical restraints Wall restrained at top and bottom only
Horizontal restraints Simply supported
Reduction factor - eq. 5.5 p2=1.00
Effective height of wall - eq. 5.2 hef = p2 x h = 2450 mm

Wall construction details

|« 100p{a—150—»}¢ 1005|
/<
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Wall type Cavity wall

Inner leaf thickness t2=100.0 mm
Cavity thickness te =150.0 mm
Outer leaf thickness t1=100.0 mm

Effective thickness of masonry wall - Section 5.5.1.3

Effective thickness of inner leaf
Effective thickness of outer leaf
Factor for the relative E values
Effective thickness - eq. 5.11

Masonry material details

terz = 12 =100.0 mm

ter1 = Min(ts, t2) = 100.0 mm

kiet = 1.00

tef = (kief X ter1® + ter2®)"® = 126.0 mm

Unit type Aggregate concrete - Group 1
Compressive strength of masonry unit fo = 7.3 N/mm?

Height of unit hy =215 mm

Width of unit wu =102 mm

Conditioning factor k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1 dst = 1.376

Mean compressive strength of masonry unit fb = fc x k x dst = 10.04 N/mm?
Specific weight of units y =18 kN/m?

Mortar type M4 - General Purpose
Compressive strength of mortar fm = 4.0 N/mm?

Compressive strength factor - Tbl. NA 4 K=0.75

Characteristic compressive strength - eq. 3.1 fk = K x f%7 x fm03 = 5.72 N/mm?
Short term secant modulus of elasticity factor Ke = 1000

Modulus of elasticity - cl.3.7.2 Ew = Ke x fk = 5715 N/mm?

Design compressive strength of masonry for inner (loaded) leaf

Category of manufacturing control Category Il
Class of execution control Class 2
Partial factor for compressive strength v = 3.00

Cross-sectional area of wall

Design compressive strength of masonry

Partial safety factors for design loads

A=Lxt=0.30 m?
fa = fc /ym = 1.91 N/mm?2

Partial safety factor for permanent load vic = 1.35
Partial safety factor for variable load yia = 1.50
Superimposed vertical loading details

Permanent UDL at top of wall gk = 0.00 kN/m
Variable UDL at top of wall gk = 0.00 kN/m
Eccentricity of permanent UDL load egu=0mm
Eccentricity of variable UDL load equ =0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit

Slenderness ratio

Aim = 27
A = het/ ter = 19.4
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PASS - Slenderness ratio is less than slenderness limit

Concentrated Load 1 details

46.80 kN

2450

/

/ 32.97 kN/m \

i \

1561

e 3000 »
Permanent concentrated load Gre1 = 13.00 kKN
Variable concentrated load Qxke1 = 19.50 kN
Eccentricity of concentrated load ec1 =0 mm
Length of concentrated load Le1 =146 mm
Width of concentrated load Wer = 100 mm
Height of concentrated load he1 = 2450 mm
Distance of load to right vertical edge ri1 = 1427 mm
Distance of load to nearest vertical edge a1 = 1427 mm
Walls subjected to concentrated loads - Section 6.1.3
Eccentricity check e <=t/4

Area of bearing

Effective length of bearing at mid-height
Effective bearing area

Bearing area ratio check

Initial enhancement factor

Maximum enhancement factor
Enhancement factor for concentrated loads
Design value of the concentrated load

Design value concentrated load resistance

PASS - Eccentricity of load is less than t/4
Ab1 = Let x Wer = 14600 mm?
lefm1 = Le1 + her x tan(30) = 1561 mm
Aett = leim1 x t = 156051 mm?
Aratior = Min(Ab1 / Aer1, 0.45) = 0.09
Binitt1 = Max((1 + 0.3 x a11 / he1) x (1.5 - 1.1 x Aratio1), 1.0) = 1.64
Bmaxt = Min(1.25 + a11 /(2 x he1), 1.5) = 1.50
B1 = Min(Binit1, Pmax1) = 1.50
NEedet = Gket X yic + Qket X yra = 46.80 kN
NRdc1 = B1 x Ab1 x fa = 41.72 kN

Applied concentrated load exceeds design resistance, spreader required!
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Design of spreader beam
Type of spreader

Type of bearing onto spreader
Location of load from RHS of spreader
Length of spreader

Height of spreader

Width of spreader

Eccentricity of load on spreader
Modulus of elasticity

Second moment of area
Modulus of the wall

Winkler's constant
Characteristic of the system
Classification of spreader

Krilov's functions for the spreader length

Krilov's functions at the point load

Using method of initial conditions
Initial moment of LH edge

Initial shear of LH edge

Which gives

and

Therefore,
Initial deflection of LH edge

Initial rotationof LH edge

Location of maximum deflection
Krilov's functions at the spreader length

Distance of point load right of loaction
Krilov's functions at the spreader length

Particular integral due to load
Maximum deflection

Concrete padstone

Point load
P11 =165 mm
Lsp1 = 330 mm
hsp1 = 140 mm
Wsp1 = 100 mm
esp1 =0 mm

Esp1 = 29962 N/mm?

Ispt = 1/12 x Wsp1 x hgp1® = 22866667 mm*

ko = Ew/ h = 2.33 N/mm?/mm

Ke1 = ko x Wsp1 = 233.28 N/mm/mm

o = (Kot / (4 x Espt x Isp1))"* = 0.00304 mm-"

ol1 =01 x Lsp1 =1.00 Medium

Bat = 1/2 x (cosh(al1) x sin(180 x alL1 / ) + sinh(al1) x cos(180 x al+ / w))
=0.97

Cut = 1/2 x sinh(aL1) x sin(180 x alL+1/ ) = 0.50

Dat = 1/4 x (cosh(aL1) x sin(180 x al1 / ©t) - sinh(al1) x cos(180 x al+ / w))
=017

Acp11 = cosh(au x P11) x cos(180 x a1 x P11/ ) = 0.99

Bop11 = 1/2 x (cosh(o1 x P11) x sin(180 x a1 x P11/ 1) + sinh(a1 x P11) x
cos(180 x o x P11/ wt)) = 0.50

Mot =0 kKNm

Vo1 =0 kN

(4 x 01? x Cant x 801 + 4 x 01 x Dot x @o1) x Espt x lspt - Bap11 / o1 x NEdet =
0.00 kNm

(4 x 013 x Bat x 801 + 4 x 01?2 x Cai1 x Do1) x Esp1 x Isp1 = Aap11 x NEge1 = 0.00
kN

801 = 0.59653 mm
Do1 = 0.000154

Xdett = 165 mm

Acuxdett = cOSh(ou1 x Xger1) x c0S(180 x a1 x Xder1 / ) = 0.99

Boxder1 = 1/2 x (cosh(a1 x Xder1) x SiN(180 x o1 x Xdet1 / 1) + sinh(au x Xger1) x
€0s(180 x a1 x Xdef1 / 7)) = 0.50

P1dert = 0 mm

Daptdert = 1/4 x (cosh(ou1 x pidef1) x Sin(180 x a1 x p1der1 / ) - Sinh(o1 x Pidett)
x €0S(180 x o1 x p1der1 / w)) = 0.00

8'1 = Dapideft / 013 x NEdet / (Isp1 x Espt) = 0.000 mm

Smax1 = Acxdett X 001 + Baxdeft x ®o1/ o1 + 8'1 = 0.616 mm
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Location of maximum moment xm1 = 165 mm
Krilov's functions at the spreader length Coxmt = 1/2 x sinh(a1 x Xm1) x sin(180 x a1 x xm1 / ) = 0.13

Daxmt = 1/4 x (cosh(o1 x Xm1) x sin(180 x a1 x Xm1 / @) - sinh(a x Xm1) x
cos(180 x o x xm1 / w)) = 0.02

Distance of point load right of loaction pimt =0 mm

Krilov's functions at the spreader length Bopim1 = 1/2 x (cosh(ou x pimit) x sin(180 x a1 x p1m1 / 1) + sinh(ou x pami) x
cos(180 x a1 x pim1 / w)) = 0.00

Particular integral due to load M'1 = -Bopim1 / a1 x Neger = 0.00 kNm

Maximum moment Medspt = (4 x 01 x Caxmt x 801 + 4 x a1 x Dot x @o1) x (Isp1 x Esp1) + M’y =
1.92 kNm

Location of maximum shear xvi =165 mm

Krilov's functions at the spreader length Baxv1 = 1/2 x (cosh(ou x xv1) x sin(180 x o1 x xv1 / 1) + sinh(au x Xv1) x

cos(180 x o x Xv1 / m)) = 0.50

Coxvt = 1/2 x sinh(ai1 x Xv1) x sin(180 x a1 x xv1 / w) = 0.13

Distance of point load right of loaction pivi=0mm

Krilov's functions at the spreader length Aaprvt = cosh(a x p1v1) x cos(180 x a1 x pave / ) = 1.00

Particular integral due to load V't = -Aaptvi x Nege1 = -46.80 kKN

Shear at concentrated point load V1= (4 x o1 x Baxvt x 801 + 4 x 01?2 x Coxv1 X Do1) x (lspt x Esp1) + V'1 = =
23.40 kN

Maximum shear Vedspt = Max(Abs(V1), Nedc1 - Abs(V1)) = 23.40 kN

Maximum allowable stress under spreader GRdspt = 1 x fa = 2.86 N/mm?

Maximum reaction Nedspt = Ke1 X 8maxt = 143.59 kN/m

Design stress GEdspt = NEdspt / Wsp1 = 1.44 N/mm?

PASS - Design stress under spreader is less than the allowable bearing stress
Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load
€gmut = €gu X he1 /(2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load
€gmut = €qu X he1 /(2 x h) = 0.0 mm

Eccentricity of concentrated load at mid-height €mct = €c1 /2 =0.0 mm

Initial eccentricity - ¢l.5.5.1.1(4) einit = hef / 450 = 5.4 mm

Concentrated load at mid-height as UDL Nme1 = Nedet / leimt = 29.99 kKN/m

Vertical load at mid-height Nea1 = (gk + ¥ x t x (h - he1 / 2)) x yic + gk % yra + Nme1 = 32.97 kKN/m
Design moment at mid-height Med1 = gk X yf6 X €gmut + Qk X Q@ X €gmut + Nmct X €mc1 = 0.00 KNm/m
Eccentricities due to loads - eq. 6.7 em1 = Abs(Med1) / Neg1 + €init = 5.4 mm

Slenderness ratio limit for creep eccentricity he =27

Eccentricity due to creep ekt = 0.0 mm

Eccentricity at mid-height - eq. 6.6 emk1 = Max(em1 + ex1, 0.05 x t) = 5.4 mm

From eq. G2 Ai1=1-2xem/t=0.89

From eq. G3 ut = (hef / tef x (1/ Ke)¥2-0.063) / (0.73 - 1.17 x emk1 / t) = 0.83

Capacity reduction factor - eq. G1 ®m1 = A1 x exp(-(us?) / 2) = 0.63
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Design vertical resistance of panel - eq.6.2 Nrd1 = ®m1 x t x fa = 120.46 KN/m

PASS - Design value of vertical resistance exceeds applied vertical load
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MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK
National Annex.

Tedds calculation version 1.0.14

Summary table

Load Local concentration Spreader Utilisation
Design force ‘ Resistance | Design stress ‘ Resistance
1 39.1 kN \ 41.7 kN 1.20 N/mm? \ 2.86 N/mm? 0.419 Pass
Masonry panel details
Panel length L =3000 mm
Panel height h =2400 mm

Panel support conditions
Top and bottom edges supported only

L‘
g

2400

€
<

< 3000 >
Effective height of masonry wall - Section 5.5.1.2
Vertical restraints Wall restrained at top and bottom only
Horizontal restraints Simply supported
Reduction factor - eq. 5.5 p2=1.00

Effective height of wall - eq. 5.2 hef = p2 x h = 2400 mm




Effective thickness of masonry wall - Section 5.5.1.3

Effective thickness of inner leaf
Effective thickness of outer leaf
Factor for the relative E values
Effective thickness - eq. 5.11

Masonry material details

Unit type

Compressive strength of masonry unit
Height of unit

Width of unit

Conditioning factor

terz = 12 =100.0 mm

ter1 = Min(ts, t2) = 100.0 mm

kiet = 1.00

tef = (kief X ter1® + ter2®)"® = 126.0 mm

Aggregate concrete - Group 1
fo = 7.3 N/mm?

hy =215 mm

wu =102 mm

k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1

Mean compressive strength of masonry unit
Specific weight of units

Mortar type

Compressive strength of mortar
Compressive strength factor - Tbl. NA 4
Characteristic compressive strength - eq. 3.1
Short term secant modulus of elasticity factor
Modulus of elasticity - cl.3.7.2

dsr=1.376

fo = fc x k x dst = 10.04 N/mm?

y =18 kN/m?

M4 - General Purpose

fm = 4.0 N/mm?

K=0.75

fk = K x %7 x fm03 = 5.72 N/mm?
Ke =1000

Ew = Ke x fx = 5715 N/mm?

Design compressive strength of masonry for inner (loaded) leaf

Category of manufacturing control

Class of execution control

Partial factor for compressive strength
Cross-sectional area of wall

Design compressive strength of masonry
Partial safety factors for design loads

Partial safety factor for permanent load
Partial safety factor for variable load

Superimposed vertical loading details
Permanent UDL at top of wall

Category Il

Class 2

= 3.00
A=Lxt=0.30 m?

fa = fc /ym = 1.91 N/mm?2

yic = 1.35
yra = 1.50

gk = 0.00 kN/m
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Wall construction details
x
: N ;
f \
i !
g [
g 7
Wall type Cavity wall
Inner leaf thickness t2=100.0 mm
Cavity thickness te =150.0 mm
Outer leaf thickness t1 =100.0 mm
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Variable UDL at top of wall gk = 0.00 kKN/m
Eccentricity of permanent UDL load equ =0 mm
Eccentricity of variable UDL load equ=0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit

Slenderness ratio

Concentrated Load 1 details

Mim = 27
A= hef/tef =19.0
PASS - Slenderness ratio is less than slenderness limit

39.06 kN

/ 28.41kN/m \

§ / \
9 le———1532——————»]
v
e 3000 »
Permanent concentrated load Giket = 6.60 kN
Variable concentrated load Qke1 = 20.10 kKN
Eccentricity of concentrated load ec1 =0 mm
Length of concentrated load Le1 =146 mm
Width of concentrated load Wer = 100 mm
Height of concentrated load het = 2400 mm
Distance of load to right vertical edge ri1 = 1427 mm
Distance of load to nearest vertical edge a1 = 1427 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check

Area of bearing

Effective length of bearing at mid-height
Effective bearing area

Bearing area ratio check

Initial enhancement factor

e <=t/4
PASS - Eccentricity of load is less than t/4
Ab1 = Let x Wer = 14600 mm?
lefm1 = Le1 + her x tan(30) = 1532 mm
Aci1 = lefm1 x t = 153164 mm?
Aratior = Min(Ab1 / Aer1, 0.45) = 0.10
Binitt1 = Max((1 + 0.3 x a11 / he1) x (1.5 - 1.1 x Asatior), 1.0) = 1.64
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Maximum enhancement factor

Enhancement factor for concentrated loads

Design value of the concentrated load

Design value concentrated load resistance

Design of spreader beam

Type of spreader

Type of bearing onto spreader
Location of load from RHS of spreader
Length of spreader

Height of spreader

Width of spreader

Eccentricity of load on spreader
Modulus of elasticity

Second moment of area

Modulus of the wall

Winkler's constant

Characteristic of the system
Classification of spreader

Krilov's functions for the spreader length

Krilov's functions at the point load

Using method of initial conditions
Initial moment of LH edge

Initial shear of LH edge

Which gives

and

Therefore,
Initial deflection of LH edge

Initial rotationof LH edge

Location of maximum deflection
Krilov's functions at the spreader length

Distance of point load right of loaction

Bmax1 = Min(1.25 + a11/ (2 x he1), 1.5) = 1.50
B1 = Min(Binit1, Bmax1) = 1.50
Nedet = Gket X Y6 + Qket X yi@ = 39.06 kN
Nrdct1 = B1 x Ap1 x fa = 41.72 kN
PASS - Design resistance exceeds applied concentrated load

Concrete padstone

Point load
P11 =165 mm
Lsp1 = 330 mm
hsp1 = 140 mm
Wsp1 = 100 mm
esp1 =0 mm

Esp1 = 29962 N/mm?

Ispt = 1/12 x Wsp1 x hgp1® = 22866667 mm*

ko = Ew/ h = 2.38 N/mm?/mm

Kc1 = ko x Wsp1 = 238.14 N/mm/mm

o = (Kot / (4 x Espt x Isp1))" = 0.00305 mm-"

ol1 =01 x Lsp1 =1.01 Medium

Bat = 1/2 x (cosh(al1) x sin(180 x alL1 / ) + sinh(al1) x cos(180 x al+ / w))
=0.97

Cut = 1/2 x sinh(al1) x sin(180 x alL1 /) = 0.50

Dat = 1/4 x (cosh(aL1) x sin(180 x al1 / ©t) - sinh(al1) x cos(180 x al+ / w))
=017

Acp11 = cosh(au x P11) x cos(180 x a1 x P11/ ) = 0.99

Bop11 = 1/2 x (cosh(o1 x P11) x sin(180 x a1 x P11/ 1) + sinh(a1 x P11) x
cos(180 x o x P11/ wt)) = 0.50

Mot =0 kKNm

Vo1 =0 kN

(4 x 01? x Cant x 801 + 4 x 01 x Dot x @o1) x Espt x lspt1 - Bap11 / o1 x NEdet =
0.00 kNm

(4 x a1® x Bat x 801 + 4 x 0112 x Coit x Do1) x Espt1 x lsp1 = Aap11 x NEdet1 = 0.00
kN

801 = 0.48752 mm
Do1 = 0.000128

Xdett = 165 mm

Acuxdett = cOSh(ou1 x Xger1) x c0S(180 x a1 x Xder1 / ) = 0.99

Boxder1 = 1/2 x (cosh(a1 x Xder1) x SiN(180 x o1 x Xdet1 / 1) + sinh(au x Xger1) x
€0s(180 x a1 x Xdef1 / 7)) = 0.50

P1dert = 0 mm
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Krilov's functions at the spreader length Daptdert = 1/4 x (cosh(ou1 x pidef1) x Sin(180 x a1 x p1der1 / ) - Sinh(o1 x Pidett)
x €0S(180 x o1 x p1der1 / w)) = 0.00
8'1 = Dapideft / 013 x NEdet / (Isp1 x Espt) = 0.000 mm

Smax1 = Acxdett X 801 + Baxdeft x ®o1/ o1 + 8'1 = 0.503 mm

Particular integral due to load
Maximum deflection

Location of maximum moment xw1 = 165 mm
Krilov's functions at the spreader length Caxm1 = 1/2 x sinh(ot x Xm1) x sin(180 x a1 x xm1 / ) = 0.13

Daxm1 = 1/4 x (cosh(or x xm1) x sin(180 x a1 x xm1 / w) - sinh(ai1 x Xm1) x
cos(180 x o x xm1 / w)) = 0.02

Distance of point load right of loaction pimt =0 mm
Krilov's functions at the spreader length Bopim1 = 1/2 x (cosh(ou x pimit) x sin(180 x a1 x p1m1 / 1) + sinh(ou x pami) x
cos(180 x a1 x pim1 / w)) = 0.00

M'1 = -Boptm1 / a1 x NEder = 0.00 KNm

Medspt = (4 x a1? x Caxm1 x 801 + 4 x a1 x Doxmt x Do1) x (lspt x Espt) + M'y =

1.60 kNm

Particular integral due to load

Maximum moment

Location of maximum shear Xv1 = 165 mm

Krilov's functions at the spreader length Baxv1 = 1/2 x (cosh(ou x xv1) x sin(180 x o1 x xv1 / 1) + sinh(au x Xv1) x
cos(180 x o x Xv1 / m)) = 0.50

Coxvt = 1/2 x sinh(au1 x Xv1) x sin(180 x a1 x xv1 / w) = 0.13

Distance of point load right of loaction pivi=0mm
Krilov's functions at the spreader length Aaprvt = cosh(a x p1v1) x cos(180 x a1 x pave / ) = 1.00

V'1 = -Agp1v1 x NEdet = -39.06 kKN

Vi = (4 x 013 x Baxv1 x 801 + 4 x a12 x Caxvi1 x Do1) x (lsp1 x Esp1) + V'1 = -
19.53 kN

VEedspt = Max(Abs(V1), Nedc1 - Abs(V1)) = 19.53 kN

Particular integral due to load

Shear at concentrated point load

Maximum shear

Maximum allowable stress under spreader GRdsp1 = 1 x fa = 2.86 N/mm?
NEdsp1 = Ket1 x dmaxt1 = 119.88 kN/m

OEdsp1 = NEdsp’I /Wsp1 =1.20 N/mm?

Maximum reaction
Design stress
PASS - Design stress under spreader is less than the allowable bearing stress

Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load
€gmut = €gu X he1 /(2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load
€gqmut = €qu X he1 /(2 x h) = 0.0 mm
emct = €c1/2=0.0 mm
einit = hef / 450 = 5.3 mm
Nme1 = Nedet / leimt = 25.50 kKN/m
Nea1 = (gk + ¥ x t x (h - he1 / 2)) x yic + gk % yra + Nme1 = 28.42 KN/m
Med1 = gk X YfG X €gmut + Ok X yiQ X €gmu1 + Nmct X €me1 = 0.00 kKNm/m
em1 = Abs(Med1) / Ned1 + €init = 5.3 mm
he =27

Eccentricity of concentrated load at mid-height
Initial eccentricity - ¢l.5.5.1.1(4)

Concentrated load at mid-height as UDL
Vertical load at mid-height

Design moment at mid-height

Eccentricities due to loads - eq. 6.7
Slenderness ratio limit for creep eccentricity
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Eccentricity due to creep ekt = 0.0 mm
Eccentricity at mid-height - eq. 6.6 emk1 = Max(em1 + exs, 0.05 x t) = 5.3 mm
From eq. G2 An=1-2xemn/t=0.89
From eq. G3 ut = (hef / tef x (1 / Ke)"2-0.063) / (0.73 - 1.17 x emk1 / t) = 0.81
Capacity reduction factor - eq. G1 D1 = A1 x exp(-(us?) / 2) = 0.64
Design vertical resistance of panel - eq.6.2 Nrd1 = ®m1 x t x fg = 122.80 kN/m

PASS - Design value of vertical resistance exceeds applied vertical load
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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)

Tedds calculation version 1.0.13

Asedgelink\

I~

hedge

Asedgetop / Asslabtop

L4 -— o= - e

hslab
—_—— e = = -

/NN

hhooreslab

|

Asslabbtm

A

hhoorethick

bboot

bedge

Soil and raft definition

Soil definition

Allowable bearing pressure

Depth of hardcore beneath slab

Depth of hardcore beneath thickenings
Density of hardcore

Basic assumed diameter of local depression
Diameter under slab modified for hardcore

Diameter under thickenings modified for hardcore

Raft slab definition

Max dimension/max dimension between joints
Slab thickness

Concrete strength

Poissons ratio of concrete

Slab mesh reinforcement strength

Partial safety factor for steel reinforcement

‘\ Asedgebtm
|

Qaliow = 50.0 kN/m?

hhcoresiab = 150 mm  (Dispersal allowed for bearing pressure check)
hheorethick = 150 mm  (Dispersal allowed for bearing pressure check)
Yheore = 20.0 kN/m?3

ddepbasic = 3000mm

Odepslab = Qdepbasic = Nhcoreslab = 2850 mm

(')depthick = (')depbasic - hhcorethick = 2850 mm

Imax = 20.000 m
hsiab = 225 mm

fou = 40 N/mm?
v=0.2

fysiab = 500 N/mm?
vs=1.15

From C&CA document ‘Concrete ground floors’ Table 5

Minimum mesh required in top for shrinkage
Actual mesh provided in top

Mesh provided in bottom

Top mesh bar diameter

Bottom mesh bar diameter

Cover to top reinforcement

Cover to bottom reinforcement

Average effective depth of top reinforcement
Average effective depth of bottom reinforcement

A252

2 x A393 (Assiabtop = 786 mm?3/m)

2 x A393 (Assiabbtm = 786 mm?2/m)
dslabtop = 10 mm

Ostabbtm = 10 mm

Ctop = 30 mm

Cotm = 50 mm

dtsiabav = hslab - Ctop - dslabtop = 185 mm

dbslabav = Nslab - Cbtm - ¢siabbtm = 165 mm
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Overall average effective depth
Minimum effective depth of top reinforcement
Minimum effective depth of bottom reinforcement

Edge beam definition

Overall depth

Width

Depth of boot

Width of boot

Angle of chamfer to horizontal
Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom
Link reinforcement provided

Bottom cover to links

Effective depth of top reinforcement
Effective depth of bottom reinforcement
Boot main reinforcement

Effective depth of boot reinforcement

Internal beam definition

Asintlink

dsiabav = (dtsiabav + dbsiabav)/2 = 175 mm
dtsiabmin = dtslabav - (')slabtop/z =180 mm

dbslabmin = dbslabav = Psiabbtm/2 = 160 mm

hedge = 600 mm

Dedge = 350 mm

Nboot = 300 mm

Pooot =200 mm

Oedge = 60 deg

fy = 500 N/mm?

fys = 500 N/mm?

5 H20 bars (Asedgetop = 1571 mm?)

5 H16 bars (Asedgebtm = 1005 mm?)

2 H10 legs at 200 ctrs (Asv/sv = 0.785 mm)

Cbeam = 50 mm

dedgetop = hedge - Ctop - {slabtop - Pedgelink = Pedgetop/2 = 540 mm
dedgebtm = hedge - Cbeam - Qedgelink - Pedgebtm/2 = 532 mm
H10 bars at 200 ctrs (Asboot = 393 mm?/m)

dboot = Nboot - Cbeam - Pboot/2 = 245 mm

Asinttop Asslabtop

hslab

hhcorethick

hint A /\ h hcoreslab
/ﬂﬁ\int \Asslabbtm
N

Overall depth

Width

Angle of chamfer to horizontal
Strength of main bar reinforcement
Strength of link reinforcement
Reinforcement provided in top
Reinforcement provided in bottom
Link reinforcement provided
Effective depth of top reinforcement

Qnt \ Asintbtm

hint = 600 mm
bint = 500 mm
aint = 60 deg

fy = 500 N/mm?

fys = 500 N/mm?

4 H16 bars (Asinttop = 804 mm?)

4 H16 bars (Asintbtm = 804 mm?)

2 H10 legs at 200 ctrs (Asv/sv = 0.785 mm)
dinttop = hint = Ctop = 2 X ¢slabtop - Pinttop/2 = 542 mm
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Effective depth of bottom reinforcement

Internal slab design checks

Basic loading
Slab self weight
Hardcore

Applied loading
Uniformly distributed dead load
Uniformly distributed live load

Internal slab bearing pressure check
Total uniform load at formation level

Internal slab bending and shear check

Applied bending moments
Span of slab

Ultimate self weight udl

Self weight moment at centre
Self weight moment at edge

Self weight shear force at edge

dintotm = int - Coeam - Qintiink - ¢intotm/2 = 532 mm

Wslab = 24 kN/m3 x hsiab = 5.4 kN/m?

Whcoreslab = Yhcore X hhcoresiab = 3.0 KN/m?

Wpudl = 2.5 KN/m?
Wiua = 1.5 KN/m?

Wudl = Wslab + Wheoreslab + Wpudl + Wiual = 12.4 KN/m?
PASS - wuai <= qaiow - Applied bearing pressure is less than allowable

Istab = (depsiab + dislabav = 3035 mm

Wswutt = 1.4 x Wetap = 7.6 kKN/m?

Mesw = Wewuit X lsiab® x (1 + v) / 64 = 1.3 kNm/m
esw = Wswult X lsiab? / 32 = 2.2 kKNm/m

Vsw = Wswult X Isiab / 4 = 5.7 KN/m

Moments due to applied uniformly distributed loads

Ultimate applied udl
Moment at centre
Moment at edge
Shear force at edge

Resultant moments and shears
Total moment at edge

Total moment at centre

Total shear force

Reinforcement required in top
K factor

Lever arm

Area of steel required for bending
Minimum area of steel required
Area of steel required

Reinforcement required in bottom
K factor

Lever arm

Area of steel required for bending
Area of steel required

Wudiut = 1.4 x Wpudl + 1.6 x Wiuai = 5.9 kKN/m?
Meudi = Wudiutt X lsian® x (1 + v) / 64 = 1.0 KNm/m
Meudi = Waudiutt X lsiab? / 32 = 1.7 KNm/m

Vudi = Wudiut X lsian / 4 = 4.5 KN/m

Mse = 3.9 kKNm/m
Msc = 2.3 KNm/m
Vs =10.2 kN/m

Kslabtop = Mze/(fcu X dtslabavz) =0.003

Zsiabtop = disiabav x MiN(0.95, 0.5 + V(0.25 - Ksiaptop/0.9)) = 175.8 mm

Asslabtopbend = Mze/(“ O/'Ys) X fyslab X Zslabtop) =51 mm?/m

Assiabmin = 0.0013 x hstab = 293 mm?2/m

Asslabtopreq = maX(AssIabtopbend, Asslabmin) =293 mm?/m
PASS - Assiabtopreq <= Assiabtop - Area of reinforcement provided in top to span local depressions is adequate

Kslabbtm = MZC/(fcu X dbslabavz) =0.002

Zstabbtm = dbsiabav X MiN(0.95, 0.5 + V(0.25 - Ksiapbtm/0.9)) = 156.7 mm

Asslabbtmbend = MZC/((1 .O/Ys) X fyslab X Zslabbtm) =34 mm?/m

Asslabbtmreq = maX(AssIabbtmbend, Asslabmin) =293 mm?2/m
PASS - Assiabbtmreq <= Assiabbtm - Area of reinforcement provided in bottom to span local depressions is adequate
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Shear check

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Internal slab deflection check
Basic allowable span to depth ratio
Moment factor

Steel service stress

Modification factor

Modified allowable span to depth ratio
Actual span to depth ratio

Edge beam design checks

Basic loading

Hardcore

Edge beam

Rectangular beam element
Boot element

Chamfer element

Slab element

Edge beam self weight
Edge load number 1

Load type

Dead load

Live load

Ultimate load

Longitudinal line load width

Centroid of load from outside face of raft

Edge beam bearing pressure check
Effective bearing width of edge beam
Total uniform load at formation level

V = Vs/dtstabmin = 0.057 N/mm?
p = 100 x Asslabtop/dtsiabmin = 0.437

Ve = 0.685 N/mm?

PASS - v <= v, - Shear capacity of the slab is adequate

Ratiopasic = 26.0
Mactor = |V|Zc/d|:>slabav2 = 0.085 N/mm?
fs = 2/3 x fyslab X Asslabbtmbend/Asstabbtm = 14.466 N/mm?2

MFsiab = min(2.0, 0.55 + [(477N/mm? - £s)/(120 x (0.9N/mm? + Mector))])

MFsiap = 2.000
Ratioalow = Ratiobasic x MFsiab = 52.000
Ratioactual = lsiab/ dbsiabav = 18.394

PASS - Ratioactuas <= Ratioanow - Slab span to depth ratio is adequate

Whcorethick = Yhcore X hhcorethick = 3.0 KN/m?

Woeam = 24 KN/m3 x hedge x bedge = 5.0 kN/m

Whoot = 24 KN/mM3 x oot x bboot = 1.4 KN/m

Wehamfer = 24 KN/m3 x (hedge - hsiab)?/(2 x tan(cedge)) = 1.0 KN/m
Wiiabeimt = 24 KN/m3 x hgiab x (hedge - hsiab)/tan(ctedge) = 1.2 kN/m

Wedge = Wheam + Whoot + Wchamfer + Wslabeimt = 8.6 KN/m

Longitudinal line load

Whedge1 = 34.7 KN/m

Weedge1 = 10.2 KN/m

Wuitedge1 = 1.4 X Wpedge1 + 1.6 X Wiedge1 = 64.8 KN/m
Dedger = 350 mm

Xedge1 = 175 mm

bbearing = bedge + booot + (hedge - hslab)/tan(aedge) =767 mm

Wudledge = WDudI+WLud|+Wedge/bbearing+thorethick =18.3 kN/m?

Centroid of longitudinal and equivalent line loads from outside face of raft

Load x distance for edge load 1

Moments = Wuitedget X Xedget = 11.3 kKN

Sum of ultimate longitud’l and equivalent line loads XUDL = 64.8 kN/m

Sum of load x distances

Centroid of loads

XMoment = 11.3 kN
Xbar = XMoment/ZUDL = 175 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity
Sum of unfactored longitud’l and eff'tive line loads XUDLsls = 44.9 kN/m

Allowable bearing width

baliow = 2 X Xbar + 2 X hncoresiab x tan(30) = 523 mm
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Bearing pressure due to line/point loads Qiinepoint = ZUDLSIS/ baiow = 85.8 kN/m?
Total applied bearing pressure Qedge = Jiinepoint + Wudledge = 104.0 kN/m?

Qedge > Qaiow - The slab is required to resist a moment due to eccentricity

Now assume moment due to load/reaction eccentricity is resisted by slab

Bearing width required breq = ZUDLSsIs/(Qaliow - Wudledge) = 1413 mm
Effective bearing width at u/s of slab Dregeft = Dreq = 2 X hncoresiab x tan(30) = 1240 mm
Load/reaction eccentricity € = Dreqeft/2 - Xoar = 445 mm

Ultimate moment to be resisted by slab Mecc = ZUDL x e = 28.9 kNm/m

From slab bending check
Moment due to depression under slab (hogging) Mze = 3.9 kNm/m

Total moment to be resisted by slab top steel Msiabtop = Mece + Mze = 32.7 KNm/m

K factor Ksiab = Msiabtop/(feu x distabmin?) = 0.025

Lever arm Zstab = disiabmin x Min(0.95, 0.5 + V(0.25 - Ksiab/0.9)) = 171 mm
Area of steel required Asslabreq = Mestabtop/((1.0/ys) x fy x Zsian) = 440 mm?2/m

PASS - Assiabreq <= Assiabtop - Area of reinforcement provided to transfer moment into slab is adequate
The allowable bearing pressure under the edge beam will not be exceeded
Library item - B pressure with moment transfer
Edge beam bending check
Divider for moments due to udl’s Bua = 10.0

Applied bending moments

Span of edge beam ledge = Qdepthick + dedgetop = 3390 mm

Ultimate self weight udl Wedgeut = 1.4 X Wedge = 12.1 kN/m

Ultimate slab udl (approx) Wedgesiab = Max(0 KN/m, 1.4 xWstabx(((depthick/2x3/4 )-(Dedge +(hedge-hsiab )/tan(ctedge))))
Wedgeslab = 3.8 KN/m

Self weight and slab bending moment Medgesw = (Wedgeult + Wedgeslab) X ledge?/Budi = 18.2 KNm

Self weight shear force Vedgesw = (Wedgeult + Wedgeslab) X ledge/2 = 26.9 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wedgeud! = Wudluit X {depthick/2 x 3/4 = 6.3 KN/m
Bending moment Medgeudi = Wedgeudi X ledge?/Buai = 7.2 KNm
Shear force Vedgeudl = Wedgeud! X ledge/2 = 10.7 kN
Moment and shear due to load number 1

Bending moment Medge1 = Wuttedge1 X ledge?/Budi = 74.5 KNm
Shear force Vedge1 = Wultedge1 X ledge/2 = 109.9 kN
Resultant moments and shears

Total moment (hogging and sagging) Msedge = 100.0 KNm

Maximum shear force Vsedge = 147.5 kKN

Reinforcement required in top

Width of section in compression zone Dedgetop = Dedge + bboot = 550 mm

Average web width bw = bedge + (Nedge/tan(ctedge))/2 = 523 mm

K factor Kedgetop = Msedge/(fou  Dedgetop X dedgetop?) = 0.016

Lever arm Zedgetop = dedgetop x MiN(0.95, 0.5 + V(0.25 - Kedgetop/0.9)) = 513 mm

Area of steel required for bending Asedgetopbend = Msedge/((1.0/ys) x fy x Zedgetop) = 448 mm?
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Minimum area of steel required Asedgetopmin = 0.0013 x 1.0 x bw x hegge = 408 mm?
Area of steel required Asedgetopreq = maX(Asedgetopbend, Asedgetopmin) = 448 mm?
PASS - Asedgetopreq <= Asedgetop - Area of reinforcement provided in top of edge beams is adequate

Reinforcement required in bottom

Width of section in compression zone Dedgebtm = Dedge + (Nedge - hsiab)/tan(cedge) + 0.1 x ledge = 906 mm
K factor Kedgebtm = Msedge/(fou X Dedgebtm x dedgebtm?) = 0.010
Lever arm Zedgebtm = Jedgebtm x MiN(0.95, 0.5 + V(0.25 - Kedgebtm/0.9)) = 505 mm
Area of steel required for bending Asedgebtmbend = Msedge/((1.0/ys) x fy x Zedgebtm) = 455 mm?
Minimum area of steel required Asedgebtmmin = 0.0013 x 1.0 x bw x hedge = 408 mm?
Area of steel required Asedgebtmreq = Max(Asedgebtmbend, Asedgebtmmin) = 455 mm?
PASS - Asedgebtmreq <= Asedgebtm - Area of reinforcement provided in bottom of edge beams is adequate

Edge beam shear check

Applied shear stress Vedge = Vedge/(Dw X dedgetop) = 0.522 N/mm?
Tension steel ratio pedge = 100 x Asedgetop/(bw X dedgetop) = 0.556
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Veedge = 0.608 N/mm?
Vedge <= Vcedge + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required Asv_UPON_Svregedge = 0.4N/mm? x bu/((1.0/ys) x fys) = 0.481 mm
Link area to spacing ratio provided Asv_UpPON_Svprovedge = NedgelinkXTTx(edgelink?/ (4 xSvedge) = 0.785 mm

PASS - Asv_Upon_Svregedge <= Asv_UPON_Syprovedge - Shear reinforcement provided in edge beams is adequate

Boot design check

Effective cantilever span Iboot = bboot + dboot/2 = 323 mm
Approximate ultimate bearing pressure quit = 1.55 x Qallow = 77.5 kN/m?
Cantilever moment Mboot = Quit X Iboot?/2 = 4.0 KNm/m
Shear force Vboot = Quit X lboot = 25.0 KN/m
K factor Kboot = Mboot/(feu % dboot?) = 0.002
Lever arm Zboot = dboot x MiN(0.95, 0.5 + V(0.25 - Kboot/0.9)) = 233 mm
Area of reinforcement required Asbootreq = Mboot/((1.0/ys) x fyboot X Zboot) = 40 mm2/m
PASS - Asbootreq <= Asboot - Area of reinforcement provided in boot is adequate for bending
Applied shear stress Vboot = Vboot/dboot = 0.102 N/mm?
Tension steel ratio pooot = 100 x Asboot/dboot = 0.160
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Veboot = 0.454 N/mm?

PASS - Vboot <= Vchoot - Shear capacity of the boot is adequate

Corner design checks

Basic loading
Corner load number 1

Load type Line load in y direction

Dead load Wocomert = 34.7 KN/m

Live load Wicomert = 10.2 KN/m

Ultimate load Wauitcomert = 1.4 X Wpcomer1 + 1.6 X Wicomer1 = 64.8 KN/m

Centroid of load from outside face of raft Xcornert = 175 mm
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Corner load number 2
Load type Line load in x direction
Dead load Wocorner2 = 28.7 KN/m
Live load Wicomer2 = 6.3 KN/m
Ultimate load Wuitcorner2 = 1.4 X Wpcomer2 + 1.6 X Wicornerz = 50.3 KN/m
Centroid of load from outside face of raft Yoomer2 = 175 mm
Corner bearing pressure check
Total uniform load at formation level Wudicorner = WDudi*+WLudi+Wedge/Dbearing+Whcorethick = 18.3 KN/m?2

Net bearing press avail to resist line/point loads Qnetcorner = Clallow - Wudicorner = 31.7 kN/m?

Total line/point loads

Total unfactored line load in x direction Wslinex = 35.1 KN/m
Total ultimate line load in x direction Wsuitinex =50.3 KN/m
Total unfactored line load in y direction Wsliney = 44.9 kKN/m
Total ultimate line load in y direction Wsutiney = 64.8 KN/m
Total unfactored point load Wspoint = 0.0 kKN
Total ultimate point load Wsuitpoint = 0.0 KN

Length of side of sq reqd to resist line/point loads  pcorner =[WZIinex+W2Iiney+\/((Wzlinex+W2Iiney)z+4XQnetcornerXWZpoint)]/(zXQnetcorner)
Pcorner = 2517 mm

Bending moment about x-axis due to load/reaction eccentricity
Moment due to load 2 (X Iine) My2 = max(O KNmM, Wuitcomer2 x Pcorner X (pcorner/2 - YCornerZ)) =137.3 kKNm
Total moment about x axis Msx = 137.3 kNm

Bending moment about y-axis due to load/reaction eccentricity
Moment due to load 1 (y line) My1 = max(0 KNm, Wuitcorner1 X Pcomer X (Pcomer/2 - Xcorner1)) = 176.9 KNm
Total moment about y axis Msy = 176.9 KNm

Check top reinforcement in edge beams for load/reaction eccentric moment
Max moment due to load/reaction eccentricity Mz = max(Msx, Msy) = 176.9 kNm
Assume all of this moment is resisted by edge beam

From edge beam design checks away from corners

Moment due to edge beam spanning depression ~ Msedge = 100.0 KNm

Total moment to be resisted Mscornerbp = Ms + Msedge = 276.9 KNm

Width of section in compression zone Dedgetop = Dedge + Dboot = 550 mm

K factor Keomerbp = Mzcomerbp/(feu X Dedgetop X dedgetop?) = 0.043

Lever arm Zeornerbp = dedgetop x MiN(0.95, 0.5 + V(0.25 - Kcormerbp/0.9)) = 513 mm
Total area of top steel required Ascornerbp = Mscornerbp /((1.0/ys) x fy x Zcomerbp) = 1242 mm?

PASS - Ascorerbp <= Asedgetop - Area of reinforcement provided to resist eccentric moment is adequate
The allowable bearing pressure at the corner will not be exceeded

Corner beam bending check
Cantilever span of edge beam corner = Odepthick/\(2) + dedgetop/2 = 2285 mm

Moment and shear due to self weight

Ultimate self weight udl Wedgeult = 1.4 X Wedge = 12.1 KN/m

Average ultimate slab udl (approx) Weornersiab = Max(0 kN/m, 1.4xWsiabx (deptnick/ (V(2)x2)-(Dedge(Nedge-hsian)/tan(ctedge))))
Woeornersiab = 3.3 KN/m

Self weight and slab bending moment Mecornersw = (Wedgeutt + Weornersiab) X lcomer?/2 = 40.2 kKNm
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Self weight and slab shear force Voomersw = (Wedgeult + Weornerslab) X lcomer = 35.2 kKN
Moment and shear due to udis
Maximum ultimate udl Weomnerudl = ((1.4xWpud))+(1.6xWiud)) X ddeptnick/V(2) = 11.9 kN/m
Bending moment Mecornerudi = Weornerudl X lcomer?/6 = 10.3 KNm
Shear force Veornerudl = Weomerudl X lcomer/2 = 13.6 KN

Moment and shear due to line loads in x direction
Bending moment Mocomeriinex = Wsuttinex X lcomer?/2 = 131.4 KNm

Shear force Vcomerlinex = Wxultinex X lcomer = 115.0 KN

Moment and shear due to line loads in y direction
Bending moment Mecornerliney = Wsultiiney X lcomer?/2 = 169.3 KNm

Shear force Veorneriiney = Wsultiiney X lcomer = 148.2 KN

Total moments and shears due to point loads

Bending moment about x axis Mecornerpointx = 0.0 KNm

Bending moment about y axis Mecornerpointy = 0.0 KNm

Shear force Veomerpoint = 0.0 kN

Resultant moments and shears

Total moment about x axis Mscomerx = Mcomerswt Mcormerudit Mcorneriineyt Mcomerpointx = 219.9 KNm
Total shear force about x axis Vscomerx = Veornerswt Veornerudi+ Veorneriiney + Veornerpoint = 197.0 kN
Total moment about y axis Mscomery = Mcomerswt Mcornerudit Mcomeriinext Mcomerpointy = 182.0 KNm
Total shear force about y axis Vscomery = Veomerswt Veornerudit Veorneriinex + Veornerpoint = 163.8 kN
Deflection of both edge beams at corner will be the same therefore design for average of these moments and shears
Design bending moment Mscomer = (Mzcomerx + Mscomery)/2 = 201.0 kKNm

Design shear force Vscomer = (Vzcomerx + Vzcomery)/2 = 180.4 kN

Reinforcement required in top of edge beam

K factor Kcorer = Mzcomer/(fou X Dedgetop x Oedgetop?) = 0.031

Lever arm Zeomer = dedgetop x MIN(0.95, 0.5 + V(0.25 - Keomer/0.9)) = 513 mm
Area of steel required for bending Ascornerbend = Mscomer/((1.0/ys) x fy x Zcomer) = 901 mm?

Minimum area of steel required Ascomermin = Asedgetopmin = 408 mm?

Area of steel required Ascomer = MaX(Ascornerbend, Ascomermin) = 901 mm?

PASS - Ascorner <= Asedgetop - Area of reinforcement provided in top of edge beams at corners is adequate

Corner beam shear check

Average web width bw = bedge + (Nedge/tan(ctedge))/2 = 523 mm
Applied shear stress Veorner = Vscomer/(Dw X dedgetop) = 0.639 N/mm?
Tension steel ratio peomer = 100 X Asedgetop/(bw X dedgetop) = 0.556
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Vecomer = 0.564 N/mm?
Vcorner <= Vccorner + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required Asv_UpPON_Svreqcomer = 0.4N/mm? x bw/((1.0/ys) x fys) = 0.481 mm
Link area to spacing ratio provided Asv_UPON_Svprovedge = NedgelinkXTtx Pedgelink?/ (4 xSvedge) = 0.785 mm

PASS - Asv_upon_svreqcorner <= Asv_UPON_Svprovedge - Shear reinforcement provided in edge beams at corners is adequate

Corner beam deflection check
Basic allowable span to depth ratio Ratiovasiccormer = 7.0
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Moment factor
Steel service stress

Modification factor

Modified allowable span to depth ratio
Actual span to depth ratio

Mtactorcorer = MZcomer/(bedgetop X dedgetopz) =1.253 N/mm?
scormer = 2/3 x fy X Ascornerbend/Asedgetop =191.201 N/mm?

MFcorner=min(2.0 ,0.55+[(477N/mmz'fscomer)/(1 20X(0.9N/mm2+Mfactorcorner))])

MF corner = 1.656
Ratioalowcorner = RatiObasiccorner X MFcorner = 11.593

Ratioactuatcorner = lcomer/ dedgetop =4.232

PASS - RatiOactuaicorner <= RatiOanowcormer - Edge beam span to depth ratio is adequate

Internal beam design checks

Basic loading
Hardcore

Internal beam self weight

Internal beam load number 1

Load type

Dead load

Live load

Ultimate load

Longitudinal line load width

Centroid of load from centreline of beam

Internal beam bearing pressure check
Total uniform load at formation level

Sum of factored longitud’l and eff'tive line loads
Sum of unfactored longitud’l and eff’tive line loads

Whcorethick = Yhcore X hhcorethick = 3.0 KN/m?
Wint=24 kN/mSX[(hintXbint)"‘(hint'hslab)z/tan(aint)+2><hslab><(hint'hslab)/tan((lint)]
Wint = 11.5 KN/m

Longitudinal line load

Wpintt = 54.4 kN/m

Wiintt = 19.2 kN/m

Wultintt = 1.4 x Wpointt + 1.6 x WLintt = 106.8 KN/m
bintt = 300 mm

Xintt = 150 mm

Wudiint = WDudi+HWLudiHWhcorethick24KN/m3xhint = 21.4 KN/m?2
YUDLint = 106.8 KN/m
ZUDLslsint = 73.6 kN/m

Centroid of loads from centreline of internal beam

Load x distance for internal load 1
Sum of load x distances
Centroid of loads

Moment due to eccentricity to be resisted by slab

Momentint1 = Wuttint1 X Xint1 = 16.0 KN
ZMomentint = 16.0 kN

Xparint = XMomentin/ZUDLint = 150.0 mm
Meccint = ZUDLint x abs(Xparint) = 16.0 KNm/m

Assume moment due to eccentricity is resisted equally by top steel of slab on one side and bottom steel of slab on other

From slab bending check

Moment due to depression under slab (hogging)
Total moment to be resisted by slab top steel

K factor
Lever arm

Area of steel required

Mse = 3.9 kKNm/m

Mesiabtopint = Meccint/2 + Mse = 11.9 kKNm/m

Ksiabtopint = Msiabtopint/(fou x dtstabmin?) = 0.009

Zstabtopint = Cisiabmin x Min(0.95, 0.5 + V(0.25 - Ksiabtopint/0.9)) = 171 mm
Assiabtopintreq = Msiabtopint/((1.0/ys) X fystab X Zstabtopint) = 160 mm?2/m

PASS - Assiabtopintreq <= Assiabtop - Area of reinforcement in top of slab is adequate to transfer moment into slab

Mt to be resisted by slab btm stl due to load ecc’ty Msiabbtmint = Meccin/2 = 8.0 kNm/m

K factor
Lever arm

Area of steel required in bottom

Kslabbtmint = Mslabbtmint/(fcu X dbslabminz) =0.008
Zsiabbtmint = dbsiabmin x MIN(0.95, 0.5 + V(0.25-Ksiavbtmint/0.9)) = 152 mm

Asslabbtmintreq = Msiabbtmint/((1 O/Ys) x fystab X Zslabbtmint) = 121 mm?/m

PASS - Assiabbtmintreq <= Assiabbtm = Area of reinforcement in bottom of slab is adequate to transfer moment into slab

Bearing pressure
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Initially check bearing pressure based on beam soffit/chamfer width only

Allowable bearing width bbearint=min(2x (bint/2xtan(ctint)+hint)/(1+tan(cunt) ), bint+2x(int-hsian )/tan(cint))
bbearint = 756 mm

Bearing pressure due to line/point loads Qiinepointint = ZUDLSISint/bbearint = 97.3 kN/m?

Total applied bearing pressure Qint = Qlinepointint + Wudint = 118.7 kN/m?

Qint > Qailow - The slab is required to resist some of the beam loading

Now consider slab to resist some of beam load
Bearing width required breqint = ZUDLSISint/(Galiow - Wudiint) = 2572 mm
Effective bearing width at u/s of beam/slab Dreqeffint = Dregint - 2 X hhcorethick x tan(30) = 2399 mm

Resultant ult upward press acting on u/s of slab Qresutt = (Qallow-Wudiint) X breqint/Dregefiint x ZUDLin/ZUDLSlIsint = 44.5 KN/m?

Slab cantilever moment Mecantint = Qresutt X [(Dregint - bint)/2]%/2 = 23.9 KNm/m

Total moment to be resisted by slab Mesiabint = Meantint + Meccint/2 = 31.9 KNm/m

K factor Kstabint = Mstabint/(feu X dbsiabmin?) = 0.031

Lever arm Zstabint = dbstabmin x MiN(0.95, 0.5 + V(0.25 - Ksiabin/0.9)) = 152 mm
Area of steel required Asstabint = Msiabint/((1.0/ys) x fysiab X Zsiabint) = 483 mm?2/m

PASS - Assiabint <= Assiabbtm - Area of reinforcement provided to distribute the beam load is adequate
The allowable bearing pressure under the internal beam will not be exceeded

Internal beam bending check
Divider for moments due to udl’s Bua = 10.0

Applied bending moments

Span of internal beam lint = Qdepthick + dinttop = 3392 mm

Ultimate self weight udl Wintut = 1.4 x Wint = 16.1 KN/m

Ultimate slab udl (approx) Wintslab = Max(0 KN/m, 1.4 xWsiabx ((ddepthickx3/4 )-(Dint+2x (hint-hsiab)/tan(aint))))
Wintsiab = 9.1 kKN/m

Self weight and slab bending moment Mintsw = (Wintutt + Wintsiab) X lint?/Buai = 29.0 KNm

Self weight shear force Vintsw = (Wintult + Wintsiab) X lint/2 = 42.7 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wintudl = Wudiutt X Qdepthick X 3/4 = 12.6 KN/m

Bending moment Mintudi = Wintudi X lint?/Buai = 14.5 kKNm

Shear force Vintudl = Wintudi X lint/2 = 21.4 kN

Moment and shear due to load nhumber 1

Bending moment Mint1 = Wuttint1 X lint?/Buai = 122.9 kNm

Shear force Vint1 = Wattintt X lint/2 = 181.2 kKN

Resultant moments and shears

Total moment (hogging and sagging) Msint = 166.4 KNm

Maximum shear force Vzint = 245.3 kN

Reinforcement required in top

Width of section in compression zone Dinttop = bint = 500 mm

Average web width bwint = bint + hint/tan(aint) = 846 mm

K factor Kinttop = Mzint/(feu % Dinttop x dinttop?) = 0.028

Lever arm Zinttop = dinttop x MiN(0.95, 0.5 + V(0.25 - Kinttop/0.9)) = 515 mm
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Area of steel required for bending
Minimum area of steel
Area of steel required

Asinttopbend = Mzint/((1 O/Ys) X fy X Zinttop) =743 mm?
Asinttopmin = 0.0013 x buint x hint = 660 mm?

Asinttopreq = maX(Asinttopbend, Asinttopmin) =743 mm?

PASS - Asinttopreq <= Asinttop - Area of reinforcement provided in top of internal beams is adequate

Reinforcement required in bottom

Width of section in compression zone

K factor

Lever arm

Area of steel required for bending
Minimum area of steel required

Area of steel required
PASS - Asintb

oq <= Asi

Internal beam shear check
Applied shear stress

Tension steel ratio
From BS8110-1:1997 - Table 3.8
Design concrete shear strength

Link area to spacing ratio required

Link area to spacing ratio provided

bintotm = bint + 2 x (hint = hsia)/tan(cint) + 0.2 x lint = 1611 mm
Kintotm = Mzint/(feu X Dintotm x dintbtm?) = 0.009

Zintotm = dintotm x Min(0.95, 0.5 + (0.25 - Kintotm/0.9)) = 505 mm
Asintotmbend = Mzint/((1.0/ys) x fy X Zintotm) = 757 mm?

Asintotmmin = 0.0013 x 1.0 x bwint x hint = 660 mm?

Asintbtmreq = maX(Asintbtmbend, Asintbtmmin) =757 mm?

- Area of reinforcement provided in bottom of internal beams is adequate

Vint = VZint/(bwinl X dinttop) = 0.535 N/mm?
Pint = 100 x Asinnop/(bwint X dinttop) =0.175

Veint = 0.383 N/mm?

Vint <= Vcint + 0.4N/mm? - Therefore minimum links required
Asy_UpOoN_Suregint = 0.4N/mm? x bwint/((1.0/ys) x fys) = 0.779 mm
Asv_Upon_Svprovint = Nintlinkx7tx dintiink>/ (4 xSvint) = 0.785 mm

PASS - Asv_upon_sSvreqint <= Asv_UpON_Svprovint - Shear reinforcement provided in internal beams is adequate




GENERAL NOTES:

These notes apply to the entire drawing set.

Dimensions: All dimensions are in millimeters and levels are in meters unless noted otherwise. Do not scale from drawings; use figured dimensions only.

Discrepancies: The Contractor must verify all dimensions and levels on-site prior to commencement of work. Any discrepancies between structural, architectural, and services drawings must be reported to the Engineer immediately for clarification.
Standards: All workmanship and materials are to be in strict accordance with the latest relevant local Building Codes and Standards.

Temporary Stability: The Contractor is solely responsible for the stability of the structure during construction, including all necessary temporary bracing and shoring.

Safety: All construction operations must adhere to current Health & Safety regulations.

Site Measurements: Contractor must take his own measurements prior to ordering any structural material.

Party wall agreement: According to the law, any construction work that interferes with the shared wall (party wall), including beams resting on the shared wall, and works near the shared wall should be subject to a party wall agreement.
https://www.gov.uk/party-walls-building-works

Installing Temporary Supports:

Acrow Props and Strongboys: Above the opening, remove small sections of plaster to reveal brick/block joints. Install strongboys into the bed joints above the proposed beam position. Place Acrow props underneath the strongboys at regular intervals
(usually every 900—1200mm depending on wall and span). Ensure props are plumb and on solid base plates or timber spreaders.

Double-Sided Support (if required): For cavity or thicker walls, support both skins using back-to-back strongboys or needle beams with Acrows on both sides.

STRUCTURAL STEELWORK NOTES (BEAMS & COLUMNS):

Focuses on steel grade, connections, and protection.

Steel Grade: All structural steel to be Grade S275 (JR/J0/J2) unless noted otherwise. Hollow sections to be S355 J2H.

Fabrication: Fabrication and erection to comply with relevant execution standards (e.g., EN 1090 or local equivalent).

Welding: All welding to be carried out by certified welders using full-strength continuous fillet welds (minimum 6mm leg length) unless detailed otherwise.
Bolting:

- Ordinary Bolts: Grade 8.8.
- High Strength Friction Grip (HSFG) Bolts: Grade 10.9 (if applicable).
- Washers to be provided under all nuts and bolt heads.

Beam Bearings: Steel beams resting on masonry must have concrete padstones (Grade C35) or spreader plates as detailed. Minimum bearing length 150mm.
Corrosion Protection:

- Internal Steel: Wire brush to remove rust/scale and apply one coat of zinc phosphate primer and two top coats.
- External/lEmbedded Steel: Hot-dip galvanized to [Standard Number] (min 85 microns).
- Encased Steel: Bituminous paint where in contact with concrete/masonry.

Steel beam installation: On installation of the steel beams below the retained section of wall and floor above, the conventional approach would be to shim and pack the gap between the top of the beam and the bottom of the retained section of wall. If
the wall was no longer supporting the floor joists, any timber members would normally be shimmed by hardwood wedges. The shimming and packing should be installed in a sequential manner and well driven in to induce the downward deflection in the
steel supporting beam to take up the load from above. In this way, when the propping was released from the structure above, the further downward deflection of the beam to take up the load being transferred to it would be minimal.

FOUNDATION & GEOTECHNICAL NOTES (RAFTS & FOOTINGS):

Essential for ground conditions and concrete interface.

Bearing Capacity: Foundations have been designed for a safe allowable ground bearing capacity of 50 kN/m? unless geotechnical investigation says different. The Contractor must confirm this capacity on-site before pouring concrete.
Soil Inspection: All foundation excavations must be inspected and approved by the Building Control Officer or Engineer before pouring concrete.

Soft Spots: Any soft spots encountered at foundation level are to be excavated and replaced with mass concrete (Grade C15) or engineered fill as directed by the Engineer.

Blinding: Provide a minimum 50mm thick blinding under all reinforced concrete foundations.


https://www.gov.uk/party-walls-building-works

Groundwater: The Contractor shall keep excavations free from water. Pumping may be required.

Tree Roots: If tree roots are encountered in excavations, the Engineer must be consulted. Additional depth or compressible heave protection (e.g., Clayboard) may be required. This is especially important in the cohesive soils (clay).

REINFORCED CONCRETE NOTES (GENERAL & RAFTS):

Concrete Grade: Unless noted otherwise, structural concrete shall be Grade C30/37 (Cylinder/Cube strength) with a minimum cement content of 325 kg/m?.
Aggregates: Maximum aggregate size to be 20mm.
Reinforcement:

- High Yield Steel (Deformed Bars): Grade 500B (f, = 500N/mm?). Notation: 'H' or 'T".
- Mild Steel (Links): Grade 250 (f, = 250N/mm?). Notation: 'R'.

Cover to Reinforcement (Minimum):

- Foundations/Earth faces: 50mm (or 75mm if cast directly against earth without blinding).
- External columns/beams: 40mm.

- Internal slabs/walls: 25mm.

Laps & Anchorage: Lap lengths for reinforcement shall be 50 x Bar Diameter unless detailed otherwise. Stagger laps where possible.
Spacer Blocks: Reinforcement must be rigidly fixed and supported by approved concrete or plastic spacers to ensure correct cover.
Curing: Concrete must be properly cured (kept moist and protected from frost/direct sun) for a minimum of 7 days after placement.

Holes/Chases: No holes or chases are to be cut in structural concrete without prior approval from the Engineer.

RETAINING WALL NOTES:

Critical for water pressure management and stability.

Backfill: Do not backfill behind the wall until the concrete has achieved adequate strength (minimum 28 days) and the floor slab (propping element) is in place, unless the wall is designed as a free cantilever.
Backfill Material: Backfill to be free-draining granular material (e.g., crushed stone), compacted in layers not exceeding 225mm. Do not use heavy vibratory equipment close to the wall.

Drainage: Provide a 100mm diameter perforated agricultural drain pipe at the base of the wall (heel side), surrounded by clean gravel and wrapped in geotextile filter fabric. Connect to a suitable outfall.
Weep Holes: (If applicable) Provide 50mm diameter weep holes at 1200mm centers horizontally and vertically along the wall face.

Waterproofing: Apply tanking membrane to the earth-retaining face of the wall in accordance with manufacturer instructions.

MASONRY NOTES (LOAD BEARING):

Brick/Block Strength:
e Load-bearing brickwork: Minimum compressive strength 20 N/mm?.
e Blockwork: Minimum compressive strength 7.3 N/mm? (solid blocks) unless noted otherwise.
Mortar: Mortar designation (e.g., 1:1:6 cement:lime:sand) or Class M4/M6.
Wall Ties: Stainless steel wall ties to be provided at 900mm horizontal and 450mm vertical centers (staggered), and at every course at movement joints/openings.

Damp Proof Course (DPC): DPC to be provided a minimum of 150mm above external ground level.
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Ground floor plan shows structure above

Note : Contractor must take his own measurements
prior to ordering any structural material.

NOTES:

1. ALL DIMENSIONS IN mm UNLESS NOTED

B3 = UB 254x146x37 S275
TR3= C24 2x47x225 @ 400mm C/C

TR3= C24 2x47x225 @ 400mm C/C +
8x225 steel plate

P3 = 330x100x140mm deep padstone

R6
Load Table
Units suitable for 100mm wide walls !
Unfactored Loads in kN/m T
Fire Resistance Available (mins) 30 30
Suitable For Foundation Use Yes Yes
Maximum Stock Length Available 3000mm 3000mm
Available Range Finish Standard/Faced Standard/Faced

Length Clear Span 100x100 100x140 100x215 100x290

900mm
1200mm
1500mm
1800mm
2100mm
2400mm
2700mm
3000mm
3300mm
3600mm
Lintel Weight kg/m

700mm 15.77 38.73
1000mm 10.90 30.87
1200mm 9.41 27.22
1500mm 7.21 19.32
1800mm 5.04 13.59
2100mm 3.70 10.04
2400mm 2.81 7.70
2700mm 2.19 6.06
3000mm n/a 488
3200mm n/a 427
23 34

R9

100mm

30 30

Yes Yes

3600mm 3600mm
Longer lengths available on request - up to 4800mm
Standard/Faced Standard/Faced

96.25 127.77
62.92 83.26
50.00 77.43
37.15 63.07
28.63 47.94
22.61 36.95
18.13 28.62
14.48 22.77
11.68 18.51
9.78 15.79

52 70

NOTE: CONTRACTOR TO VERIFY OPENING DIMENSIONS ON SITE AND
CONFIRM LINTEL LENGTH AND REQUIRED BEARING PRIOR TO ORDERING.

OTHERWISE.

2. DO NOT SCALE FROM THIS DRAWING.

3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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Note : Contractor must take his own measurements NOTES:

prior to ordering any structural material.

1. ALL DIMENSIONS IN mm UNLESS NOTED
OTHERWISE.
2. DO NOT SCALE FROM THIS DRAWING.
3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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Note : Contractor must take his own measurements
prior to ordering any structural material.
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Second floor plan shows structure above

NOTES:

1. ALL DIMENSIONS IN mm UNLESS NOTED
OTHERWISE.

2. DO NOT SCALE FROM THIS DRAWING.

3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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Note : Contractor must take his own measurements
prior to ordering any structural material.

Edge and internal beams
(See drawing 105 for reinforcement details)

225mm deep concrete slab with 2xA393
mesh at top and 2xA393 mesh at bottom
(See drawing 105 for reinforcement details)

Raft foundation plan

NOTES:

1. ALL DIMENSIONS IN mm UNLESS NOTED
OTHERWISE.

2. DO NOT SCALE FROM THIS DRAWING.
ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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Note : Contractor must take his own measurements NOTES:
prior to ordering any structural material.
1. ALL DIMENSIONS IN mm UNLESS NOTED
OTHERWISE.
2. DO NOT SCALE FROM THIS DRAWING.
3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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Note : Contractor must take his own measurements NOTES:
prior to ordering any structural material.

1. ALL DIMENSIONS IN mm UNLESS NOTED
OTHERWISE.

2. DO NOT SCALE FROM THIS DRAWING.

3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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concrete infilled
reinforced hollow
blockwork wall with
H10 @ 200 C/C
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A393 mesh top and
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7.3 N blockwork wall

Note : Contractor must take his own measurements
prior to ordering any structural material.

NOTES:

1. ALL DIMENSIONS IN mm UNLESS NOTED
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OTHERWISE.

2. DO NOT SCALE FROM THIS DRAWING.

3. ALL DIMENSIONS TO BE VERIFIED ON SITE
PRIOR TO COMMENCING WORKS
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