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Existing Roof Truss Analysis - 69 High Street, West Lavington ADL84/ 1
By/Date
Introduction, Assumptions & Loading MM/ June 26
Introduction

The proposed works at 69 High Street in West Lavington consist of the conversion of outbuildings to
the rear of the property. The main outbuilding is single storey and has a duo-pitched tiled roof
supported by a timber structure, i.e. rafters, purlins and individual trusses. As part of the conversion,
solar pv panels will be added to the roof in defined areas.

These calculations will consider the existing purlins and roof trusses and their ability to support both
the existing and additional loads.

Assumptions
Location of the site is West Lavington in a country location.
Codes to be used include but not limited to:

BS EN 1991 — Eurocode 1 - Actions on Structures

BS EN 1993 — Eurocode 5 — Design of Timber Structures

Loads
Roof (33° pitch) Dead: Assume 0.60 kN/m? normal to roof incl tiles, battens etc.

= 0.60 kN/m?/cos 33°

0.72 kN/m2 in plan
Live:  0.60 kN/m2 x (60 — 33)/30

0.54 kN/m2 in plan
Solar Panels Dead: 0.20 kN/m?(Note: Assume coverage is 70%, i.e. loading = 0.14 kN/m?

The following analysis shows that the existing purlins are capable of supporting the additional load from the
solar pv panels but the roof truss, although it can still be incorporated into the conversion, the rafter
elements need to be strengthened by adding timber section, one to each side.
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69 High Street, West Lavington ADL84/ 2
By/Date
Existing Purlin Analysis MM / Jun-26

TIMBER BEAM ANALYSIS & DESIGN (EN1995)

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
2.556

mm | 3100 |
A 1 B
KNm Bending Moment Envelope
0.0
3.070 31
mm | 3100 |
A 1 B
N Shear Force Envelope
4.0
3.961
0.0 Je=
3.961
-4.0
mm | 3100 |
A 1

Applied loading
Beam loads
Permanent self weight of beam x 1

Roof DL: 0.72 kN/m2 x 2.80/2 Permanent full UDL 1.010 kN/m

Roof LL: 0.54 kN/m2 x 2.80/2  Variable full UDL 0.760 kN/m
Load combinations

Load combination 1 Support A Permanent x 1.35

Variable x 1.50

Span 1 Permanent x 1.35
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Existing Purlin Analysis

By/Date
MM / Jun-26

Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50
Analysis results

Maximum moment Mmax = 3.070 KNmM Mmin = 0.000 kNm
Design moment M = max(abs(Mmax),abs(Mmin)) = 3.070 kNm
Maximum shearFmax = 3.961 kN Fmin = -3.961 kN
Design shear F = max(abs(Fmax),abs(Fmin)) = 3.961 kN
Total load on beam Wiot = 7.922 kN
Reactions at support A Ra_max = 3.961 KN Ra_min = 3.961 kN

Unfactored permanent load reaction at support A Ra_permanent = 1.625 kN

Unfactored variable load reaction at support A Ra_variable = 1.178 kN

Reactions at support B Re_max = 3.961 kN Rs_min = 3.961 kN

Unfactored permanent load reaction at support B Re_permanent = 1.625 kN

Unfactored variable load reaction at support B Rs_variable = 1.178 kN

f——o51——»

l«—T75—»]
f«—100—>]
Timber section details
Breadth of timber sections b=75mm

Depth of timber sectionsh = 150 mm
Number of timber sections in member N =1

Overall breadth of timber member bb=Nxb=75mm

Timber strength class - EN 338:2016 Table 1 C24
Member details

Load duration - cl.2.3.1.2 Medium-term
Service class of timber - ¢l.2.3.1.3 1
Length of span Ls1 = 3100 mm

Length of bearing Lb =100 mm

Section properties
Cross sectional area of member A =N x b x h =11250 mm?2

Section modulus Wy=Nxbxh2/6=281250 mm?3
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69 High Street, West Lavington ADL84/ 4
By/Date
Existing Purlin Analysis MM / Jun-26

Wz =h x (N xb)2/6 =140625 mm3
Second moment of arealy =N x b x h3/12 =21093750 mm*
=h x (N xb)3/12 = 5273437 mm*
Radius of gyration ry =V(ly/A)=43.3 mm

r-=V(Iz/ A) = 21.7 mm
Partial factor for material properties and resistances

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

Modification factor for load duration and moisture content - Table 3.1

kmod = 0.800
Deformation factor for service classes - Table 3.2 kdef = 0.600
Depth factor for bending - exp.3.1 khm = 1.000
Depth factor for tension - exp.3.1 knt = 1.000

Bending stress re-distribution factor - ¢l.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 = 1.500

System strength factor - cl.6.6  ksys = 1.000

Lateral buckling factor - ¢l.6.3.3(5) Kerit = 1.000
Compression perpendicular to the grain - cl.6.1.5

Design compressive stress Gc.90d = Ra_max / (N x b x (Lp + min(Lb, 30 mm))) = 0.406 N/mm?
Design compressive strength  fc.90.d = Kmod X Ksys X Kc.90 % fe.90k / ym = 2.308 N/mm?

Oc.90d / fc90d4 = 0.176

PASS - Design
compressive
strength exceeds
design
compressive
stress at bearing

Bending - ¢l 6.1.6
Design bending stress  Om.a =M/ Wy =10.915 N/mm?
Design bending strength fm.d = Knm X Kmod X Ksys X Kerit X fmk / ym = 14.769 N/mm?
Omd / fmda = 0.739

PASS - Design
bending strength
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Existing Purlin Analysis

By/Date
MM / Jun-26

Shear - cl.6.1.7

Applied shear stress
Permissible shear stress

Td/ fv.a = 0.320

Te=3 x F /(2 % ker X A) = 0.788 N/mm?
fud = Kmod X ksys X fvk / ym = 2.462 N/mm?

exceeds design
bending stress

PASS - Design
shear strength
exceeds design
shear stress
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69 High Street, West Lavington ADL84/ 6
By/Date
Existing Purlin Analysis — with addition of solar panels MM / Jun-26

TIMBER BEAM ANALYSIS & DESIGN (EN1995)

TIMBER BEAM ANALYSIS & DESIGN TO EN1995-1-1:2004

incorporating National Amendment No.1

2.893

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

Tedds calculation version 1.7.05

Load Envelope - Combination 1

0.0

3100 |

kNm
0.0

Bending Moment Envelope

3.475

Shear Force Envelope

45
3100 |

Applied loading

Beam loads

Roof DL: 0.72 kN/m2 x 2.80/2
Roof LL: 0.54 kN/m2 x 2.80/2
Solar Panels: 0.18 kN/m2 x 2.80/2

Load combinations

Permanent self weight of beam x 1
Permanent full UDL 1.010 kN/m
Variable full UDL 0.760 kN/m
Permanent full UDL 0.250 kN/m

Load combination 1 Support A Permanent x 1.35
Variable x 1.50
Span 1 Permanent x 1.35
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Existing Purlin Analysis — with addition of solar panels

By/Date
MM / Jun-26

Analysis results
Maximum moment
Design moment
Maximum shear
Design shear

Total load on beam
Reactions at support A

Unfactored permanent load reaction at support A

Variable x 1.50
Support B Permanent x 1.35
Variable x 1.50

Mmax = 3.475 KNm Mmin = 0.000 KNm
M = max(abs(Mmax),abs(Mmin)) = 3.475 kKNm

Fmax = 4.484 KN Fmin = -4.484 kN
F = max(abs(Fmax),abs(Fmin)) = 4.484 kKN

Wiot = 8.969 kN

Ra_max = 4.484 kN RaA_min = 4.484 kN

Unfactored variable load reaction at support A Ra _variable = 1.178 kN
RB_max =4.484 kN RB_min =4.484 kN

Reactions at support B

Unfactored permanent load reaction at support B

Unfactored variable load reaction at support B Rs_variable = 1.178 kN

f——o51——»

l«—T75—»]

f«—100—>]

Timber section details

Breadth of timber sections

Depth of timber sections

Number of timber sections in member
Overall breadth of timber member

Timber strength class - EN 338:2016 Table 1

Member details

Load duration - cl.2.3.1.2
Service class of timber - ¢l.2.3.1.3

Length of span
Length of bearing
Section properties

Cross sectional area of member
Section modulus

Second moment of area

b=75mm
h =150 mm
N=1

bb=Nxb=75mm
C24

Medium-term
1

Ls1 = 3100 mm
Lb =100 mm

A =N xb xh=11250 mm?

Wy =N xb xh2/6=281250 mm3
Wz =h x (N x b)? /6 = 140625 mm?
ly=Nxbxh3/12=21093750 mm*
lz=h x (N xb)3/12 = 5273437 mm*

RAﬁPermanent =2.013 kN

RBfPermanent =2.013 kN
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69 High Street, West Lavington ADL84/ 8
By/Date
Existing Purlin Analysis — with addition of solar panels MM / Jun-26

Radius of gyration

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3 yu = 1.300

Modification factors

Modification factor for load duration and moisture content - Table 3.1

kmod = 0.800
Deformation factor for service classes - Table 3.2 Kdef = 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 kc.oo = 1.500
System strength factor - cl.6.6 ksys = 1.000
Lateral buckling factor - ¢l.6.3.3(5) Kerit = 1.000

Compression perpendicular to the grain - cl.6.1.5

Design compressive stress

Design compressive strength fc.90.d = Kmod X Ksys % Kc.90 X fe.00k / ym = 2.308 N/mm?

PASS - Design compressive strength exceeds design compressive stress at bearing

Bending - ¢l 6.1.6

Design bending stress
Design bending strength

Shear - cl.6.1.7
Applied shear stress
Permissible shear stress

ry = V(ly/ A) = 43.3 mm
rz=v(lz/A) =21.7 mm

0c.90.d = Ra_max / (N x b x (L + min(Lb, 30 mm))) = 0.460 N/mm?

Oc.90.d / fc.90.4 = 0.199

Omd =M/ Wy =12.357 N/mm?2
fm.d = Kh.m X Kmod X Ksys X Kerit X fmx / ym = 14.769 N/mm?
Omd / fma = 0.837

PASS - Design bending strength exceeds design bending stress|

Td =3 x F /(2 % ker x A) = 0.892 N/mm?
fv.d = Kmod X ksys X fvk / ym = 2.462 N/mm?
T4/ fv.d = 0.363

PASS - Design shear strength exceeds design shear stress|
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Project Sheet no./rev.
69 High Street, West Lavington ADL84 /11
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26

TIMBER 2D ANALYSIS & DESIGN (EN1995)

TIMBER MEMBER ANALYSIS & DESIGN (EN1995-1-1:2004)

national annex

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

Tedds calculation version

2.2.23
Rafter 1 results summary Unit Capacity Maximum Utilisation Result
Compressive stress N/mm? (12.4 1.0 0.083 PASS
Bearing stress N/mm2 |2.2 0.7 0.324 PASS
Bending stress N/mm? |14.2 11.5 0.812 PASS
Shear stress N/mm? | 2.4 0.5 0.195 PASS
Bending and axial force 0.819 PASS
Column stability check 0.933 PASS
Beam stability check 0.738 PASS
Rafter 2 results summary Unit Capacity Maximum Utilisation Result
Compressive stress N/mm? (12.4 1.0 0.083 PASS
Bearing stress N/mm2 |2.2 0.7 0.324 PASS
Bending stress N/mm2 |14.2 115 0.812 PASS
Shear stress N/mm? | 2.4 0.5 0.195 PASS
Bending and axial force 0.819 PASS
Column stability check 0.933 PASS
Beam stability check 0.738 PASS
Collar results summary Unit Capacity Maximum Utilisation Result
Tensile stress N/mm? | 7.8 0.9 0.119 PASS
Bearing stress N/mm? |2.0 1.4 0.680 PASS
Bending stress N/mm2 | 12.9 0.3 0.023 PASS
Shear stress N/mm? |2.2 0.0 0.010 PASS
Bending and axial force 0.142 PASS
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Project Sheet no./rev.
69 High Street, West Lavington ADL84 /12
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26
Beam stability check 0.023 PASS
Deflection mm 19 0.9 0.046 PASS
ANALYSIS
Tedds calculation version
1.0.38
Geometry
Geometry (m) - C24 (EC5)
3
1
Collar
Materials
Name Density Youngs Modulus Shear Modulus Thermal
Coefficient
(kg/m?) kN/mm? kN/mm? °C
C24 (EC5) 420 11 0.69 0
Sections
Name Area Moment of inertia Shear area parallel to
Major Minor Minor Major
(cm?) (cm?) (cm?) (cm?) (cm?)
70x150 105 1968.8 428.8 87.5 87.5
75x180 135 3645 632.8 112.5 112.5
100x100 100 833.3 833.3 83.3 83.3
2/60x150 180 3375 2160 150 150
Nodes
Node Co-ordinates Freedom Coordinate system Spring
X z X V4 Rot. Name Angle X Z Rot.
(m) (m) (°) (kN/m) | (kN/m) | kNm/°
1 0 0 Fixed Fixed Free 0 0 0 0

oLl
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69 High Street, West Lavington ADL84 /13
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26
Node Co-ordinates Freedom Coordinate system Spring
X z X V4 Rot. Name Angle X Z Rot.
(m) (m) ©) (kN/m) | (kN/m) | kNm/°
2 1.19 0.773 Free Free Free 0 0 0 0
3 2.38 1.546 Free Free Free 0 0 0 0
4 3.57 0.773 Free Free Free 0 0 0 0
5 4.76 0 Free Fixed Free 0 0 0 0
6 2.38 0 Free Free Free 0 0 0 0
Elements
Element| Length Nodes Section Material Releases Rotated
(m) Start End Start End Axial
moment | moment
1 1.419 1 2 2/60x150 C24 (EC5) Free Fixed Fixed
2 1.419 2 3 2/60x150 C24 (EC5) Fixed Free Fixed
3 1.419 3 4 2/60x150 C24 (EC5) Fixed Fixed Fixed
4 1.419 4 5 2/60x150 C24 (EC5H) Fixed Free Fixed
5 2.38 1 6 75x180 C24 (EC5H) Fixed Fixed Fixed
6 2.38 6 5 75x180 C24 (EC5H) Fixed Fixed Fixed
7 1.546 3 6 100x100 C24 (EC5) Free Free Fixed
Members
Name Elements
Start End
Rafter 1 1 2
Rafter 2 3 4
Collar 5 6
Loading

Self weight included
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Existing Roof Truss with additional load of Solar Panels

By/Date
MM / Jun-26

Permanent - Loading (kN)
©
(2]

L‘.
b 4

A4
7 Collar

Imposed - Loading (kN)

Collar
Load combination factors
| & | 3
. . [ c ]
Load combination = g 9
£ = £
) [ £
() o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
Node loads
Node Load case Force Moment
X Z
(kN) (kN) (kNm)
2 Permanent 0 3.3 0
3 Permanent 0 3.3 0
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Existing Roof Truss with additional load of Solar Panels

By/Date
MM / Jun-26

Node Load case Force Moment
X z
(kN) (kN) (kNm)
4 Permanent 0 3.3 0
2 Imposed 0 24 0
3 Imposed 0 24 0
4 Imposed 0 24 0
2 Permanent 0 0.5 0
3 Permanent 0 0.5 0
4 Permanent 0 0.5 0
Results
Forces

Strength combinations - Moment envelope (kNm)

Strength combinations - Shear envelope (kN)
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69 High Street, West Lavington ADL84/ 16
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26
Service combinations - Deflection envelope (mm)
7.3 7.2
.0.2 0.2
A 0% AN
Rafter 1 - Span 1
Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 yv = 1.300
Member details
Load duration - cl.2.3.1.2 Long-term
Service class - ¢l.2.3.1.3 1
Timber section details
Number of timber sections in member N =2
Breadth of sections b =60 mm
Depth of sections h =150 mm
Timber strength class - EN 338:2016 Table 1 C24
60—
A 2/60x150 timber sections
Cross-sectional area, A, 18000 mm?
Section modulus, W,, 450000 mm?
Section modulus, W,, 180000 mm?3
Second moment of area, |, 33750000 mm*
Second moment of area, |,, 5400000 mm#*
Radius of gyration, iy, 43.3 mm
N Radius of gyration, i,, 17.3 mm
a Timber strength class C24
Characteristic bending strength, f._,, 24 N/mm?
Characteristic shear strength, f,,, 4 N/mm?2
Characteristic compression strength parallel to grain, f_, ., 21 N/mm?
Characteristic compression strength perpendicular to grain, f_; . 2.5 N/mm?
Characteristic tension strength parallel to grain, f,,,, 14.5 N/mm?
Mean modulus of elasticity, E, .. 11000 N/mm?
v Fifth percentile modulus of elasticity, E , .5, 7400 N/mm?
- Shear modulus of elasticity, G,,,,, 690 N/mm?
120 Characteristic density, p,, 350 kg/m®
R

Mean density, p_ ... 420 kg/im®
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69 High Street, West Lavington ADL84 / 17
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26
Span details

Bearing length Lo =100 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Modification factors
Duration of load and moisture content - Table 3.1 Kmod = 0.7
Deformation factor - Table 3.2  kdef = 0.6

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

Load configuration factor - cl.6.1.5(4) keoo =1.5

System strength factor - cl.6.6 ksys = 1.1

Check compression parallel to the grain - cl.6.1.4
Design axial compression P4 = 18.606 kN
Design compressive stress Ocod = Pda/ A =1.034 N/mm?
Design compressive strength  fc0d = kmod X Ksys X feok / ym = 12.438 N/mm?

0c0.d / fe,00 = 0.083

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 Fcy,9,d = 11.228 kN
Effective contact length Lb,ef = Lo + min(2838 mm / 2, Lb, 30 mm) = 130 mm
Design perpendicular compressive stress - exp.6.4 Ocy.90d = Fey90d / (N X b x Lper) = 0.720 N/mm?
Design perpendicular compressive strength fey,00,d = kmod X ksys X fc.ook / ym = 1.481 N/mm?
Oc,y,90,d / (Ke90 X fey,00d) = 0.324
PASS - Design
perpendicular
compression
strength exceeds
design
perpendicular
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69 High Street, West Lavington ADL84 /18
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26
compression
stress

Check shear force - Section 6.1.7

Design shear force Fyq = 3.72 kN

Design shear stress - exp.6.60 Tyd=1.5 X% Fyd/ (ker x N x b x h) = 0.463 N/mm?
Design shear strength  fuy.d = kmod % ksys X fvk / ym = 2.369 N/mm?
Tyd / fv,y,d =0.195

PASS - Design
shear strength
exceeds design
shear stress

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 2838 mm = 2554 mm
Slenderness ratio Ay = Ley /iy = 58.987

Relative slenderness ratio - exp. 6.21  Arety = Ay / TUx V(fc.ok / Eo.05) = 1
Effective length for z-axis bending Lez=0 mm

Slenderness ratio Az=Lez/iz=0

Relative slenderness ratio - exp. 6.22  Aretz = Az / Tt x V(fe.ox / Eo.05) = 0

Arety > 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) + Arery?) = 1.070
kz=0.5 % (1 + Bc X (Arel,z - 0.3) + Arel 2%) = 0.470
key =1/ (ky + V(ky? - Arely?)) = 0.689
kez =1/ (kz + V(kz? - Arel.2?)) = 1.064
Column stability checks - exp.6.23 & 6.24 0c0d/ (Key % fe04) = 0.121
0c,04d / (kez x fe0,d) = 0.078

PASS - Column
stability is
acceptable
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69 High Street, West Lavington ADL84 /19
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26

Check design 1419 mm along span

Check shear force - Section 6.1.7
Design shear force Fyq = 3.601 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fyd/ (ker x N x b x h) = 0.448 N/mm?
Design shear strength  fuy.a = Kmod X ksys X fvk / ym = 2.369 N/mm?
Tyd / fvyd = 0.189

PASS - Design
shear strength
exceeds design
shear stress

Check bending moment - Section 6.1.6

Design bending moment My.a = 5.195 kKNm

Design bending stress  Om,y.d = My.a / Wy = 11.544 N/mm?

Design bending strength fmy.d = Kmod X Ksys X fmk / ym = 14.215 N/mm?
Omy.d / fmya = 0.812

PASS - Design
bending strength
exceeds design
bending stress

Check combined bending and axial tension - Section 6.2.3

Combined loading checks - exp.6.19 & 6.20 (0c04d / fe,0.d)? + Omyd / fmyd = 0.819
(O'C,O,d / fc,O,d)2 + km x Om,y,d / fm,y,d = 0.575

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 2838 mm = 2554 mm
Slenderness ratio Ay = Ley /iy = 58.987

Relative slenderness ratio - exp. 6.21  Arety = Ay / TUx V(fc.ok / Eo.05) = 1
Effective length for z-axis bending Lez=0 mm

Slenderness ratio AMz=Lez/iz=0
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Relative slenderness ratio - exp. 6.22  Arelz = Az / Tt x V(fe.ox / Eo.05) = 0

Arety > 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) + Arery?) = 1.070
kz=0.5 % (1 + Bc X (Arel,z - 0.3) + Arel 2%) = 0.470
key =1/ (ky + V(ky? - Arely?)) = 0.689
kez =1/ (kz + V(kz? - Arel.2?)) = 1.064
Column stability checks - exp.6.23 & 6.24 0c 0,4/ (Key % fc0d) + Omy,d / fmy.d = 0.933
0c0,d | (Kez * fc0,d) + Km X Om,y,d / fm,y,d = 0.647

PASS - Column
stability is
acceptable

Check beams subjected to either bending or combined bending and compression - ¢l.6.3.3
Lateral buckling factor - exp.6.34 Kerit = 1.000
Beam stability check - exp.6.35 (Omy.d / (Kerit X fmy.d))? + Oc0d / (Kez X fe04) = 0.738

PASS - Beam
stability is
acceptable

Consider Combination 2 - 1.0G + 1.0Q + 1.0RQ (Service)

Check design 1419 mm along span

Check y-y axis deflection - Section 7.2
Instantaneous deflection & =7.3mm
Quasi-permanent variable load factor 2= 0.3
Final deflection with creep Oy.Final = Oy X (1 + Kder) = 11.7 mm
Rafter 2 - Span 1

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

Member details

Load duration - cl.2.3.1.2 Long-term

Service class - cl.2.3.1.3 1
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Timber section details

Number of timber sections in member N =2

Breadth of sections b =60 mm

Depth of sections h =150 mm

Timber strength class - EN 338:2016 Table 1 C24
fe——60——

yy 2/60x150 timber sections

Cross-sectional area, A, 18000 mm?

Section modulus, W,, 450000 mm?

Section modulus, W,, 180000 mm?

Second moment of area, |,, 33750000 mm*

Second moment of area, |,, 5400000 mm+*

Radius of gyration, iy, 433 mm

Radius of gyration, i,, 17.3 mm

Timber strength class C24

Characteristic bending strength, f_ . 24 N/mm?

Characteristic shear strength, T4 N/mm?

Characteristic compression strength parallel to grain, f, ;. 21 N/mm?
Characteristic compression strength perpendicular to grain, f g, 2.5 N/mm?
Characteristic tension strength parallel to grain, f, ,, 14.5 N/mm?
Mean modulus of elasticity, E; . 11000 N/mm?

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

Shear modulus of elasticity, G 690 N/mm?

mean’

Characteristic density, ,, 350 kg/m3

e— 120 | Mean density, p, .., 420 kg/m®

0sL

Span details
Bearing length Lb =100 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Modification factors
Duration of load and moisture content - Table 3.1 Kmod = 0.7
Deformation factor - Table 3.2  kdef = 0.6
Bending stress re-distribution factor - cl.6.1.6(2) km = 0.7
Crack factor for shear resistance - ¢l.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 = 18.606 kN
Design compressive stress 0c,0d = Pa/ A =1.034 N/mm?
Design compressive strength  fc.0,d = Kmod X Ksys X fe.ok / ym = 12.438 N/mm?

0c0.d / fe,00 = 0.083

PASS - Design
parallel
compression
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strength exceeds
design parallel
compression
stress

Check design at start of span

Check shear force - Section 6.1.7
Design shear force Fyq=3.72 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fyd/ (ker x N x b x h) = 0.463 N/mm?
Design shear strength  fuy.a = Kmod X ksys X fvk / ym = 2.369 N/mm?
Tyd / fvyd = 0.195

PASS - Design
shear strength
exceeds design
shear stress

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 2838 mm = 2554 mm
Slenderness ratio Ay = Ley /iy = 58.987

Relative slenderness ratio - exp. 6.21  Arety = Ay / Tt x V(fe.ok / Eo.05) = 1
Effective length for z-axis bending Lez=0 mm

Slenderness ratio A2=Llez/iz=0

Relative slenderness ratio - exp. 6.22  Arelz = Az / Tt x V(fc.ox / Eo.05) = 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 (Arety - 0.3) + Arely?) = 1.070
kz=0.5 % (1 + Bc X (Arel,z - 0.3) + Arel z%) = 0.470
key =1/ (ky + V(ky? - Arely?)) = 0.689
kez =1/ (kz + V(kz? - Arel.2?)) = 1.064
Column stability checks - exp.6.23 & 6.24 0c,04d/ (Key X fe0d) = 0.121
0c,0d / (Kez % fe0,0) = 0.078

PASS - Column
stability is
acceptable

STR||CTUR
SOLUTIONS




Project Sheet no./rev.
69 High Street, West Lavington ADL84 / 23
By/Date
Existing Roof Truss with additional load of Solar Panels MM / Jun-26

Check design 1419 mm along span

Check shear force - Section 6.1.7
Design shear force Fyq = 3.601 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fyd/ (ker x N x b x h) = 0.448 N/mm?
Design shear strength  fuy.a = Kmod X ksys X fvk / ym = 2.369 N/mm?
Tyd / fvyd = 0.189

PASS - Design
shear strength
exceeds design
shear stress

Check bending moment - Section 6.1.6

Design bending moment My.a = 5.195 kKNm

Design bending stress  Om,y.d = My.a / Wy = 11.544 N/mm?

Design bending strength fmy.d = Kmod X Ksys X fmk / ym = 14.215 N/mm?
Omy.d / fmya = 0.812

PASS - Design
bending strength
exceeds design
bending stress

Check combined bending and axial tension - Section 6.2.3

Combined loading checks - exp.6.19 & 6.20 (0c04d / fe,0.d)? + Omyd / fmyd = 0.819
(O'C,O,d / fc,O,d)2 + km x Om,y,d / fm,y,d = 0.575

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 2838 mm = 2554 mm
Slenderness ratio Ay = Ley /iy = 58.987

Relative slenderness ratio - exp. 6.21  Arety = Ay / TUx V(fc.ok / Eo.05) = 1
Effective length for z-axis bending Lez=0 mm

Slenderness ratio AMz=Lez/iz=0
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Relative slenderness ratio - exp. 6.22  Arelz = Az / Tt x V(fe.ox / Eo.05) = 0

Arety > 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) + Arery?) = 1.070
kz=0.5 % (1 + Bc X (Arel,z - 0.3) + Arel 2%) = 0.470
key =1/ (ky + V(ky? - Arely?)) = 0.689
kez =1/ (kz + V(kz? - Arel.2?)) = 1.064
Column stability checks - exp.6.23 & 6.24 0c 0,4/ (Key % fc0d) + Omy,d / fmy.d = 0.933
0c0,d | (Kez * fc0,d) + Km X Om,y,d / fm,y,d = 0.647

PASS - Column
stability is
acceptable

Check beams subjected to either bending or combined bending and compression - ¢l.6.3.3

Lateral buckling factor - exp.6.34 Kerit = 1.000
Beam stability check - exp.6.35 (Omy.d / (Kerit X fmy.d))? + Oc0d / (Kez X fe04) = 0.738

PASS - Beam
stability is
acceptable
Check design at end of span
Check compression perpendicular to the grain - cl.6.1.5
Design perpendicular compression - major axis Fcy,9,d = 11.228 kN
Effective contact length Lb,ef = min(2838 mm / 2, Ly, 30 mm) + Lp = 130 mm
Design perpendicular compressive stress - exp.6.4 Oc,y.90,d = Fey90d / (N X b x Lper) = 0.720 N/mm?
Design perpendicular compressive strength fcy,00d = Kmod X Ksys * fe.ook / ym = 1.481 N/mm?
Ocy,90.d / (Ke90 X fcy,004) = 0.324
PASS - Design
perpendicular
compression
strength exceeds
design
perpendicular
compression
stress
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Check shear force - Section 6.1.7

Design shear force Fyq = 3.72 kN
Design shear stress - exp.6.60 Tyd=1.5 X% Fyd/ (ker x N x b x h) = 0.463 N/mm?
Design shear strength  fuy.d = kmod % ksys X fvk / ym = 2.369 N/mm?
Tyd / fuya = 0.195

PASS - Design
shear strength
exceeds design
shear stress

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 2838 mm = 2554 mm
Slenderness ratio Ay = Ley /iy = 58.987

Relative slenderness ratio - exp. 6.21  Arety = Ay / TUx V(fc.ok / Eo.05) = 1
Effective length for z-axis bending Lez=0 mm

Slenderness ratio AMz=Lez/iz=0

Relative slenderness ratio - exp. 6.22  Aretz = Az / Tt x V(fe.ox / Eo.05) = 0

Arety > 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) + Arery?) = 1.070
kz=0.5 % (1 + Bc X (Arel,z - 0.3) + Arel %) = 0.470
key =1/ (ky + V(ky? - Arely?)) = 0.689
kez =1/ (kz + V(kz? - Arel2?)) = 1.064
Column stability checks - exp.6.23 & 6.24 0c0d/ (Key % fe04) = 0.121
0c,04d / (Kez x fe0,d) = 0.078

PASS - Column
stability is
acceptable

Consider Combination 2 - 1.0G + 1.0Q + 1.0RQ (Service)

Check design 1419 mm along span

Check y-y axis deflection - Section 7.2

Instantaneous deflection & =7.2mm
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Quasi-permanent variable load factor 2 =0.3
Final deflection with creep Oy.Final = Oy X (1 + Kder) = 11.5 mm

Collar - Span 1

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3 yv = 1.300

Member details

Load duration - cl.2.3.1.2 Long-term

Service class - ¢l.2.3.1.3 1

Timber section details

Number of timber sections in member N =1

Breadth of sections b=75mm

Depth of sections h =180 mm

Timber strength class - EN 338:2016 Table 1 C24
75—

76x180 timber section

Cross-sectional area, A, 13500 mm?2

Section modulus, W, 405000 mm?3

Section modulus, W,, 168750 mm3

Second moment of area, Iy, 36450000 mm+*

Second moment of area, |, 6328125 mm#

Radius of gyration, iy, 52 mm

Radius of gyration, i, 21.7 mm

Timber strength class C24

Characteristic bending strength, f . 24 N/mm?

Characteristic shear strength, T4 N/mm?

Characteristic compression strength parallel to grain, f _ ., 21 N/mm?
Characteristic compression strength perpendicular to grain, f g, ,, 2.5 N/mm?
Characteristic tension strength parallel to grain, f, ;. 14.5 N/mm?
Mean modulus of elasticity, E, ., 11000 N/mm?

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

Shear modulus of elasticity, G .., 690 N/mm?

Characteristic density, p,, 350 kg/m®

Mean density, ... 420 kg/m®

»!
gl

08l

Span details

Bearing length Lo =100 mm

Consider Combination 1 - 1.35G + 1.5Q + 1.5RQ (Strength)

Modification factors

Duration of load and moisture content - Table 3.1 Kmod = 0.7

Deformation factor - Table 3.2  kgef = 0.6

Depth factor for tension - exp.3.1 knt=1

Bending stress re-distribution factor - cl.6.1.6(2) km = 0.7
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Crack factor for shear resistance - ¢l.6.1.7(2)ker = 0.67
Load configuration factor - cl.6.1.5(4) kcoo = 1.5
Check tension parallel to the grain - Section 6.1.2
Axial tension  Pq = 13.576 kN
Design tensile stress  at0,d = Pda/ (b x min(het e1, het e2)) = 0.928 N/mm?
Design tensile strength ftod = knt X Kmod X ftox / ym = 7.808 N/mm?2
ot0,d / foa = 0.119

PASS - Design
tensile strength
exceeds design

tensile stress

Check design at start of span

Check compression perpendicular to the grain - cl.6.1.5
Design perpendicular compression - major axis Fcy,9,d = 13.389 kN
Effective contact length Lb,ef = Lo + min(4760 mm / 2, Lb, 30 mm) = 130 mm
Design perpendicular compressive stress - exp.6.4 Ocy,90d = Fey90d / (b % Lbef) = 1.373 N/mm?
Design perpendicular compressive strength fey,00,d = kmod X feo0k / ym = 1.346 N/mm?
Oc,y,90,d / (Ke,90 X fcy,90,4) = 0.680
PASS - Design
perpendicular
compression
strength exceeds
design
perpendicular

compression
stress

Check shear force - Section 6.1.7

Design shear force Fyq=0.134 kN
Design shear stress - exp.6.60 Tyd = 1.5 x Fyq/ (ker X b x h) = 0.022 N/mm?2
Design shear strength  fuyd = kmod % fvk / ym = 2.154 N/mm?
Tyd / fvyd = 0.010

PASS - Design
shear strength
exceeds design
shear stress
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Check design 2977 mm along span

Check bending moment - Section 6.1.6
Design bending moment My.d = 0.119 kNm
Design bending stress  Gm,y.d = My,d / Wy = 0.295 N/mm?
Design bending strength fmy.d = Kmod X fmk / ym = 12.923 N/mm?
Om,y,d / fmyd = 0.023

PASS - Design
bending strength
exceeds design
bending stress

Check combined bending and axial tension - Section 6.2.3

Combined loading checks - exp.6.17 & 6.18 Otod/ ftod + Omyd / fmya = 0.142

ot0,d / ft0d + Km X Omy.d / fmy,d = 0.135

PASS - Combined
bending and axial
tension utilisation

is acceptable

Check beams subjected to either bending or combined bending and compression - ¢l.6.3.3

Lateral buckling factor - exp.6.34 Kerit = 1.000
Beam stability check - exp.6.33 Omy.d/ (Kerit X fmy.d) = 0.023

PASS - Beam
stability is
acceptable
Check design at end of span
Check compression perpendicular to the grain - cl.6.1.5
Design perpendicular compression - major axis Fcy,9.d = 13.389 kN
Effective contact length Lb,ef = min(4760 mm / 2, L, 30 mm) + Lp = 130 mm
Design perpendicular compressive stress - exp.6.4 Ocy,90d = Feyo0d / (b % Lbef) = 1.373 N/mm?
Design perpendicular compressive strength fey,90,d = Kmod X feo0k / ym = 1.346 N/mm?

Oc,y,90,d / (Ke,90 X fcy,90,d) = 0.680

PASS - Design
perpendicular
compression
strength exceeds
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Check shear force - Section 6.1.7

Design shear force Fyq = 0.134 kN
Design shear stress - exp.6.60 Tyd= 1.5 % Fyq/ (ker X b x h) = 0.022 N/mm?
Design shear strength  fuyd = Kmod X fvk / ym = 2.154 N/mm?
Tyd / fvya = 0.010

Consider Combination 2 - 1.0G + 1.0Q + 1.0RQ (Service)

Check design 2356 mm along span

Check y-y axis deflection - Section 7.2
Instantaneous deflection & =0.5mm
Quasi-permanent variable load factor 2= 0.3
Final deflection with creep Oy,Final = Oy X (1 + Kder) = 0.9 mm
Allowable deflection Oy,Allowable = Lm3_s1 /250 =19 mm

Oy,Final / Oy Allowable = 0.046

design
perpendicular
compression
stress

PASS - Design
shear strength
exceeds design
shear stress

PASS - Allowable
deflection
exceeds final
deflection
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