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MASTERFRAME + MASTERKEY : TIMBER DESIGN 

AXIAL LOAD WITH MOMENT DESIGN TO BS EN 1995-1-1:2004 + 

A1:2008 

Members 586, 590, 593, 595-596 & 598-600 ( 2-1\B-C) @ floor 

 

Summary Design Data 
Eurocode National Annex Using defaults code recommended values   
Strength class code BS EN 338:2009   
Design Cases Covered 1, 5-7, 10-12, 15-17, 20-22, 25-27, 30-32, 35-37, 40-42, 45-47, 50-52, 55-57, 60-62, 65-68 & 

85-180 
Deflection Cases Covered 2-4, 8-9, 13-14, 18-19, 23-24, 28-29, 33-34, 38-39, 43-44, 48-49, 53-54, 58-59, 63-64 & 69-84 
Section Size b = 97, h = 219, 219x97 in Strength Class D40   
Section Properties (c,cm³,cm) Area 212.4, Wel.y  775.4, Wel.z  343.4, iy  6.32, iz  2.8  
Specification 1 : Internal use in continuously heated building   
  Long term loading, Calculate final deflection   
Integrated Design Critical Case  : Dead plus Wind (1.35 D1 + 1.4 S2) (a=5)   
Member Details NEd  = 6.505 kN, L = 3.2 m, Ly  = 3.2 m, Lz  = 3.2 m, Lcr.y  = 1.0 Ly , Lcr.z  = 1.0 Lz  
 Bearing length 75, Distance to Bearing 150 mm   

Grade and Admissible Stresses (Strength Class D40) 
fm.y.d = Kmod.Khy.Ksys.fm.k/γm 0.70 x 1.00 x 1.00 x 40.00/1.3 21.54 N/mm²  
fm.z.d = Kmod.Khz.Ksys.fm.k/γm 0.70 x 1.09 x 1.00 x 40.00/1.3 23.50 N/mm²  
fc.0.d = Kmod.Ksys.fc.0.k/γm 0.70 x 1.00 x 26.00/1.3 14.00 N/mm²  
fc.90.d = Kmod.Kc.90.Ksys.fc.90.k/γm 0.70 x 1.50 x 1.00 x 8.30/1.3 6.70 N/mm²  
fv.d = Kmod.Ksys.fv.k/γm 0.70 x 1.00 x 4.00/1.3 2.15 N/mm²  
Emean.fin = Emean/(1+Kdef) 13000/(1+0.60) 8125 N/mm² Deflection 

Compression Resistance 
λy = Ley/iy 320/6.322 ≤ 180 50.6 OK 
λrel.y= λy/~p √ (fc.0.k/E0.05) 50.6/~p √ 26/10900 0.787  
kc.y = fn( βc, λrel.y, ky) 0.2, 0.787, 0.858 0.833  
fc.y.0.d = kc.y . fc.0.d 0.833 x 14.00 11.66 N/mm²  
λz = Lez/iz 320/2.800 ≤ 180 114.3 OK 
λrel.z= λz/~p √ (fc.0.k/E0.05) 114.3/~p √ 26/10900 1.777  
kc.z = fn( βc, λrel.z, kz) 0.2, 1.777, 2.226 0.280  
fc.z.0.d = kc.z . fc.0.d 0.280 x 14.00 3.93 N/mm²  
σc.a = NEd /Area 6.505 / 212.4 ≤ 3.93 0.31 N/mm² OK 
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Axial Load with Moments Check 
Critical Design Location X = 1.600   
σm.y.d = My/Wel.y 2.524 / 775.37 ≤ 21.54 3.26 N/mm² OK 
σm.z.d = Mz/Wel.z 0.036 / 343.43 ≤ 23.50 0.10 N/mm² OK 
Uc.y = σc.0.d/(kc.y•fc.0.d) 0.306/(0.833x14.000) 0.026 OK 
Uc.z = σc.0.d/(kc.z•fc.0.d) 0.306/(0.280x14.000) 0.078 OK 
Um.y = σm.y.d/fm.y.d 3.260/21.538 0.151 OK 
Um.z = σm.z.d/fm.z.d 0.100/23.501 0.004 OK 
Uc.y+Um.y+km.Um.z 0.026+0.151+0.7x0.004 0.181 OK 
Uc.z+km.Um.y+Um.z 0.078+0.7x0.151+0.004 0.188 OK 

Shear and Bearing Check 
Critical Design Location X = 2.920   
τa = 1.5 √(Vy.Ed ²+Vz.Ed ²) / Area / 
kcr 

1.5 √(3.472²+0.124²) / 212 / 0.67 ≤ 2.15 0.37 N/mm² OK 

σc⊥ax = Vy.Ed  / (b.ly ) 3.472 / (97 x 75) ≤ 6.70 0.48 N/mm² OK 

σc⊥ay = Vz.Ed  / (h.lz ) 0.124 / (219 x 75) ≤ 6.70 0.01 N/mm² OK 

Deflection Check 
Critical Load Case 019 : Dead plus Live plus Wind (1.00D1+0.8 L1+0.8 S1) (a=5)   
δ = δm + δs In-span 3.75 ≤ L/250 3.75  mm OK 
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STANDALONE MASTERBEAM : TIMBER DESIGN 

AXIAL LOAD WITH MOMENT DESIGN TO BS EN 1995-1-1:2004 + 

A1:2008 

 

 

SUMMARY OF DATA 
Member Properties 

    Spans 1-3    
  M  ...  ...         75x220 C20 E 9.500E6 G .594E6 TG C20  1000000 

   A 165.0E-4          Iy 6655E-8          Iz 773.4E-8         It 3094E-8          

Member Loading 
    Span 1    
   D1 UDLW -000.063             ( kN/m )   D1 UDLY -000.500             ( kN/m )   

   L1 UDLY -001.000             ( kN/m )   D1 PY   -005.000 1.500       ( kN,m )   

    Span 2    
   D2 UDLW -000.063             ( kN/m )   D2 UDLY -000.500             ( kN/m )   

   L2 UDLY -003.000             ( kN/m )   D2 PY   -003.000 1.000       ( kN,m )   

    Span 3    
   D1 UDLW -000.063             ( kN/m )   D1 UDLY -000.500             ( kN/m )   

   L1 UDLY -001.000             ( kN/m )                                           

Support Conditions 
NODES 1-3    
     UT Rs 1 1 1 0 0 0 

ANALYSIS RESULTS 
Nodal Deflections Serviceability (004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)) 

Node 
Nodal Def. (mm and degrees) 

Node 
Nodal Def. (mm and degrees) 

δX → δY ↑ θZ ↗ δXY δX → δY ↑ θZ ↗ δXY 

1 0.00 0.00 -0.12 0.00 2 0.00 0.00 -0.03 0.00 

3 0.00 0.00 0.03 0.00 4 0.00 -4.38 -0.16 4.38 

  

Member Forces Ultimate (001 : All Spans Loaded  (Ultimate: 1.35D1+1.35D2+1.5L1+1.5L2)) 

Span No. 
Axial Force 

(kN) 

Shear Force (kN) Bending Moment (kNm) Maximum 
Moment 
(kNm) 

Maximum 
Deflection 
(mm@m) 

End 1 End 2 End 1 End 2 

1 0.00C 3.36 -9.04 0.00 -5.42 2.49 @ 1.480 2.38 @ 1.199 

2 0.00C 10.89 -8.94 -5.42 -4.52 3.08 @ 1.286 3.99 @ 1.408 

3 0.00C 4.52 0.00 -4.52 0.00  1.00 @ 0.720 
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Member Forces Ultimate (002 : Alternate Spans 1 (Ultimate: 1.35D1+1.0D2+1.5L1)) 

Span No. 
Axial Force 

(kN) 

Shear Force (kN) Bending Moment (kNm) Maximum 
Moment 
(kNm) 

Maximum 
Deflection 
(mm@m) 

End 1 End 2 End 1 End 2 

1 0.00C 4.60 -7.80 0.00 -2.31 4.36 @ 1.500 4.31 @ 1.301 

2 0.00C 2.11 -2.58 -2.31 -4.52 -0.49 @ 1.000 2.78 @ 1.867 

3 0.00C 4.52 0.00 -4.52 0.00  1.00 @ 0.720 

  

Member Forces Ultimate (003 : Alternate Spans 2 (Ultimate: 1.0D1+1.35D2+1.5L2)) 

Span No. 
Axial Force 

(kN) 

Shear Force (kN) Bending Moment (kNm) Maximum 
Moment 
(kNm) 

Maximum 
Deflection 
(mm@m) 

End 1 End 2 End 1 End 2 

1 0.00C 0.58 -5.83 0.00 -5.31 0.30 @ 0.995 0.56 @ 2.066 

2 0.00C 11.99 -7.84 -5.31 -1.13 4.72 @ 1.500 7.09 @ 1.531 

3 0.00C 1.13 0.00 -1.13 0.00  0.25 @ 0.720 

  

Member Forces Ultimate (004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)) 

Span No. 
Axial Force 

(kN) 

Shear Force (kN) Bending Moment (kNm) Maximum 
Moment 
(kNm) 

Maximum 
Deflection 
(mm@m) 

End 1 End 2 End 1 End 2 

1 0.00C 2.42 -6.49 0.00 -3.83 1.87 @ 1.500 1.78 @ 1.224 

2 0.00C 7.58 -6.11 -3.83 -3.13 2.11 @ 1.286 2.71 @ 1.408 

3 0.00C 3.13 0.00 -3.13 0.00  0.69 @ 0.720 

  

Support Reactions Serviceability (004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)) 

Node 
Node0 

Node 
Node0 

Rx → (kN) Ry ↑ (kN) Mz ↗ (kNm) Rx → (kN) Ry ↑ (kN) Mz ↗ (kNm) 

1 0.000 2.420 0.000 2 0.000 14.068 0.000 

3 0.000 9.235 0.000     

Total 0.000 25.723 0.000     

 

New Beam Reference: Span 1 
Summary Design Data 

Eurocode National Annex Using UK values   
Strength class code BS EN 338:2009   
Design Cases Covered 1-3   
Deflection Cases Covered 1.0 D1 + 1.0 D2 + 1.0 L1 + 1.0 L2   
Section Size b = 75, h = 220, 220x75 in Strength Class C20   
Section Properties (c,cm³,cm) Area 165, Wel.y  605, Wel.z  206.3, iy  6.35, iz  2.17  
Specification 1 : Internal use in continuously heated building   
 Medium Term loading   
Integrated Design Critical Case  : All Spans Loaded  (Ultimate: 1.35D1+1.35D2+1.5L1+1.5L2)  
Member Details NEd  = 0.0 kN, L = 2.5 m, Ly  = 2.5 m, Lz  = 2.5 m, Lcr.y  = 1.0 Ly , Lcr.z  = 1.0 Lz  
 Bearing length 75, Distance to Bearing 150 mm   

Grade and Admissible Stresses (Strength Class C20) 
fm.y.d = Kmod.Khy.Ksys.fm.k/γm 0.80 x 1.00 x 1.00 x 20.00/1.3 12.31 N/mm²  
fm.z.d = Kmod.Khz.Ksys.fm.k/γm 0.80 x 1.15 x 1.00 x 20.00/1.3 14.14 N/mm²  
fc.90.d = Kmod.Kc.90.Ksys.fc.90.k/γm 0.80 x 1.50 x 1.00 x 2.30/1.3 2.12 N/mm²  
fv.d = Kmod.Ksys.fv.k/γm 0.80 x 1.00 x 3.60/1.3 2.22 N/mm²  
Emean Instantaneous Deflection 9500 N/mm² Deflection 

Axial Load with Moments Check 
Critical Design Location X = 2.500   
σm.y.d = My/Wel.y 5.420 / 605 ≤ 12.31 8.96 N/mm² OK 
Um.y = σm.y.d/fm.y.d 8.960/12.308 0.728 OK 
Um.y 0.728 0.728 OK 
Leff=L.KLTB 2.500x1.000 2.500  
σmcrit=~p√(E05.Iz.G05.J)/(Leff.Wy) ~p√(6.40x773.44x0.40x2430.05)/(2.500x605.00) 45.417  
λr,elm=√(fmk/σmcrit) √(20.00/45.42) 0.664  
kCrit λr,elm < 0.75 1.000  
σm.y.d/(kCrit•fm.y.d) 8.960/(1.000x12.308) 0.728 OK 

Shear and Bearing Check 
Critical Design Location X = 2.500   
τa = 1.5 Vy.Ed  / Area / kcr 1.5 x 9.043 / 165 / 0.67 ≤ 2.22 1.23 N/mm² OK 
σc⊥ax = Vy.Ed  / (b.ly ) 9.043 / (75 x 75) ≤ 2.12 1.61 N/mm² OK 
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Deflection Check 
Critical Load Case 004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)   
δ = δm + δs In-span 1.78 ≤ L/250 1.78  mm OK 

 

New Beam Reference: Span 2 
Summary Design Data 

Eurocode National Annex Using UK values   
Strength class code BS EN 338:2009   
Design Cases Covered 1-3   
Deflection Cases Covered 1.0 D1 + 1.0 D2 + 1.0 L1 + 1.0 L2   
Section Size b = 75, h = 220, 220x75 in Strength Class C20   
Section Properties (c,cm³,cm) Area 165, Wel.y  605, Wel.z  206.3, iy  6.35, iz  2.17  
Specification 1 : Internal use in continuously heated building   
 Medium Term loading   
Integrated Design Critical Case  : All Spans Loaded  (Ultimate: 1.35D1+1.35D2+1.5L1+1.5L2)  
Member Details NEd  = 0.0 kN, L = 3.0 m, Ly  = 3.0 m, Lz  = 3.0 m, Lcr.y  = 1.0 Ly , Lcr.z  = 1.0 Lz  
 Bearing length 75, Distance to Bearing 150 mm   

Grade and Admissible Stresses (Strength Class C20) 
fm.y.d = Kmod.Khy.Ksys.fm.k/γm 0.80 x 1.00 x 1.00 x 20.00/1.3 12.31 N/mm²  
fm.z.d = Kmod.Khz.Ksys.fm.k/γm 0.80 x 1.15 x 1.00 x 20.00/1.3 14.14 N/mm²  
fc.90.d = Kmod.Kc.90.Ksys.fc.90.k/γm 0.80 x 1.50 x 1.00 x 2.30/1.3 2.12 N/mm²  
fv.d = Kmod.Ksys.fv.k/γm 0.80 x 1.00 x 3.60/1.3 2.22 N/mm²  
Emean Instantaneous Deflection 9500 N/mm² Deflection 

Axial Load with Moments Check 
Critical Design Location X = 0.000   
σm.y.d = My/Wel.y 5.420 / 605 ≤ 12.31 8.96 N/mm² OK 
Um.y = σm.y.d/fm.y.d 8.960/12.308 0.728 OK 
Um.y 0.728 0.728 OK 
Leff=L.KLTB 3.000x1.000 3.000  
σmcrit=~p√(E05.Iz.G05.J)/(Leff.Wy) ~p√(6.40x773.44x0.40x2430.05)/(3.000x605.00) 37.848  
λr,elm=√(fmk/σmcrit) √(20.00/37.85) 0.727  
kCrit λr,elm < 0.75 1.000  
σm.y.d/(kCrit•fm.y.d) 8.960/(1.000x12.308) 0.728 OK 

Shear and Bearing Check 
Critical Design Location X = 0.000   
τa = 1.5 Vy.Ed  / Area / kcr 1.5 x 10.89 / 165 / 0.67 ≤ 2.22 1.48 N/mm² OK 
σc⊥ax = Vy.Ed  / (b.ly ) 10.89 / (75 x 75) ≤ 2.12 1.94 N/mm² OK 

Deflection Check 
Critical Load Case 004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)   
δ = δm + δs In-span 2.71 ≤ L/250 2.71  mm OK 

 

New Beam Reference: Span 3 
Summary Design Data 

Eurocode National Annex Using UK values   
Strength class code BS EN 338:2009   
Design Cases Covered 1-3   
Deflection Cases Covered 1.0 D1 + 1.0 D2 + 1.0 L1 + 1.0 L2   
Section Size b = 75, h = 220, 220x75 in Strength Class C20   
Section Properties (c,cm³,cm) Area 165, Wel.y  605, Wel.z  206.3, iy  6.35, iz  2.17  
Specification 1 : Internal use in continuously heated building   
 Medium Term loading   
Integrated Design Critical Case  : All Spans Loaded  (Ultimate: 1.35D1+1.35D2+1.5L1+1.5L2)  
Member Details NEd  = 0.0 kN, L = 2.0 m, Ly  = 2.0 m, Lz  = 2.0 m, Lcr.y  = 1.0 Ly , Lcr.z  = 1.0 Lz  
 Bearing length 75, Distance to Bearing 150 mm   

Grade and Admissible Stresses (Strength Class C20) 
fm.y.d = Kmod.Khy.Ksys.fm.k/γm 0.80 x 1.00 x 1.00 x 20.00/1.3 12.31 N/mm²  
fm.z.d = Kmod.Khz.Ksys.fm.k/γm 0.80 x 1.15 x 1.00 x 20.00/1.3 14.14 N/mm²  
fc.90.d = Kmod.Kc.90.Ksys.fc.90.k/γm 0.80 x 1.50 x 1.00 x 2.30/1.3 2.12 N/mm²  
fv.d = Kmod.Ksys.fv.k/γm 0.80 x 1.00 x 3.60/1.3 2.22 N/mm²  
Emean Instantaneous Deflection 9500 N/mm² Deflection 
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Axial Load with Moments Check 
Critical Design Location X = 0.000   
σm.y.d = My/Wel.y 4.520 / 605 ≤ 12.31 7.47 N/mm² OK 
Um.y = σm.y.d/fm.y.d 7.470/12.308 0.607 OK 
Um.y 0.607 0.607 OK 
Leff=L.KLTB 2.000x1.000 2.000  
σmcrit=~p√(E05.Iz.G05.J)/(Leff.Wy) ~p√(6.40x773.44x0.40x2430.05)/(2.000x605.00) 56.771  
λr,elm=√(fmk/σmcrit) √(20.00/56.77) 0.594  
kCrit λr,elm < 0.75 1.000  
σm.y.d/(kCrit•fm.y.d) 7.470/(1.000x12.308) 0.607 OK 

Shear and Bearing Check 
Critical Design Location X = 0.000   
τa = 1.5 Vy.Ed  / Area / kcr 1.5 x 4.52 / 165 / 0.67 ≤ 2.22 0.61 N/mm² OK 
σc⊥ax = Vy.Ed  / (b.ly ) 4.52 / (75 x 75) ≤ 2.12 0.80 N/mm² OK 

Deflection Check 
Critical Load Case 004 : All Spans Loaded  (Serviceability: 1.0D1+1.0D2+1.0L1+1.0L2)   
δ = δm + δs Cantilever 4.38 ≤ L/250 4.38  mm OK 
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STANDALONE MASTERKEY : TIMBER DESIGN 

FLITCH BEAM DESIGN TO BS EN 1995-1-1:2004 + A1:2008 

Summary Design Data 
Eurocode National Annex Using Using UK values values   
Strength Class Code BS EN 338:2009   
Timber Data l = 3 m, b = 75 mm, h = 220 mm in Strength Class C16  
Plate Data b = 12 mm, h = 160 mm in Grade 240W   
Section Properties Timber Area = 330 cm2, Z = 2164.18 cm3, Ix = 13.3e3 cm4  
Section Properties Plate Areaeff = 447.27 cm2, Z = 2705.23 cm3, Ix = 10.5e3 cm4  
Beam Data Span = 3 m, Spacing = 1 m, Bearing Length = 75, Distance to Bearing = 150 
Beam Loading Dead Load = 0.5 kN/m2, Live Load = 1.5 kN/m2   
Specification 1 : Internal use in continuously heated building, Long Term Loading 

Grade and Admissible Stresses (Strength Class C16) 
fm,y,d = kmod.kh.ksys.fm,k / γm 0.7 x 1 x 1 x 16 / 1.3 8.62 N/mm²  
fc,0,d = kmod.ksys.fc,0,k / γm 0.7 x 1 x 17 / 1.3 9.15 N/mm²  
fc,90,d = kmod.kc,90.ksys.fc,90,k / γm 0.7 x 1.5 x 1 x 2.2 / 1.3 1.78 N/mm²  
ft,0,d = kmod.kh.ksys.ft,0,k / γm 0.7 x 1 x 1 x 10 / 1.3 5.38 N/mm²  
fv,d = kmod.ksys.fv,k / γm 0.7 x 1 x 3.2 / 1.3 1.72 N/mm²  
Emean, fin = Emean / (1 + kdef) 8000 / (1 + 0.6) 5000 N/mm²  
Plate Modulus Es = 240 N/mm² 240 N/mm²  

Design Loads 
Timber Density and Selfweight 370 kg/m³, Fj 0.24 kN/m   
Steel Density and Selfweight 8002 kg/m³, Fs 0.015 kN/m   
w = (1.35•Fd + 1.5•Fl).s + Fj + Fs (1.35 x 0.5 + 1.5 x 1.5) x 1 + 1.35 x (0.24 + 0.015) 3.27 kN/m  

Bending Stresses in Timber 
σt,m,y,d = My / Wel,y 3.68 / 2164.18 = 8.62 1.7 N/mm² OK 
Um,t =  σm,y,d / fm,y,d 1.7 / 8.62 0.197 OK 
Leff = L•kLTB 3 x 0.9  2700 mm  
σm,crit = 0.78 • E0.05 • b2 / h • leff 0.78 x 5.4 x (2 x 75)2 / 220 x 2700 159.55 N/mm²  
λrel,m = √(fm,k / σm,crit) √(16 / 159.55) 0.317  
kcrit λrel,m < 0.75, kcrit = 1 1  
Utmt = σm, a / (kcrit • fm,d) 1.7 / (1 x 8.62) 0.197 OK 

Bending Stresses in Steel 
σs,m,y,d = mr • My / Wel,y (23.3 x 3.68) / 2705.23 = 240  31.68 N/mm² OK 
Um,s =  σm,y,d / fm,y,d 31.68 / 240 0.132 OK 

Shear and Bearing Check 
Fv = wyy.L / 2 3.27 x 3 / 2 4.9 kN  
τa, y = (1.5 Fv / kcr) / Area (1.5 x 4.9 / 0.67) / 330 0.333 N/mm² OK 
σca = Vy,Ed / (b.B.Not) 4.9 / (75 x 75 x 2) = 1.78 0.436 N/mm² OK 

Deflection 
Deflection due to Permanent Load    
δm = 5.w.L4 / (384.E.Iy) 5 x 0.755 x 34 / (384 x 5000 x 23.8e3) 0.669 mm  
δs = 12.w.L2 / (5.E.A) 12 x 0.755 x 32 / (5 x 5000 x 777.27) 0.042 mm  
uinst,G = δm + δs 0.669 + 0.042 0.711 mm  
Deflection due to Variable Load    
δm = 5.w.L4 / (384.E.Iy) 5 x 1.5 x 34 / (384 x 8000 x 23.8e3) 0.831 mm  
δs = 12.w.L2 / (5.E.A) 12 x 1.5 x 32 / (5 x 8000 x 777.27) 0.052 mm  
uinst,Q = δm + δs 0.831 + 0.052 0.883 mm  
ufin,G = uinst,G (1 + kdef) 0.711 x (1 + 0.6) 1.14 mm  
ufin,Q = uinst,Q (1 + w2.kdef) 0.883 x (1 + 0.3 x 0.6) 1.04 mm  
ufin = ufin,G + ufin,Q 1.14 + 1.04 ≤ L/250 2.18 mm OK 

Minimum Bolt Capacity 
Permissible shear & bearing stress pbss = 160 N/mm², pbbs = 460 N/mm²   
Load for bolt, Fv,Rk,90 Perpendicular to grain,  from Clause 8 EC5 4.85 kN  
Fb,Rd = (k1 • ab • fu • d • t) / γM2 (2.5 x 1 x 380 x 8 x 12) / (1.25 x 1000) 72.96 kN  
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Fv, Rd = av • fub • As / 1000 • ?M2  (0.6 x 400 x 37) / (1000 • 1.25) 7.1 kN  
Bolt Capacity = Min(Npln.Fv,Rk, 
Npln.Fv,Rd,Nplt.Fb,Rd) 

min(2x4.85, 2x7.1, 1x72.96) 9.7 kN  

Minimum Number Of Bolts Along Length 
W = w • L 3.27 x 3 9.81 kN  
Pstl = W • Ieff, s • Nos / Icmb 9.81 x 10.5e3 x 1 / 23.8e3 4.32 kN  
Max Bolt Spc. = Min(2.5 • ht, 600) Min(2.5 x 220, 600) 550 mm  
Nbmin = L/Max Spacing 3000 / 550 6  
No. Bolts=Max(Nbmin ,Pstl / Boltcap)) max(6, 4.32 / 9.7) 6  
Bolt load = Pstl / Num Bolts 4.32 / 6 0.721 kN  
Utblt = Bolt Load / Bolt Capacity 0.721 / 9.7 0.074 OK 

Minimum Number of Bolts At Ends 
Load for bolt,  Fv,Rk, from Clause 8 EC5   
Pblt = Ns int • Fv,Rk 2 x 4.85 9.7 kN  
W = w • L / 2 3.27 x 3 / 2 4.9 kN  
Pstl = W • Ieff, s • Nos / Icmb 4.9 x 10.5e3 x 1 / 23.8e3 2.16 kN  
Num Bolts = Max(Pstl / Pblt, 2) Max(2.16 / 9.7, 2) 2  

Minimum Spacings And Washer Size 
End Spacing = Max(7 • d, 80) Max(7 x  8, 80) 80 mm  
Edge Spacing = 4 • d 4 x 8 32 mm  
Bolt Spacing = 4 • d 4 x 8 32 mm  
Washer Diameter = 3 • d 3 x 8 24 mm  
Washer Thickness = 0.3 • d 0.3 x 8 2 mm  

Bolt Summary 
Minimum requirement for supports: 2 No. 8 mm diameter Grade 4.6 bolts.   
Minimum requirement for beam: 6, 8 mm diameter Grade 4.6 bolts, at a maximum of 470 mm centres,  
 alternately staggered 55 mm above and below the centre line.  
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STANDALONE MASTERKEY : TIMBER DESIGN 

AXIAL LOAD WITH MOMENT DESIGN TO BS EN 1995-1-1:2004 + 

A1:2008 

Axial with Moment Member 

Summary Design Data 
Eurocode National Annex Using UK values   
Strength class code BS EN 338:2009   
Section Size b = 75, h = 220, 220x75 in Strength Class C16   
Section Properties (c,cm³,cm) Area 165, Wel.y  605, Wel.z  206.3, iy  6.35, iz  2.17  
Specification 1 : Internal use in continuously heated building   
 Medium Term loading   
Member Details NEd  = 1.0 kN, L = 3.0 m, Ly  = 3.0 m, Lz  = 3.0 m, Lcr.y  = 1.0 Ly , Lcr.z  = 1.0 Lz  
 Bearing length 75, Distance to Bearing 150 mm   

Grade and Admissible Stresses (Strength Class C16) 
fm.y.d = Kmod.Khy.Ksys.fm.k/γm 0.80 x 1.00 x 1.00 x 16.00/1.3 9.85 N/mm²  
fm.z.d = Kmod.Khz.Ksys.fm.k/γm 0.80 x 1.15 x 1.00 x 16.00/1.3 11.31 N/mm²  
fc.0.d = Kmod.Ksys.fc.0.k/γm 0.80 x 1.00 x 17.00/1.3 10.46 N/mm²  
fc.90.d = Kmod.Kc.90.Ksys.fc.90.k/γm 0.80 x 1.50 x 1.00 x 2.20/1.3 2.03 N/mm²  
fv.d = Kmod.Ksys.fv.k/γm 0.80 x 1.00 x 3.20/1.3 1.97 N/mm²  
Emean Instantaneous Deflection 8000 N/mm² Deflection 

Compression Resistance 
λy = Ley/iy 300/6.351 ≤ 180 47.2 OK 
λrel.y= λy/~p √ (fc.0.k/E0.05) 47.2/~p √ 17/5400 0.844  
kc.y = fn( βc, λrel.y, ky) 0.2, 0.844, 0.910 0.799  
fc.y.0.d = kc.y . fc.0.d 0.799 x 10.46 8.36 N/mm²  
λz = Lez/iz 300/2.165 ≤ 180 138.6 OK 
λrel.z= λz/~p √ (fc.0.k/E0.05) 138.6/~p √ 17/5400 2.475  
kc.z = fn( βc, λrel.z, kz) 0.2, 2.475, 3.780 0.151  
fc.z.0.d = kc.z . fc.0.d 0.151 x 10.46 1.58 N/mm²  
σc.a = NEd /Area 1.0 / 165 ≤ 1.58 0.06 N/mm² OK 

Axial Load with Moments Check 
σm.y.d = My/Wel.y 3.000 / 605 ≤ 9.85 4.96 N/mm² OK 
Uc.y = σc.0.d/(kc.y•fc.0.d) 0.061/(0.799x10.462) 0.007 OK 
Uc.z = σc.0.d/(kc.z•fc.0.d) 0.061/(0.151x10.462) 0.038 OK 
Um.y = σm.y.d/fm.y.d 4.960/9.846 0.504 OK 
Uc.z+Um.y 0.038+0.504 0.542 OK 
Leff=L.KLTB 3.000x1.000 3.000  
σmcrit=~p√(E05.Iz.G05.J)/(Leff.Wy) ~p√(5.40x773.44x0.34x2430.05)/(3.000x605.00) 32.035  
λr,elm=√(fmk/σmcrit) √(16.00/32.04) 0.707  
kCrit λr,elm < 0.75 1.000  
Uc.z+(σm.y.d/(kCrit•fm.y.d))2 0.038+(4.960/(1.000x9.846))2 0.292 OK 

Shear and Bearing Check 
τa = 1.5 Vy.Ed  / Area / kcr 1.5 x 7 / 165 / 0.67 ≤ 1.97 0.95 N/mm² OK 
σc⊥ax = Vy.Ed  / (b.ly ) 7 / (75 x 75) ≤ 2.03 1.24 N/mm² OK 

  
 
 


