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1.Design Considerations

1.1 Standard

Load Assumption Name Date

BS EN 1990 Eurocode - Basic of structural design 01.01.2005

BS EN 1990/NA
National Annex to Eurocode - Basis of structural

design
04.06.2009

BS EN 1990/NA Eurocode - Basic of structural design 30.06.2009

BS EN 1991-1-3
Eurocode 1- Actions on structures - Part 1-3: General

actions, Snow loads
01.08.2005

BS EN

1991-1-3/NA

National Annex to Eurocode 1 – Actions on structures

– 1-3: General actions, Snow loads
29.06.2007

BS EN 1991-1-4
Eurocode 1- Actions on structures - Part 1-4: General

actions, Wind actions
15.05.2011

BS EN

1991-1-4/NA

National Annex to Eurocode 1- Actions on structures -

Part 1-4:General actions, Wind actions
Nov 2008

Application: Summary of wind test and simulation results Jun 2009

Zhongxinbo New Energy Technology (Suzhou)

Co.,Ltd
17.04.2012

BS EN 1993-1-1 Eurocode 3: Design of steel structures - Part 1-1 01.10.2006

BS EN

1993-1-1/NA

National Annex to Eurocode 3: Design of steel

structures - Part 1-1
01.12.2008

BS EN 1999-1-1 Eurocode 9 - Design of aluminium structures Part 1-1 01.08.2010

BS EN

1999-1-1/NA

National Annex to Eurocode 9 - Design of aluminium

structures Part 1-1
01.05.2010



4

1.2Material Mechanical Properties

1.2.1 AluminiumAlloy

Aluminium structures: AL6005-T5

Gravity Density ρ=27.1 kN/m3

Elastic Modulus E=6.9×104 N/mm2

Linear expansion coefficient α=2.32×10-5

Poisson's ratio ν=0.33

Tensile / compression / bending strength fs=208 N/mm2

1.2.2 Steel

Carbon structural steel: Q355B（S350GD-ZM）

Gravity Density ρ=78.5 kN/m3

Elastic Modulus E=2.06×105 N/mm2

Linear expansion coefficient α=1.2×10-5

Poisson's ratio ν=0.3

Tensile / compression / bending strength fs=350 N/mm2

Carbon structural steel: Q235B

Gravity Density ρ=78.5 kN/m3

Elastic Modulus E=2.06×105 N/mm2

Linear expansion coefficient α=1.2×10-5

Poisson's ratio ν=0.3

Tensile / compression / bending strength fs=235 N/mm2
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1.3Load

1.3.1Dead Load

AluminiumAlloy Density ρ= 27.1 KN/m3

Gravity Density ρ=78.5 KN/m3

Solar module Size: 2279mm×1134mm×35mm

Solar module area per pcs: A=2.279×1.134=2.58m2

Solar module self-weight per pcs: Dk=29.2kg=0.286KN

1.3.2Wind Load

Project location : Siegener StraBe 120, 57080 Siegen - Gosenbach

Basic Wind Load:

Wind Load & Snow Load Calculation

Basic wind speed: 22.5m/s（50n）
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Ground roughness category : II
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Wind load calculate formula： Fw=CsCd×qp(z)×Aw
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qp(z)： wind pressure

CsCd：the structure factor, taken as 1.0
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Aw：array pressure resistance acreage

Fw: the wind force

The wind pressure at project site：

qp(z)= [1+7×Iv(z)]×1/2×ρ×Vm(z)×Vm(z)

Iv(z)= Ki/(Coz×ln(H/Z0))=1/1×ln（3/0.01）=0.2442

ρ=1.25kg/m3
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Kr= 0.19×(Z0/Z0,Ⅱ)^0.07=0.19

Cr(z)= Kr×ln(H/Z0)=0.78

Vm(z)= Crz×Coz×V=0.78×1×22.5=17.5m/s

qP (z)= [1+7×Iv(z)]×1/2×ρ×Vm(z)×Vm(z)

= [1+0.2442×7]×1/2×1.25×17.5×17.5=0.518kN/m2

wind load of one module：qp =0.518KN/m2
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Angle Blockage φ Overall Force Coefficients Cf

20°
maximum all φ 0.8

minimum φ= 0 -1.3

W（90+）: 0.518 KN/m2 ×0.8×1.140 = 0.472 N/mm

W（90-）: 0.518 KN/m2 ×-1.3×1.140 = -0.768 N/mm

1.3.3Snow Load

<BS EN 1991-1-3-2003 General actions - Snow Loads>

Basic Snow Load：Sb=1.38KN/m2
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Snow Load Coefficient：μ1=0.8

Snow Load：S= 1.38×1.0×1.0×cos20°×0.8×1.140 = 1.18 N/mm
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1.3.4Standard Load
G=0.286/1134 = 0.252 N/mm

1.3.5Load Combinations

<BS EN 1990-2002 Basis of structural design>
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Case1: 1.35G+1.5S

Case2: 0.9G+1.5W

Case3: 0.9G+1.5W-

Case4: 1.35G+1.5W+1.5×0.5S 

Case5: 1.35G+1.5W-+1.5×0.5S 

Case6: 1.35G+1.5S+1.5×0.6W 

Case7: 1.35G+1.5S+1.5×0.6W-

Load combination distribution on purlins
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1.4Deformation Control
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2.AluminumAlloy /Steel calculation

2.1Material selection

Column： C steel C80×40×10×1.8 S350GD-ZM

Beam： C steel C80×40×10×1.8 S350GD-ZM

Rail： U steel U41×62×1.8 S350GD-ZM

Diagonal brace： L steel L40×40×3 S350GD-ZM

Column： C steel C80×40×10×1.8 S350GD-ZM

Beam： C steel C80×40×10×1.8 S350GD-ZM

Rail： U steel U41×62×1.8 S350GD-ZM

Diagonal brace： L steel L40×40×3 S350GD-ZM
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2.2Strength Calculation

Dead Load : G

Snow Load : S
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wind Load：

W+

W-
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Rail:
Axial

force

Shear

force

Bending
moment

Axial

force

Shear

force

Bending
moment

1 0.000 0.000 0.000 0.000 -1.650 -0.681

2 0.000 2.360 -0.681 0.000 -2.740 -1.164

3 0.000 2.550 -1.164 0.000 -2.550 -1.164

4 0.000 2.740 -1.164 0.000 -2.360 -0.681

5 0.000 1.650 -0.681 0.000 0.000 0.000

Beam:

2.3 Parts Analysis

Axial

force

Shear

force

Bending
moment

Axial

force

Shear

force

Bending
moment

1 0.000 0.000 0.000 0.000 0.000 0.000

2 -0.044 -5.700 0.000 -0.044 -5.700 -1.107

3 -0.686 1.738 -1.107 -0.686 1.738 0.784

4 -1.621 2.227 0.784 -1.621 2.227 1.046

5 -1.679 -3.476 1.046 -1.679 -3.479 -0.977

6 2.482 4.458 -0.977 1.679 4.458 0.383

7 2.418 -1.236 0.383 2.418 -1.236 -1.107

8 0.044 5.700 -1.107 0.044 5.700 0.000

9 0.000 0.000 0.000 0.000 0.000 0.000
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Column:
Axial

force

Shear

force

Bending
moment

Axial

force

Shear

force

Bending
moment

1 -7.233 1.882 0.000 -7.223 1.822 1.374

2 -7.995 1.158 1.374 -7.995 1.158 1.629

3 -7.327 0.081 0.000 -7.327 0.081 0.149

4 -13.43 6.64 0.149 -13.43 6.64 1.61

Diagonal brace:
Axial

force

Shear

force

Bending
moment

Axial

force

Shear

force

Bending
moment

1 -1.058 0.000 0.000 -1.058 0.000 0.000

2 -8.959 0.000 0.000 -8.959 0.000 0.000

2.3.1 Rail Load Analysis：

Purlin Calculation：

σ=1164/5.502=212

Maximum stress ratio: 212/350=0.61

2.3.2Beam Load Analysis:

Beam

Calculation：σ=1107/8.039=138 

Maximum stress ratio: 138/350=0.39

2.3.3 Column Load Analysis：

Post Calculation： 

σ=1629/8.039=203

Maximum stress ratio: 203/350=0.58
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2.3.4 Diagonal brace Load Analysis：

Bracing Calculation：

σ=13430/231=58.14

Maximum stress ratio: 58.14/355=0.16

3 Conclusion

Stress showed on SAP 2000 are all less than 1.0, which means stress is OK for 

structure.

3 Pile calculation：

0.518 KN/m2 ×-1.3×2.279×1.134 = -1740 N

1.38×1.0×1.0×cos20°×0.8×2.279×1.134 = 2681 N

1.35G+1.5S+1.5×0.6W=5025 N

0.9G+1.5×W-=0.9×286+(-1740×1.5)=-2352 N

W（90-）:

S:

F+:

F-：

F Uplift： 2×8×-2352/11×3/2=-5131 N

F Compression：2×8×5025/11×3/2=10.96 N
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Average N value： （2+3+3+1+2+4+5+4+7+8+6+5+5+5+10+10+7+9+8+9)/20=5.65

Circumferential friction force Rf = 1/2×qu×Lc×φ=0.5×12.25×5.65×1.8×0.26=16.2 kN

Frontend support qp = 150/3×N=150/3×5.65=282

Frontend supporting force Rp =Ap×qp=0.209 kN

Short term compressive force=2×Rp+2/3×Rf-w=11.104 kN ＞10.96 kN

Short term uplift force=8/15×Rf+w=8.76 kN ＞ 5.131 kN

1.Pile self-weight w= 0.114 kN
2.Exposed height of pile h= 0.2 m
3.Pile driving depth L= 1.8 m
4.Wall thickness t= 3.00 mm
5.Pile area A= 0.00074 m²
6.Pile perimeter φ= 0.26 m




