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Technology – Mounting and Substructure
Which mounting systems are suitable for open areas?
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1. 1. IntroductionIntroduction

Design Criteria

Safety Cost optimization Design/Sustainability

Material effortMaterial utilization Material selection

DurabilityProduction procedureSystem selection

Logistics

Mounting timeConstruction details

Design calculations Recycling

Joints/fixationsMounting timeConstruction details Joints/fixations

focus
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2. 2. LoadLoad actionsactions

Guidelines provided by EU
Implementation by individual 

member statesmember states

Example: International system for snow load evaluation
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Czech Czech RepublicRepublic CSN 1991CSN 1991--11--33
Snow loads on the ground
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European wind European wind zonezone mapmap accordingaccording toto EurocodeEurocode 11
Basis:Basis:
Measurements (188 in D)

10-minutes median in 
10 m height above 
ground

Observation period: 40

That occurs once every 
50 years

Observation period: 40-
107 years

Contains no gusts

Applicable for flat, even 
terrain
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Czech Czech RepublicRepublic CSN 1991CSN 1991--11-- 44

basic wind speed
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Terrain Terrain categoriescategories accordingaccording toto EurocodeEurocode 11

Basis:
qb = 1/2·ρ·v2   (basic pressure)

Peak velocity pressure

qb(z) = Ce(z)·qb

y p
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AerodynamicAerodynamic characteristicscharacteristics

Pressure field if a vertical flow impacts the screen

Strömungsgeschwindigkeiten Pressure field (qualitative)

Source: Final Source: Final reportreport 0327229 A, 0327229 A, patronizedpatronized byby thethe Federal Federal MinistryMinistry ofof Economy Economy andand TechnologyTechnology
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AerodynamicAerodynamic correlationscorrelations (45° inclination)
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PressurePressure andand forceforce coefficients coefficients (DIN EN 1991(DIN EN 1991--11--4) 4) 
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IncreasingIncreasing wind wind loadsloads in in casecase ofof isolatedisolated hillshills andand ridgesridges

IncreasingIncreasing windwind loadsloads upup toto 42 % in42 % inIncreasingIncreasing wind wind loadsloads upup toto 42 % in 42 % in 
casecase ofof changigchangig topologytopology
((isolatedisolated hillshills andand ridgesridges))
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3. Design 3. Design calculationscalculations forfor PV PV systemssystems

Verifications
•  tilting

Load combinations
LC 1: 1,35·g + 1,5·s + 0,6·1,5·w g

•  dragging
•  uplift

g

LC 2: 1,35·g + 0,5·1,5·s + 1,5·w

LC 3: 0,9·g + 1,5·w p, g ,

(uplift)
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WindWind--inducedinduced vibrationsvibrations / / seismicseismic designdesign
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Stress Stress calculationscalculations forfor framelessframeless modulesmodules
Numerical model 60Numerical model
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Stress calculations for thin-film modules
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4.  4.  DecisionDecision criteriacriteria forfor substructuresubstructure selectionselection

Material (dimensioning acc. to basic material standards)

Aluminum

+ low selfweight
+ shaping by extrusion process
+ easy to install (tolerance equalization)
+ remaining value
- floating material prices
- low youngs modulus

Steel
+ availability / well-proven solutions
- corrosion protection

Timber

p
- mounting effort
- high weight

Timber
+ cost-saving for self-mounting
- durability
- contour accuracy

Solarpraxis 2010© Dr. Zapfe GmbH 2010



5.  5.  FoundationFoundation conceptsconcepts

Pile driven posts Concrete foundationScrew foundationsPile-driven posts Concrete foundationScrew foundations

•Pull-out capacity (vertical)

H i t l tiff •Pressure stability of the soil
•Pull-out capacity

N h i t l tiff•Horizontal stiffness

•Bending moment in posts

Drilling in case of rocks

essu e stab ty o t e so

•Sensitivity of the top soil
towards water

•No horizontal stiffness

•Axial forces

•Drilling in case of rocks•Drilling in case of rocks

•Chemical composition
(corrosion)

•Aggressive soil•Drilling in case of rocks

•Chemical composition
(corrosion)
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TypicalTypical loadload bearingbearing systemssystems

Single post support Double post support

front back
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SoilSoil pressurepressure in in casecase ofof singlesingle bearingbearing structuresstructures

dead load +snow

wind
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SoilSoil pressurepressure in in casecase ofof coupledcoupled bearingbearing structuresstructures

dead load + snow

windwind

dead load + snow

bending moment steel
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6.  6.  MountingMounting progressprogress ofof different different foundationfoundation conceptsconcepts

ExampleExample 1: Airport Rote 1: Airport Rote JahneJahne ExampleExample 2: 2: LandfillLandfill MalschMalsch
M o d u le    F i r s t    S o l a r

• Installation time 3 month
• 92.700 modules

• Installation time 3 months
• 9280 modules92.700 modules

• Optimum soil
• Minimum height 0.8 m (mechanical)

• structurally optimized

9280 modules
• Bearing capacity of the soil 0,45 KN/m²
• Minimum height 1.2 meters

• Requirementy p
• terrain care by machines

Chosen System: 
Single post ram foundations

Requirement
• terrain care by grazing sheep

Chosen System: PvCombi
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7.  7.  ConclusionsConclusions

• Design calculations according to national standards

• Safety standards have to be verified for

• Authorities

• Insurance 

• The suitable system depends on soil contitions

• Banking

• The suitable system depends on soil contitions

• Ram systems can be mounted significant faster

• Target: Minimum BOS costs

Material cost• Material cost

• Mounting effort

• Maintenace over life time
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• Maintenace over life time



Thanks
for your attentionfor your attention
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