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Dipl.-Ing Martin Mohrmann. Building Science expert for damages in wood construction, Malente
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Unvented flatroof in wood constructionStructure, Materilas, risk of damages
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Perm?
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Roof Adhered bituminous roofing, sanded, nailed down1" OSB sheathing2.5 degree pitch (0.3:12)Vented cavity (ave. 3") Roof boards (1x4)3x9 roof joists, insulatedVapor barrier2x3 counter battens, insulated1/2" sheetrock strips1/2" sheetrock



FKB
Text Box
Uncontrolled cavities/airpocket on the cold side of the insulation result in damages
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Floorplan
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Example of a vented flatroofArrow indicates that wind, current/pressure won't necessarily result in flow in cavity
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VentedConstruction guidelines DDH (Dach dienstleistung und handel)'From: Guide for insulation of roofs and walls [4.1(4)]In roof structures vented cavities need external forces to create airflow. Either by wind (postive and negative pressures) and by temperature differences in the vented cavity. 'Wind forced ventilation requires that the ventilation opening and roof edges (structure should be able to accommodate openings) are located such that it experiences wind  caused pressures.'Generally this is not the case, when a roof is located in a sheltered area or if the roof pitch is below 5 degrees (3/4:12).
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Appendix A - metal roof
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Legend1-One or more layers of interior finishes2-Vapor retarder Sd>2m (Perm 1.6 or less)3-Wood(dry)4-Mineral woold insulation per DIN EN 13162, woodinsulation (DIN EN 13171) or insulation materials that have been proven suitable in research.5-Roof deck can consisting of:-underlayment Sd<0.3m (Perm above 10)-battens 160mm (1x's) thick covered by underlayment Sd<0.3 -Woodfiberinsulation boards (DIN EN 13171) with recommended thickness as per DADdm DIN 4108-10 and DIN EN14964 type IL6- Counter battens (use class GK 0)7-Vented cavity, maximum 15m long (max 45 feet long) in metal roofsroof pitch<15degrees (3.75:12): 80mm high (3.25" high)roof pitch>15 degrees (3.75:12): 40mm high (1.6" high)shiplapped slate tile: 30mm high (1.25" high)Ventilation openings>40% of ventilated cavity area section9-Roofing from metal or slate tiles11-sheathing should be dry wood or wood products that are suitable for humid conditions (use class GK 0)12-intermediate roofinglayer (if required for roofing)
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Legend1-One or more layers of interior finishes2-Vapor retarder Sd>2m (Perm 1.6 or less)3-Wood(dry)4-Mineral woold insulation per DIN EN 13162, woodinsulation (DIN EN 13171) or insulation materials that have been proven suitable in research.5-Roof deck can consisting of:-underlayment Sd<0.3m (Perm above 10)-battens 160mm (1x's) thick covered by underlayment Sd<0.3 -Woodfiberinsulation boards (DIN EN 13171) with recommended thickness as per DADdm DIN 4108-10 and DIN EN14964 type IL6- Counter battens (use class GK 0)7-Vented cavity, maximum 15m long (max 45 feet long) in metal roofsroof pitch>3 & <5degrees (btw 0.4":12 & 3/4":12): 80mm high (3.25" high)roof pitch>5 degrees (3/4":12): 40mm high (1.6" high)Ventilation openings>40% of ventilated cavity area section9-Greenroof with substrate11-sheathing should be dry wood or wood products that are suitable for humid conditions (use class GK 0)
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Ventilation openings- at oppossing sides of the cavity- have to be able to "see" each other- at least 40% of the section area of ventilated cavity
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Unvented - roof insulationmost secure varietyeverything is possible
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Unvented - influencing factors
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Weather exposure
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Construction phase
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In use
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Moisture content materials
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Construction humidity
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Summer
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Moisture diffusion
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Convection (airleaks)
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Heating
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Radiation absorption
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Direct or diffuse
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Solar radiation
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Long wave radiation
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Latent heat(evaporation, melting energy, condenation
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14F/80% RH
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68F/ 50% RH
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Diffusion can be calculated (one dimensional) and is limited
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3LF of joint
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Pressure difference 5 Pa
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Graphs: Pro Clima
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Source: Office for wood frame  building science, Daniel Kehl, Leipzig
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Permeability (Perm                0.03       0.15       1.6
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Diffusion flow  g(h2o)/m2*day
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Diffusion flow g(h2o)/3LFjoint*day
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Joint gap(inch)                    0.04"     0.12"     0.4"
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Convection cannot be calculated (multi dimensional) and is significant
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Nobody is perfect
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Even in well executed airtight structures,one should included a cetain amount of convection flow in calculations
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A structure shall have, because of  convective moisture entry, sufficient inward drying (diffusion) reserves 
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Airtightness of 50 buildings, 2002
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Quantityof buildings
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Measurments: Hall, Hauser 2003

FKB
Text Box
Source: Office for wood frame  building science, Daniel Kehl, Leipzig
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... longterm pressurized
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Pressure difference interior- exterior (pa)Density of air = 1.3 kgm3Exterior temp (K)Interior temp (K)Gravity - 9,81 m/s2Height of the 'stack' (interior) (m)
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Pressurisation (of roof) by thermal forces (always present in winter)
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Graph: H.M. Kuenzel, Fraunhofer inst. for building physics, Holzkirchen
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Source: Office for wood frame  building science, Daniel Kehl, Leipzig
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Humidty entry by moisture diffusion and convection
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Drying ONLY by moisture diffusion !
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Very useful and required - inward diffusion

FKB
Text Box
In winter:Diffusion is limited by:-limiting condensation per DIN 4108-3-Airtightness layer (airbarrier) per DIN 4108-7
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In summer:Inward diffusion:-Heating of roof surface-Moisture is driven to interior-Inward drying through smart vapor retarder 
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Exterior: 14F/80% RH > 208 PaInterior: 68 F/60% RH > 1404 Pa
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Exterior: 65F/80%RH > 1750 PaInterior: 68F/60%RH >1404 Pa
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Example: Flatroof Unshaded
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Convective (airleaks) condensation surface
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1 Roof membrane 2 OSB((7/8")3 Mineral wool (9.25")4 Wood joist (2x10)5 Vapor retarder6 Service cavity (1") uninsulated7 Sheetrock (1/2")
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Interior climate in all cases: normal humidty load (40-60% RH)
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Reference case (black graph)-Holzkircher climate-Building height 5m (18ft)-Airtightness class C (n50=5m3/m2*hr)-Short wave absorption: 0.6
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Graph:Fraunhofer IBP
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Sd value interior (US perms)
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Flatroof, unshaded
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(0.03 perms)
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(1.6 perms)
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Smart vapor retarder, variable perm rating
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Moisture content [OSB {M.-%]
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Time [years]
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Airtightness and Sd-value interior (US perms)
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Flatroof, unshaded
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Moisture content [OSB {M.-%]
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(0.03 perms)
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(1.6 perms)
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Time [years]
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Graph:Fraunhofer IBP
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Moisture content [OSB {M.-%]
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Graph:Fraunhofer IBP
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Building Heigth and location (exterior climate
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Vapor retarder: Perm 1.6
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Vapor retarder: Perm 1.6

FKB
Text Box
Variable: exterior climate 
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Variable: Building Heigth

FKB
Text Box
Time [years]
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7 golden rules for a secure flatroofs(with normal interior climates per EN 15026 or WTA Merkblatt 6-2)
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1. A designed pitch > 3% (0.4"), >2% (1/4":12) after deflection2. Dark (radiation absorption >80%), unshaded3. No roof cover (gravel, greenroof, pavers)4. A smart vapor retarder5. No unfilled cavities on the cold side of the retarder6.Verified airtight7. Verified and documented wood moisture content of wood structure, planks(U<15% +-3M-%) and plywood/osb (u,12+-3 M-%)8. On site application
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What happens, when it is shaded,...
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Vertical shading
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Vertical shading
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Nocturnal radiation
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... a light colored roof membrane is used or greenroof is used?
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The surface of the membrane stays cooler in Summer, so the inward diffusion is reduced significantly
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Shaded, light colored membrane, greenroof

FKB
Text Box
Greenroof
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Exterior insulationAirsealing membrane
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Wood planks/sheathing
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Mineral wool
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Vapor variable retarder
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Sheetrock
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1.Without shading+dark roof (absorpt.=0.8)2.Shading or light colored membrane (absorption=0.3)3.Shading with R-19 exterior insulation4.Greenroof with R-19 exterior insulation
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Shaded, light colored membrane, greenroof
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-Shaded or light colored membrane -Shaded+R-19 ext. insulation -Greenroof+R-19 ext. insulation -Not shaded All have q50 of 5m3/m2*hr (0.27CFM/ft2)
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From: Zuecher, Frank:Bauphysik- Bau und Energie vdf Verlag Zurich 2010
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Moisture content wood [M.-%]
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Time [years]
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Flatroof conclusions
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If the interior retarder is to tight (low perm rating), then there is no inward drying potential anymore
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The higher the building, the higher the pressure difference(stack), airleaks become more pronounced/harmfull
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The colder the climate, the larger the chance of danger for wood damage
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when roof is green, shaded or uses a light colored membrane, then exterior insulation shall be applied. The exterior insulation has a large advantage: two airtight layers (one vapor variable on interior, one directly under the exterior insulation) create an additional level of safety (redundancy) that compensates for errors in the airsealing.
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Pitch minimum 1/4":12
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The diva - very particulair
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6. roofing5. sheathing4. insulation3. wood structure2. smart vapor retarder1. sheetrock
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Unvented - partial exterior insulation
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... the second most secure solution
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8. roofing7. ext insulation6. secondairy airbarrier membrane5. sheathing4. insulation3. wood structure2. smart vapor retarder1. sheetrock
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Unvented - exterior insulation
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... the most reliable variant
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everything is possible
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The ever lasting battle with water......
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Break a leg !




