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1 Introduction 

Icynene provides an open cell spray foam for the insulation of roof 
constructions. Dependent on type of construction, climatic and boundary 
conditions, different specifications (e.g. with/without vapor control layer) are 
appropriate. In order to improve the process of determining the optimal type of 
construction, Icynene wants to provide its installers with simple design gui-
dance, showing whether or not a vapor retarding layer needs to be applied. To 
gain the necessary information for this task, the performance of several 
insulated rafter construction specifications shall be investigated for various 
locations in Europe via numerical simulation of a test case building model 
(figure 1), implementing realistic, transient boundary conditions. 

Based on the models developed in the context of the research done by the 
Fraunhofer-Institute for Building Physics in January 2012 [1] and following the 
project proposal [2] developed by C4Ci in March 2012, in a first step, investi-
gations will be executed for the climatic location of Manchester with one 
selected insulation specification (specification C, figure 2). By varying the type 
of roofing felt, ceiling insulation, ceiling permeability and roof space ventilation, 
the spread of probable building conditions shall be covered as far as possible. 
Table 1 shows the modeling scheme of all variations investigated in this study.  

2 Numerical Calculation of Insulation Systems 

2.1 Simulation scheme and boundary conditions 

The scheduled test case building model (figure 1) features an unheated attic 
with living rooms below. In-between attic and rooms, the modeled ceiling 
construction is 20 mm Softwood, partially insulated with 200 mm mineral fiber 
and without a vapor retarder. The diameter of the Icynene insulation layer of 
the roof construction is 250 mm, sprayed onto a roofing felt with either low 
(sd=0,09 m) or high (sd=100 m) water vapor resistance. Findings in [1] have 
shown that the critical position of the roof construction is not the standard 
cross section, but the rafter level. Therefore, the rafter section is modeled 
according to (Figure 2). The material properties of Icynene are stated in table 3. 
All material data is taken from manufacturers data sheets or the WUFI 
database. 

All investigations are done using the different tools of the WUFI® software-
family [3] that have been developed and validated at the Fraunhofer-Institute 
for Building Physics (IBP). WUFI® complies with ASHRAE Standard 160 [4] and 
further international and European standards [5, 6] for hygrothermal sim-
ulations. 
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In calculations, the exterior boundary conditions of Manchester will be applied 
(table 2 & figure 3). The measured data set is very detailed and features, next to 
hourly values for temperature and relative humidity, various parameters such as 
solar radiation, wind speed and direction, rain etc. Manchester has an average 
temperature of 9,5 °C, its maximum and minimum temperatures are 26,9 and  
-6,2 °C respectively. The average relative humidity (RH) is 83 % RH, with maxi-
mum and minimum values of 100 % RH and accordingly 35 % RH. In order to 
create realistic interior boundary conditions inside the attic, hygrothermal buil-
ding simulations with WUFI® Plus are carried out. Thereby, the model building 
is calculated under the influence of the exterior and interior boundary conditi-
ons, taking into account all hygrothermal interactions (ceiling permeability, 
ventilation etc.) of the attic with the bedrooms below. The interior boundary 
conditions of the living space below the attic will be applied according to EN 
13788, class 4 (figure 4). The modelling schedule will be executed acc. to table 
1. Concerning the system with roofing felt with high vapour resistance, all 
respective cases are calculated (cases 33-64). With regard to the construction 
type featuring the roofing felt with low vapour resistance (cases 1-32), only 
case 29, with 200 mm ceiling insulation, high ceiling permeability (2,0 ach) and 
negligible roof space ventilation (0,1 ach) was scheduled to be investigated, 
serving as a worst-case-scenario. This decision, based on findings in [1], was 
made in compliance with the client, assuming that in the respective cases, 
moisture contents far from harmful where to be expected. The investigation of 
the worst-case-scenario was to prove the proper function of the system. 
Investigations showed, however, that the hygrothermal effects of the specific 
construction, especially the wrapping of the rafter with insulation material, are 
more complex than expected. In addition to the selected case enclosed in the 
offer, one further case (case 13) is calculated hence. For all residual cases with 
low vapour retarding roofing felt (cases 1-12, 14-28 & 30-32), conclusions are 
drawn from the findings of the respective cases with roofing felt with high 
vapour resistance. 

The simulation of the two-dimensional construction detail acc. to figure 2 is 
only possible with WUFI® 2D. The time end effort to perform the respective 
simulations is very high. Considering this, the original plan envisioned the 
calculation of only a small number of two-dimensional simulations, serving as 
reference cases to calibrate simulations of the standard cross section, with a 
thin layer of wood at the exterior side of the assembly resembling the rafter, 
whereas the layer thickness would be adjusted to align the resulting moisture 
contents of the 2-D simulation (critical section of the rafter) and 1-D simulation 
(wooden layer). Based hereupon, the hygrothermal performance of the 
different assemblies was to be analyzed further. Findings in the investigations 
proved, however, that the abstraction of the rafter for the benefit of quicker 
and simpler calculations is not possible. Only through two-dimensional 
simulation, all interactions of the different materials inside the construction and 
boundary conditions are possible. What´s more, in particular the detected 
differences between interior and exterior ridge of the rafter can only be 
analyzed in this way. Hence, all simulations (cases 13, 29 & 33-64) are executed 
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two-dimensionally, raising the required time and effort compared to the one 
originally planned and offered considerably.  

2.2 Design criteria and limit values 

In two-dimensional simulation, two positions of the rafter are analysed in de-
tail, representing the most critical spots in the rafter/construction, as indicated 
in blue in figure 2. Exhibited in this report are the resulting moisture contents at 
the exterior as well as the interior ridge of the rafter hence. To determine the 
proper function of the system and evaluate the necessity of a vapour retarder, a 
tangible design limit needs to be established. In accordance with [2], this design 
limit shall meet common standards and also feature a certain confidence or 
safety factor that makes allowances for the variances that can occur  

• between visual inspections and actual performance 
• due to workmanship 
• in the constituent material specifications of roof and ceiling fabric 
 
Although internationally, there is no uniform value for wood moisture, many 
standards state 20 M.-% as design limit for solid wood. This value should not 
be excessed premeditatedly. However, it contains some factor of safety. 
According to scientific knowledge [9], wood deterioration starts a certain level 
above that value, depending on a combination of temperature and relative 
humidity conditions. According also to the wish of the client, two limit values 
are established in the following, resulting in three specifications concerning the 
installation of an additional vapor retarding layer. Below wood moistures of 
max. 20 M.-% (floating monthly average), a vapor retarder is not needed. With 
maximum wood moisture resulting in values of 20 – 22 M.-%, a vapor 
retarding layer is recommended. With wood moisture rising above values of 
22 M.-%, the installation of a vapor retarder is regarded as essential. 

3 Simulation results 

3.1 Constructions with high vapor retarding roofing felt (sd = 100 m) 

Calculated attic climate conditions according to building simulation 

Figures 5 to 12 show the calculated climate conditions of the attic (one year, 
floating monthly average) for the cases with high vapour retarding roofing felt 
(cases 33-64). In each figure, the courses of relative humidity are shown to the 
left, the temperature levels to the right. In general, two different trends can be 
detected, according to the mode of ceiling insulation. Without insulation, the 
relative humidity level qualitatively reflects the respective course of interior cli-
mate conditions, with values in summer exceeding that of winter time. 
Temperatures, however, follow the trend of exterior temperature conditions, 
with temperatures in summer higher than in winter. However, the 
temperatures in winter hardly fall below 10 °C which causes the lower RH 
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values compared to the outdoor climate . With ceiling insulation, RH levels tend 
to trace the course of the exterior RH conditions qualitatively. Temperatures, 
like before, are similar to exterior temperatures, with a more distinct difference 
between winter and summer, whereas winter temperatures are lower. Hence 
with ceiling insulation, temperatures inside the attic generally decrease 
compared to the cases without insulation. With similar ceiling insulation and 
permeability, the temperatures are decreasing with rising roof space ventilation 
rate while increasing RH levels can be detected (e.g. cases 33-36, figure 5). In 
contrast, rising ceiling permeability leads to rising levels of RH as well as 
temperature (e.g. cases 33,37,41 & 45). By trend, the lowest temperatures are 
reached with ceiling insulation, negligible ceiling permeability and high roof 
space ventilation (case 52), highest temperature levels without ceiling 
insulation, high ceiling permeability and negligible roof space infiltration 
respectively (case 45).  

Noticeable, too, is the fact that the courses of relative humidity calculated with 
negligible roof space ventilation are slightly out of pattern: All of them show 
developments differing qualitatively from the other cases. Overall, deviations 
are less distinct; the general height of RH differs depending on ceiling insula-
tion and permeability: While without ceiling insulation and low permeability 
(figure 5), the respective course (case 33) quantitatively resembles the resulting 
RH with moderate roof space ventilation (case 35), in similar cases with higher 
ceiling permeability, RH levels in winter time increase, matching (or even excee-
ding) the values of cases with even higher roof space ventilation rate, while val-
ues during summer time quantitatively resemble low or moderate roof space 
ventilation rates (figures 6-8). With ceiling insulation and negligible, low or mo-
derate ceiling permeability (figures 9-11), calculated RH levels for negligible 
roof space ventilation exceed the respective values of all other ventilation rates 
during winter time, while in summer, all other respective RH values are 
underrun. Only with ceiling insulation and high permeability, RH levels follow 
the trend of decreasing RH levels with decreasing roof space ventilation (figure 
12). 

Calculated moisture conditions at critical positions of the construction 

Figures 15-22 show the resulting moisture content at the at the exterior as well 
as the interior ridge of the rafter (as indicated in blue in figure 2). Shown to the 
left in each figure is the exterior, to the right the interior ridge. Depending on 
boundary conditions, the highest moisture content in some cases is reached at 
the exterior, sometimes at the interior ridge. Table 1 states the vapour retarder 
specification for all investigated cases. 

For the cases without ceiling insulation and negligible ceiling permeability 
(0,1 ach, cases 33-36, figure 15), maximum wood moisture can be observed at 
the exterior ridge of the rafter for negligible (0,1 ach) roof space ventilation 
(RSV) (case 33), reaching app. 25 M.%. With rising RSV (1,0 – 6,0 ach), 
moisture levels are tolerable. Moisture contents inside the interior ridge stay 
within requirements also (all at 14 M.-% or lower). Here, only in case 33, a 
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vapour retarder is needed. With rising ceiling permeability, wood moisture at 
the interior ridge rises consequently. With low ceiling permeability (0,25 ach, 
cases 37-40, figure 16), maximum moisture contents of app. 27 M.-% are 
reached for negligible RSV (case 37), making the installation of a vapour 
retarder essential. In all other cases, moisture contents at exterior and interior 
ridge of the rafter are acceptable. Moderate ceiling permeability (0,5 ach, cases 
41-44, figure 17) again leads to overall rise in moisture. Here, only with 
moderate (case 43) and high (case 44) RSV, a vapor retarder can be omitted for 
low (case 42) and negligible (case 41) RSV, the installation of a vapor retarder is 
a requisite, featuring moisture contents of 23 and 28 M.-% respectively. For 
the cases with high ceiling permeability (2,0 ach, cases 45-48, figure 18), a 
vapor retarder is required for negligible (case 45), low (case 46) and moderate 
(case 47) RSV. With high RSV (case 48), the performance of the construction 
improves by far. Even though the moisture content still slightly exceeds 20 M.-
%, due to the very short span of time of exceedance, the construction can be 
executed without a vapor retarder. It becomes clear that in all cases without 
ceiling insulation, moisture contents at the exterior ridge exceed that detected 
in the interior ridge. All in all, the criterion for exclusion in all cases is the 
moisture content at the exterior ridge of the rafter, with values inside the 
interior ridge staying below design limits. Only in the case with high ceiling 
permeability and negligible RSV (case 45), moisture contents inside the interior 
ridge also exceed design limits, reaching values of app. 21 M.-% for low RSV.  

With ceiling insulation (200 mm, figures 19-22), the moisture balance inside 
the wooden rafter becomes more critical in general. While the relative humidity 
in winter time rises compared to the respective cases without ceiling insulation, 
the temperatures during the same period decrease. As effect, the ratio of 
moisture content inside exterior and interior ridge of the rafter shifts, with 
higher values inside the interior ridge in the majority of cases. All in all, differ-
ences between interior and exterior ridge are less distinct than before, how-
ever. With negligible ceiling permeability (0,1 ach, cases 49-52, figure 19), 
maximum moisture contents of app. 26 M.-% and 23 M.-% are reached with 
negligible RSV (0,1 ach, case 49) at the interior and exterior ridge of the rafter 
respectively.  A vapour retarder is essential here. With low RSV (1,0 ach, case 
50), moisture contents at the exterior ridge stay within limits; interiorly, values 
of app. 21 M.-% are reached, a vapour retarder is recommended hence. With 
moderate and high RSV (2,0 & 6,0 ach, cases 51 & 52), all values stay within 
the limits. Here, too, overall moisture levels rise with rising ceiling permeability. 
With low (0,25 ach, cases 53-56, figure 20) ceiling permeability, a maximum of 
28 M.-% is reached for negligible (0,1 ach, case 53) RSV; here, a vapour 
retarder is essential. For low (1,0 ach, case 54) RSV, the maximum moisture 
content is 22 M.-%. Here, vapour retarding measures are recommended. For 
moderate (2,0 ach, case 55) and high RSV (6,0 ach, case 56), moisture levels 
are just ok. Still more necessity of a vapour retarder is given by the cases with 
moderate ceiling permeability (0,5 ach, cases 57-60, figure 21). Both with 
negligible (0,1 ach, case 57) and low (1,0 ach, case 58) RSV, moisture contents 
inside the interior rafter exceed 22 M.-%, making a vapour retarder a necessity. 
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With moderate RSV (2,0 ach, case 59), a vapour retarder is advisable, too. Only 
with high RSV (6,0 ach, case 60), a vapour retarder can be neglected. Highest 
moisture contents are reached for the cases with high ceiling permeability 
(2,0 ach, cases 61-64, figure 22). In these cases, attention should be paid to the 
fact that in consequence of the high air exchange with the interior climate 
(which leads to a higher vapour pressure in the roof space), the ratio of interior 
and exterior rafter ridge moisture content is inverted, once more. This ratio is 
also dependent on the level of RSV. For the cases with negligible (0,1 ach, case 
61) and low (1,0 ach, case 62) RSV, the moisture content inside the exterior 
rafter is highest, serving as criterion for the necessity of a vapour retarder. In 
the first case, app. 30 M.-% are reached, 27 M.-% in the latter. For moderate 
RSV (2,0 ach, case 63), maximum moisture contents in exterior and interior 
ridge of the rafter are relatively even at 24 M.-%. In the case with high RSV 
(6,0 ach, case 64), moisture content inside the interior rafter reaches app. 
22 M.-%, exceeding that inside the exterior ridge (19 M.-%). In the first three 
cases, a vapour retarder is essential, in the latter case, ist still seems advisable. 

3.2 Constructions with low vapor retarding roofing felt (sd = 0,09 m) 

Calculated attic climate conditions according to building simulation 

Figures 13 and 14 show the calculated climate conditions of the attic (one year, 
floating monthly average) for the selected cases with low vapour retarding 
roofing felt (cases 13 & 29). Thereby, both cases feature identical construction 
and boundary conditions with high ceiling permeability (2,0 ach) and negligible 
RSV (0,1 ach). The ceiling of case 13, however, is not insulated, while case 29 
features 200 mm of insulation. The calculated climate conditions of the attic in 
the two cases reflect the levels of temperature and relative humidity of the 
respective cases with high vapour retarding roofing felt (cases 45 & 61).  

Calculated moisture conditions at critical positions of the construction 

Figures 23 & 24 show the resulting moisture content at the exterior as well as 
the interior ridge of the rafter (as indicated in blue in figure 2). Shown to the 
left in each figure is the exterior, to the right the interior ridge. For the case 
with high ceiling permeability and without ceiling insulation, the calculation 
with negligible RSV (0,1 ach, case 13) shows a maximum moisture content of 
app. 21 M.-%. Herewith, the maximum moisture levels of exterior and interior 
ridge of the rafter are very similar. A vapour retarder is advisable, thus. With 
high ceiling permeability and ceiling insulation, the calculation with negligible 
RSV (0,1 ach, case 29) reveals an increased moisture content 27 M.-% at the 
interior ridge of the rafter. At the exterior ridge, only 21 M.-% can be detected.  

By comparison, it shows that the low vapour retarding roofing felt effects the 
moisture content of the rafter in a positive way. At the interior ridge of the 
rafter, moisture levels are slightly lower than those of the respective cases with 
high vapour retarding roofing felt (cases 45 and 61). Particularly favourable is 
the influence on the moisture level of the exterior ridge of the rafter: Here, 
maximum values are reduced by app. 10 M.-% (cases 13 & 45) and 9 M.-% 
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(cases 29 & 61) respectively. Although, naturally, the overall decrease of 
moisture depends on the starting level, it can be assumed that the reduction of 
the vapour diffusion resistance of the roofing felt leads to a considerable 
reduction of the moisture content inside the exterior ridge, while at the same 
time no rise of the interior ridges moisture content is to be expected.  

Considering these findings, certain conclusions can be transferred from the 
investigations of the cases with high vapour retarding roofing felt to the 
respective cases not calculated in the context of this study. First of all, for all 
cases (with high vapour retarding roofing felt) with moisture content only at 
the exterior rafter exceeding limitations, it can be assumed that the moisture 
content decreases, 10 M.-% at the most. Hence, cases 1-12 & 14-16 can be 
assumed to perform acceptable even without a vapour retarder (as illustrated 
before, a vapour retarder is recommended for case 13 via calculation). For all 
cases with moisture exceeding limits at the interior rafter ridge, maximum 
moisture contents are not expected to change dramatically, as the lower 
vapour diffusion resistance only has minor influence on the moisture content at 
the interior of the rafter. The result concerning the necessity of a vapour 
retarder can be  transferred one-to-one, therefore. Hence, for cases 17, 21, 25-
26, 29 (also proven via calculation) and 30-31, a vapour retarder is essential. 
For cases 18, 22, 27 and 32, a vapour retarder is recommended. Finally, in 
cases 19-20, 23-24 and 28 the installation of a vapour retarder is not 
necessary.  

4 Conclusion 

Investigations show that the necessity of a vapour retarder strongly depends on 
the type of construction and the infiltration rates to be expected. Thereby, in 
particular the existence of an insulation layer in the ceiling between living space 
and unheated attic strongly affects the attic climate conditions, leading to 
lower temperatures and rising relative humidity levels, and, consequently, rising 
moisture loads. Increasing roof space ventilation, mainly results in decreasing 
temperatures while rising ceiling permeability consequently leads to rising RH as 
well as temperature conditions. Without ceiling insulation, the exclusion 
criterion is mainly the moisture content at the exterior ridge of the rafter due to 
the higher vapor pressure gradient in the warmer roof space. With ceiling 
insulation, however, the criterion is in general the interior rafter ridges moisture 
content due to the high RH level at the low roof space temperature. However, 
depending on the level of ceiling permeability, this ratio can be inverted, 
though. What becomes clear in the calculations is that the moisture behavior of 
the rafter is quite complex, presumptions on the hygrothermal performance of 
a construction without calculation are very hard therefore. The in this context 
envisioned calculation of only one of the cases with low vapour retarding 
roofing felt did not  prove sufficient, hence. Additionally, further cases were 
calculated. For all other cases, conclusions were drawn from the findings of the 
respective cases with high vapour retarding roofing felt. Although these 
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conclusions are very probable, they are not based on actual calculations and 
must be used with a sense of proportion.   

The wrapping of the rafter with insulation probably adds to the moisture 
content, as it reduces the drying potential of the construction. It may well be 
possible to improve the performance of several assemblies investigated by 
simply reducing the insulation thickness to a diameter not exceeding that of the 
rafter. In general a good air tightness of the ceiling, combined with a likely 
moderate air tightness of the roof space improve both the energetic as well as 
the hygrothermal performance as it helps to keep the warm humid air in the 
living space.  
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6 Tables 

Table 1: Modelling Schedule for WUFI Calculations 
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Table 2: Summary of the data analyzation of the climate data file for 
Manchester used for hygrothermal investigations.  

Manchester - climate analyzation 

Temperature Relative humidity 
Amount of 

rain per year 

Averate wind 

speed 

  [°C]   [%] [mm/a] [m/s] 

Average 9,5 Average 83 

811 4,5 Maximum 26,9 Maximum 100 

Minimum -6,2 Minimum 35 

 

Table 3: Parameters of Icynene open cell spray foam insulation data file used 
for hygrothermal investigations.  

Icynene open cell spray foam insulation 

Basic values 

Density [kg/m³] 7,5 

Porosity [%] 99 

Thermal capacity [J/(kgK)] 1470 

Thermal conductivity [W/(mK)] 0,038 

Vapour diffusion resistance value [-] 3,3 

Moisture storage function 

Relative humidity [%] Water content [kg/m³] 

50 0,054 

80 0,21 

90 0,45 

99 2,67 

100 5,27 
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7 Figures 

 

                           
 

Figure 1: 
Test case building model used for the WUFI PLUS investigation of the attic 
climate. 

 

     

Figure 2: 
Icynene rafter insulation specification for the WUFI 2D investigations of the 
hygrothermal conditions inside the rafter. Highlighted are the possibly critical 
positions in the rafter which are evaluated with respect to moisture content.  
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Figure 3: 
Exterior climate conditions in Manchester used for numeric simulation. Left: 
relative humidity, right: temperature. 

              
Figure 4: 
Interior climate conditions in Manchester acc. to DIN EN 13788, class 4. Left: 
relative humidity, right: temperature. 
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Figure 5: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 33-36. Left: relative humidity, right: temperature. 

 

           
 

Figure 6: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 37-40. Left: relative humidity, right: temperature. 
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Figure 7: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 41-44. Left: relative humidity, right: temperature. 

 

           
 

Figure 8: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 45-48. Left: relative humidity, right: temperature. 
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Figure 9: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 49-52. Left: relative humidity, right: temperature. 

           
 

Figure 10: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 53-56. Left: relative humidity, right: temperature. 
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Figure 11: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 57-60. Left: relative humidity, right: temperature. 

 

               
   

Figure 12: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
cases 61-64. Left: relative humidity, right: temperature. 
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Figure 13: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
case 13. Left: relative humidity, right: temperature. 

 
 

           
 

Figure 14: 
Calculated attic climate conditions (floating monthly average) in Manchester for 
case 29. Left: relative humidity, right: temperature. 
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Figure 15: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 33-36. Left: exterior ridge, right: interior ridge. 

 

           
 

Figure 16: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 37-40. Left: exterior ridge, right: interior ridge. 
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Figure 17: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 41-44. Left: exterior ridge, right: interior ridge. 

 

           
 

Figure 18: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 45-48. Left: exterior ridge, right: interior ridge. 
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Figure 19: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 49-52. Left: exterior ridge, right: interior ridge. 

 

        
 

Figure 20: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 53-56. Left: exterior ridge, right: interior ridge. 
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Figure 21: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 57-60. Left: exterior ridge, right: interior ridge. 

 

           
 

Figure 22: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for cases 61-64. Left: exterior ridge, right: interior ridge. 
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Figure 23: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for case 13. Left: exterior ridge, right: interior ridge. 

 

           
 

Figure 24: 
Calculated wood moisture (M.-%, floating monthly average) at the critical posi-
tions of the rafter for case 29. Left: exterior ridge, right: interior ridge. 

 

 


