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1 Introduction 

By order of Kiwa BDA Expert Centre Building Envelope, Kiwa BDA Testing B.V. has 
determined the wind uplift resistance of the ClickFit EVO fastening system in portrait 
and landscape direction. 
 
The suppliers and the date of delivery of the products used are mentioned below. 
 
Table 1 – Specifications of the products used 
 

Product 
Supplier Date  

of delivery company person 

Rafter  Kiwa BDA Testing B.V. - 2018.05.14 

Tile battens St. Middelkoop & Zn. B.V. - 2018.05.29 

Fasteners for tile batten Kiwa BDA Testing B.V. - 2018.05.14 

Tiles Monier B.V. - 2018.05.14 

Fastening system Esdec B.V. - 2018.05.28 

PV-modules Libra Energy B.V. - 2018.05.28 

 
On the samples the following data were found. 
 
Description rafter  
▪ Product : rafter 
▪ Producer : not revealed 

▪ Dimensions : 150 mm  55 mm 
▪ Production code : not revealed 
 
Description tile batten  
▪ Product : tile batten 
▪ Producer : not revealed 

▪ Dimensions : 48 mm  21 mm 
▪ Production code : not revealed 
 
Fasteners for tile battens  
▪ Product : universal screw  
▪ Producer : Spax® 

▪ Dimensions : 4,0 mm  50 mm 
▪ Production code : not revealed 
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Tiles 
▪ Product : Sneldek Novo+ 
▪ Producer : Monier B.V. 

▪ Dimensions : 420 mm  332 mm 
▪ Production code : not revealed 
 
Fastening system  
▪ Product : ClickFit EVO  
▪ Producer : Esdec B.V. 
▪ Dimensions : see annex II 
▪ Production code : Z97102 
 
Description PV-modules 
▪ Product  : Boviet BVM6610P  
▪ Producer  : Boviet Solar Technology Co., Ltd 

▪ Dimensions : 1640 mm  992 mm  40 mm 
▪ Production code : see annex II 
 
See annex II for photos and drawings of the products and further package data. 
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2 Construction of the test specimen 

On 13 and 14 June 2018 the test specimens have been built up by Mr J. Weller of 
Esdec B.V. and Mr W.J.B. Middag and Mr A.R. Hameete of Kiwa BDA Testing B.V.  
 
The specimens have been built up according to the prescription of Mr J. Weller of  
Esdec B.V. from the bottom up. 
 

2.1 Test with PV-modules in portrait layout 
 
▪ Substructure  : Structure of wooden rafters, dimensions 

 150 mm  70 mm, with a centre to centre spacing  
of 600 mm. On top of the rafters, tile battens,  

dimensions 48 mm  35 mm, have been placed.  
The tile battens have been placed with a centre to centre 
spacing of 345 mm and have been fastened to the 
wooden rafters with 6 screws, dimensions  

4,0 mm  50 mm. 
 

▪ Tiles  : on top of the tile battens, tiles type Sneldek Novo+ have 
been placed. Six rows of eight tiles have been placed.  

 
▪ Fastening system  : six ClickFit EVO roof hooks universal have been 

positioned  between the tiles and around the tile battens. 
The mutual centre to centre spacing in the horizontal 
direction has been set at 750 mm. The mutual centre to 
centre spacing in the vertical direction has been set at 
690 mm. Each roof hook has been fastened with a torque 
wrench set at 4,5 Nm. On the upper three roof hooks and 
on the lower three roof hooks a mounting rail, length 
2065 mm has been positioned horizontally. On top of 
each mounting rail three universal module clamps and 
two end caps have been positioned 

 
▪ PV modules  : on top of the two horizontally positioned mounting rails 

two PV-modules, dimensions 1640 mm  992 mm, have 
been positioned in portrait layout. The left side of the left  
PV-module has been fastened with two module clamps 
covered with end caps. The right side of the left PV-
module and the left side of the right PV-module have 
been fastened with two module clamps. The right side of 
the right PV-module has been fastened with two module 
clamps covered with end caps. Each module clamp has 
been fastened with a torque wrench set at 4,5 Nm. 
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2.2 Test with PV-modules in landscape layout 
 
▪ Substructure  : Structure of wooden rafters, dimensions 

 150 mm  70 mm, with a centre to centre spacing  
of 600 mm. On top of the rafters, tile battens,  

dimensions 48 mm  35 mm, have been placed.  
The tile battens have been placed with a centre to centre 
spacing of 345 mm and have been fastened to the 
wooden rafters with 6 screws, dimensions  

4,0 mm  50 mm. 
 

▪ Tiles  : on top of the tile battens, tiles type Sneldek Novo+ have 
been placed. Seven rows of eight tiles have been placed.  

 
▪ Fastening system  : six ClickFit EVO roof hooks universal have been 

positioned  between the tiles and around the tile battens. 
The mutual centre to centre spacing in the horizontal 
direction has been set at 750 mm. The mutual centre to 
centre spacing in the vertical direction has been set at 
690 mm between the lower and the middle roof hook and 
1035 between the middle and the upper roof hook. Each 
roof hook has been fastened with a torque wrench set at 
4,5 Nm. On the left three roof hooks and on the right 
three roof hooks a mounting rail, length 2065 mm has 
been positioned vertically. On top of each mounting rail 
three universal module clamps and two end caps have 
been positioned 

 
▪ PV modules  : on top of the two vertically positioned mounting rails two 

PV-modules, dimensions 1640 mm  992 mm, are 
positioned in landscape layout. The lower side of the 
lower PV-module has been fastened with two module 
clamps covered with end caps. The upper side of the 
lower PV-module and the lower side of the upper  
PV-module have been fastened with two module clamps. 
The upper side of the upper PV-module has been 
fastened with two module clamps covered with end caps. 
Each module clamp has been fastened with a torque 
wrench set at 4,5 Nm. 
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3 Investigation 

The determination of the wind uplift resistance has been performed in accordance 
with the requirements in: 
 
▪ EN 14437:2004 – Determination of the uplift resistance of installed clay or 

concrete tiles for roofing – Roof system test method. 
 
▪ NEN 7250:2014 – Zonne-energiesystemen – Integratie in daken en gevels – 

Bouwkundige aspecten1. 

 
The determination of the wind uplift resistance has been performed on a system 
containing two PV modules. 
 
The wind uplift resistance has been determined in triplicate. The test has been 
performed at a slope of 45°. Preceding the actual tests an exploratory pre-test was  
performed to obtain an indication of the strength of the system and the corresponding 
collapse image. 
 
According to NEN 7250 the system is considered to be collapsed when one of the 
following occurs. 
 
▪ Collapse of the mechanical fixing on to the structure.  
▪ Pulling out or breakage of any part of the installation kit of the product  

which is tested. 
▪ Breakage of product which is tested.  
▪ The displacement of any part exceeds the maximum of 100 mm.  
▪ The remaining displacement of any roofing element after releasing  

the force to zero exceeds 5 mm. By order of the principal the test must be 
continued when the 5 mm limit is achieved until the applied load is at least 
1,5 times the load measured at the 5 mm limit or until ultimate failure occurs 

▪ The product which is tested gets loose from the substructure. 
▪ The remaining displacement of any roofing element after releasing  

the force to zero degrades the weathertightness of the roof. 
 
By request of the principal it was decided to measure the displacement at the 
following points: 
 
Test with PV-modules in portrait layout: 
 
Measuring points at the upper side of the test specimen 
▪ LL  = in the middle of the left (long) side of the left PV-module; 
▪ ML  = in the middle of the left PV-module; 
▪ MR = in the middle of lower (short) side of the right PV-module; 
▪ CR = in the right lower corner of the right PV-module. 
 
Measuring points at the lower side of the test specimen 
▪ rhLL = roof hook on the left side of the lower mounting rail; 
▪ rhML = roof hook in the middle of the lower mounting rail; 
▪ rhRL = roof hook on the right side of the lower mounting rail; 
▪ rhLU = roof hook on the left side of the upper mounting rail; 
▪ rhMU = roof hook in the middle of the upper mounting rail; 
▪ rhRU = roof hook on the right side of the upper mounting rail. 
  

                                                
1 Solar energy systems – Intergration in roofs and facades – Building aspects. 
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Test with PV-modules in landscape layout: 
 
Measuring points at the upper side of the test specimen 
▪ LU  = in the middle of the left (short) side of the upper PV-module; 
▪ MU = in the middle of the upper PV-module; 
▪ ML  = in the middle of lower (long) side of the lower PV-module; 
▪ CL  = in the right lower corner of the lower PV-module. 
 
Measuring points at the lower side of the test specimen 
▪ rhLL = roof hook on the lower side of the left mounting rail; 
▪ rhML = roof hook in the middle of the left mounting rail; 
▪ rhUL = roof hook on the upper side of the left mounting rail; 
▪ rhLR = roof hook on the lower side of the right mounting rail; 
▪ rhMR = roof hook in the middle of the right mounting rail; 
▪ rhUR= roof hook on the upper side of the right mounting rail. 

 
On 13 and 14 June 2018 the tests have been performed in the laboratory of  
Kiwa BDA Testing B.V. by Mr W.J.B. Middag and Mr A.R. Hameete of  
Kiwa BDA Testing B.V. in the presence of Mr J. Weller of Esdec B.V. 
 
In annex I a photo report of the test and the test results is given. 
 
The mean value and the standard deviation of the resistance from all tests  
have been calculated by: 
 
 

Rx =
1

n
∑Rr,i 

 
 

sx
2 =

1

n − 1
∑(Rr,i − Rx)

2 

 
 
Where: 
Rx  = is the mean uplift resistance; 
Rr,i  = is the force preceding the force at which one mentioned  

collapse event occurs; 
n = the number of tests that has been performed. 
 
 
The characteristic value of the wind uplift resistance has been calculated by: 
 
 
Rk = Rx − knsx 
 
 
Where: 
Rk = the characteristic value of the wind uplift resistance; 
kn = the factor depending on the number of tests; 
Rx = the mean value of the wind uplift resistance from all tests; 
sx = the standard deviation of the wind uplift resistance from all tests.  
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4 Results 

4.1 Results of ClickFit EVO in portrait layout 
 
Table 2 – ClickFit EVO in portrait layout, test 1 
 

Force [N] 
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0 0 0 0 0 0 0 0 0 

4190 28,20 2,20 45,80 2,00 35,60 1,60 35,30 1,70 

4490 30,30 2,70 49,20 2,90 38,40 2,10 38,10 2,10 

4790 32,60 2,50 52,50 2,80 41,30 1,90 40,90 2,00 

5090 34,90 2,90 56,10 3,40 44,20 2,20 43,80 2,10 

5390 37,40 2,80 59,70 3,90 47,20 2,20 46,70 2,30 

5690 40,10 3,10 63,60 4,30 50,10 2,50 49,60 2,50 

5990 54,20 14,70 1) 77,40 16,90 1) 73,10 22,70 1) 83,40 31,18 

Force [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhRL rhUL rhMU rhRU 

0 0 0 0 0 0 0 

4190 2,19 1,14 1,93 1,57 0,28 0,84 

4490 2,36 1,56 2,37 2,00 0,43 1,35 

4790 2,53 1,88 2,88 2,28 0,92 1,98 

5090 3,42 2,08 3,15 2,91 0,80 1,96 

5390 4,22 2,46 3,68 3,59 1,12 2,39 

5690 4,95 3,19 4,58 4,32 1,47 3,16 

5990 4,88 0,87 5,12 1) 5,09 1) - 0,32 1,97 
1) At a force of 5990 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height of the roof hooks at the left upper corner and at the right lower 
corner has been moved. Because the 5 mm limit is achieved the test is continued to 1,5 times 
the load measured at the 5 mm limit. Therefore the load is increased until 8985 N. At 8155 N 
the test specimen collapse because at 4 positions the mounting rail has been broken out of the 
roof hooks. The collapsed roof hooks are at the following positions; the left upper corner, the left 
lower corner, the middle of the upper mounting rail and the middle of the lower mounting rail.   
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Table 3 – ClickFit EVO in portrait layout, test 2 
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0 0 0 0 0 0 0 0 0 

4190 27,30 2,40 44,50 2,40 31,40 1,10 30,90 1,20 

4490 29,80 2,50 48,00 2,60 34,10 1,50 33,80 1,70 

4790 32,20 2,70 51,50 3,00 36,70 1,70 36,50 1,90 

5090 34,40 2,80 54,50 3,00 39,40 1,70 39,30 1,90 

5390 37,10 3,10 58,20 3,40 42,20 1,80 42,10 2,00 

5690 38,20 2,30 62,80 4,80 41,60 3,80 40,00 5,20 1) 

Force [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhRL rhUL rhMU rhRU 

0 0 0 0 0 0 0 

4190 1,52 0,84 1,91 1,45 0,90 1,21 

4490 2,00 1,10 2,21 2,78 1,14 1,51 

4790 2,39 1,14 2,34 3,14 1,39 1,98 

5090 2,99 1,28 2,52 4,07 1,77 2,13 

5390 3,53 1,82 3,18 4,01 1,94 2,57 

5690 4,12 3,04 4,31 4,06 0,64 3,43 
1) At a force of 5690 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height, of the roof hooks at the left lower corner and in the middle of the 
lower mounting rail has been moved. Because the 5 mm limit is achieved the test is continued to 
1,5 times the load measured at the 5 mm limit. Therefore the load is increased until 8535 N.  
At 7810 N the test specimen collapse because at 1 position the mounting rail has been broken 
out of the roof hooks. The collapsed roof hook is at the following position; the left upper corner. 
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Table 4 – ClickFit EVO in portrait layout, test 3 
 

Force [N] 

Movement [mm] 
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0 0 0 0 0 0 0 0 0 

4190 27,30 1,40 44,10 2,50 32,50 1,30 31,40 1,90 

4490 30,30 1,60 48,10 3,00 35,90 1,60 34,70 2,20 

4790 32,90 1,70 51,80 3,60 39,00 1,70 37,80 2,40 

5090 35,40 2,10 55,50 4,20 42,10 1,90 40,90 2,70 

5390 38,00 2,30 59,10 4,90 44,90 2,10 43,70 2,90 

5690 56,90 18,20 1) 75,10 17,50 1) 57,80 9,80 1) 47,00 1,30 

Force [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhRL rhUL rhMU rhRU 

0 0 0 0 0 0 0 

4190 1,20 1,35 2,11 0,75 0,73 0,79 

4490 1,65 1,57 2,30 1,12 1,34 1,30 

4790 1,91 1,85 3,20 1,47 1,63 1,69 

5090 2,32 2,14 3,40 1,69 2,00 1,63 

5390 2,75 2,37 4,17 2,25 2,17 2,45 

5690 3,74 4,98 5,52 1) 1,94 2,42 3,39 
1) At a force of 5690 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height of the roof hooks at the left lower corner and in the middle of the 
lower mounting rail has been moved. Because the 5 mm limit is achieved the test is continued to 
1,5 times the load measured at the 5 mm limit. Therefore the load is increased until 8535 N.  
At 7987 N the test specimen collapse because at 4 positions the mounting rail has been broken 
out of the roof hooks. The collapsed roof hooks are at the following positions; the left upper 
corner, the middle of the upper mounting rail, the right upper corner and the right lower corner. 

 
 
The collapse force is 5990 N, 5690 N and 5690 N for the tests 1, 2 and 3 respectively. 
 
The mean uplift resistance is (5690 N + 5390 N + 5390 N) : 3 = 5490 N. 
 
The factor depending on the number of tests is 3,37 (3 tests). 
 
The standard deviation s (σ(n-1)) is 173 N. 
 

The characteristic value of the wind uplift resistance is 4906 N (5490 N - (3,37  173 N)). 
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4.2 Results of ClickFit EVO in landscape layout 
 
Table 5 – ClickFit EVO in landscape layout, test 1 
 

Force  [N] 

Movement [mm] 
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0 0 0 0 0 0 0 0 0 

4190 32,00 1,90 46,70 2,00 26,20 1,70 35,00 2,30 

4490 35,30 2,10 50,80 2,50 27,70 1,90 37,80 2,60 

4790 38,40 1,90 54,40 2,70 29,50 2,10 40,80 2,60 

5090 41,80 1,90 58,40 3,60 31,40 2,20 43,30 2,70 

5390 45,20 1,80 62,40 4,40 33,70 2,30 46,50 2,80 

5690 49,20 1,30 67,30 7,30 1) 44,60 12,10 1) 71,40 31,10 1) 

Force  [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhUL rhLR rhMR rhUR 

0 0 0 0 0 0 0 

4190 1,51 1,68 2,32 1,27 1,32 2,64 

4490 1,51 2,15 2,69 1,67 1,95 3,07 

4790 1,70 2,81 3,10 2,00 2,39 3,51 

5090 2,06 3,56 3,71 2,26 2,97 3,97 

5390 2,36 4,40 4,17 2,43 3,25 4,16 

5690 2,79 4,98 4,70 3,64 1,53 3,85 
1) At a force of 5690 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height of the roof hooks at the right lower corner has been moved. 
Because the 5 mm limit is achieved the test is continued to 1,5 times the load measured at the 
5 mm limit. Therefore the load is increased until 8535 N. At 8535 N the test specimen is still 
intact. 

 
  



 

0131-L-18/2 2 August 2018 

© Kiwa N.V. Page 12 of 14 

 

Table 6 – ClickFit EVO in landscape layout, test 2 
 

Force [N] 

Movement [mm] 
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0 0 0 0 0 0 0 0 0 

4190 31,00 1,70 47,00 1,90 25,50 1,90 31,00 2,00 

4490 33,00 2,30 50,70 2,10 26,70 2,20 32,70 1,70 

4790 35,80 2,70 54,30 4,00 27,80 2,40 34,60 1,90 

5090 39,10 2,70 57,90 4,70 29,70 2,40 37,10 2,10 

5390 42,10 2,20 61,70 5,20 1) 31,70 2,50 39,60 2,30 

Force [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhUL rhLR rhMR rhUR 

0 0 0 0 0 0 0 

4190 2,12 1,68 1,22 1,61 2,17 2,99 

4490 1,50 2,32 1,74 1,92 2,61 3,78 

4790 1,53 2,61 1,86 1,99 2,99 4,19 

5090 1,92 3,05 2,40 2,01 3,36 4,50 

5390 2,09 3,65 3,08 2,18 3,84 5,14 1) 
1) At a force of 5390 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height of the roof hooks at the right upper corner has been moved. 
Because the 5 mm limit is achieved the test is continued to 1,5 times the load measured at the 
5 mm limit. Therefore the load is increased until 9085 N. At 8085 N the test specimen is still 
intact. 
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Table 7 – ClickFit EVO in landscape layout, test 3 
 

Force  [N] 

Movement [mm] 
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0 0 0 0 0 0 0 0 0 

4190 33,70 1,50 47,00 2,10 25,70 1,10 27,70 1,70 

4490 36,30 1,40 51,20 2,70 27,40 1,00 30,10 1,60 

4790 39,20 1,50 54,80 3,30 29,40 1,10 32,50 1,60 

5090 42,40 1,60 58,50 4,00 31,90 1,30 34,80 1,60 

5390 45,70 1,70 62,20 4,60 34,00 1,40 37,30 1,70 

5690 49,00 2,20 66,10 5,50 1) 36,40 1,50 40,00 1,70 

Force  [N] 
Movement (Remaining displacement) [mm] 

rhLL rhML rhUL rhLR rhMR rhUR 

0 0 0 0 0 0 0 

4190 1,20 1,94 1,37 0,81 1,39 3,09 

4490 1,43 2,48 1,72 1,14 1,64 3,48 

4790 1,79 2,80 2,22 1,35 1,93 3,90 

5090 2,04 3,09 2,78 1,71 2,12 4,40 

5390 2,28 3,40 3,17 2,05 2,37 4,62 

5690 2,58 3,63 3,65 2,42 2,78 5,09 1) 
1) At a force of 5690 N the limit of max. 5 mm remaining deformation, has been achieved.  

The part for adjusting the height of the roof hooks at the right upper corner has been moved. 
Because the 5 mm limit is achieved the test is continued to 1,5 times the load measured at the 
5 mm limit. Therefore the load is increased until 8535 N. At 7050 N the test specimen collapse by 
breaking of the tile batten at the position of the roof hook at the left lower corner. 

 
 
The collapse force is 5690 N, 5390 N and 5690 N for the tests 1, 2 and 3 respectively. 
 
The mean uplift resistance is (5390 N + 5090 N + 5390 N) : 3 = 5290 N. 
 
The factor depending on the number of tests is 3,37 (3 tests). 
 
The standard deviation s (σ(n-1)) is 173 N. 
 

The characteristic value of the wind uplift resistance is 4706 N (5290 N - (3,37  173 N)). 
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Remarks: 
 
The results are only related to the investigated samples, products and/or systems. 
Kiwa BDA Testing B.V. is not liable for interpretations or conclusions that are made in 
consequence of the results obtained.  
 
The uncertainty of measurement can be retrieved at Kiwa BDA Testing B.V. 
 
If sampling was not performed by Kiwa BDA Testing B.V., no judgement can be given 
with regard to the origin and representativeness of the samples. 
 
Gorinchem, 2 August 2018 
The laboratory Kiwa BDA Testing B.V. 
 
 
 
 
A.R. Hameete C.W. van der Meijden MSc 
operational manager technical director 

 



  

0131-L-18/2 Annex I 

© Kiwa N.V. Page 1 of 6 

 

I Photo report of the test and test results 

Photo 1  
Overview of the 
substructure. 

 

Photo 2  
Detail of the fastening  
of the tile battens to  
the rafters. 

 

Photo 3  
The roof hook is 
fastened. 
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Photo 4  
The roof hook is finally 
fastened with a torque 
wrench.  

 

Photo 5  
Overview of the system 
with roof hooks placed  
in position for a test on  
PV-modules in portrait 
layout. 

 

Photo 6  
The mounting rails are 
fixed on the roof hooks.  
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Photo 7  
Two PV-modules are 
placed on the mounting 
rails and fastened. 

 

Photo 8  
The suction cups are 
placed in position and the 
test specimen is ready for 
testing. 

 

Photo 9  
Detail of the part, for 
adjusting the height,  
at the start of the test.  
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Photo 10  
Detail of the part, for 
adjusting the height,  
after it has been moved.  

 

Photo 11  
Detail of a connected roof 
hook to the mounting rail 
(before testing).  

 

Photo 12  
Detail of a mounting rail 
after is has been broken 
out of a roof hook (after 
testing). 
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Photo 13  
Overview of the system 
with the roof hooks 
placed in position for  
a test on PV-modules 
in landscape layout.  

 

Photo 14  
A mounting rail is 
positioned on the  
roof hooks. 

 
Photo 15  
The mounting rail is 
locked with a screw to  
the lower roof hook. 
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Photo 16  
Detail of the locked 
mounting rail. 

 
Photo 17  
Two PV-modules have 
been placed on the 
mounting rail and have 
been fastened.  
Also the suction cups  
are positioned. 

 
Photo 18  
Detail of the breaking of 
the tile batter at test 3 in 
landscape layout. 
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II Drawings and photos of the products 
and further package data 

PV-modules 
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0131-L-18/2 Annex II 

© Kiwa N.V. Page 4 of 24 

 

ClickFit EVO universal roof hook 
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Mounting rail 
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Universal module clamp 
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End cap 
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Tiles 
 

 
 

 
 

 
 



  

0131-L-18/2 Annex II 

© Kiwa N.V. Page 12 of 24 

 

 
 



  

0131-L-18/2 Annex II 

© Kiwa N.V. Page 13 of 24 

 

  



  

0131-L-18/2 Annex II 

© Kiwa N.V. Page 14 of 24 

 

 
 



  

0131-L-18/2 Annex II 

© Kiwa N.V. Page 15 of 24 

 

 
 
  



  

0131-L-18/2 Annex II 

© Kiwa N.V. Page 16 of 24 

 

Fasteners for tile batten 
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Tile battens 
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Datasheet ClickFit EVO 
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