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Screw pull-out tests on wooden 

rafters with a rafter width of 35 mm 
 
 
 
1. General 
 
The subject of the load-bearing tests documented below is the experimental determination of the 

pull-out resistance of different screw types in spruce wood rafter with a thickness of 35 mm. Al-

ternatively, identical constellations with and without pre-drilling were tested. According to DIN 

EN 1995 (Eurocode 5) respectively DIN 1052, for a screw with a diameter of d = 6 mm, that has 

been pre-drilled with a diameter 0.7·d, there should be a wood width of 3·d+10+3·d = 46 mm for 

the specific hole pattern. As the normative regulations cannot be maintained with rafters with a 

thickness of 35 mm, several test series were carried out. The spruce wood that was used had the 

quality classification C10. 

 

   
Picture 1 35mm wide spruce wood rafter   Picture 2Screw picture of both screws 
       into the spruce wood rafter that has a width of 35 mm 
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2.        Test procedure  

The purpose of the tests was the experimental determination of the pull-out resistance of differ-

ent screw types and screwing situations in wooden rafter with a width of 35 mm. 

 

2.1 High-grade steel 6.0x90mm according Din 571 without pre-drilling. Screwed into the 

spruce wood down to a depth of 60 mm. 

    
Picture 3 6.0x90 Din 571 without pre-drilling Picture 4 minor splitting effect  

 

2.2 High-grade steel 6.0x90mm according to DIN 571 screwed down to a depth of 60 mm 

into the spruce wood in 4mm pre-drilled holes. 

   
Picture 5  4mm pre-drilled holes    Picture 6  no visible splitting effect    
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2.3 6.0x80mm spax screw screwed into the spruce wood without pre-drilling down to a depth 

of 60 mm using a Torx T30 drive;  

 

   
Picture 7  6.0x90 Din 571 spax screw  Picture 8 minor splitting effect  

 

2.4 8.0x100mm wafer-head screw screwed into the spruce wood down to a depth of 60 mm 

with a Torx T30 drive without pre-drilling;  

 

   
Picture 9 8.0 x 100 wafer-head screw   Picture 10 no visible splitting effect 
Screwed down to a depth of 60 mm  
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2.5 8.0x100 mm with a waver-head screw high-grade steel 1.4567 screwed down to a depth 

of 60 mm with Torx T40 drive in 5.2 mm pre-drilled holes 

 

   

Picture 11 5.2 mm pre-drilled holes   Picture 12 no visible splitting effect 

 

The tests were carried out on a servo-hydraulic testing machine made by Zwick. Force and de-

formation were continuously digitally recorded. The test program included 5 uniform tests as a 

basis for the evaluation of dispersions and a statistical evaluation. 

 

3. Test results 

In the charts below, the test records of 5 uniform pull-out tests are shown. The failure criterion 

always was the breaking-out of the screws of the spruce wood. The screws did not show any 

remaining deformations or signs of imminent component failure. 
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3.1 Test results of the pull-out tests with high-grade steel screws 6.0x90 without  

pre-drilling 

 

 
Picture 13 Record of the pull-out tests 6.0x90mm; not pre-drilled 
 

 
Picture 14 Failure picture of the pulled out screws 
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3.2 Test results of the pull-out tests with high-grade steel screws 6.0x90, 4 mm without  

pre-drilling 

 
Picture 15 Test records of the pull-out tests 6.0x90mm; 4mm pre-drilled 

 

 

Picture 16 Breakage picture of the pulled out screws 
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3.3 Test results of the pull-out tests with high-grade spax screws 6.0x80 without  

pre-drilling 

 
Picture 17 Record of the pull-out tests 6.0x80mm; not pre-drilled 

 

 
Picture 18 Breakage picture of the pulled out screws 
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3.4 Test results of the pull-out tests with 8.0x100mm wafer-head screws without pre-

drilling.  

 

Picture 19 Record of the pull-out tests 8.0x100mm wafer-head screw; not pre-drilled 

 

 
Picture 20 Breakage picture of the pulled out screws 
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3.5 Test results of the pull-out tests with 8.0x100mm wafer-head head screws, 5.2 mm 

pre-drilled. 

 

Picture 21 Record of the pull-out test 8.0x100mm wafer-head screw; 5.2mm pre-drilled 

 

 
Picture 22 Breakage picture of the pulled out screws 
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4. Statistical evaluation 

Usually, there will be divergent test curves when several tests are carried out. Depending on the 

material, the type of test and the failure mechanisms, there will be dispersions of the test values. 

The aim of a statistical evaluation is the determination of verified values that will not be under-

cut with a defined probability. In the sector of structural engineering, the 5%-fractile is the usual 

measure for the determination of the characteristic load-bearing capacity. The determination of 

the characteristic load-bearing capacity is carried out on the basis of the Eurocode 1 (DIN EN 

1990), attachment D. Based on a log-normal distribution of the evaluation value, the characteris-

tic load-bearing capacity can be determined using the following equation: 

 
PRk = exp(my – kn·sy) 

with: 

my   Average value of the logarithms of the test values  

sy   Standard deviation  

kn Fractile factor for unknown variance according to EN 1990 chart D.1 

 
The statistical evaluations of the test series is shown tabularly and graphically in picture 7. 

 

Statistical evaluation according to EC1 attachment 

4.1 6.0x90 mm high-grade steel screw DIN 571; not pre-drilled 
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4.2 6.0x90 mm high-grade steel screw DIN 571; 4 mm pre-drilled 

 

  

 

4.3 6.0x80 mm spax screw; not pre-drilled 

  
 

4.4 8.0x100 mm wafer-head screw, not pre-drilled 
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4.5 8.0x100 mm wafer-head screw; 5.2mm pre-drilled 

   

  

 

For the determination of the rated value for the structural analysis, the characteristic load-bearing 

capacity has to be divided by the partial safety factor for failure by breakage γv = 1.25. 

 

 

 

The values that were determined in the test series always correspond to one pair of screws. For 

the structural analysis of a roof hook for the transmission of the bending moment, only the value 

of one screw may be assumed. It is an essential precondition that the rafter is hit precisely. Re-

duced edge distances result in a reduction of the tolerable pull-out forces. If there are closed bat-

tens, the correct locating of the rafter is of prime importance. 
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5. Summary 

The subject of the present test report is the documentation and evaluation of pull-out tests with 

different screws and in different mounting conditions for the fastening of roof hooks on spruce 

wood rafters of the quality class S10. 

Within the framework of the test schedule, 5 test bodies were tested under tensile loads that arise 

from uplifting wind suction loads and characteristic parameters were deducted on the basis of a 

statistical evaluation according to DIN EN 1990 (attachment D). In the course of the tests, a uni-

form failure criterion which was the breaking out of the screws off the wood could be observed.  

  

 

Haag, August 3, 2011 

 

Test set-up and carrying out of the test: 

Dieter Fluhrer, Dipl.Ing. (FH) 


