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1.		Abstract and Introduction 
My understanding is that a number of fasteners failed that were holding down a crane to its foundation. The 
holding down fasteners consisted of two rows of M24 property class 10.9 studs, each row having 4 sets of 
fasteners. The studs had M24 x 2 (fine pitch series) threads. On each stud two nuts were located under the 
foundation with a single, thin, non-metallic prevailing torque type (‘Nyloc’) nut used to tighten the stud. 

A summary of the results of the calculations completed in this report are: 
Calculated thread stripping load for the nut: 254 kN 
Anticipated preload range with a tightening torque of 600 Nm 139 to 231 kN 
Anticipated preload range with a tightening torque of 350 Nm 48 to 133 kN 
Load acting on a single bolt due to lifting the load at the point of failure 90.6 kN 

Since the applied force from lifting is significantly lower than the anticipated thread stripping load, then 
either one or more of the points below likely applies: 

1.		 One or more of the nut threads had been partially stripped (sheared) by the tightening process, the 
applied loading subsequently sustained being sufficient to completely shear the threads. 

2.		 The thread tolerances are not as assumed in the analysis, that is, the thread dimensions were 
outside normal practice. 

3.		 The deformation of the washers resulted in the force needed to strip the threads being reduced. 
4.		 The fasteners were not evenly loaded due to the orientation of the applied load or due to some 

fasteners being only partially tight. 

The thread tolerances that have been used in this report are based upon industry standard practices but it 
is unknown at the time of writing what are the thread dimensions of the nuts and bolts involved in this 
accident. Thread dimensions have a significant influence on the thread stripping characteristics. 

It is uncertain whether the collapse of the washer occurred during tightening or was damaged during the 
collapse of the crane. If the deformation of the washer occurred when the nuts were initially tightened, 
which is a distinct possibility, it would point towards the preload in the fastener being high. The large gap 
under the washer would also result in bending stresses being incurred by the washer in addition to the 
direct bearing stresses. If the washer distorted during tightening, an uneven loading would occur in the 
threads resulting in thread stripping load being lowered. Such loading is not represented in a standard 
proof load test or in the calculations presented in this report. The author has previously observed such a 
reduction on an offset pull test on a fine threaded fastener. 

It is good practice for the nuts to be as strong, or stronger, than the bolts to avoid the risk of thread 
stripping if the nuts are over-tightened. That is, considering that property class 10.9 bolts had used in this 
application, full height property class 10 nuts should have been used. 
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Report on the Failure of Holding Down Fasteners on a Crane 

2. Details of the Installation/Joint 

My understanding is that a number of fasteners failed that were holding down a 170.2 VCS crane to its 
foundation. The holding down fasteners consisted of two rows of M24 property class 10.9 studs, each row 
having 4 sets of fasteners. The studs had M24 x 2 (fine pitch series) threads. The arrangement of the 
assembly and the joint is shown in figure 1. On each stud two nuts were located under the foundation with 
a single thin non-metallic prevailing torque type (‘Nyloc’) nut used to tighten the stud. My understanding is 
that the nut was to the standard DIN 9851. The key dimensions of the nut, taken from the DIN standard are 
shown in figure 2. 

Figure 1 Arrangement of the installation/joint 

1 DIN 985 Prevailing torque type thin nuts with nonmetallic insert. 
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Report on the Failure of Holding Down Fasteners on a Crane 

My understanding is that when the crane was lifting a weight of 2.2 tonnes, the nuts on one side failed by 
thread stripping allowing the crane to topple. 

Figure 2 Key dimensions of the M24 x 2 Prevailing Torque Nut based upon DIN 985 

Based upon a metallurgical investigation report2, a hardness survey revealed that the hardness was 225 
HV10. From BS EN ISO 18265 this hardness corresponds to a tensile strength of 720 MPa. 

As can be seen in figure 3, one or more of the washers had been severely distorted, before or as a result of 
the accident. 

Figure 3 Photo of one of the washers following the accident 

2 The report has been redacted - no reference available at the time of writing. 
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Report on the Failure of Holding Down Fasteners on a Crane 

3. Loading acting on the fasteners at the time of the accident. 

Just prior to the failure, the fasteners would sustain the load/moment from the crane as direct axial forces. 
On the side which the fasteners failed the loading would be tending to push the nut off the stud. The 
assumed dimensions, to allow an estimate of the axial force acting on an individual fastener are shown in 
figure 4. 

Figure 3 Fastener reaction forces 

Taking moments about the front reaction point Ff gives: 

2.2(9500  276) 1.7(4750  276)  755 x Fr 
Fr  36.95 tonne  362497 N 

The load per fastener would be 362497 / 4 = 90624 N 
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Report on the Failure of Holding Down Fasteners on a Crane 

4. Thread Stripping Calculations 

Thread stripping is a failure mode that is best avoided since it may go unnoticed at the time of assembly. It 
starts at the first engaged thread, due to thread deformations causing it to carry the highest load and 
successively shears off subsequent threads. This may take several hours to complete and so may appear 
fine at the time of assembly. The risk is therefore present that a defective product may enter service. In this 
application, because of the short length of engagement and the material used for the internal thread being 
substantially weaker than the external thread, overtightening the bolt could cause thread stripping to occur. 

Thread stripping strength depends upon the area of the thread being stripped and the shear strength of the 
thread material. The calculations will be based upon the work of Alexander3, his work is also used in VDI 
2230. The stripping strength of the external thread is, in general, different to the stripping strength of the 
internal thread. The thread stripping strengths are: 

Fint  AS s . int . C1. C3 

F  AS .	 . C1. C2ext n ext 

Where		 Fint = Stripping strength of the internal thread 
Fext = Stripping strength of the external thread 
τint = Shear strength of the internal thread material 
τext = Shear strength of the external thread material 
UTS = Tensile strength of the thread 
ASs = Shear area of the external thread 
ASn = Shear area of the internal thread 
Shear Ratio = Ratio of the shear to tensile strengths. 
C1 = Nut dilation factor 
C2 = Thread bending factor for external threads 
C3 = Thread bending factor of internal threads 

The shear areas can be calculated using the equations shown below. For the external thread: 

  p	 AS  . LE . D  0.57735 d  Ds p 1max 
 2 

 2 min 1max  
 

and for the internal thread 

  p	 AS n  . LE . dmin   0.57735 dmin  D2 max  p  2		  

Where: 
p = Thread Pitch mm 
LE = Length of Thread Engagement mm 
D1max = Maximum minor diameter of the internal thread mm 
D2max = Maximum pitch diameter of the internal thread mm 
d2min = Minimum pitch diameter of the external thread mm 
dmin = Minimum major diameter of the external thread mm 

No information has been provided as to the tolerance classes of the male or female thread. Standard 
practice is to use a 6g tolerance class for the bolt thread and a 6H tolerance class for the nut thread. My 

3 Alexander, E.M., Analysis and design of threaded assemblies. 1977 SAE Transactions, Paper No . 
770420 
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Report on the Failure of Holding Down Fasteners on a Crane 

understanding is that the major diameter of the bolt thread is within the tolerance band for a 6g tolerance 
class. Based upon a 6g/6H tolerance class combination, the thread details are: 

Parameter Symbol Formula Value 
Basic major diameter d Nominal size 24 
Thread Pitch p pitch 2 
Basic pitch diameter d2 d - 0.6495p 22.701 
Basic minor diameter d1 d - 1.0825p 21.835 

External Thread M24 x 2 6g 
Maximum Major Dia. 23.962 mm 
Minimum Major Dia. 23.682 mm 
Maximum Pitch Dia. 22.663 mm 
Minimum Pitch Dia. 22.493 mm 
Maximum Minor Dia. 21.835 mm 
Minimum Minor Dia. 21.261 mm 

Internal Thread M24 x 2 6H 
Minimum Major Dia. 24.000 mm 
Maximum Pitch Dia. 22.925 mm 
Minimum Pitch Dia. 22.701 mm 
Maximum Minor Dia. 22.210 mm 
Minimum Minor Dia. 21.835 mm 

The ISO 898-1 standard specifies the mechanical property requirements for a bolt of property class 10.9: 

Minimum Tensile Strength 1040 N/mm² 
Maximum Hardness 39 HRC 
Maximum Tensile Strength 1230 N/mm² (note this is the conversion 39 HRC4) 
Ratio of the shear to tensile strength 0.625 

Minimum Bolt Shear Strength 645 N/mm² 

Based upon a laboratory report6, the nut hardness was measured as 225 HV10. From BS EN ISO 18265, 
this hardness converts to a tensile strength of 720 N/mm². Taking the ratio of shear to tensile strength as 
being 0.657 gives a shear strength of 468 N/mm². 

Figure 2 shows the overall dimensions of the nut taken from DIN 9858. This standard shows that the 
bearing face is countersunk. The countersink region will not be effective in carrying load when compared to 
the full thread. The diameter of the countersink has a maximum diameter of 25.9 mm. Alexander allowed 
40% effectiveness for the height of the countersink. Assuming countersinking on the bearing face side only, 
the height of the countersink section will be: 

25.9  21.835 LE  15  1 0.4  13.78 mm   2  

Based upon research reported by Alexander, part of the nut thread can be bell-mouthed. Bell-mouthing is 
partial tapering of the tapped hole due to instability of the drill as it first creates the hole. Bell-mouthing 
affects the shear strength of the bolt thread. This can be accounted for by varying the diameter over 

4 The standard: BS EN ISO 18265: 2003 - metallic materials - conversion of hardness values, was used to 
convert the hardness value to an approximate tensile strength.
5 Taken from table 7 for a property class 10.9 bolt in VDI 2230 Part 1 (December 2014) Systematic 
calculation of highly stressed bolted joints. Joints with one cylindrical bolt
6 The report has been redacted - no reference available at the time of writing.
	
7 Table 6 in VDI 2230 Part 1 (December 2014) Systematic calculation of highly stressed bolted joints.
	
Joints with one cylindrical bolt quotes the shear ratio as being between 0.65 to 0.85 for heat treatable steel.
	
8 The nuts are stated to be to DIN 985 by the laboratory report provided to the author.
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Report on the Failure of Holding Down Fasteners on a Crane 

discreet increments. The maximum degree of bell-mouthing is approximately 1.03 times the minor diameter 
and can be accounted for by employing the mean diameter over the length of bell-mouthing. The length of 
the bell-mouthed section LB is typically taken as being 0.5 d where d is the nominal thread diameter. The 
mean diameter of the bell mouthed section of the nut Dm is: 

 D1 1.03 D1  21.835 1.03 21.835  x
Dm  	  22.163 mm

2	 2 

The internal thread shear area will be: 

  p	 AS n  . . min   0.57735 dmin  D2max LE d 
p  2		  
  2		  20.57735 23.682  736.65 mmAS n    	      
2  2		  

 
The  external  shear area  will  be:  
 

  p      2		  AS	 s	  . LE . D1max   0.57735 d2 min  D1max   x 13.78 x 22.210    0.57735 22.493   22.210   559.3 mm
 2  
p  2  2  2 
 

 
 
Under load  the  bearing  face  of  the  nut  expands  radially.  This  nut  dilation  is  due  to  the  wedging  action  of  the  
60  degree  threads  which  has  the  effect  of  increasing  the  minor  diameter  and  reducing  the  effect  shear 
areas  of  both  the  nut  and  bolt.  Alexander accounted  for  this  effect  by the  use  of  a  nut  dilation  factor  C1.  
 
The  nut  dilation  factor  C1  is  determined  using  the  following  equation:  

  
2		

 S  S 	  S SC1      3.8    2.61 	 for 1.4  1.9		 is the width across flats to nom. dia.  
  D   D 	    D D

 
For this  nut:  S/D  =  35/24  = 1 .458  
 

  S 
2 

 S   
C1	 		    3.8   2.61   2

    1.458   3.8 1.458   2.61   0.805  	 
	  D   D   

 
The  thread  bending  factor for internal  threads  C3  can  be  determined  from  the  following  equation:  
 
C3  0.728 1.769 Rs  2.896 R2 1.296 R3 s s for 0.4  Rs   1

 
C3  0.897 for Rs   1 

 AS 
The  strength  ratio  Rs  is  defined  as:  Rs  

n n  
 s AS s  

where σ n is  the  tensile  strength  of  the  nut  and  σs  is  the  tensile  strength  of  the  bolt.  Substituting  values  gives:  
 

 AS  720 x736.65 R n
s 

 n 	  0.912  
 s AS s  1 040 x5 59.3  

 
Using  this  value  to  determine  the  C3  factor:  
 
C3  0.728  1.769 x 0.912  2.896 x 0.912 2  1.296 x0 .912 3  0.916  
 
The  force  needed  to  strip  the  internal  thread  will  be:  

 x13.78 x 23.682    22.925 



           
 
 

 
 

     

 
 

 
                 

                   
      

 

   
 

 
 

               

        

           

  

    

 

    
   
        
           

          
        
      
           
         
         
          

 
                   
                 
                  

                    
      

 
                   

                  
            

 
                 

                   
   
      

                   
    

Report on the Failure of Holding Down Fasteners on a Crane 

F  AS . . C1. C3  736.65 x 468 x 0.805 x 0.916  254213 Nint s int 

Since it has been found that nut dilation more readily occurs when the threads are rotating, the thread 
stripping load achieved when a nut is being tightened can be less than that which would be achieved by a 
proof load type of test. 

5. Torque-Preload Calculations 

Introduction 

The mathematical model relating the applied torque and tension in the bolt (preload) is generally given by: 
F  p td2 T    D  e n 2  cos   

This can be simplified for metric and Unified thread forms to: 
D  e n T  F 0.15915 p  0.57735 td2  
 2 
 

do  diwith D e 2 
where 

T Total tightening torque 
F Bolt preload 
μt Coefficient of friction for the threads 
d Nominal major diameter of the thread i.e. for a M24 thread d=24mm 
d2 The basic pitch diameter of the thread. For metric threads d2=d-0.6495p 
β The half included angle for the threads 
p Pitch of the thread. 
μn Coefficient of friction for the nut face or bolt head 
De The effective bearing diameter of the nut 
do The outer bearing diameter of the nut 
di The inner bearing diameter of the nut face 

My understanding is that the nuts were tightened to 600 Nm. The torque specified by the manufacturer is 350 
Nm. The major unknown in determining the bolt preload that would result from the tightening torque is the 
value of the coefficient of friction. This nut had a prevailing torque created by a non-metallic (polymer) insert. 
My understanding is that the nuts had a zinc coating. Such nuts can be provided with a light coating of 
lubricant, often wax, to prevent galling. 

Based upon VDI 2230, galvanic coatings such as the zinc coating used in this application would fall into friction 
coefficient class B (friction coefficient range 0.08 to 0.16) if a lubricant had been used and into friction 
coefficient class C (friction coefficient range 0.14 to 0.24) without a lubricant. 

The countersink diameter of the nut is 25.9 mm diameter which would be the inner bearing diameter (my 
understanding is that the tab washer has a hole diameter of 25 mm). The outer bearing diameter is taken as 
33.2 mm. 

do  di 33.2  25.9 The effective bearing diameter is: De    29.55 mm
2 2 

The torque-tension equation can be adjusted to allow for the prevailing torque that the nut will possess and can 
be transposed to give: 
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Report on the Failure of Holding Down Fasteners on a Crane 

T T
F  p 

 Den  
0.15915 p  0.57735 td2   2  

Where Tp is the prevailing torque of the nut. My understanding is that there is no information on the actual 
prevailing torque of the nut. The standard BS EN ISO 23209 provides some details as to the likely value of 
the prevailing torque on first tightening. For a M24 property class 6 nut, the specified maximum first 
installation prevailing torque for a non-metallic insert type nut is 40 Nm with the minimum first removal 
torque being 11.5 Nm. From experience of testing this type of nut, in practice, the prevailing torque 
displayed by this type of nut tends to be closer to the first removal torque. Hence in these calculations a 
prevailing torque of 11.5 Nm will be assumed. 

Whether a thin or normal height type of nut is used does not make a difference to the torque-tension 
relationship if it is assumed that the coefficient of friction is the same in both circumstances. Also, if it is 
assumed that the coefficient of friction is the same, whether a plain nut or one having a nut with a prevailing 
torque is used makes only a small difference in the preload. (This is due to the prevailing torque normally 
being only a small fraction of the overall tightening torque.) 

Nuts tightened to 600 Nm 

For a tightening torque of 600 Nm with a coefficient of friction of 0.08, the bolt preload F would be: 

T  Tp 600 11.5  x 1000 F   N  230919 
 Den   29.55 x 0.08 0.15915 p  0.57735 td2  0.15915 x 2  0.57735 x 0.08 x 22.701     2   2  

For a tightening torque of 600 Nm with a coefficient of friction of 0.14, the bolt preload F would be: 

T  Tp 600 11.5  x 1000 F   N  139409 
 Den   29.55 x 0.14 0.15915 p  0.57735 td2  0.15915 x 2  0.57735 x 0.14 x 22.701     2   2  

For a tightening torque of 600 Nm with a coefficient of friction of 0.24, the bolt preload F would be: 

T  Tp 600 11.5  x 1000 F   N  83957 
 Den   29.55 x 0.24 0.15915 p  0.57735 td2  0.15915 x 2  0.57735 x 0.24 x 22.701     2   2  

The stress area (As) of the thread can be calculated from: 

d  0.9382 p2  0.7854 24  0.9382 2 2As  0.7854  x  384.4 mm 2 

Hence the above loadings represent a direct stress in the bolt threads of between: 

230919 2 83957 2   600.7 N / mm to  218.4 N / mm 
384.4 384.4 

These stresses represent a utilisation of the minimum yield strength (the 0.2% non-proportional limit) for a 
property class 10.9 bolt of between 23% to 64%. 

9 BS EN ISO 2320 - Prevailing torque type steel hexagon nuts - mechanical and performance requirements 
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Report on the Failure of Holding Down Fasteners on a Crane 

230919 2 83957 2The bearing stress would be:    681 N / mm to  248 N / mm 
2 2 2 2 33.2  25.9   33.2  25.9 4 4 

Nuts tightened to 350 Nm 

Repeating the above calculations with a torque of 350 Nm gives:
	

For a tightening torque of 350 Nm with a coefficient of friction of 0.08, the bolt preload F would be:
	

T  Tp 350 11.5  x 1000 F   N  132807 
 D    29.55 x 0.08 0.15915 p  0.57735 td2  e n 0.15915 x 2  0.57735 x 0.08 x 22.701     2   2  

For a tightening torque of 350 Nm with a coefficient of friction of 0.14, the bolt preload F would be: 

T  Tp 350 11.5  x 1000 F   N  80181 
 Den   29.55 x 0.14 0.15915 p  0.57735 td2  0.15915 x 2  0.57735 x 0.14 x 22.701     2   2  

For a tightening torque of 350 Nm with a coefficient of friction of 0.24, the bolt preload F would be: 

T  Tp 350 11.5  x 1000 F   N  48289 
 Den   29.55 x 0.24 0.15915 p  0.57735 td2  0.15915 x 2  0.57735 x 0.24 x 22.701     2   2  

Hence the above loadings represent a direct stress in the bolt threads of between: 

132807 48289 
   345 N / mm 2 to  126 N / mm 2 

384.4 384.4 

These stresses represent a utilisation of the minimum yield strength (the 0.2% non-proportional limit) for a 
property class 10.9 bolt of between 13% to 37%. 

132807 48289 The bearing stress would be: 2 2   392 N / mm to  143 N / mm 
 2 2  2 233.2  25.9  33.2  25.9 4 4 
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Report on the Failure of Holding Down Fasteners on a Crane 

6. Discussion/Conclusions 

A summary of the results of the calculations completed in this report are: 
Calculated thread stripping load for the nut: 254 kN 
Anticipated preload range with a tightening torque of 600 Nm 139 to 231 kN 
Anticipated preload range with a tightening torque of 350 Nm 48 to 133 kN 
Load acting on a single bolt due to lifting the load at the point of failure 90.6 kN 

Since the applied force from lifting is significantly lower than the anticipated thread stripping load, then 
either one or more of the points below applies: 

1.		 One or more of the nut threads had been partially stripped (sheared) by the tightening process, the 
applied loading subsequently sustained being sufficient to completely shear the threads. 

2.		 The thread tolerances are not as assumed in the analysis, that is, the thread dimensions were 
outside normal practice. 

3.		 The deformation of the washers resulted in the force needed to strip the threads being reduced. 
4.		 The fasteners were not evenly loaded due to the orientation of the applied load or due to some 

fasteners being only partially tight. 

The thread stripping calculations presented in this report are based upon Alexander’s theory. To quote from 
BS EN ISO 898-2: 201410: “Extensive experimental tests proved Alexander’s theory through practical 
results. Actual studies, including FEM-based calculations, confirmed Alexander’s theory.” 

The thread tolerances that have been used in this report are based upon industry standard practices but it 
is unknown at the time of writing what are the thread dimensions of the nuts and bolts involved in this 
accident. Thread dimensions have a significant influence on the thread stripping characteristics. 

It is uncertain whether the collapse of the washer occurred during tightening or was damaged during the 
collapse of the crane. If the deformation of the washer occurred when the nuts were initially tightened, 
which is a distinct possibility, it would point towards the preload in the fastener being high. My 
understanding is that the washer is made from mild steel. The limiting surface pressure for mild steel 
depends upon the specific steel used. For a low strength mild steel (tensile strength 340 N/mm2), the 
limiting surface pressure11 is 490 N/mm2. This would point towards the preload value approaching or 
exceeding the thread stripping load. 

The large gap under the washer would also result in bending stresses being incurred by the washer in 
addition to the direct bearing stresses. If the washer distorted during tightening an uneven loading would 
occur in the threads, resulting in the thread stripping load being lowered. Such loading is not represented in 
a standard proof load test or in the calculations presented in this report. The author has previously 
observed such a reduction on an offset pull test on a fine threaded fastener. 

It is unknown whether all the nuts were tight, if one or more were loose this could result in the remaining 
fasteners sustaining a disproportionate share of the applied force from the lifting operation. This could 
result in the failure of the highest loaded fastener followed by load shedding, resulting in the failure of 
subsequent fasteners. Since thread shearing requires displacement of at least half the thread pitch, the 
load shedding hypothesis is a possibility but not probable in the author’s view. 

Fasteners of property class 10.9 and above are susceptible to hydrogen embrittlement and stress corrosion 
cracking. It is unknown to the author why property class 10.9 bolts are being used in an application where 
there is the potential for stress corrosion cracking to occur. At the 350 Nm specified torque level a property 
class 8.8 bolt would have been suitable, such bolts are not susceptible to hydrogen embrittlement. 

10 ISO 898-2 - 2012 Mechanical properties of fasteners made of carbon steel and alloy steel – Nuts with 
specified property classes – Coarse thread and fine pitch thread
11 From table A9, VDI 2230 Part 1 (December 2014) Systematic calculation of highly stressed bolted joints. 
Joints with one cylindrical bolt 
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Annex D 

Advisory Notice issued by the National Workboat Association 








