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5.6 Effect of S-BT threaded stud fastenings on the fatigue  
strength of the base material structural steel 

Report No. 2017-38X by Prof. U. Kuhlmann an Prof. H.-P. Günther from the 
University of Stuttgart: Fatigue classification of the constructional detail 
“Structural steel base material with Hilti S-BT screw-in threaded studs”,  
(2017) [4] 
Report No. 5214011585/e, No. 5214013022/e_corr. and 5214014601/e  
Swiss Federal Laboratories for Materials Science and Technology (2016 and 
2017) [1], [2], and [3] 
 
General comments 
When using Hilti S-BT fasteners installed into structural steel elements that are 
subjected to cyclic loading, the effect of the fastener on the fatigue strength of 
the steel base material has to be considered. Hilti has completed a 
comprehensive fatigue test program in order to classify the constructional 
detail “Structural steel base material with Hilti S-BT screw-in threaded studs” in 
compliance with different fatigue codes and standards, namely EN 1993-1-9 
[5], AWS D1.1/D1.1M [6], ABS [7], BV [8], DNVGL-RP-C203 [9] and BS 7608 
[10]. A corresponding evaluation was made by Prof. U. Kuhlmann and Prof. 
H.-P. Günther from the University of Stuttgart (Report No. 2017-38X, [4]). 

Test Concept 

7 different test series were carried out varying the following parameters which 
can influence the fatigue resistance:  

 4 different plate thickness’ (t = 3, 4, 6, 8 and 20 mm),  
 2 different stress ratios (R = +0.1 and +0.3),  
 2 different installation conditions (correctly installed and fastener removed),
 2 different fastener materials (stainless steel and carbon steel) 

In any case the S235JR steel base material is used acc. to EN 10025-2. 
Higher strength and fine grain steel shows in general better fatigue resistance 
in the non-welded condition. 

Table 1: Overview of the test program 
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Test results and evaluation procedure 

The statistical evaluation of the test results and the final set-up of a fatigue 
reference class and S-N curve were done in three steps. 

1.  Determination of linear regression line (mean S-N curve) of fatigue test 
series  

2.  Determination of a characteristic design S-N curve with a certain probability 
of failure based on the requirements with regards to the statistical intervals 
(confidence level, probability of survival) as given in the specific codes and 
standards.  

3.  Recommendation of a final design S-N curve and fatigue reference class 
based on the afore mentioned statistical evaluation and 
engineeringjudgment taking into account the specific S-N curve types and 
classes as given in the relevant codes and standards. 

Table 2 summarizes the results of a statistical evaluation acc. to EN 1993-1-9 
combining all test results with regards to the base material thickness, stress 
ration R, installation condition and fastener material. 

Table 2: Statistical evaluation combining all test results 

In Figure 1, all test data and the statistically evaluated design S-N curve are 
plotted in comparison to the detail category 100 (m1 = 5) as given in EN 1993-
1-9 [5] and the IIW-Recommendations [11]. Both curves fit very well, which 
means that the fatigue strength of Hilti S-BT fastening system can be well 
described by the detail category 100 (m1 = 5). 

Figure 1: Statistical evaluation of all test results 
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Recommendation of a design S-N curve according to 
different codes 
On the basis of the existing test results and a statistical evaluation of these 
test data according to the provisions given in EN 1993-1-9:2005 (Eurocode 3) 
it is recommended to use following general design S-N curve for the Hilti S-BT 
fastening system. The structural steel grades S235 up to S355 acc. to 
EN 10025-2, EN 10025-3 and EN 10225 are covered. 

 

Number of  
load cycles N 

Stress range
∆σ [MPa] 

1 · 105 181.9 
1 · 106 114.8 
2 · 106 100.0 
5 · 106   83.2 
1 · 107   72.4 
1 · 108   45.7 

EN 1993-1-9:2005 (Eurocode 3) 

It is recommended to use the following design S-N curve respectively detail 
category given in Table 3 for the constructional detail “Steel base material with 
Hilti S-BT screw-in threaded studs”. 

Table 3: Recommendation of fatigue S-N curve and detail category acc. to 
EN 1993-1-9:2005 
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AWS D1.1/D1.1M:2015 

It is recommended to use the following design S-N curve respectively stress 
category termed “S-BT” given in Table 4 for the constructional detail “Steel 
base material with Hilti S-BT screw-in threaded studs”. 

Table 4: Recommendation of fatigue S-N curve and stress category acc. to 
AWS D1.1:2015 

ABS:2014 

It is recommended to use the following design S-N curve respectively stress 
category termed “S-BT” given in Table 5 for the constructional detail “Steel 
base material with Hilti S-BT screw-in threaded studs”. 
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Table 5: Recommendation of fatigue S-N curve and fatigue class acc. to 
ABS-(A):2014 

BV:2016 

It is recommended to use the following design S-N curve respectively stress 
category termed “S-BT” given in Table 6 for the constructional detail “Steel 
base material with Hilti S-BT screw-in threaded studs”. 

Table 6: Recommendation of fatigue design S-N curve and stress category 
acc. to BV:2016, air 
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DNVGL-RP-C203:2016 

It is recommended to use the following design S-N curve respectively stress 
category termed “S-BT” given in Table 7 for the constructional detail “Steel 
base material with Hilti S-BT screw-in threaded studs”. 

Table 7: Recommendation of fatigue S-N curve and detail category acc. to 
DNVGL-RP-C03, air 

BS 7608:2014 

It is recommended to use the following design S-N curve respectively stress 
category termed “S-BT” given in Table 8 for the constructional detail “Steel 
base material with Hilti S-BT screw-in threaded studs”. 
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Table 8: Recommendation of fatigue S-N curve and detail category acc. to 
BS 7608:2014 
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