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Abstract 

This paper investigates and reports on the fatigue behaviour of a novel blind-bolt system 

termed the Extended Hollo-bolt (EHB). The new blind-bolt is a modified version of the 

standard Lindapter Hollo-bolt, and its application relates to the construction of bolted, 

moment-resisting connections between open profile beams and concrete-filled tubular 

columns. The fatigue behaviour of the system is studied on the basis of constant amplitude 

loading tests, with a total of 56 experiments being reported. The specimens were subjected to 

tensile loading for various stress ranges, with the repeated load being selected relative to the 

design yield stress of the blind-bolt’s internal shank. The influence of testing frequency and 

strength of concrete infill is also examined. An analysis of the results indicates that an 

increase in the concrete strength can increase the fatigue life of the EHB system. Within the 

tested range, the failure mode of the EHB under repeated loading was found to be due to 

internal bolt shank fracture, a mode which is consistent with its monotonic behaviour and 

also comparable with standard bolt-nut-washer systems behaviour. The experimental results 

(S-N data) were further compared with the Eurocode 3 Part 1-9 guidelines. The fatigue 

design strength of the anchored EHB blind-bolt is found to be adequately represented by the 

current specification detail Category 50 that is provided for standard bolting systems. 
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Nomenclature 

db nominal bolt diameter size 

Eb bolt Young’s modulus of elasticity 

fcu,a actual compressive cube strength of concrete (on the day of testing) 

fcu,n nominal compressive cube strength of concrete 

fyb bolt nominal design stress 

fyb,a bolt actual yield strength 

fub,a bolt actual ultimate strength 

Nf number of cycles to failure 

Δσ stress range  

Δσa actual stress range 

Δσn nominal stress range 

ΔσC detail category  

ΔσD constant amplitude fatigue limit 

ΔσL cut off limit 
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1 Introduction 

The use of structural hollow members as columns in steel construction is very attractive to 

architects and structural engineers. This is mainly due to the aesthetically pleasing 

appearance that the profiles have to offer. From a structural point of view, it is also generally 

accepted that the combination of hollow section columns and open profile beams can offer 

many advantages [1]. Their use, however, is inhibited by problems in establishing structural 

connections with other members. The application of traditional bolts - that are typically used 

to form bolted connections between open profile sections - cannot be utilised in the case of 

hollow columns. This is because the technique requires access to the inside of the section to 

facilitate tightening. To overcome this complexity, early development included the provision 

of intense welding among members, as well as the use of additional components, such as 

gusset plates and brackets in order to construct such joints. But, arguably, these methods are 

not efficient solutions; for practical and aesthetic reasons.  

More recent development in connection technology has introduced a fastening system that 

does not require access to both sides of the connection being formed; blind fasteners. Several 

types of blind-bolts have been developed over the years for use in a number of engineering 

fields. Commercially available examples include the Flowdrill, the Huck, the AJAX Oneside, 

and the Lindapter Hollo-bolt (Fig. 1). This study relates to the so-called Extended Hollo-bolt 

(EHB) blind-bolt (Fig. 2), which was developed as an experimental modification of the 

standard Hollo-bolt (HB) [2] at The University of Nottingham, UK [3].  

The EHB fastener was developed specifically for use with concrete-filled hollow columns, 

where the infill is applied to the column in view of increasing the connection stiffness and 

strength by: 1) limiting the bending of the connected tube face, and 2) preventing bolt pull-

out from the development of mechanical anchorage on the column side [3, 4]. The 
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performance of this innovative blind-bolting system has been studied under both monotonic 

[5] and quasi-static cyclic [6] loading in previous studies. The monotonic moment-rotation 

characteristics of the proposed technology have been assessed in accordance with the current 

connection classification system that is outlined in Eurocode 3 Part 1-8 [7]. In terms of 

stiffness, the tested connections were found to mostly exhibit semi-rigid behaviour for the 

relatively stiff connecting beam used; noting that none performed as a nominal pin. And 

analysis of normalised moment-rotation data with varying beam section sizes illustrated that 

in the case of using an extended endplate configuration, the connection can achieve rigid 

behaviour in braced frames [5]. When subjected to cyclic loading in accordance with the 

ECCS procedures [8], the proposed technology has demonstrated a high energy dissipation 

and ductility ratio, allowing for its use in moment-resisting frames that are designed for high 

ductility class in high seismic zones [6].  

Structural joints, however, are not only subjected to a monotonic and/or cyclic increasing 

load. Commonly, steel structures are also subject to variable service loading, with most of the 

structural components being subjected to repeated fluctuating loads whose magnitude is well 

below the fracture load under monotonic loading [9]. When fluctuating loads are applied to a 

material, they may induce local stresses and strains which are sufficient to induce localised 

micro structural changes resulting in the development of cracks. This process is known as 

fatigue. The cracks, fatigue cracks, can grow to a size sufficient to cause failure [10]. And 

therefore, additionally, bolted connections require attention in terms of fatigue loading to 

prevent fatigue damage. Although not reported as frequently, one of the most common bolt 

failure mechanisms is fatigue [11]. Existing codes and standards that are typically applied in 

fatigue design, namely Eurocode 3 Part 1-9 [12] and ECCS [13], are based on nominal stress 

ranges and detail classification tables. These standards are applicable to conventional bolted 

connections, but their applicability has not been extended for the various blind-bolted 
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connections. And due to the originality of the EHB fastening system, a fatigue design 

assessment for the EHB anchor blind-bolt has not yet been established.  

It is the purpose of this paper to focus on the fatigue behaviour of this novel fastening system. 

The experimental programme is described in detail, and the experimental results are given in 

the form of stress range versus cycles to failure (S-N) plots. The results are discussed in terms 

of fatigue life, fatigue strength, and observed failure mode. The analysis concentrates on the 

influence of: 1) testing frequency, 2) level of loading (stress range), and 3) strength of 

concrete infill on the fatigue life of the blind-bolt system. A comparison of the fatigue 

behaviour among the EHB, HB and traditional bolts is examined. Lastly, the EHB 

experimental S-N data is compared with the Eurocode 3 characteristic S-N curve, and the 

paper concludes on the performance of the novel blind-bolt under fatigue loading conditions 

in comparison with the fatigue behaviour of standard bolt-nut-washer systems.  

2 Experimental details 

2.1 Test matrix 

The test matrix for the fatigue test series is summarised in Table 1, with each type of test bolt 

schematically shown in Fig. 3. Type HB involves the standard Hollo-bolt, type EHB involves 

the novel Extended Hollo-bolt, and type M represents a standard bolt-nut-washer system. The 

variables include: the stress range, Δσ (from 45 to 90 % of the design bolt stress); the grade 

of the concrete infill (C40 and C60); and the testing frequency (from 0.25 to 5 Hz).  

The aim of the tests was to establish the baseline for fatigue strength by evaluating the fatigue 

performance of the EHB blind-bolt. Further objectives were to determine a suitable testing 

frequency, and to investigate the influence of the infill strength on the fatigue life of the 

fastening system.  
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2.2 Test setup and loading 

To determine the fatigue behaviour of the EHB, a tensile, single bolt pull-out setup was 

adopted (Fig. 4). The setup consisted of a 30 mm thick, circular loading frame (to eliminate 

prying effects), that was connected to a relatively thick square hollow section (SHS) using 

either of the above mentioned test bolts (i.e. type HB, EHB, M). Upon tightening of the test 

bolts, the hollow sections were filled with concrete, and further tested under fatigue load once 

the nominal concrete strength was achieved. The thickness of the SHS was selected as such to 

minimise the bending of the SHS face.  

All tests were conducted under load control – using the hydraulic (100 kN) Servocon system 

– adopting the loading protocol shown in Fig. 5; where the stress range is defined as the 

algebraic difference between the maximum and minimum stresses in a stress cycle. The 

different stress ranges (Δσ) that were applied are outlined in Table 1 with respect to the 

nominal bolt design stress (fyb). An actual specimen ready for testing is presented in Fig. 6. 

2.3 Material properties 

The properties for the internal bolts used in types HB and EHB, including the properties for 

those used in the testing of type M are summarised in Table 2. All test bolts were of property 

class 8.8, had a nominal bolt diameter size of 16 mm, and were tightened using a handheld 

torque wrench at 190 Nm. The strength of the concrete infill that was applied to the SHS test 

sections was determined by compressive cube (100 mm) testing. The actual strength for each 

corresponding specimen is included in Table 1; as measured on the day of testing. 
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3 Results and discussion 

3.1 S-N data  

The experimental results for all of the tested bolt types are shown in Fig. 7 in the form of S-N 

diagrams; with the actual stress range (Δσa) being plotted on the y-axis while the number of 

cycles to failure (Nf) are plotted along the x-axis. Fig. 7a presents the results for type EHB 

with benchmark parameters (tests E1 to E30 in Table 1); designated EHB16-8.8-C40 (i.e. 

involving a 16 mm internal bolt diameter, of property class 8.8, with a concrete infill of 

nominal grade C40). Fig. 7b presents the S-N data for type EHB when the nominal grade of 

the concrete infill increased to C60 (tests E31 to E36); designated EHB16-8.8-C60. Fig. 7c 

presents the test results for type HB (tests H1 to H10); designated HB16-8.8-C40. And the 

results for type M (tests M1 to M10) are shown in Fig. 7d; designated M16-8.8-C40. 

Similarly, for a clearer interpretation, the same S-N data is shown in a normalised form in 

Fig. 8, with the actual stress range being normalised relative to the nominal yield strength of 

the test bolt.      

The influence that the investigated stress ranges had on the fatigue life of the various test 

bolts is highlighted in the S-N data (i.e. Fig. 7 or Fig. 8). Notably, a consistent pattern is 

observed in the data. As anticipated, the fatigue life of type EHB, HB, and M increases as the 

applied stress range is decreased. Likewise, the number of cycles to failure decrease with an 

increase in the applied stress range. And in terms of repeatability, the test bolts exhibited a 

more stable fatigue life at the highest applied stress range (i.e. at Δσn / fyb = 0.9) in comparison 

with that which was recorded at the lower ranges (e.g. from Δσn / fyb = 0.45 to 0.70). A much 

higher degree of scatter is seen in the S-N data for these lower stress ranges. 

For instance, at Δσn / fyb = 0.9 in Fig. 8a, the EHB has demonstrated a fatigue life with a 

minimum difference of 15 % among the repeated tests, despite the slight variation in their 
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testing frequency. Whereas at the stress ranges of Δσn / fyb < 0.9, the number of cycles to 

failure for the EHB varied by more than 39 % at least. 

3.2 Failure mode 

In general, a bolt fatigue failure involves three stages of damage: 1) crack initiation at a 

thread root, head-shank interface or material defect; 2) progressive cyclic fatigue growth; and 

3) final sudden failure of the remaining cross-section of the bolt [11].  

In this investigation, the failure mode of all the fatigue test specimens was found to be due to 

bolt shank fracture, with the fatigue failure occurring along the bolt, either within the 

clamping thickness (close to the first-engaged thread), or near the bolt head-to-shank radius. 

This failure mode was consistent throughout the testing programme for the various stress 

ranges that were applied. The location of fracture is distinguished in Table 1 for each test 

bolt. Images of the fractured bolts, and the typical, fracture surfaces that were identified in the 

testing of type EHB – in accordance with the applied stress range – are shown in Fig. 9 and 

Fig. 10, respectively. 

The identified locations of fracture (i.e. along the shank at first-engaged threads or near the 

bolt head) are very common locations for fatigue crack initiation in bolts [11, 14], leading to 

fatigue failure. Although common, it should be recognised, that the identified fracture near 

the bolt head-to-shank radius could be indicating that either there is a manufacturing fault at 

this critical location, or that secondary bending forces may have been, undesirably, applied to 

the test bolts during the application of loading, which the bolt material was not able to 

withstand.  
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3.3 Testing frequency 

When performing fatigue tests, there is always a desire to reduce the testing duration as much 

as possible. This can be achieved by applying the highest test frequency possible, but it must 

be emphasised that restrictions can arise due to test equipment limitations (e.g. response time) 

and time-dependent processes. At the very early stages of this investigation, the appropriate 

testing frequency – particularly in combination with the available test equipment – was not 

well understood. Therefore, to determine the most suitable frequency – which would allow 

for a reasonable testing period, without inducing undesirable effects (e.g. such as hysteretic 

heating) – initially, the testing frequency was varied in the test series (from 0.25 to 5 Hz, see 

test matrix in Table 1).  

To evaluate the influence of the test frequencies adopted, the relationship obtained for the 

fatigue life and test frequency is plotted in Fig. 11 (for type EHB); with the measured number 

of cycles to failure being plotted on the dependent variable axis, and the test frequency being 

plotted along the independent variable axis. This diagram indicates that the studied range of 

test frequency can affect the fatigue life. This observation is principally shown in the data 

when Δσn / fyb = 0.5 and 0.9, but partially evident in the case when Δσn / fyb = 0.7. When Δσn / 

fyb = 0.7, the observation is partial because in the range of 1 to 3 Hz, the fatigue life is seen to 

increase, but in contrast, from 3 to 5 Hz, it is shown to decrease. It is additionally noted, 

however, that a common scatter is found in the fatigue life for the repeated tests, even at an 

identical frequency. For example, for the tests conducted at 2 Hz, one test bolt endured 

approximately 0.26 million cycles, while the other only endured approximately 0.08 million 

cycles. And therefore, from this data analysis, the test frequency should not be linked directly 

with the fatigue life of the test bolt.   
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A closer examination of the test results has revealed that the increase in the test frequency has 

mostly affected the actual applied stress range (Δσa), rather than the fatigue life; a remark 

which is subject to the test equipment that was used in this study. To demonstrate this, using 

the same test series data (i.e. EHB16-8.8-C40), the actual applied stress range is charted 

versus the test frequency in Fig. 12. The chart shows the particular increase in Δσa when Δσn / 

fyb = 0.7, justifying the reduction that was seen in the fatigue life when the test frequency was 

increased from 3 to 5 Hz in Fig. 11. It is anticipated that this increase in applied stress was a 

result of the acceleration in the hydraulic system when it was operating at a higher frequency. 

For this reason, 5 Hz was deemed unsatisfactory for the purposes of this testing, and was no 

longer considered. Instead, 3 Hz was deemed most appropriate, and was adopted throughout 

the remainder of the experimental study. 

3.4 Influence of concrete infill strength 

Previous work, regarding the structural behaviour of the EHB blind-bolt, has demonstrated 

that the grade of the hollow column concrete infill influences its response. The structural 

performance of type ΕΗΒ was enhanced when its application was combined with higher 

concrete grade mixes. This observation is confirmed at a single component level of 

sophistication, i.e. in terms of the tensile force-deformability curve of the anchored fastener 

alone [15], and at an overall connection level, i.e. in terms of the moment-rotation 

characteristics of structural connections using type EHB [5]. This section will attempt to 

investigate the effect of increasing the concrete infill strength with respect to its fatigue 

performance. 

Expectedly, the strength of the concrete material, on the day of testing, varied for the majority 

of the fatigue specimens; with various deviations from the nominal strength (see Table 1). 

Taking this into account, the effect of increasing the strength of the concrete infill on the 
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fatigue life of the EHB is shown in Fig. 13; relating to stress ratios of 0.7 and 0.9. The 

presented data relates to the tests designated E3, E4, E6, E9, E10 and E31 to E36. To account 

for the variability in the actual compressive strength of the infill on the day of testing (fcu,a), 

the number of cycles to failure, Nf are normalised relative to the ratio of nominal to actual 

strength (fcu,n / fcu,a), and further plotted versus the nominal concrete infill strength (fcu,n) in 

Fig. 13. The normalised chart indicates that a higher concrete grade improved the fatigue 

characteristics of the EHB. For both studied stress ratios (i.e. 0.7 and 0.9), there is a pattern of 

an increased fatigue life with the increase in compressive strength.  

3.5 Fatigue performance of tested bolt types 

The series of S-N data for the different types of test bolts are presented together in Fig. 14. 

This allows to compare, in a qualitative way, the fatigue behaviour of the EHB with that of 

standard bolts, as well as that of the standard HB. Within the tested range, compared with the 

standard HB, the EHB exhibits a higher fatigue life, but in comparison with standard bolts, 

the EHB exhibits a lower fatigue life. The data additionally highlights the influence of the 

additional mechanical anchorage that is provided in the load transfer mechanism of the EHB. 

This is seen by the improvement in the fatigue characteristics of type EHB in comparison 

with those of the standard HB. 

For a clearer interpretation of the comparison among the tested types of bolting systems, the 

S-N data is re-arranged in the form of fatigue life against nominal stress ratio (Fig. 15). For 

both stress ratios (i.e. 0.7 and 0.9), it is found that the fatigue performance of the standard 

bolt (i.e. type M, designated M16-8.8-C40) is superior to that exhibited by the EHB and 

standard HB. Notably, however, approaching the nominal yielding, at Δσn / fyb = 0.9, the 

fatigue life of the three test bolts appears to converge.  
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3.6 Eurocode 3 characteristic S-N curve 

To assess the performance of the EHB blind-bolt subject to fatigue loading conditions, a 

fatigue assessment is carried out in accordance with EC3 Part 1-9 [12]. The assessment is 

based on the fatigue strength curve of the direct stress range for the various detail categories 

that are provided in the code. Principally, the fatigue strength curve varies, depending on the 

so-called detail category (ΔσC). To allow for fatigue assessment, different constructional 

details (e.g. bolts in tension) are allocated within a detail category (e.g. Category 50). Having 

defined the detail category, the EC3 fatigue strength curve can be determined using the below 

formulae, combined with the notation chart shown in Fig. 16.  

when N ≤ 5 x 106 : 

ΔσR = ΔσC  [ (2 x 106) / N ]1/m   ,   and m=3,  (1) 

hence: 

ΔσD = ΔσC (2/5)1/3 (2) 

when 5 x 106 ≤ N ≤ 108 : 

ΔσR = ΔσD  [ (5 x 106) / N ]1/m   ,   and m=5, (3) 

hence: 

ΔσL = ΔσD (5/100)1/5 (4) 

where: ΔσD is the constant amplitude fatigue limit and ΔσL is the cut off limit. 

The cut off limit is the limit below which stress ranges of the design spectrum do not 

contribute to the calculated cumulative damage. The constant amplitude fatigue limit is the 

limiting direct stress range value below which no fatigue damage will occur in tests under 

constant amplitude stress conditions. For example, if ΔσD is equal to 20 N/mm2, this means 
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that, for a constant amplitude loading, there is no fatigue damage where the stress range is 

less than 20 N/mm2. 

For the purposes of this assessment, the EC3 detail Category 50 is implemented, which is the 

current category in which standard bolting systems (in tension) are included. The type EHB 

experimental S-N data is presented in Fig. 17, alongside the reference fatigue strength curve 

corresponding to detail Category 50. Within the investigated range, it is found that the test 

data lies above the EC3 curve, indicating that the results satisfy the theoretical design curve 

that is suggested for standard bolts, such as type M. Hence the fatigue performance of the 

EHB anchored blind-bolt can be said to be adequately represented by the existing EC3 detail 

Category 50. 

4 Concluding remarks 

This paper has presented the experimental results, of a programme, that was conducted to 

investigate the fatigue behaviour of a novel anchored blind-bolt; the so-called Extended 

Hollo-bolt (EHB). The application of the fastening system relates to the construction of 

bolted, moment-resisting connections to concrete-filled hollow section columns.  

Fatigue tests, for three different types of test bolts, were performed for varying stress ranges, 

under constant amplitude loading conditions, and the resulting S-N data was analysed. The 

expected pattern of stress range versus fatigue life relationships were achieved, with the 

higher amplitude tests exhibiting a smaller number of cycles to failure compared with the 

lower amplitude tests.  

The influence of test frequency and concrete strength were examined. In consideration of the 

employed test equipment, a frequency of 3 Hz was found to be most suitable for the loading 

protocol that was adopted in the fatigue tests. In the cases where the adopted magnitude of 
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test frequency was higher than 3 Hz, undesirable changes were observed in the applied stress 

range. Experimental evidence indicated that the fatigue life of the EHB blind-bolt can 

increase in the case of increasing the strength of the hollow column concrete infill. 

The experimental S-N data for the EHB blind-bolt were compared with that of the standard 

HB blind-bolt, and that of a standard bolt type, and a fatigue assessment of the data was 

performed in accordance with the Eurocode 3 guidelines. The fatigue performance of the 

tested bolts was found to be comparable among each other at stress ratios close to the 

nominal yield strength of the bolt material. For reference, the EC3 Part 1-9 characteristic 

fatigue strength curve, corresponding to detail Category 50 for standard bolts in tension, was 

used to assess the fatigue performance of the EHB anchored blind-bolt. The fatigue design 

strength of the single EHB anchor blind-bolt was found to be adequately represented by the 

current fatigue specification detail Category 50; showing that the fatigue performance of the 

EHB satisfies the existing rules that are used for standard bolt-nut-washer systems.  

Overall, this paper has generated sufficient fatigue test data that can be used to perform a 

statistical estimation for the linear (log-log) S-N curve fit of type EHB, including the relevant 

reliability analysis to determine the tolerance limits, confidence intervals, safety index and 

corresponding probability of failure; which is the subject of on-going work.  
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Tables 

Table 1. Test matrix 

Sample 

index 

Δσn 

(N/mm2) 

fcu,n 

(N/mm2) 

Δσn / fyb Δσa 

(N/mm2) 

fcu,a 

(N/mm2) a 

Δσa / fyb Frequency  

(Hz) 

Failure mode Cycles to failure, Nf 

Type EHB  

E1 584 40 0.91 582 35.8 0.91 0.25 Bolt fracture (shank) 8025 

E2 584 40 0.91 583 42.5 0.91 1.0 Bolt fracture (shank) 9314 

E3 584 40 0.91 583 40.3 0.91 3.0 Bolt fracture (shank) 10489 

E4 584 40 0.91 585 40.3 0.91 3.0 Bolt fracture (near head) 12063 

E5 454 40 0.71 454 35.9 0.71 0.25-1.0 Bolt fracture (shank) 20608 

E6 454 40 0.71 459 41.0 0.72 3.0 Bolt fracture (near head) 45631 

E7 454 40 0.71 494 41.0 0.77 5.0 Bolt fracture (near head) 20649 

E8 454 40 0.71 496 38.7 0.77 5.0 Bolt fracture (near head) 21441 

E9 454 40 0.71 467 41.0 0.73 3.0 Bolt fracture (shank) 28331 

E10 454 40 0.71 479 41.0 0.75 3.0 Bolt fracture (shank) 28632 

E11 389 40 0.61 393 40.0 0.61 1.0-2.0 Bolt fracture (shank) 55822 

E12 389 40 0.61 399 37.4 0.62 3.0 Bolt fracture (near head) 40297 

E13 389 40 0.61 393 41.9 0.61 3.0 Bolt fracture (near head) 191710 

E14 389 40 0.61 395 41.8 0.62 3.0 Bolt fracture (shank) 126731 

E15 389 40 0.61 397 42.5 0.62 3.0 Bolt fracture (near head) 202742 

E16 389 40 0.61 398 40.3 0.62 3.0 Bolt fracture (shank) 107526 

E17 389 40 0.61 391 41.2 0.61 3.0 Bolt fracture (near head) 313697 

E18 389 40 0.61 395 39.3 0.62 3.0 Bolt fracture (shank) 58142 

E19 389 40 0.61 395 37.6 0.62 3.0 Bolt fracture (shank) 63314 

E20 324 40 0.51 330 43.6 0.52 2.0 Bolt fracture (near head) 264135 

E21 324 40 0.51 332 37.4 0.52 3.0 Bolt fracture (shank) 89300 

E22 324 40 0.51 330 40.9 0.52 3.0 Bolt fracture (near head) 91878 

E23 324 40 0.51 324 41.2 0.51 2.0 Bolt fracture (shank) 78803 

E24 324 40 0.51 331 41.2 0.52 3.0 Bolt fracture (shank) 450044 

E25 324 40 0.51 332 42.7 0.52 3.0 Bolt fracture (shank) 626804 

E26 292 40 0.46 292 40.0 0.46 1.0-2.0 Bolt fracture (near head) 1328102 

E27 292 40 0.46 300 39.3 0.47 3.0 Bolt fracture (near head) 3358810 

E28 292 40 0.46 311 38.7 0.49 3.0 Bolt fracture (shank) 2012778 

E29 292 40 0.46 299 38.5 0.47 3.0 Bolt fracture (shank) 676386 
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Table 1. (continued) 

Sample 

index 

Δσn 

(N/mm2) 

fcu,n 

(N/mm2) 

Δσn / fyb Δσa 

(N/mm2) 

fcu,a 

(N/mm2) a 

Δσa / fyb Frequency  

(Hz) 

Failure mode Cycles to failure, Nf 

E30 292 40 0.46 298 38.1 0.46 3.0 Bolt fracture (shank) 528703 

E31 584 60 0.91 589 64.5 0.92 3.0 Bolt fracture (near head) 13840 

E32 584 60 0.91 586 64.5 0.92 3.0 Bolt fracture (near head) 21624 

E33 584 60 0.91 584 62.3 0.91 3.0 Bolt fracture (shank) 17707 

E34 454 60 0.71 460 59.8 0.72 3.0 Bolt fracture (shank) 27919 

E35 454 60 0.71 456 59.8 0.71 3.0 Bolt fracture (shank) 42862 

E36 454 60 0.71 459 62.3 0.72 3.0 Bolt fracture (near head) 88765 

Type HB          

H1 584 40 0.91 579 38.0 0.90 3.0 Bolt fracture (near head) 12174 

H2 584 40 0.91 577 38.0 0.90 3.0 Bolt fracture (near head) 10756 

H3 454 40 0.71 449 37.6 0.70 3.0 Bolt fracture (near head) 20817 

H4 454 40 0.71 450 38.8 0.70 3.0 Bolt fracture (near head) 20034 

H5 389 40 0.61 390 38.8 0.61 3.0 Bolt fracture (near head) 29779 

H6 389 40 0.61 391 38.8 0.61 3.0 Bolt fracture (near head) 38491 

H7 324 40 0.51 323 39.3 0.50 3.0 Bolt fracture (near head) 110000 

H8 324 40 0.51 321 39.3 0.50 3.0 Bolt fracture (near head) 39671 

H9 324 40 0.51 327 39.8 0.51 3.0 Bolt fracture (near head) 60577 

H10 324 40 0.51 326 39.8 0.51 3.0 Bolt fracture (near head) 62401 

Type M          

M1 584 40 0.91 577 36.9 0.90 3.0 Bolt fracture (shank) 16957 

M2 584 40 0.91 578 36.9 0.90 3.0 Bolt fracture (shank) 14806 

M3 584 40 0.91 577 39.4 0.90 3.0 Bolt fracture (shank) 17020 

M4 519 40 0.81 516 41.9 0.81 3.0 Bolt fracture (near head) 80293 

M5 519 40 0.81 517 41.9 0.81 3.0 Bolt fracture (shank) 14018 

M6 519 40 0.81 521 41.2 0.81 3.0 Bolt fracture (shank) 32193 

M7 519 40 0.81 521 41.2 0.81 3.0 Bolt fracture (shank) 27514 

M8 454 40 0.71 454 36.8 0.71 3.0 Bolt fracture (shank) 320684 

M9 454 40 0.71 455 38.2 0.71 3.0 Bolt fracture (shank) 254351 

M10 454 40 0.71 457 39.4 0.71 3.0 Bolt fracture (shank) 300387 
a: compressive cube strength on day of testing; 
Δσ is the stress range; subscripts n and a designate the nominal and actual values, respectively; fyb is the nominal yield strength.  
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Table 2. Bolt properties 

Type db 

(mm) 

Property class fyb 

(N/mm2) 

fyb,a 

(N/mm2) 

fub,a 

(N/mm2) 

Eb 

(kN/mm2) 

EHB 16 8.8 640 813 852 205 

HB 16 8.8 640 816 967 209 

M 16 8.8 640 851 925 208 
db is the nominal bolt diameter size; fyb is the nominal yield strength;  

fyb,a and fub,a are the actual yield and ultimate strength; Eb is Young’s Modulus of Elasticity;  
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Figures 

 

Fig. 1. The Lindapter Hollo-bolt blind-bolt [2] 

 

 

Fig. 2. The Extended Hollo-bolt (EHB) 

 

 

Fig. 3. Test bolt types  
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Fig. 4. Fatigue pull-out test setup 

 

 

Fig. 5. Loading procedure 

 

 

Fig. 6. Specimen ready for fatigue testing  
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Fig. 7. Experimental S-N data 

 

 

 

 

Fig. 8. Experimental S-N data (normalised) 
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Fig. 9. Failure mode of Extended Hollo-bolt 

 

 

(a)  Δσn / fyb = 0.9 (b)  Δσn / fyb = 0.7 (c)  Δσn / fyb = 0.6 (d)  Δσn / fyb = 0.5 (e)  Δσn / fyb = 0.45 

Fig. 10. Fracture surface of Extended Hollo-bolt 

 

 

Fig. 11. Influence of testing frequency (EHB16-8.8-C40) 

 

 

Fig. 12. Effect of test frequency on actual stress range 
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Fig. 13. Influence of concrete strength on fatigue life of Extended Hollo-bolt 

 

 

 

Fig. 14. Comparison of experimental S-N data among test 

bolt types 

 

 

Fig. 15. Fatigue life of tested bolt types 

 

 

 

Fig. 16. EC3 Part 1-9 fatigue strength curve [12] 

 

 

 

Fig. 17. Fatigue assessment of S-N data to EC3 
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