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Numerical Behaviour of Blind-Bolted Beam Connec-

tions to Square Hollow Sections with Different Infills 

Sahin Gunes1|Marios Theofanous1|Konstantinos Skalomenos1|Charalampos Baniotopoulos1 

1 Introduction 

Structural hollow sections (SHS) are becoming popular in 

the construction industry due to both their aesthetic ap-

peal and favourable structural properties. They possess 

high stiffness about both major and minor axis thus mak-

ing them very efficient against member buckling, have a 

high torsional stiffness and can also be filled with concrete 

[1,2] thus resulting in very strong and stiff members suit-

able for the very heavily loaded lower floor columns of 

multi-story buildings. Key to the successful application of 

either empty or concrete filled tubular members in con-

struction is the existence of reliable and efficient design 

guidance, underpinned by relevant research. 

Insufficient access due to the closed form of the hollow 

sections necessitates the use of blind bolts, many types of 

which are commercially available, including Hollobolt 

(Lindapter International, UK), molabolt (ABS, UK), Huck 

Bolt (Huck International, USA), Flowdrill (Flowdrill B.V., 

Holland), and Ajax Blind Bolt (Ajax Fasteners, Australia). 

The response of the Hollo-bolts in tension as well as the 

strength and stiffness of T-stubs employing Hollo-bolts 

was numerically investigated by Wang et al. [3], who pro-

posed a rather complicated analytical predictive model. 

Elghazouli et al. [4] studied the behaviour connections 

with different configurations of Hollo-bolts and angle cleats 

under monotonic and cyclic loading, whilst Wang et al. [5] 

studied full-scale beam to tubular column joints employing 

hollow bolts and end plates. The ultimate behaviour of 

blind-bolted beam to tubular column joints under high 

strain rate axial and shear loads was investigated by Liu 

et al. [6,7], whilst Elflah et al. [8] investigated experimen-

tally and numerically the performance of stainless steel 

beam to tubular column joints. 

Despite the existence of several types of blind bolts during 

the time that EN 1993-1-8 [9] was drafted, no design 

equations are provided for the stiffness and strength of the 

joint components/springs simulating the face of a tubular 

column in blind-bolted joint. Hence the design of blind 

bolted joints is based either on design recommendations 

made by researchers or manufacturers, which however do 

not have the status of codified design provisions. All avail-

able design recommendations for the strength of the col-

umn face in bending are based on yield line analysis of the 

face of the tubular column and involve analytical or nu-

merical determination of the yield line pattern of the col-

umn face. Originally developed for the determination of 

the strength of blind-bolted connections executed with the 

flowdrill process, Yeomans [10] developed a design equa-

tion which was later adapted to blind-bolted connections 

using Hollo-bolts. This equation has been adopted by 

CIDECT in its design guidance on connections to hollow 

section columns [11]. A similar approach was developed 

by the SCI [12]. Gomes et al. [13] proposed a design 

model for the moment resistance of beam-to-open column 

joints with the column being bent about its minor axis. 

They identified two failure mechanisms, one related to fail-

ure of the column web in bending (“flexural mechanism”) 
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and one related to punching shear (“punching shear mech-

anism”) and proposed design equations for both. However, 

this design approach was shown to produce consistently 

unsafe results [5].  

Further research aiming to improve the performance of 

blind-bolted joints led to the development of the Extended 

Hollobolt (EHB), specifically designed for concrete infilled 

columns [14-17], as the bolt extension provides an anchor 

in the concrete leading to the bolt developing its full tensile 

strength as opposed to the alternative where the blind bolt 

pulls out prematurely. Nevertheless, none of the previous 

studies have studied the performance blind bolted connec-

tions to hollow section columns with foam infill. Therefore, 

this study focuses on investigating the potential applica-

tion of foam filled hollow section joint. Following the ex-

perimental study reported in [1], this paper reports a nu-

merical analysis on blind bolted T-stub connections to 

empty, concrete filled, and foam filled SHS. 

2 Development of FE model 

The general purpose FE software ABAQUS [18] was used 

for the development of the nonlinear finite element models 

which were validated against the experimental test results 

reported in [1]. The measured geometry of the specimens 

was simulated, whilst the employed support conditions 

simulated the ones used in the tests. All joint components 

were discretised with the eight-noded 3D solid element 

C3D8R with reduced integration, except for the welds be-

tween the web and the flange of the loading T-stub, which 

were simulated using tie constraints. A finer mesh was 

employed in areas of high stress gradients like in the vi-

cinity of the bolt holes, and throughout the blind bolt as-

semblies, whilst 3 elements were used through the thick-

ness of each component to mitigate shear locking [8, 19, 

20].  

Given the complex geometry of the Hollo-bolt and the var-

ious interacting part it comprises, a pragmatic approach 

was followed, and the geometry of the various parts was 

simplified without compromising accuracy. The bolt shank 

was assumed to be prismatic, whilst a smooth geometry 

was assumed for the sleeve and the cone as well. A typical 

FE mesh of the various components constituting a model 

is depicted in Figure 1.   

Hard contact was assumed in the normal direction, whilst 

the penalty method with a friction coefficient equal to 0.3 

was used to simulate contact in the tangential direction 

[21], in accordance with the modelling assumptions re-

ported in similar studies [7,18,19]. Finite sliding was as-

sumed between all components in contact.  

Classic Von-Mises plasticity with an elastic-isotropic hard-

ening material response was assumed for the SHS and the 

experimentally obtained stress–strain curves for the steel 

used were converted into the true stress-logarithmic plas-

tic strain format as required in [18]. The experimentally 

obtained yield stress was 406 MPa, whilst the ultimate ten-

sile stress of the S355 steel was 509 MPa [1]. Due to the 

difficulty to carry out experimental tests on the sleeve of 

the hollo-bolts, their strength as stated by the manufac-

turer [22] was employed in the present study. Similarly, 

the M10 bolts were assumed to have a yield strength and 

an ultimate tensile stress of 640MPa and 800 MPa respec-

tively. Due to their large thickness compared to the 

stresses they were subjected to, the loading and reaction 

T-stubs were assumed infinitely elastic, which was verified 

by the absence of permanent deformation upon the com-

pletion of the tests.  

                             
Bolt shank              cone                    sleeve                Anchored bolt 

shank 

 

 
    T-stub                             hollow section            Anchored hollo-bolt 

 

       
 

 Concrete and foam          The view of anchored hollo-bolt 

Figure 1 FE mesh of the various model components 

The material response of the concrete infill was modelled 

using the concrete damage plasticity model available in 

ABAQUS [18]. Based on the average cube strength of 

42.26 MPa reported in [1], all other material properties 

were determined following the approach employed in [23]. 

The values adopted for the relevant material parameters, 

namely the angle of dilation θ, the eccentricity, the ratio 

of equibiaxial to uniaxial compressive stress fb0/fc0, the ra-

tio of the second stress invariant on the tensile meridian 

to that on the compressive meridian at initial yield Kc and 

the viscosity parameter were 40, 0.1, 1.16, 0.666 and 0 

respectively. The chosen dilation angle of 400 was in be-

tween the range of 300 to 450 employed in similar studies 

[23], whilst the remaining values are the default values 

recommended in the Abaqus User Manual [18]. The ten-

sion stiffening of the concrete was modelled assuming a 

fracture energy Gc=0.06N/mm. This value is slightly larger 
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than the value of 0.055 N/mm corresponding to the rec-

ommendations of the Model Code for concrete with a max-

imum aggregate size of 8 mm.  

Similarly, concrete damaged plasticity was employed to 

simulate the behaviour of the foam infill, which also dis-

played brittle failure under tension, however the experi-

mentally obtained compressive stress-strain response [1] 

was utilised, whilst under tension a brittle fracture without 

tension stiffening was assumed. The material parameters 

for the concrete damaged plasticity model employed for 

the simulation of the foam were identical to those em-

ployed for the concrete with the exception of the uniaxial 

stress-strain curve under compression, which was ad-

justed according to the foam compressive strength. To 

avoid convergence issues brought about by incorporating 

the falling branch of material stress-strain response (i.e. 

concrete and foam), a quasi-static explicit dynamic analy-

sis was carried out [23]. 

Since the specimens were symmetric with respect to two 

planes in terms of geometry, loading, support conditions 

and obtained response, to reduce computational time 

without compromising accuracy, a quarter of the model 

was simulated and suitable symmetry boundary conditions 

were applied along the planes of symmetry, as shown in 

Figure 2. The load was applied via displacement control of 

the top of the web of the loading T-stub. 

 

Figure 2 1/4 model of the simulated joint specimen 

3 Results and Discussion 

3.1 Failure modes 

In Figure 3 the numerically obtained failure modes of the 

simulated connections are shown alongside the experi-

mental ones [1]. Overall a good agreement between the 

numerical and experimental deformed shapes can be ob-

served. The unfilled tube (UT) specimen exhibits signifi-

cant flexural deformation of the column face in the vicinity 

of the bolt holes and partial pull-out of the blind bolts prior 

to sleeve fracture and subsequent pull-out of the bolt. The 

CFT specimen exhibits significantly reduced flexural defor-

mations of the column face due to the concrete infill stiff-

ening and strengthening the connection. Very limited 

bending deformations can be observed, and failure is 

caused by fracture of the bolt, thus proving the effective-

ness of the concrete infill to prevent pull-out of the hollo-

bolt. The FFT displays a failure mode similar to that of the 

UT, with failure caused ultimately by sleeve fracture and 

bolt pull-out upon failure of the structural foam infill. Foam 

failure can be clearly observed in Figure 3 c), where a cone 

of the foam is clearly seen to fail. 

  
 

  

a) Unfilled Tube 

     

 

 
 

 

 

b) Concrete filled tube (CFT) 

  

  

c) Foam filled tube (FFT) 

Figure 3 Experimental and numerical failure modes of the tested spec-

imens. 

3.2 Validation and Discussion 

Following the comparison between the experimental and 

numerical failure modes, the numerically obtained load-

displacement response is plotted together with the exper-

imental one in Figure 4. Overall a very good agreement 

can be observed with the numerical curves closely follow-

ing the experimental ones in terms of initial elastic stiff-

ness, post-yielding stiffness, ultimate capacity, displace-

ment at ultimate capacity and overall nonlinear response.  
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Figure 4 Experimental and numerical load-displacement response of 

tested specimens 

To quantify the accuracy of the FE predictions with respect 

to the experimental tests, in Table 1 the ratio of the nu-

merically predicted over the experimentally determined 

stiffness Si, yield load Fy, ultimate load Fu and displace-

ment at ultimate load δu is reported. In accordance with 

similar studies [25], the yield load was defined as the in-

tersection between the initial elastic stiffness and the post-

yield stiffness.  

On average, the stiffness is well predicted however signif-

icant scatter between the predictions exists for the various 

specimens. This is not surprising given the sensitivity of 

the initial stiffness to the existence of gaps and slips be-

tween the various parts of the bolted connections that are 

hard to quantify and simulate [19]. The remaining three 

key quantities, namely the yield load, ultimate load and 

displacement at ultimate load are more consistently pre-

dicted but are slightly overestimated. In particular the pre-

dictions for the FFT seem to be the least accurate, which 

would indicate that further research is required to more 

accurately simulate the material behaviour of the foam in-

fill. 

Table 1 Accuracy of FE predictions for key behaviour quantities   

 FE/Test 

Speci-

men 

Stiffness 

Si  

Yield 

load Fy 

Ulti-

mate 

load Fu 

Displace-

ment at ul-

timate load 

δu 

UF 0.76 0.90 1.07 1.08 

CFT 1.12 1.08 1.06 1.08 

FFT 1.06 1.13 1.12 1.10 

MEAN 0.98 1.04 1.08 1.08 

COV 0.20 0.11 0.03 0.01 

     

 

 

In terms of the observed response, it is noteworthy that a 

clear trade-off between strength and ductility seems to ex-

ist. As expected, the CFT connection exhibits the highest 

strength and stiffness owing to the effect of the concrete 

infill, which not only prevents the pull-out of the hollo-

bolts but also disperses the bolt forces more evenly across 

the face of the SHS thus effectively eliminating the bend-

ing deformation of the column face. The low ductility as-

sociated with this specimen is due to the failure mode 

which essentially is bolt fracture. As clearly shown in figure 

4, the deformation at failure is only twice the elastic de-

formation at yield whilst Fu/Fy ratio (ultimate over the yield 

load) is 1.20. 

On the opposite end of the spectrum is the very ductile 

response of the UT connection. In the absence of infill, the 

overall response is significantly more flexible compared to 

the UT specimen with a clearly defined knee region corre-

sponding to the plastic deformation of the column face in 

the vicinity of the bolt holes and an accompanying second-

ary stiffness due to inelastic response of the column face. 

The failure mode is shifted from bolt fracture to sleeve 

fracture, which occurs at a load 40% smaller to the one 

corresponding to the CFT connection. The ductility of the 

UT connection is significantly improved with a ratio of the 

displacement at ultimate over the displacement at yield 

being slightly over 4 and an overstrength ratio (Fu/Fy) 

equal to 1.90 (2.24 according to the FE results) thus indi-

cating a very high inelastic reserve strength and very high 

ductility.  

Finally, the novel FFT connection, which is intended to be 

a compromise between the strong but brittle CFT and the 

weak but ductile UT shows a response in-between the two 

extremes. Its ultimate load is just 11% lower than the CFT 

specimen and 24% higher than he UT one, with the corre-

sponding Fu/Fy and δu/δy being equal to 1.66 and 3.7 re-

spectively.  

4 Conclusions 

This study has reported the development of a nonlinear FE 

model that was shown to accurately predict the structural 

response of unfilled, concrete-filled and foam-filled SHS 

connected to a rigid T-stub via hollo-bolts, which simulates 

the tension zone of a moment-resisting beam to tubular 

column joint. The developed model can consistently pre-

dict the experimentally observed yield resistance and ulti-

mate resistance with only a slight error, whilst the initial 

stiffness is less well-predicted. The analysis of the ob-

tained results indicated the significant effect to of the infill 

(or absence thereof) of the strength, stiffness and ductility 

of the tension zone of the joints, which often controls the 

overall connection response. It was shown that for a mod-

est loss of strength of 11% the ductility of the connection 

is significantly improved if the concrete infill is replaced by 

a more flexible foam one, which allows some limited plas-

tic deformation of the column face prior to the ultimate 

failure of the connection, whilst still increasing the 

strength and stiffness of the connection significantly be-

yond that of an unfilled tube. Further research is underway 

to optimize the material characteristics of the foam infill to 

obtain tailored connection response to fulfil pre-deter-

mined strength and ductility requirements. 
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