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This research presents comprehensive investigation on mechanical performance of blind-bolted 
concrete-filled steel tube (CFST) connections based on a combination of experimental, 
numerical and theoretical analyses. It aims to design tubular structural frames in the same way 
as open-section frames and to promote the application of moment-resisting connections in 
tubular structures. Component based and full-scale connection-based investigation will be 
conducted successively to obtain a better understanding of the moment-resisting performance 
of bolted composite connections. The component behaviour at tensile and compressive regions 
in moment-resisting connections will be firstly studied with an emphasis of load transfer 
mechanism. The yield-line theory-based tube-wall bending model, bond-slip model and 
anchorage mechanism model which are coupled with confinement effects will be derived to 
quantify the behaviour of single bolt pull-out tensile mechanism. Meanwhile, the group effects 
are also investigated to reveal the accurate mechanical behaviour in tensile region and to 
propose reliable mechanical models. Based on the fundamental knowledge of each component 
and their interactions, the full-scale moment-resisting connection will be designed and 
conducted to validate the proposed component models in the former part. In the full-scale 
connection-based investigation, the connection classification, stiffness, load capacity (strength), 
and rotation capacity (deformation) will be evaluated based on experimental and numerical 
parametric analyses. The preferable failure mode and the optimal design method of blind bolts 
in composite connections will be suggested. Finally, the reliable design approach for moment-
resisting connections will be proposed based on tensile and compressive mechanical models 
and the moment-resisting evolution rule in composite connections. This research intends to 
contribute to the high-rise-building structures and ensure the development of alternative 
connection systems in concrete-filled steel tubular composite structures.  

This research aims to develop an innovative steel-concrete composite connection 
system using modified blind bolts to facilitate the adoption of moment-resisting frame with 
tubular members in building structures.  
i) Clarification of load transfer mechanism in both tensile and compressive regions 
Each individual basic component needs to be studied extensively experimentally (Fig. B1.b1 
and Fig. B1.b2) and numerically (Fig. B1.b3) to clarify the load transfer mechanism and to 
establish analytical models revealing their mechanical behaviour. The coupling effects of steel-



concrete confinement with bolt anchorage mechanism in tensile side and local bearing 
mechanism of confined concrete will be examined and quantified. The component design 
method will be extended into the blind-bolted connection system to demonstrate their stiffness, 
strength and deformation capacity.  

(a) Pure steel T-stub connection test

(b) Pull-out test



(c) T-stub connection test

Fig. B1.b1 Test specimens in Task i 

(a) Single-T-stub test
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(b) Double-T-stub test

Fig. B1.b2 Test setup in Task i 

Fig. B1.b3 FE model in Task i 



ii) Mechanical performance and classification for blind-bolted composite connections
The mechanical performance should be evaluated based on both component behaviour
considering the group effects and full-scale moment-resisting composite connections (Fig.
B1.b4). The connection classification criterion in terms of connection rigidity/semi-rigidity,
should be established to promote the application of the connection in practice engineering with
respect to the stiffness, strength and deformation capacity.

Fig. B1.b4 Load transfer mechanism studied in Task ii 

iii) Investigation into the fracture prediction of energy dissipation members and
connections

In this study, the ductility and fracture life of cyclically loaded square hollow section (SHS) 
braces are assessed numerically (Fig. 5 and Fig. 6). The finite element (FE) models 
incorporating a fracture criterion associated with a non-linear damage accumulation rule are 
established and verified against the available experimental results. The coupling effects of 
buckling and fracture on the fracture life are examined and quantified based on the parametric 
studies. Finally, the prediction equations for rotation capacity prior to fracture and displacement 
ductility are proposed. 



Fig. B1.b5 Finite element model of a quarter of specimen and loading protocol for Task iii 

Fig. B1.b6 Finite element model of concrete filled connections for Task iii 

iv) Optimizations and design approaches for blind-bolted composite connections
To achieve an expected mechanical behaviour and the preferable failure mode between (a) 
initial stiffness and ductility and (b) strength capacity and rotation capacity, the optimization 
and appropriate design approaches for modified blind-bolted composite connection should be 
proposed. It will effectively utilize the material advantages of steel and concrete and their 
composite effects to achieve rigid performance and competitive ductility.

Loading protocol 



Project Progress / Achievement: 

i) Clarification of load transfer mechanism in both tensile and compressive regions
The experimental and numerical investigations (Figs. 7 to 9) on the blind-bolted T-stub to
octagonal tube connections were performed under axial tensile loading. The failure mode,
stiffness and strength of the connections were obtained from the tests. The parametric study
was conducted to further analyze the effect of the width-to-thickness ratio, material property
and boundary condition on the performance of the T-stub connection. The significant results
achieved are listed as follows:

(1) Different failure modes were observed in the tests. For the thin-walled tube, i.e. 4 mm, the
localized deformation and significantly enlarged bolt holes were found and led to the pull
out of the bolts. For the 8 mm connection, the failure mode was the shear failure of the split
washers. Despite these different failure modes, the ultimate capacity of the test specimens
was governed by the 3%B ultimate deformation limit.

(2) The stiffness of the connections decreased with the increasing ratio of width to thickness
(B/T). The governing limit state would change from the deformation limit to the ultimate
strength limit as the B/T decreased. For the high strength steel connections, the significant
improvement of the ultimate capacity can be achieved for the connections with the B/T
value within the range of 12.5 (T = 12 mm) to 18.75 (T = 8 mm).

(3) The deformation of the tube-wall increased with the chord length at the same load level,
owing to the increased global bending deformation of the tube-wall. Different end
constraints had some effects on the local deformation for the thin-walled connections.

(a) Blind bolts

left: before the test; right: after the test 

(b) Tube-wall face

left: before the test; right: after the test 

Fig. B1.b7 Failure modes 



Fig. B1.b8 Comparison of load-deformation curves between test and numerical results 

(a) Test setup (b) Failure mode

Fig. B1.b9 Feasible study on extended bolt coupon 

For details, please refer to the following papers: 

[1] F. Xu, and T.M. Chan. Structural behaviour of blind-bolted T-stub to octagonal tube
connections using normal and high strength steels. The 9th International Conference on

Advances in Steel Structures-ICASS 2018, Hong Kong, China, 5 to 7 December 2018.



iii) Investigation into the fracture prediction of energy dissipation members and
connections

The fracture life of SHS bracing members under extremely low cyclic loading are 
numerically assessed. The FE models incorporating a phenomenological fracture model 
with a nonlinear damage accumulation rule were established and verified against the 
available test results (Fig. 10 and Fig. 11). The hysteretic response and local buckling 
induced fracture, including initiation and propagation, were well captured by the 
established FE models. The numerical parametric studies were conducted using the 
validated FE models. Based on the parametric studies, the deformation capacity prior to 
fracture was quantified in terms of the rotation and displacement ductility indices. The 
effects of the geometry, material property and manufacturing process on the fracture life 
of bracing members were considered. The geometrical parameters, i.e. cross-sectional and 
global slenderness (Fig. 12), had different influence tendencies to the deformation 
capacity prior to fracture. It was indicated that the bracing member having a stocky section 
and a large slenderness tended to possess a superior global deformation capacity. The hot-
rolled SHS tubes exhibited superior deformation capacity compared with the cold-formed 
counterparts when the member slenderness was low than the Euler critical slenderness. 
Furthermore, prediction equations for rotation capacity and displacement ductility were 
proposed and compared with the FE simulation results. It is expected to consider the 
coupling effects of local and global buckling when considering the cross-sectional limits 
for a bracing member designed for a specified deformation capacity.  

(a) Crack opening     (b) Throughout fracture
Fig. B1.b10 Fracture prediction of energy dissipation members 



Fig. B1.b11 Comparison between prediction formulations and FEA results 

(a) Effect of B’/t (
limit

/
G

KL r
) 



(b) Effect of KL/r (
hd

'/
S

B t
) 

Fig. B1.b12 Maximum allowable ductility level for brace facture 

Numerical studies were conducted on the mechanical behaviour of concrete-filled CHS 
joints subjected to in-plane bending. All the test specimens failed in punching shear and the 
3%D deformation limit recommended by CIDECT-1 was generally satisfied. It has been shown 
that the inner concrete effectively supports the chord wall in the compressive side, which means 
the contributions from the concrete should be considered in the sectional moment resistance. 
The fracture criterion in the material-level was successfully adopted into the FE models and 
was validated in the member-level (Fig. 13). Based on the numerical investigation, the 
analytical design methodology based on metal fracture mechanism for composite tubular joints 
were proposed (Fig. 14 and Fig. 15). The design predictions agreed well with both the test and 
FEA results, manifesting a satisfactory accuracy. 

(a) Welded connection



(b) Gusset plate connection

Fig. B1.b13 Punching shear fracture prediction for concrete-filled tubular 
connections 

Fig. B1.b14 Analytical model for welded connections 

B1.b15 Analytical model for Gusset plate connections 
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