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Abstract

Concrete filled tubes are suitable choices for columns of low to medium rise commercial
buildings. However, lack of access to the inner surface of these sections prevents connections
with conventional bolts. To overcome this problem, blind bolts that can be installed only from
one side can be used. A new type of blind bolt, the headed stud anchored blind bolt, has been
developed at the University of Melbourne in collaboration with Ajax Fasteners. This type of
blind bolt, in addition to bearing on the tube wall, is anchored in the infill concrete which results
in improved stiffness and strength when it is subjected to tensile force. The pull-out behaviour
and strength of headed stud anchored blind bolts as individuals or groups of two and three are
studied in this research. The study shows that the tension connections made using groups of blind
bolts potentially have sufficed strength and stiffness to be used in moment resisting connections
within low to medium rise buildings in low to moderate seismic areas such as Australia.
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1 Introduction

Several attempts have been conducted to develop moment resisting connections to tubular
column sections (France et al., 1999a, 1999b, 1999c; Lee et al., 2010a, 2010b, 2011; Wang et al.,
2009; Yao et al., 2008; Yao et al., 2010). Lee et al. developed three types of different blind
bolted connections to unfilled hollow section columns; T-stub connections, channel side plate
connection, and extended T-stub connection with back face support (Lee, et al., 2010a, 2010b,
2011). They concluded that the last two types of connections had the potential to be classified as
a rigid connection for a braced frame system in low-rise buildings. However, connections to
hollow unfilled sections need to be improved, in terms of stiffness and strength, to become a
suitable moment resisting connection for medium-rise buildings. It has been shown that the most
effective method to increase the rigidity and strength of connections to hollow sections is filling
them with concrete (France, et al., 1999a), which also increases the axial load capacity. The
design and practical use of concrete filled (composite) columns has been well documented
(ANSI /AISC 360-10, 2010; Bergmann R et al., 1995; Wang YC et al., 1997).

Yao et al. (2008) developed an innovative moment-resisting connection to concrete-filled
circular hollow sections using blind bolts. A cogged extension was added to the head of a
Oneside blind bolt to increase its pull-out strength. The proposed blind-bolted connection could
be classified as a rigid connection for braced frames and stiff semi-rigid connection for unbraced
frames. Yao et al. (2010) also tested connections to concrete-filled RHS (rectangular hollow
section) columns using the same type of blind bolts. Built-up tees were blind-bolted to the
rectangular hollow section at both the top and bottom beam flanges. This type of connection to
an infilled RHS could be classified as a rigid connection for braced frames and a stiff semi-rigid
connection for unbraced frames. However, using blind bolts with cogged extensions has the
deficiency of difficulty of fabrication and probable non-ductile failure of the welds. Therefore,
the new type of anchored blind bolts, referred as headed stud anchored blind bolts, was
developed at the University of Melbourne in collaboration with Ajax Fasteners (Ajax Engineered
Fasteners).

The focus of this research is to determine the anchorage behaviour of the proposed headed stud
type of anchored blind bolts as individuals and groups of two and three considering different bar
diameters. Load-slip curves for single and groups of headed stud anchors are achieved.
Behaviour of single bolts, in both square and circular tubes and with different compressive
strengths of the infill, has been covered thoroughly in another paper (Yao et al., 2011) and will
only be briefly discussed here. The group behaviour of anchored blind bolts in square tubes is
investigated in this paper. This information will eventually be used in the design of moment
resisting connections appropriate for composite frames used in regions of low to moderate
seismicity.

2 Headed stud anchored blind bolt

A headed stud anchored blind bolt and its components are illustrated in Figure 1. This type of
blind bolt is basically a high strength threaded bar (F,=660 MPa and F,=830 MPa) with two
round shaped nuts on it, one at the end, and one after the folding washer. The nut at the end
provides anchorage to the infill concrete and the nut after the folding washer provides bearing on



the tube wall and transfers the pull-out load to the steel tube. A folding washer, a sleeve and a
solid washer are also used. The folding washer bears on the inner surface and the solid washer
bears on the outer surface of the steel tube. A special installation tool is required to insert the
anchored blind bolt inside the tube and then tighten it. In this research, threaded bars with 16mm
and 20 mm diameters are studied. The nut diameters are 23mm and 29mm, and the required hole
diameters on the tube wall are 24mm and 30mm.

A: Threaded bar

B: Nut at the end of bar
C: Nut at the tube wall
D: Folding washer

E: Sheer sleeve

F: Solid washer

G: Nut

Figure 1. Headed stud anchored blind bolt

3 Experimental program

The specimen tested in this research is shown in Figure 2. Two beams (460UB82.1) were
connected to two opposite faces of the column by double L-stub connections. Four individual
anchored blind bolts were incorporated in the specimen as well as four groups of anchored bolts.
These bolt groups connected angles to the concrete-filled column which were, in turn, connected
to the top and bottom beam flanges at opposite sides of the column. The experimental program
consisted of three parts. The first two parts were for studying the group action behaviour which
was achieved by testing the two beam-column connections in bending. The third part was that of
single pull-out tests of M16 and M20 headed stud anchored blind bolts, placed at two different
positions at the middle and close to the corner of the face of the column section (for more details
see (Yao, et al., 2011)). The column used in the test was a square hollow section (SHS
300%300x8), steel grade 350 MPa, filled with concrete with an average compressive strength of
50 MPa (average of three cylinders tested on the date of the experiment). The details of the
different groups of anchored blind bolts and single pull-out tests are illustrated in Table 1.

Groups of
anchored
blind bolts

SHS column

460UBS82.1

L-stub end-plate

- : Side stiffeners used
Bt S B at the 1% test
Figure 2. General view of the specimen and the connections




Table 1. Bolt groups considered in the specimen

Test type Description Comments
Single pull-out M20-Side 75 mm away from the tube side
M20-Mid At the middle of the tube side
M16-Side 75 mm away from the tube side
M16-Mid At the middle of the tube side
Groups of TWO bolts 2M20 120 mm C/C distance
2M20 + 2 ordinary 120 mm C/C distance, and two structural
structural M20s bolts to two PFC side stiffeners
Groups of THREE bolts  3M20 90 mm C/C distance
3M16 90 mm C/C distance

The bolts used were all headed stud anchored blind bolts unless otherwise mentioned. The
embedment length of the bolts anchored in concrete was 100 mm. Although providing more
embedment depth results in more tensile strength, it is practically limited by the size of the
column section and the need to prevent anchored bolts used in the opposite sides from clashing
during construction. The available length inside the column section in this experiment was
284mm (column width minus two times of the tube thickness) and two groups of anchored blind
bolts with the length of 100 mm were used in the opposite sides (some allowance needed to be
made for the insertion of the special blind bolt installation tool). The plan views of the
connections are shown in Figure 3. These tests were specifically set up to investigate the
anchorage behaviour of groups of bolts by determining the load versus the outward displacement
of the angle at the bolt-line. At the first part of the test, groups of three M20 anchored blind bolts
at the top, and two M20 anchored blind bolts together with two ordinary structural bolts
connected to the side stiffeners at the bottom, were tested. At the bottom side of the connection,
side stiffeners have been used to provide an increased stiffness and tensile strength. These
stiffeners (300 PFC 40.1) could transfer the tension load to the back face of the column. In the
second part of the experiment, 2 M20 bolts at the bottom and 3 M16 at the top were tested. For
the second part of the test, the side stiffeners and the two outside structural bolts were removed.
The connections are shown in Figure 3.

3M 16 anchored blind bolts 3M16 anchored blind bolts

2M20 anchored blind bolts
+ 2M20 normal bolts

2M20 anchored blind bolts

300 PFC
- + 2M20 normal bolts

el

Bottom view

Figure 3. Anchored blind bolted connections of concrete filled SHS to universal beams



3.1. Experimental setup and instrumentation

A gravity load of 800KN (about 20% of the composite column axial capacity) was applied under
load control at the top of the column. The vertical loading was done at the beginning of the test
using a load cell which was fixed to the reaction frame. A hydraulic actuator was used to apply a
vertical cyclic load at the cantilever end of the beam. The concrete filled SHS column was
restrained at both ends and was tied down to the laboratory strong floor directly at the bottom
and using four braces at the top. For both connection tests eleven displacement transducers
(LVDTs) were used to measure the beam end deflection, slip between the beam and the L-stub,
the pull-out of the bolts and the shear deflection of the L-stubs. The description of measurements
made by each of the LVDTs is listed in Table 2. Photos of the LVDTs are also shown in Figure
4. For the first connection test, 23 strain gauges and for the second one 15 strain gauges were
used to monitor strains occurring on L-stubs, stiffeners, tube wall, and beams.

Table 2. Description of the measurements by LVDTs
LVDT No.  Description of the measurements by LVDTs

1 and 6 Total deflection of the top and bottom angles along the beam axis

2 and 7 Slip between the angle and the beam at the top and the bottom

3 and 8* Bolt pull-out plus angle flexural deflection at the top and the bottom
4 and 9 Angle flexural deflection at the top and the bottom

5and 10 Shear deflection of the top and bottom angles

11 Vertical displacement of the beam end

* Bolt net outward displacement can be found by deducting readings of No.4 (9) from No. 3 (8)
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Digital photogrammetry, a three-dimensional coordinate measuring technique with accuracy of
0.03 mm, was also employed in this test. An initial photogrammetry survey recorded the original
coordinates of the targets just prior to loading. Subsequent surveys were taken at the end of the
first cycle of each load step to record the new coordinates of the targets. By analysing
consecutive overlapping photographs at each load increment, the three dimensional topographic
information for the specimen can be established for each photogrammetry target.
Photogrammetry targets were placed on the column, T-stubs, stiffeners and the beam to obtain
the overall deformation profile. Some of the photogrammetry targets used in the experiment can
be seen in Figure 2 and Figure 4.



3.2. Load protocol

The beam-column connections were tested under asymmetrical cyclic loading due to the
different estimated capacities and stiffnesses for the top and bottom angles. The headed stud
anchored blind bolt is a new type of connector and a theoretical prediction of the elastic limit and
the ultimate load capacity of the groups of these types of bolts were not available before the test
(this is the subject of a current detailed analytical study). For the purpose of the tests it was
necessary to predict the expected values of the elastic limit and the ultimate load capacity in
order to design the initial load protocol which was updated during the test based on the observed
behaviour. In the previous single pull-out tests (Yao, et al., 2011), it was observed that pull-out
strength of anchored blind bolts located at the corner of the face of a column section reached to
the maximum capacity of the bolts, even when the concrete with lower compressive strength was
used. Hence, for calculation of the ultimate capacity of the groups of anchored blind bolts, the
maximum tensile capacity of the bolts was multiplied by the strength reduction factor (=0.8
according to (AS 4100, 1998)) and group reduction factor (assumed 0.85) for the first
connection. However, the observed ultimate and serviceability loads from this test were higher
than the predicted values and they were close to the maximum predicted load without
considering any reduction factors. Thus, to spread the load cycles more evenly in the whole load
range of the second connection test, no reduction factor was implemented in the calculations. For
the serviceability load limit, two third of the ultimate capacity of the anchored blind bolts was
adopted. These load values used for testing the specimen are presented in Table 3. Five load
steps, each with three cycles, were applied in the serviceability range and four load steps, each
with two cycles, were applied in the inelastic range. Then the load was increased until the failure
was reached. The loading was applied as displacement control except for the very first load
steps.

Table 3. The ultimate and serviceability load limits used in the experiment

Bolt group Ultimate load capacity Serviceability load capacity
used in load protocol used in load protocol
3 M20 (3%203)(0.8)(0.85) =~ 400KN (2/3)(400) =~ 260KN
2 M20+2 (4%203)(0.8)(0.85) ~ S60KN (2/3)(560) =~ 380KN
structural M20s
2 M20 (2x203) = 400KN (2/3)(400) = 260KN
3MI16 (3x130) = 390KN (2/3)(400) = 260KN

4 Experimental results
4.1. Pull-out behaviour of individual headed stud anchored blind bolts

The load-outward displacement curves for pull-out tests of individual headed stud anchored blind
bolts are shown in Figure 5. The instrumentation for measuring the outward displacements of the
bolts and discussion about the pull-out behaviour is presented in Yao, et al. (2011). Failure of the
all of the anchored blind bolts commenced with concrete cone failure which was then followed
by either bolt tensile failure or tube yielding around the bolt hole.



4.2. Bolt group behaviour

In Figure 6, load-slip behaviour for the groups of anchored blind bolts is depicted. The horizontal
axis of the diagram displays the net outward displacement of the angle at the bolt-line which is
calculated by deducting measurements of LVDT number 4 from number 3 for the top and
number 9 from number 8 for the bottom angles at the connections. The vertical axis is the tensile
load on the angles produced by the moment applied to the connection.
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Figure 5. Load- dispacement curve for pull-out headed stud anchored blind bolts
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Figure 6. Load-outward displacement of bolt groups

In Figure 6, the pull-out strength of a single M20-Side and a single M16-Side, also multiplied by
two and three for M20 and by two for M 16, are shown as dashed lines and can be used as a basis
of comparison of individual and group behaviour. As it can be seen, the ultimate capacity of
2M20 bolts is about two times of the pull-out capacity of a single M20. This means that no



reduction in the strength of the M20 anchored blind bolt has occurred due to the group action.
When comparing 2M20 and 3M20 anchored blind bolts, the ultimate strengths are similar;
nevertheless, in terms of stiffness the group of 3M20 is stiffer by 27%. Therefore, the
contribution of the middle bolt in the strength of the bolt group was not considerable. The reason
for this phenomenon is that since the distance between side bolts is too short (less than three
times of the embedment depth according to (Eligehausen et al., 2006)), a continuous concrete
cone has already been developed between the two side bolts and adding another bolt in between
has not increased the size and consequently the pull-out capacity of the concrete cone. The best
performance is observed when a group of anchored blind bolts are used together with ordinary
structural bolts connected to side stiffeners; nonetheless the strength has just reached to about
three times of the pull-out strength of a single M20 bolt. Regarding M16 anchored blind bolts,
the strength and initial stiffness of a group of three M 16 bolts is less than that of two and three
M20 anchored blind bolts. This shows the significance of the diameter of the nuts in the
behaviour of the anchored blind bolts. In terms of group behaviour of M16 bolts, the capacity of
a group of three M16 bolts is about two times of the capacity of a single M16. This is similar to
the behaviour observed for M20 bolts. In all of the bolt groups, failure modes of concrete cone
failure and yielding of the angle stub occurred as shown in Figure 7 (a,b). For the group of
3M16, the failure mechanism of bolt tensile failure took place as well (Figure 7 (c)).

Figure 7. Failure modes of connection tests. (a) Concrete cone failure, (b) angle stub yielding (c)
Bolt failure

5 Summary and conclusion

Developing moment resisting bolted connections to concrete filled columns will be greatly
beneficial in spreading the use of this type of structurally and economically efficient columns,
especially in countries such as Australia where welding is not generally used on site. The
individual and group behaviour of a newly proposed headed stud anchored blind bolt has been
experimentally studied here. The group behaviour of four different arrangements of bolts was
investigated and compared with the individual behaviour. It was observed that M20 anchored
blind bolts reached to a significantly higher strength and stiffness in comparison to M16 bolts,
both as individuals and groups. Also, it was observed that in rectangular sections, bolts closer to
the corners of the faces of the column sections have an enhanced strength and stiffness relative to
bolts in the middle of a face due to the transfer of load to the tube side face. Consequently, the
bolts in the middle of a face of a section are not effective in group behaviour, both in terms of
strength and stiffness.
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