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RESISTANCE ASSESSMENT OF BEAM-TO-COLUMN JOINTS WITH DIFFERENT BLIND
BOLT SYSTEMS

Anka Javora, Davor Skejié

Original scientific paper
Blind bolted connections enable simple joining of various beams to tubular columns. In the parametric analysis several different blind bolts systems were
compared through the example of I-beam-to-hollow section column joint with extended endplate. 1155 combinations of parameters defining behaviour of
considered joint type were analysed. The size of a bolthole or more precisely blind bolt geometry has major effect on joint resistance. The most common
failure mode is bending of the column flange. In the cases where the thickness of the endplate is lower than or equal to the thickness of the column wall,
endplate most frequently fails by bending. Obviously the use of an elliptical yield line mechanism and appreciation of the membrane action effect increase
the joint resistance. It is suggested to investigate further the membrane action effect with the use of elliptical yield line mechanism especially in the region
where the failure mode changes.
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Procjena otpornosti priklju¢aka nosaé-stup s razli¢itim sustavima slijepih vijaka

Izvorni znastveni ¢lanak
Vij¢ani prikljuéci izvedeni pomocu slijepih vijaka omogucavaju jednostavno prikljuéivanje razli¢itih profila nosaca i cijevnih stupova. U parametarskoj
analizi usporedeno je nekoliko razli¢itih sustava slijepih vijaka na primjeru prikljucaka I-nosac - cijevni stup s produljenom ¢elnom plo¢om. Analizirana
je 1155 kombinacija parametara koji utjeCu na ponaSanje razmatranog tipa prikljucka. Otpornost prikljucka uvelike ovisi o promjeru rupe odnosno
preciznije o geometriji slijepog vijka. Najéesc¢i nadin otkazivanja je otkazivanje pojasnice stupa savijanjem. Celna ploca najéeée otkazuje savijanjem i to
u sluc¢ajevima u kojima je debljina ¢elne plo¢e manja ili jednaka debljini pojasnice stupa. Ocito je da primjena elipticnog modela linija popusStanja i
uvazavanje u¢inka membranskih sila povecava otpornost prikljucka. Predlaze se dodatno istraziti u¢inak membranskog djelovanja uz primjenu elipti¢nih
modela linija popustanja naro¢ito u podru¢ju u kojemu nastupa promjena na¢ina otkazivanja.

Kljucne rijeci: elipticni model; membransko djelovanje; parametarska analiza; prikljucak nosac - cijevni stup; slijepi vijci

1 Introduction 2 Blind bolts systems

Welding was, for many years, the only way of
connecting members to hollow section columns. This type
of connection brings a number of problems such as
providing the necessary conditions on the construction
site, specialized manpower, access to joints and the
complexity of the joint inspection. One particularly
important problem while welding cold-formed hollow
section is the occurrence of brittle fractures. Unlike hot-
rolled hollow sections which are more suitable for
welding, cold-formed hollow sections have more
reasonable prices. These are some of the reasons that
inspired the idea of developing new ways of connecting
through the usage of bolts with one sided tightening
which are commonly referred to as blind bolts. The
advantage of blind bolts is recognized in their specifically
developed mechanisms which enable tightening from only
one end of the connection. The development of blind bolts
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a) Flowdrill

b) Huck Ultratwist

enables a wider application of various hollow section 5 o
profiles because it is possible to connect hollow sections & “t'/ 7
without welding on the construction site. .
. Due to thei'r high torgional stiffness,' high moment of ¢) Hollo-bolt d) Ajax ONESIDE
inertia, and higher resistance to weight ratio when ‘ B
compared to open beams, hollow sections enable the Y i )
usage of slender columns. I&\\\i\\\!\\hh\\m\,?_\

Having in mind both economical and structural }frg.

aspects these columns are more suitable with regard to the
usable floor area. Without doubt, one more argument for
selecting hollow sections for columns is their aesthetics.

¢) Blind bolt
Figure 1 Single-sided tightening systems

Nowadays there are several blind bolts systems, such
as Huck High Strength Blind Bolt (HSBB) and Huck
Blind Oversized Mechanically Locked Bolt (BOM),

Tehnicki viesnik 24, 4(2017), 1103-1112

1103



Resistance assessment of beam-to-column joints with different blind bolt systems

A. Javora, D. Skeji¢

Lindapter Hollo-Bolt, Ajax ONESIDE and Blind bolt,
Fig. 1. Although it is not a typical bolt, the Flowdrill
system uses one sided tightening through a specifically
developed drilling technique, Fig. la, and can be
classified as blind bolt system.

Each of the aforementioned bolt systems has various
bolt tightening techniques which have an impact on the
behaviour of the bolt and the whole joint. The tightening
techniques are described in detail in [1]. When observing
the Flowdrill technique, the friction between the drill and
the hollow section wall is used to drill a hole. As the
special drill pushes into the material, some of the
displaced material forms a collar around the external
surface of the wall. The rest of the material forms a
bushing in the internal surface of the wall. Huck
Ultratwist is tightened by forming the bulb wrapped
around the body of the sleeve, Hollo-bolt is tightened by
expanding the legs of the sleeve; Ajax ONESIDE uses a
collapsible stepped washer while Blind Bolt uses an
anchor, Fig. 1.

3 Failure modes of blind bolted joints
3.1 General

The behaviour of bolted joints is extremely non-linear
due to the mechanical properties of the materials, as well
as the interaction between various parts of the joint itself.
The complexity of the blind bolts structure contributes to
that non-linearity. A well-known component method
ensures a practical and simple way which can be used to
describe basic mechanical characteristics of bolted joints.
An appropriate bolted T-stub presents the idealisation of
the joint tension zone behaviour where most of
deformations are formed. Thus, the bending of the column
face and the endplate can be described using an
equivalent bolted T-stub model, [2].

Blind bolts are often used in joints where one of the
elements is a hollow section. The hollow section wall
ensures different boundary conditions with regard to the
open section profiles. EN 1993-1-8, [3], does not specify
the equations for design of beam-to-column joints where
the column is hollow section and connecting is realized
with blind bolts. Several authors have given suggestions
based on their test results. For the bolted joints with
endplate several different failure modes were found.

The failure modes that can occur in joints with
extended endplate are: bolts in tension, bolts in shear, bolt
bearing for plate and column face, column face punching
shear, column face bending, column face bending and
membrane action, column webs bearing and bending of
the endplate. Flowdrill systems can also fail by thread
stripping on the column flange, [4]. The behaviour of the
joint is influenced by the dimensions of the endplate and
the width of the column walls.

In cases where joints in bending have endplate width
equal to the RHS column face width, the stiffness and
column face bending resistance are increased, while the
column yield lines are formed only at the joint tension
zone. This only happens if crippling (local buckling) of
the column walls close to the force introduction point is
not governing failure mode. This particular dimension
ratio (geometry) was chosen in the performed parametric

analysis and thus the observed failure modes refer only to
the joint tension zone and tensile action [5].

3.2 Failure mode 1: blind bolts in tension

Since blind bolts are construction products, their
tension resistance is assessed through tests. There are two
exceptions to this rule. The first one is the Flowdrill
system which uses a standard bolt. The second one is the
Blind bolt system for which characteristic tension
resistance is calculated as proposed by EN 1993-1-8, [3].
Blind bolt system has bolt with reduced tensile stress area
and according to manufacturer the reduction factor should
be adopted as: k, = 0,537.

Blind bolt system bolts are produced in grade 10.9
only, but for the purposes of this analysis and result
comparison, grade 8.8 was also assumed.

3.3 Failure mode 2: column face thread stripping (Flowdrill
system)

The most common failure mode that occurs in the
case of Flowdrill bolts is thread stripping of the column
face which is accompanied with high column
deformations, [4, 6]. In the case of pure axial loading on
the joints, the threads on the bolt and the threads on the
flange remain in full contact, while the resistance of
column face thread stripping (F, ) for one bolt in tension
is given by:

FZ,F = 0!6'4fy,c 'ﬂ"db .(IC,W +O’8) (1)

where is: f; . - column yield strength, &, - bolt diameter,
few - column wall thickness.

In the tests done by British Steel [7], Park noticed
that high deformations are formed on the edge of the hole
in the case of column face in bending failure. Such
deformities reduce the contact surface between the

column flange and the bolt, Fig. 2.

plastic hinge formation

Figure 2 Bolt hole deformation and plastic hinge formation

Reduction in the contact surface between the column
flange and the bolt is introduced with the linear reduction
factor, as specified by Park according to the test results,
[6]. The reduced thread stripping resistance for one bolt in
tension is given by:
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FZ,F,red =R- [0’6'fy,c ‘”'db '(tc,w +O78)]’ (2)

where R is reduction factor: R=7-1,,< 1,0, and 7=
60.

3.4 Failure mode 3: column face - punching shear of the
bolt through the column face

There are several suggestions for calculation of the
punching shear resistance. All depend on the bolt system
considered. According to [5] and [7], for Flowdrill
systems the following expression is given for one bolt in
tension:

F3,F = 0’6'fy,c 'n-'tc,w (db +tc,w)ﬂ (3)

In Flowdrill systems, shear is observed on the width
determined by the bolt shank diameter and column flange
thickness, while for other systems shear width is
determined by their bolt diameter, [5, 8]:

Fiug=06-fy m ity -dy 4)

c,w

Unlike other systems that use the bolt diameter, Huck
system takes into consideration the primary bolt sleeve
diameter, d,, incurred by the deformation of the sleeve
after bolt installation, [9]:

1y,
F3,H:%3C'”'tc,w'dk (5)

3.5 Failure mode 4: column face in bending

Calculation of the column flange deformation is
based on the method of virtual work. Mourad, [9],
suggested two ways of assessing the resistance; for linear
and for circular yield line pattern, Fig. 3. The linear yield
line pattern can be applied when the ratio between
horizontal bolt distance and column’s clear face width is
w/(b—t.) > 0,65, while the circular yield line pattern can
be applied when w/(b—¢, ) < 0,65.

b-tew b-tew
- -—
PR [ PR

Linear yield line pattern Circular yield line pattern
Figure 3 Yield line patterns on the RHS column face, [9]

Park, [6], carried out a parametric analysis of the
expression for column face bending resistance, along with

finite element method analysis. Since plastic hinges are
formed near the column side walls, Park analysed models
with different widths of deformable clear column face. He
compared the analytical model results with the test
results, as well as the results from the finite element
method. It has been shown that the width of RHS column
clear face, b—t.,, adopted by Mourad, [9], thoroughly
underestimated the resistance of the column. Thus, Park
suggested the new width of RHS column clear face as
b—4-t.,, Fig. 4. He also suggested separate equations for
the failure of bolt group and for bolt row failure based on
four bolts.

A) Linear yield line pattern

- bolt group failure

w+26~lc—db +p+2'd1—0,5~n~db} ©)
1

Fypg =4M, -

- bolt row failur_e

(w+2-c—d, 2-d,-05-d
1'74,19;1:4]‘/[1)'WJr A b}-n

(7

where:
Fre tow b—4t,  —w

M — 5 N ,C: C,w ,
P 4 2

d, = %-(w+2-c—db),

w - horizontal bolt axis distance,
p - vertical bolt axis distance,

b - column width,

n - number of bolt rows in tension.

B) Circular yield line pattern
- bolt group failure

w+p—0,5-(n—-1)-d 7-d
F4’P’gk=4Mp-{ 'd (1=V)edy b} (8)

c 4.c
- bolt row failure

-0,5-d -d
Fyp =4Mp-{%+7r—ﬂ4lcb]n

(€)

C) Elliptical yield line pattern
- bolt group failure

4-w-2-dy+2-w-c—m-d
F4’P’ge:Mp~{ k y "}
1

Mp'[4-p—2~(n—l)~db+2~7z-d1} (10)
C

- bolt row failure

F4,p,re=Mp'[4'W_2'd" +d2-7r~c—7z~db:|.n+
1

Mp'{z'”'dl]n, (an

c

where:

dl=\/L+(4-w+2-db+2-;z-c—;z-db),
2.

Fyp =min(F,p;), (12)

The yield line patterns are shown in Fig. 4. The black
line shows the elliptical yield line pattern while the red
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line shows the linear yield line pattern. The geometrical
properties of d; and ¢ are equal when observing the
circular yield line pattern.
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elliptical yield line pattern
linear yield line pattern
Figure 4 Yield line patterns of the column flange

Generally, the elliptical yield line pattern gives lower
resistance of column flange in bending. Circular and
linear yield line patterns represent two marginal cases of
the elliptical yield line pattern. The linear and elliptical
yield lines give lower values in the case of high horizontal
bolt distances — the same goes with the circular and
elliptical yield lines in the case of the lower horizontal
bolt distances. When observing the circular yield line
pattern, the yield line parallel to the hollow section axis is
equal to the yield line perpendicular to the hollow section
axis.

The vertical bolt distance is another factor on which
failure modes depend. Lower vertical bolt distances cause
a bolt group failure while higher ones cause a bolt row
failure.

Column web panels represent support to the column
face in bending - this causes the column face to develop
membrane action which in turn increases its resistance,
Fig. 5.

3 b
—>
C < >
a:WRHs-4t

Figure 5 Column face membrane action, [6]

By using principle of virtual work, it is possible to
relate the failure load of the column face to its
deformation. For simplification, the linear (straight) line
yield pattern is assumed, while the deflection profile is
linear with the maximum deflection at the point of a
bolthole (point B), and zero deflection at the corners of

the yield lines (point C), Fig. 5. The membrane action
resistance is derived for:
- bolt group failure

Fome=8"M, -5, .[W;db +P_(”;1)'db}r
1

2 d;
8-M, -5, | = ——2 |, (13)
3 12-15

- bolt row failure

w—d, 2 d}
F, =8M_ -5, - b2 __Tb g, 14
4,m,r p b { d1 3 12L§1:| ( )

where:
Ly=+c* +d}, &, =vc?-c, ¢ =c-(l+gu).

Park, [6], suggests that these equations should be applied
for calculation of the concrete-filled RHS where the
lowest value between the two failure modes is governed:

F4,m,uk,CFT: min(En,g;Fm,r)’ (15)
For column web panels which do not provide a full

restraint, the failure mechanism of column face is a

combination of bending caused by yielding and

membrane action. It is given by:

F 4 muksus=0,5-F4p o +05- min(Fm,g; Fm,rl (16)

3.6 Failure mode 5: column web crippling

The column web crippling resistance is not dependent
on the bolts. It can be assessed according to [7]:

FS,Y=2'[fu,c'tc,w'(tb,f+2'tp+3'tc,w)l (17)
or according to [5]:
Fy =2 [fye tow -t +2-1, +5-1, )} (18)

4  Parametric analysis of blind bolted joints
4.1 Input parameters

b b,
V\‘l — 0
' 1 i iy
L EIE3 inp
E [ -}L_E :'¢' ’6}:

_%_.I__é hb i i 4! hp

B e
i ' [ "n I o

Figure 6 Analysed beam-to-column joint with an extended endplate and
various blind bolt systems

Analysed beam-to-column joint with an extended
endplate and various blind bolt systems is shown in Fig.
6. Column was always hot-rolled square hollow section
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(SHS) 200%200 and the endplate steel quality was S 235
(fyp = 235 MPa).

The influence of joint parts geometrical and
mechanical properties on a joint resistance is assessed
through the parametric analysis in which parameters listed
in Tab. 1 were varied. 1155 parameter combinations were
analysed. The weakest component is governed for
determining joint bending resistance. It also represents the
joint’s failure mode.

Table 1 Variation of parameters in the analysis

Column yield strength
235;275; 355
/.o (MPa)
Endplate yield strength 235
Jyvp (MPa)
Bolt size M12; M16; M20; M24
Bolt grade 8.8 and 10.9
Column wall thickness 5:6.3:8: 10; 12.5: 14.2: 16
few (mm)
Endplate thickness 6:12: 16
t, (mm)
Horizontal bolt distance | 50; 60; 70; 80; 90; 100; 110; 120;
w (mm) 130
Vertical bolt distance 50; 60; 70; 80; 90; 100; 110; 120;
p (mm) 130

4.2 The frequency of failure modes

The frequency of particular failure mode from the
total number of analysed failure modes by blind bolt
system is shown in Fig. 7, while the total frequency which
is not dependent on the type of bolt used is shown in the
diagram legend.

BOLTS IN TENSION
1% 4% 1% 23% 1% (6%)

YIELDING OF THE
COLUMN FACE
(63%)

67% 64% oo 68%

53%

COMBINED
YIELDING OF THE
ENDPLATE AND
BOLTS IN TENSION
FAILURE (8%)

# YIELDING OF THE
ENDPLATE (23%)

HUCK
AJAX

=
-
Q
Q@
a
4
=
=
@

FLOWDRILL
HOLLO BOLT

Figure 7 Frequency of a particular failure mode

4.3 Influence of bolt properties

Hollo-Bolt, Huck, and Ajax ONESIDE systems are
complex systems which are comprised of a bolt shank and
a bolt sleeve around the shank. Their tensile strength is
taken from the manufacturer’s certificate. On the other
hand, Flowdrill systems use a standard bolt and thus their
tensile strength is equal to the tensile strength of a
standard bolt. The surface of the bolt shank in Blind bolt
systems, Ap,, is reduced and can be found in the
manufacturer’s catalogue. Blind bolt system bolts are
produced in grade 10.9 only, but grade 8.8 was also
assumed for the purposes of this analysis.

There were eight failures of bolt in tension with Ajax
ONESIDE, 12 with Huck bolts, 14 with Flowdrill system,
32 with Hollo-Bolt system and 268 with Blind bolt
system, Fig. 7. For all bolt systems only four
combinations of parameters cause bolt in tension failure.
The parameters were as follows: bolt axis distance (p = 50
mm, w = 50 mm), maximal endplate thickness (¢, = 16
mm), M12 bolt, maximal column thicknesses (f.,: 14,2
and 16 mm).

Hollo-Bolt system bolts failed only in two cases
while using M16 bolts with high thicknesses of endplate
and column flange. Blind bolt system failed 268 times,
regardless of the size of the bolt used.

Tab. 2 shows the minimum parameter values that can
cause bolt in tension failure for a particular joint. The first
number represents the minimum endplate thickness (min
fp), the second number represents the minimum column
wall thickness (min ¢,), while the third number
represents the minimum column material yield stress (min
Jyc) at which the bolt in tension failure occurred. The
endplate yield stress is unchanged (235 MPa), while the
bolt grade is 8.8. Only once M24 bolt failed. This was
within Blind bolt system while using grade 8.8, although
it is largely non-existent in practice since Blind bolts
system bolts are produce in grade 10.9 only. Nevertheless,
generally, Blind bolt system provides the lowest tensile
strength because of the reduced bolt shank area, A,

Table 2 Minimal parameter values for bolt in tension failure

(min #,; min 7,,,) (mm) / min £, . (N/mm?)
. . Ajax
Bolt Flowdrill | Hollo bolt Huck Blind bolt ONESIDE
Mip | 120:142 [ 12,0125 | 16,0:125 [ 6,0:63 [ 12,0:142
/355 /355 /355 /275 /355
12,0;16,0 6,0;12,5
MI6 - 1355 - 275 -
12,0;14,2
M20 ) ) ) /355 )
16,0;16,0
M24 ) ) ) /355 )

4.4 Influence of endplate

The endplate failure occurred 160 times in all blind
bolt systems with the same combination of parameters.
Depending on blind bolt system, failure occurred 272
times with the Blind bolt system, 290 times with the
Hollo-Bolt system, 357 for Ajax ONESIDE system, 362
times with the Flowdrill system and 440 times with the
Huck system. This finding proves that endplate failure is
not a common failure mode. Endplate failure most
commonly occurred with Huck systems (combined
endplate yielding and bolt in tension failure, as well as
endplate yielding make 38 % of failure modes), while the
Blind bolt system showed the least amount of endplate
failure modes (24 %), Fig. 7.

Endplate failure can occur in two ways. The first one
is the pure yielding of the endplate where full plastic
moment resistance is reached and yield mechanism on the
endplate is formed, Fig. 8a. The second one is a combined
failure mode where both the full plastic moment
resistance and the bolt tension resistance have
simultaneously been achieved, Fig 8b.

The first failure mode depends on the geometrical
properties of the endplate (b, #,), distance between one
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bolt row and centre of the beam flange fillet weld b,
diameter of the bolthole dy, and endplate yield strength
Jyp- The combined failure mode is dependent on the bolt
tension resistance F,, vertical distance between the
bolthole centreline and the endplate edge, e;, and the
distance between the bolthole centreline and centre of the
beam flange fillet weld, b;.

4

a) pure yielding of the endplate b) combined failure mode
Figure 8 Endplate yield lines

In the performed analyses the thickness ratio between
endplate and column flange (#,/%,) varied between 0,38-
3,2. In Tab. 3 one can observe an example which shows
the influence of endplate thickness on the behaviour of
the joint for three different cases where endplate thickness
is 6, 12 and 16 mm. In this example, the column flange
varies in thickness according to the following parameters:
5,6,3, 8,10, 12,5, 14,2 and 16 mm. The values of all the
other parameters are fixed: f; . =275 MPa, p = 100 mm, w
=100 mm, and bolt M20, grade 10.9.

Yielding of the 6 mm thick endplate occurs when
ty/tenw < 0,75. When endplate thickness is equal to 12 mm,
yielding of the endplate occurs when #/%,,, < 0,85; Blind
bolt system being the only exception. Increasing the
endplate thickness to 16 mm causes yielding of the
endplate in the case of Hollo-Bolt systems when #,/%,., <
1,0. In all other cases, column face yielding or bolt in
tension failure occurs. It is important to note that in the
case of Hollo-Bolt system, one should follow the
manufacturer’s guidelines and avoid using M16 and M20
bolts when endplate thickness is smaller than 8§ mm, [11].
Thus, for the purpose of results comparison, Hollo-Bolt
system was considered in this analysis when endplate
thickness was equal to 6 mm. Kurobane et al., [5],
suggests that joints whose endplate thickness is lower
than column flange thickness should be checked for
yielding of the column face and combined failure mode.

When observing all parameter combinations where
ty/tew >> 1,0, the column flange has the lowest bending
resistance. Huck M12 bolt with reduced tension resistance
is the only exception. Endplate fails in the range #,/%.,, =
0,38+1,0.

In this analysis, the lowest bending resistance value is
the one given by Kurobane et al., [5], which assumes a
linear yield line pattern of the column flange and the
width of RHS clear face b-t. . If this equation is replaced
with the one suggested by Park [6], which assumes an
elliptical yield line pattern and the width of RHS clear
face b—4-1., the bending resistance of the column flange
would increase. Furthermore, the endplate would then

have the lowest bending resistance. This would imply
further checks for bending of the endplate when 7,/f,., <
1,0.

It is interesting to note the example shown in Table 3
where failure of the bolt in tension occurs with the Blind
bolt system when column thicknesses are #., = 16 mm
and 14,2 mm, and endplate thickness is #, = 16 mm. This
is due to the low tensile bolt resistance of this system. The
tensile resistance of the Blind bolt system bolt is equal to
289,1 kN and it is the primary cause of failure up to the
moment when endplate and column wall thickness ratio
(¢y/t,w) becomes higher than 1,13. At this ratio, there is a
small difference between the bolts’ tensile resistance
(289,1 kN) and endplate bending resistance with the
combined tension bolt failure (294,0 kN). In the case of
Hollo-Bolt system, failure of the endplate occurs when
endplate and column wall thicknesses are equal to 16 mm.
In all other combinations, failure of the column flange
occurs.

Table 3 Failure modes with regard to the column wall to endplate
thickness ratio (#y/fc,w) for p = 100 mm, w = 100 mm, f; . = 275 MPa, bolt
M20, grade 10.9.

" . ) - Failure mode1 - R
B A ... | Hollo Blin jax
/mm | /mm | P Flowdrill bolt Huck bolt ONEJSIDE
5 1,20 R4 R4 R4 R4 R4
6,3 0,95 R4 R4 R4 R4 R4
8 0,75 R7 R7 R7 R7 R7
6 10 0,60 R7 R7 R7 R7 R7
12,5 | 0,48 R7 R7 R7 R7 R7
142 | 0,42 R7 R7 R7 R7 R7
16 0,38 R7 R7 R7 R7 R7
5 2,40 R4 R4 R4 R4 R4
6,3 1,90 R4 R4 R4 R4 R4
8 1,50 R4 R4 R4 R4 R4
12 10 1,20 R4 R4 R4 R4 R4
12,5 | 0,96 R4 R4 R4 R7 R4
14,2 | 0,85 R7 R7 R7 R7 R7
16 0,75 R7 R7 R7 R7 R7
5 3,20 R4 R4 R4 R4 R4
6,3 2,54 R4 R4 R4 R4 R4
8 2,00 R4 R4 R4 R4 R4
16 10 1,60 R4 R4 R4 R4 R4
12,5 | 1,28 R4 R4 R4 R4 R4
142 | 1,13 R4 R4 R4 R1 R4
16 1,00 R4 R7 R4 R1 R4

Legend: [R1| bolt in tension, [R4| bending failure of the column flange,
bending of the endplate, E combined failure mode.

Fig. 9 shows dependency of the joint components
resistances, [, on the ratio f/f . Three groups of
diagrams derived from the combination of parameters
shown in Tab. 2 are shown in Fig. 9. Each diagram
represents a particular case of endplate thickness where,
dependent on the continuous reduction of column wall
thickness, joint resistances are given.

When t/t.,, = 1,0, the component with the lowest
bending resistance changes. Thus, the part of the diagram
lines referring to £/t < 1,0 usually represents the face
bending resistance of the endplate, while the diagram
lines referring to £/t > 1,0 represent the face bending
resistance of the column flange. The change of the
component with the lowest bending resistance can be seen
as change of the diagram line direction.

Each line on a particular diagram represents the
behaviour of a joint with a particular bolt system.
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The first diagram group in Fig. 9 represents endplate
thickness equal to 6 mm and shows pure yielding of the
column flange or the endplate. Since this group shows
failure modes which are dependent only on geometrical
and mechanical properties of the endplate and the column
flange, failure occurs by yielding of the endplate when
ty/tew < 1,0 and therefore joint resistance does not change
in this range. The resistance of the endplate is dependent
on the bolthole size. Thus, when using the Hollo-Bolt
system with the largest bolthole size, the endplate has the
lowest bending resistance and it is govern component.
Since the bolthole diameter is equal in both Huck and
Blind bolt systems, endplate’s resistance lines are
overlapped in the diagram.

80
70 \
60

1,=6 mm

0,38 0,42 0,48 0,60 0,75 0,95 1,20
o/t

250 £,=12 mm —

0,75 0,85 0,96 1,20 1,50 1,90 2,40
t/t.

500

400 £,=16 mm —

300

(kN)
20

0 N

N

100
\

0

1,00 1,13 1,28 1,60 2,00 2,54 3,20
t/t

p’lew

H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 9 Influence of the column flange geometrical properties on
bending resistance of govern joint components

A combined failure mode of the endplate and bolts
occurs only with the Blind bolt system when endplate
thickness is equal to 12 mm. Within the range t/%.,, =
0,75+0,96 endplate also yields in a combined mode when
Blind bolt system is applied. In this particular case, its
resistance is unchanged.

Column face in bending becomes govern when 7,/%
> 0,96. Reducing the column flange thickness also
reduces its bending resistance. For other bolt systems pure
yielding of the endplate occurs when #/%,, < 0,85 and
then diagram lines show endplate resistance. Lines
represent column flange resistance when #y/t.,, > 0,85. If
Park’s equation for elliptical yield line pattern was used
with bolt group failure, part of the line #/%.,, < 0,96 would
remain the same since the endplate would be govern in
the range 0,85 < ¢,/ ,, < 0,9 also.

The third group of graphs represents joints with
endplate thickness equal to 16 mm. The horizontal part of
the red line represents the tensile resistance of the Blind
bolt system bolt, i.e. failure labelled as R1 in Table 3.
There is a change of failure mode at /%, = 1,28. Part of
the blue line up to 1,13 represents combined resistance of
endplate and bolt in Hollo-Bolt system while the
remaining part of the diagram represents the column face
bending resistance. Due to the largest size of the bolthole
among all the systems, Hollo-Bolt system again shows the
lowest column face bending resistance.

Combined bolt and endplate failure occurred 18 times
in all systems (1,6% of the analysed parameter
combinations). Blind bolt system was the exception since
it only exhibited bolt in tension failure. In those cases
when Blind bolt system fails through combined bolt and
endplate failure, other systems fail due to plastic hinge
formations on the endplate, that is, pure endplate yielding
(bending). Combined bolt and endplate failure occurs
when smallest bolts are used (M12) and when /%, =
0,75+1,2. Combined failure mode occurs with Ajax
system when #,/%,, < 1,2, Flowdrill, Hollo-Bolt and Blind
bolt system when #/f, < 1,5, and Huck system when
t/tew <24

Furthermore, the parametric analyses have included
the range of endplate thickness and vertical bolt distance
ratio as given by f#,/p = 0,06+0,32. It has shown that the
endplate failure occurs when the observed ratio is
between 0,06+0,15 for Flowdrill, Hollo-Bolt and Ajax
systems while for Huck and Blind bolt systems this ratio
is ranged up to 0,24.

450

400
£ 350 /

[KN] 300 —4
250
200
150
100

0,09 0,10 0,11 0,12 0,15

t/p
H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 10 Influence of vertical bolthole distance, p, on the endplate
bending resistance, F;

The influence of the vertical bolthole distance p on
the endplate bending resistance, F, is shown in Fig. 10.
The figure shows the change in bolt axes distance within
the range where p = 80+130 mm in those cases in which
failure of the endplate occurred. The fixed values are
endplate thickness, #, = 12 mm, bolt grade 10.9, M20
bolts, column yield strength f, . = 275 MPa and horizontal
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bolt axis distance w = 100 mm. It can be noted that
reduction of the vertical bolt distance will increase the
endplate bending resistance.

The influence of vertical bolt distance, p, for all of the
analysed parameter combinations is shown in Fig. 11.
Each graph wave represents a particular vertical bolt
distance value, p, which is fixed. Parts of the graph
parallel to the horizontal axis represent the endplate
bending resistance, i.e. in those parts the graphs show
joints that fail due to the bending of endplate. In other
parts, the graphs show failures due to the bending of
column face. Flowdrill and Huck systems show the
highest, while Blind bolt system show the lowest endplate
bending resistance.

450
400 \

350 A \ \

F 300 \\

(kNI 5 - | “

200 =\

\

\[| \
100 |\ 1\ \
el I AV VIR VAN

0

=

\
\
\

\

——
i

130 120 110 90 80 60
p [mm]
H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 11 Influence of vertical bolt distance, p, on the change of govern
component resistance, F;, depending on the Blind bolt system applied

It should be noted that the general assumption in
considered analyses was that there are no limitations for
bolt installation. That was assumed in order to conduct a
detailed analysis which would reveal influence of the bolt
distance on the joint behaviour.

4.5 Influence of column flange

Taking into account the number of joint failures due
to combined failure of bolt in tension and endplate in
bending, it can be concluded that column flange in
bending is the most frequent failure mode of this joint
type. Yielding of the column flange occurred in 63 % of
the observed parameter combinations.

Column flange behaviour is conditioned by its
thickness (), ratios between the RHS column clear face
and vertical and horizontal bolthole distance ((b—4¢..)/p;
(b—4t.)/w), column yield strength (f;.), as well as the
bolt type used and its diameter.

As expected, increasing the column flange thickness
increases its bending resistance. Fig. 12 shows changes in
column bending resistance for various systems and the
analysed joint where: column yield strength f,. = 275
MPa, endplate thickness #, = 12 mm, M20 bolts, bolt
grade 10.9, vertical bolt distance p = 70 mm, horizontal
bolt distance w = 70 mm.

Flowdrill system shows the highest column bending
resistance, followed by Huck and Blind bolt systems.
Hollo-Bolt system shows the lowest column bending
resistance. The differences in column bending resistance
with various systems are due to different bolthole size for
the same nominal bolt diameter. For example, M20 bolts

in Holl-Bolt system have a bolthole diameter equal to 33
mm, Ajax ONESIDE 30 mm, Huck and Blind bolt 22
mm. Flowdrill system has also a bolthole diameter equal
to 22 mm, but it is noted that Flowdrill system should be
calculated for a bolthole whose size is equal to the bolt
diameter (20 mm). The influence of the bolt system on
column bending resistance can be seen on the example
shown in Fig. 13 and Fig. 14.

0 100 200 300
F, [mm]

H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 12 Influence of the column flange thickness on the column
flange bending resistance

250

240
230
220 ~ =~
)1 T~ I~
F 0 >\< NN
[kN] 200 — S
190 ] N S
180 e TS
I~
170
160
150
123 133 145 160 178 200 229 2,67
(b-d1,p

H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 13 Column flange resistance F;in dependence on the ratio
(b— 4t.)lp

The length of RHS clear face and the bolt distance
ratios, (b-4t.)/p and (b-4¢.,)/w, represent the slenderness
of the RHS clear face in two perpendicular directions. In
all analysed cases, this ratio varied between 1,05+3,6.

The two ratios are observed in two examples where
the following parameters are fixed: column yield strength
Jye = 275 MPa, column flange wall thickness #.,, = 10
mm, endplate thickness 7, = 12 mm, M20 bolt with
quality grade 8.8. In the first example (Tab. 4, Fig. 13),
the vertical bolt distance varies between p = 60130 mm,
while the horizontal bolt distance remains the same, w =
100 mm. In the second example (Tab. 5, Fig. 14), the
horizontal bolt distance varies between w = 60+130 mm,
while the vertical bolt distance remains unchanged, p =
100 mm.

Tabs. 4 and 5 show joint failure modes; R4 represents
column face in bending, while R7 represents endplate in
bending failure.
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Table 4 Change in failure mode depending on the ratio (b—4¢..,)/p

4. Failure mode
(b-4-1.,) —
» Flowdrill |Hollo bolt| Huck |Blind bolt ONEJS}‘DE
123 R7 R7 R7 R7 R7
1,33 R4 R4 R4 R7 R4
1,45 R4 R4 R4 R7 R4
1,60 R4 R4 R4 R7 R4
1,77 R4 R4 R4 R4 R4
2,00 R4 R4 R4 R4 R4
2,29 R4 R4 R4 R4 R4
2,67 R4 R4 R4 R4 R4

Legend: column flange in bending failure, |R7| endplate in bending
failure.

Table 5 Change in failure mode depending on the ratio (b—4t.w)/w

(b 4.1 ) Failure mode
= |Flowdritt| MM | puek [Blind bolt] . AJ
w owdrtlll ¢ ue nd boltl yESIDE
1,23 R7 R7 R7 R7 R7
1,33 R4 R4 R4 R7 R4
1,45 R4 R4 R4 R7 R4
1,60 R4 R4 R4 R7 R4
1,78 R4 R4 R4 R4 R4
2,00 R4 R4 R4 R4 R4
2,29 R4 R4 R4 R4 R4
2,67 R4 R4 R4 R4 R4
Legend: column flange in bending failure, R7| endplate in bending

failure.

The same examples are shown on diagrams in Fig. 13
and Fig. 14. The diagrams show influence of the RHS
clear face and bolt distance ratio. Since the column flange
thickness is lower than the endplate thickness in both of
these examples, one would expect that the column flange
fails sooner than the endplate. In spite of this, the
examples prove that in the case of the lowest ratio (1,23)
the yield lines will actually form on the ticker endplate.
When this happens, the bolts are placed on the edge of the
RHS clear face. There is a large variety of factors that
could influence this behaviour, and most important are
position of the I section and curved corners of the section
where increased level of support is provided. Further
reduction of bolt distances, in both directions, will reduce
the column flange bending resistance.

320
300
280 —
260
240

£
[kN]220
200
180
160 =
140

.

1,23 1,33 1,45 1,60 1,78 2,00 229 2,67
(-4t )Iw
[mm]
H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 14 Column flange resistance £;in dependence on the ratio
(b—4t.w)w

Park [6] analysed column flange failure modes. He
noticed that a column flange can fail over a bolt group or
a bolt row. The parametric analysis showed that bolt row
failure can be expected at larger bolt distances, in both

directions, when the ratio (b—4«.,)/p takes the minimal
values between 1,05+1,5, [1]. With adopted column
flange width (b = 200 mm), the results have shown that
bolt row failure will be govern if bolts are larger (M16 or
M20), column flange is ticker (¢, = 12,5+16 mm) and
bolt distances in both directions are higher (p = 100+130
mm and w = 100+130 mm). Fig. 15 shows the change in a
component’s resistance when a bolt row failure occurs.
The diagram’s breaking point on (b—4t.,)/p = 1,36 occurs
after the change of bolt distances in both directions. It can
be concluded that this failure mode is specific in cases
where bolt distances are high and the column flange has a
high bending resistance.

3000

2500 }
F, 2000 pd By
(kN 1500 v A

1000 bl T

500

1,05 1,13 1,36 1,36 1,43 1,50

(b-41,,)p
H Ajax ®Blind bolt Huck ®Hollo Bolt m Flowdrill

Figure 15 Column flange resistance F;in dependence on the ratio
(b—4t.)/p — bolt row failure

Naturally, by increasing the steel quality of column,
its flange bending resistance is increased proportionally.
A more detailed discussion of this issue can be found in

[1].
5 Conclusion

Conducted parametric analyses have shown certain
rules in the behaviour of beam-to-column joints with an
extended endplate and various blind bolt systems.

There are three typical failure modes which are
critical when observing joints with an extended endplate
and various blind bolt systems in cases where the column
is a square tubular profile (RHS). The failure modes are
as follows: bolt in tension, column flange in bending and
endplate in bending. The most common failure mode of
analysed type of joint was column face in bending. The
percentage of the column face in bending failure in all of
the analysed bolt systems varied between 53+68 %. The
difference in these results is due to Blind bolt system
having the lowest tensile resistance and showing a higher
ratio of bolt in tension failure when compared to other
blind bolt systems (23 % when assuming the Blind bolt
quality grade 8.8).

Bolt in tension failure is not a common failure mode.
It occurs when smallest M12 bolts, as well as M16 bolts
in Hollo-Bolt system, are used, Tab. 1. The total column
flange and endplate thickness at which bolt in tension
occurs varies between 24,5+28,5 mm for M12 bolts. For
M16 Hollo-Bolt system bolts minimum total thickness is
28 mm. The Blind bolt system is, once again, an
exception to this since it has a low tensile resistance of a
bolt, [11]. Huck and Ajax ONESIDE have the highest bolt
tensile resistance, [12, 13]. Individual observations have
shown that only joints using Blind bolt systems

Tehnicki viesnik 24, 4(2017), 1103-1112
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experience failure when column flange or endplate
thickness is below 6 mm. All other systems have
experienced bolt failure at minimal column or endplate
thickness of 12 mm.

Failure of the endplate occurs when #/t.,, < 1,0. This
applies to pure yielding of the endplate as well as
combined failure mode.

The bending resistance of the column flange depends
on the bolthole size of each individual system. Therefore,
systems that require a larger hole with the same nominal
bolt diameter have a lower bending resistance. This
applies to Hollo-Bolt and Ajax ONESIDE systems which
require the largest boltholes for installation.

Column flange in bending through bolt row occurs in
a smaller number of cases when bolt distance is higher,
i.e. (b—4t.)/p = 1,05+1,5. Bolt group failure occurs when
bolt distances are lower.

The assessment of the column flange bending
resistance is more reliable when, instead of b1, for the
width of RHS clear face, the b—4¢,, is used. Assessment
with a lower width of RHS clear face implies a higher
bending resistance value, which is in accordance with
Park’s findings, [6].

The linear yield line pattern gives minimal resistance
values for lower bolt distances, while the circular yield
line pattern is applicable for higher bolt distances.
However, the elliptical yield line pattern gives minimal
bending resistance values in all cases and its usage is
recommended.

Due to membrane action effect, the bending
resistance of the column flange increases. This is in close
relation to the recent test results, [6], and thus it is
recommended to take it into account during the
assessment. If the current equation for column flange
bending resistance would be replaced by the equation of
simultaneous membrane action and yielding of the hollow
section, the thread stripping failure in Flowdrill systems
could become valid. Such a failure mode was seen often
in laboratory tests [6, 11], which implies that current
linear and circular yield line patterns underestimate the
actual bending resistance of the column flange.

6 References

[1] Javora, A. Resistance of bolted joints with different blind
bolt systems. / pre-Bologna master thesis, (mentor: Skejic,
D.), Faculty of Civil Engineering, University of Zagreb,
Zagreb, 2013. (in Croatian).

[2] Skeji¢, D. Reliability assessment of beam-to-column joints
with cleats. / Dissertation, Faculty of Civil Engineering,
University of Zagreb, Zagreb, 2009. (in Croatian).

[3] European Committee for Standardisation (CEN): EN 1993-
1-8: Eurocode 3: Design of steel structures, Part 1-8:
Design of joints. Brussels: CEN; 2005.

[4] Barnett, T.; Tizani, W.; Nethercot, D. The practice of blind
bolting connections to structural hollow sections: a review.
// Steel Composite Structures. 1, (2001), pp. 1-16.
https://doi.org/10.12989/scs.2001.1.1.001

[5] Kurobane, Y.; Packer, J. A.; Wardenier, J.; Yeomans, N.
Design Guide 9 for structural hollow section column
connections. 1st ed. CIDECT, 2005.

[6] Park, A. Y. Semi-rigid joints to tubular columns and their
use in semi-continuous frame design. / Ph.D. thesis, Faculty
of Engineering and Physical Sciences, University of
Manchester, Manchester, UK, 2012.

[7] British Steel. (1996b). CIDECT Report No. 6F-13B/96
Flowdrill Jointing System Part 2 Structural Hollow Section
Connections. Corby, England: British Steel Tubes & Pipes

[8] British Steel. (1996). CIDECT Report No. 6G-14(A)/96
TS&MD Report No. P034.S.06-1/96: Hollofast and
Hollobolt System for Hollow Section Connections, Corby,
England: British Steel Tubes & Pipes.

[91 Mourad, S. Behaviour of blind bolted moment connections
for square HSS columns. / Ph.D. thesis. Canada McMaster
University, 1994.

[10] Korol, R. M.; Mitri, H.; Mirza, F. A. Plate reinforced
square hollow section T-joints of unequal width. //
Canadian Journal of Civil Engineering. 9, 2(1982), pp. 143-
148. https://doi.org/10.1139/82-017

[11] Blind Bolt Company, Thin Wall Bolt product specification,
URL: www.blindbolt.co.uk, (20.06.2013)

[12] Huck Fastening Systems, URL: www.fsrivet.com,
(20.06.2013)

[13] Fernando, S. Joint design using ONESIDE TM structural
fastener. // Technical note: AFI/03/012, Ajax Fasteners,
Victoria, 2005.

Authors’ addresses

Anka Javora, univ. spec. aedif.

Ministry of Construction and Physical Planning
Ulica Republike Austrije 20, 10000 Zagreb, Croatia
E-mail: anka.javora@mgipu.hr

Davor Skeji¢, PhD

University of Zagreb

Faculty of Civil Engineering, Department for Structures
Fra Andrije Kacica-Miosica 26, 10000 Zagreb, Croatia
E-mail: davors@grad.hr

1112

Technical Gazette 24, 4(2017), 1103-1112



	1 Introduction
	2 Blind bolts systems
	3 Failure modes of blind bolted joints
	4 Parametric analysis of blind bolted joints
	5 Conclusion


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [595.276 841.890]

>> setpagedevice



