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Abstract. The use of cold-formed steel (CFS) as a frame in a single-story structure building
system has been widely applied. However, the use of cold-formed steel for multi-story buildings
is still constrained in the structure system, especially column. In the conventional structure,
columns used in large dimension, height, h> 150 mm and thickness, t> 1.2 mm which makes the
construction cost expensive. An innovation of cold-formed steel combine profile into one
compression member unit is very interesting to study, furthermore, previous research provides
information on a variety of cold-formed steel behaviors with small dimensions of height, h <150
mm and thickness, t <1mm, which can be developed into columns with greater strength. There
have been a lot of research on behavior on cold-formed steel, but the study on screw optimization
especially on combined profile to become compression member still need to develop. From the
compression test on double profile back to back and flange to flange length, I = 300 mm and
screw distance variation, 25 to 150 mm with 50 mm intervals, indicating a response similarity at
screw spacing 25 mm, 50 mm and 75 mm, while the screw distance 100 mm, 125 mm and 150
mm experienced backline capacity.

1. Introduction

The use of cold-formed steel as a structure especially in residential construction has been widely used
in almost all parts of the world. This acceptance is due to its easily applicable, cost effective and, ease
transportation and of fulfilment in quantity. Optimization of cold-formed steel framing system design is
an important part to ensure the level of structural security and the cost-effectiveness of construction [1,
2]. To compile a Cold-formed steel framing system cannot be separated from the significant role of a
system connection from the bottom structure to the top structure. Because the framing system is
composed of connections of cold-formed steel profiles combined into a load-bearing structure. Study of
the connection system in cold-formed steel has been done, especially in truss system and beam-column
joint model. [3]

However, a study that specializes in connection on combined profiles to become a structural column
is still deficient in literature. In the conventional structure, the columns used still in large dimension
height, h> 150 mm in thickness, t> 1.2 mm which makes the construction cost expensive [4]. Innovation
of cold-formed steel combine profile into one compression member unit is becoming a main objective
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in this study, furthermore, previous research provides information on a variety of cold-formed steel
behaviors with small dimensions of h <150 mm and thickness t <1mm, which can be developed into
columns with great strength. There have been a lot of research on behavior on cold-formed steel, but the
study on screw optimization especially on combine profile to become compression member still need to
be developed. Using the empirical approach compiled with finite element analysis using software and
then validated experimental to meet the objectives, the optimum distance obtained can be used on
connection between profiles to compile a unit compression member.

2. Parametric Study

2.1 Problem considered

The results of preliminary study obtained have shown that the cold-formed as columns provide a variety
of behavior when receiving the axial load. There are differences in behavior between single profile,
double profile, and triple profile CFS as a column. (Figure 1)

P

(a.) (b.)

Figure 1. (a.) Single and Triple profile behaviour: torsional buckling dominated, (b.) double profile
behaviour: local buckling dominated.

In figure 1.a shown when profiles CFS is pressed, it will experience torque due to this profile is not
only thin with a thickness of 0.75 mm but also the ratio between the length and dimension (slenderness
ratio, le/r) more than the standard limit i.e. le/r> 40 [5, 6]. Also, from behavior of cold-formed steel in
figure 1.a, it was observed that little load, the profile experiences torque. Figure 1.b shown double profile
did not experience a significant torque behavior but buckling behavior which leads to total collapse and
was noticed as the dominant behavior. This happened because there no enough connection to assemble
these profiles into a unified element compression member. Figure 2 shown basic performance cold-
formed steel when received axial load and many types of combined profiles.
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Figure 2. Basic performance cold-formed steel when received axial load

Combining multiple profiles into a stronger element of compression member is one solution that can
be sought. The constrain that is usually faces, is how to unite multiple profiles into a single unit. When
designing combined multiple profiles into a single unit, the distance variable screws along the element
compression member is not included in the design calculation. So, it can be understood that the
calculation refers to the perfect condition of stringed element compression member into one unity like
welded perfectly. However, this perfect welding condition is very difficult to achieve due to the thin
profile [7]. Therefore, the best solution is to assemble it using screw, popularly known as self-drilling
screw. Furthermore, the problem is how optimal the screw spacing can give the same strength with the
welding connection for combine profile. Furthermore, determination of the optimum screw distance
through experimental process becomes parametric analysis in this research. Screw type used is a type of
screw with hexagonal head (hex washer head, HWH) and conventional screw (Philips pan head, PPH)

[8], shown in figure 3.
[ S Clamping
{ Material Being Fastened
—— Base Material
J \‘\ Threading
PPH HWH

Figure 3. Type of Screw, Philip pan head, PPH and hex washer head, HWH. (www.hilti.com.ca)

Screw property used in the research is #8 diameter 4.165 mm with length 20 mm. In detail technical
data of screw shown in table 1.

Table 1. Technical data of screw, ultimate strength Pullout Tension, Ib (kN). (www.hilti.com.ca)

Thickness of stel member not in contact with the screw head, ga

Screw Nominal (in.)
. . Diameter

Designation In. 20 18 16 14 12 10
(0.036)  (0.048)  (0.060)  (0.075)  (0.105)  (0.135)

46 0.138 190 250 320 395 555 715
(085  (111)  (142)  (L76)  (247)  (3.18)

p 0.151 210 275 345 435 605 780
' (0.93)  (122)  (153)  (1.93)  (269)  (3.47)

48 0.164 225 300 375 470 660 845
(1.00)  (1.33)  (1.67)  (209) (294  (3.76)

10 0.190 260 350 435 545 765 980

(1.16)  (1.56)  (1.93)  (242)  (3.40)  (4.36)


http://www.hilti.com.ca/
http://www.hilti.com.ca/
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295 395 495 620 870 1120
#12 0216 131y  (w76) (2200 (276) (387)  (4.98)
ain 0250 345 460 575 715 1000 1290

(153) (2050  (256)  (3.18)  (4.45)  (5.74)

3 Experimental Test

3.1 Test set-up and test procedure

In this research, series of tests have been conducted to study the basic performance of cold-formed steel,
where the basic behavior of cold-formed is strongly influenced by the slenderness of the profile. To
ensure that the behavior of cold-formed steel only applies local buckling deformation, this experiment
uses the slenderness ratio of Le/r <40 [5].

Figure 4. Samples with variable screw distances.

Profile C75 channel lips was used for this research with dimensions: web, h = 75 mm; flangel, bl =
37mm; flange2, b2 = 35mm; lips, ¢ = 8.5mm and thickness, t = 0.75mm with le profile length = 300
mm. This dimension is chosen because the type of profile is widely used as a structure framing system
in the building structure, not only because is cheap but also flexible in the fabrication of a structure.
Profile C75 can be arranged into double profile back to back and further with the different dimensions
of flange b1 and b2 really allow this profile to be assembled to close profile as shown figure 5.

b1 b1 bp1 bp! )
~H IIC CF”M Mcm = :l f
| J[e <p2]| JJer2 ! ;_L J

Figure 5. Double profile back to back and Double profile flange to flange or Close Profile.

For the length of sample le = 300mm has met the criteria as a short compression member Le/r = 20.30
<40 where with this provision is not expected to occur flexural buckling due to compression load [5, 6].
So, the purpose of this research can be achieved by getting the maximum load by varying the distance
screws along the compression member.

3h<kl<20r (1)
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Figure 6. Compression test machine Tunius Olsen.

Figure 6 shows the test model for maximum load on combined profile, in this case double profile
back to back 300mm long (BB300) and flange to flange length 300mm (FF300). The screw variations
used are shown in table 2.

Table 2. Type of profile combine and variation screws distance.

Type Length, mm  S1,mm S2,mm S3,mm S4.mm S5,mm
Flang to Falange (FF300) 300 25 50 75 100 125
Back To Back (BB300) 300 25 50 75 100 125

The source of screw distance variation was informed by similar research conducted by Bondok et.al.
[9] where minimum screw distance used is 0.57 in for vertical direction and 0.57 in for horizontal
direction. While in this research, two variations are considered which are vertical distance FF300 and
combination of vertical and horizontal BB300.

3.2 Analyse and calculation

The calculation was carried out based on Eurocode 3 Part 1-3: General rules - Supplementary rules for
cold-formed members and sheeting [5, 10], and capacity compression member design combined with
AS/NZS 4600 2005 [6, 11, 12].

Nc,Rd = Aeff fyb/ Mo Aeff <Ag (2)
Nerd = Ag( fyb +(fya‘fyb) 4(1‘249/190) ) / Mo T Aetr =Ag (3)
X Aeff-fyb
Nppa = ———
Ym1 4)
Mcz,Rd,com = (Weff,com . fyb)/VMO (5)

NEd Mzgat A Mzgq
+ < 1.0 (6)

Nc,Rd Mcz,R d,cm
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Double Back to Back Double Flange to flange (close profile)

Nc,Rd
Nb,Rd 3 NeROKN
01 N, Rd K
5 |

KN

Force, KN

Nb,Rd KN

N

0 500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
Length, mm length, mm

Figure 7. Calculation results double profile back to back and double profile flange to flange.

Figure 7 shows compression member calculation results for double back to back (BB) and flange to
flange (FF) profiles. Resistance cross section, Ncrq for double profile BB is 50.06 KN and double profile
FF is 50.07 KN, it shows the similarity of the cross section capacities in the ability to accept the
compressive style although different in the drafting model. As for the capacity of buckling resistance,
Np,ra there is slightly difference where for the same length of rod is 500 mm, double profile BB 37.04
KN similar to double profile FF of 37.99 KN, this is because of the difference radius of Gyration between
the two models of about 21 % where double profile BB is bigger than double profile FF.

To obtain a constant value for this combination of profiles, the N¢q values were not affected by the
length of compression member under the slenderness ratio. In this case, the length of the double profile
300 mm with variation of screw distance as in table 1.

3.3 Cases analysed

From the test result for double profile back to back Length, L = 300 mm with variation of screw distance
obtained result as in graph and picture below:
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Double Falnge to Flange , L=300mm, s=25mm

I el - = —— - - = B3.05524921

KN

—— FF300-25-01
—— FEI00-25.03
10 ——— FF02502

== = average

o ns 1 15 2
mm

Double Flange to Flange, L=300mm, s=50mm

70
60

___________—/—/7'—.,— —————————— 57.37328414
) ,\

40
= FF300 5002

KN

00- 51
30 FF300-50.03
FF300-50-01

20

AVLRALL

(b)

Double Flange to Flange, L=300mm, s =75mm

60

et b el N 57.36666667
5

0 /
FF300-75-01
30 / —— FF300-75-02

/ — FF300-75-03
20 == =awrage

KN

10
0
0 05 1 15 2 25
mm ( )
Double Flange to Flange, L=300mm, s=100mm
70
60
---------------------- = oo om-m------ 571
50
40
g ——— FF300-100-01
e FF300-100-02
2 ——— FF300-100-03
---- average
10
o ,
0 05 1 15 2 25

Figure 8. Graphic and picture testing results for double profile flange to flange, L=300 mm (FF300).
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Double Flange to Flange, L=300mm, s=125mm
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Figure 9. Graphic and picture testing results for double profile flange to flange, L=300 mm (FF300).

From the test results it appears that the more tightly screw distance is the greater the cross-sectional
capacity in resisting the force. In Figure 8.a the deformation occurs indicating local buckling that is
evenly distributed along the cross section, so it can be deduced that with a tight spacing the distribution
of forces is evenly distributed along the cross section. A similar condition also occurs at screw spacing
of 50 mm and 75 mm with a maximum force of 57 KN shown in Figures 8.b and 8.c. While for screw
distance 100 mm (figure 8.d) and 125 mm (figure 9), there is a change of profile when receiving
maximum load 57 KN and 34 KN for FF300-100 and FF300-125 respectively. More clearly the
comparison of test results for double profile flange to flange length 300 mm as in the graph (figure 10).

Figure 9 explains that 50 mm screw spacing and 75mm screw spacing give the same result in holding
the axial press. Not only in same capacity but, also the same in the form of cross-section deformation.
In other words, the profile FF300-50 is identical to the FF300-75 profile. While for the FF300-100,
although providing a response that is almost equal to the shorter screw distance, but the deformation is
larger and even almost equal to the screw distance of 125 mm (FF300-125). So the profile FF300-100
is identical to FF300-125.

Flange to Flange section, L=300 mm

64 T
63 +
62 +
61 +
60 T
59 +
58 +
57 +
56 1
55 +
54 1
53

P, kN

0.00 20.00 40.00 60.00 80.00 100.00 12000  140.00

Screw distance, mm
Figure 10. Graphic Screw distance and maximum load at double profile flange to flange.

Test results for double profile back to back with Length, L =300 mm obtained results as in the picture
and graph in figure 11 and figure 12. Figures provide information about the double profile back to back
behavior in response to axial loads with screw distance variations of 25 mm - 125 mm with 25 mm
increments respectively. Clearly shifted form changes from each model back to back double profile with
length 300 mm (BB300).
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Double back to back, L=300, s=25
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Figure 11. Graphic and picture testing results for double profile back to back, L=300 mm (BB300).
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Double back to back, L=300mm, s=125mm
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Figure 12: Graphic and picture testing results for double profile back to back, L=300 mm (BB300).

The consistent value occurs at screw spacing of 50 mm, 75 mm and 200 mm where not only the same
cross-sectional capacity but also the profile change after receiving maximum load is also identical. More
clearly the shape changes on the double profile with a 125 mm screw spacing, where almost as long as
the profile there are elements that have deformation as in figure 9.e.

Double profile back to back L=300 mm

Force, KN

51.00 +
50,00 +

49.00 +

48.00

0.00 20,00 40.00 60.00 80.00 100.00 120,00 140,00

Screw distance, mm
Figure 13. Graphic Screw distance and maximum load at double profile back to back.

From figure 13, it can be retrieved that for back to back model with screw distance of 75 mm and
100 mm as interconnection profile is enough to withstand axial load press which is almost identic with
welding connection model used to compose double profile.

4. Discussion and Conclusion

The effect of distance screw in combined profile are significant influence in increasing strength capacity
of combined profiles. The results in this study can explain that Double profiles Flange to Flange (FF300)
that 50 mm screw spacing and 75mm screw spacing give the same result in holding the axial press. Not
only in same capacity but, also the same in the form of cross-section deformation, so recommendation
for combined profile flange to flange is 50mm -75 mm. whereas double profile double back to back with
length 300 mm (BB300), the consistent value occurs at screw spacing of 50 mm, 75 mm and 100 mm
where not only the same cross-sectional capacity but also the profile change after receiving maximum
load is also identical, so recommendation for double profile back to back is 100 mm-125 mm.

The results of this study can be concluded that the cross-sectional capacity increases drastically if
the profile is combined with other profiles. It is proven that if single profile the capacity is around 23
KN, whereas if combined into double profile its cross-section capacity becomes more than 50 KN, more
details there is more than 2 times increase of capability of single profile based on the calculation on the
paper. On the other hand, if validated by experiment with screw connection, there is a very significant

10
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increase that is more than 2.7 times larger double profile compared with a single profile. The ratio
between calculation and experiment is 1: 1.14 or in other words Ncai = £ Nexp With value &= 0.88.

Finally, from the results of this study can be concluded that the assembly of CFS profile into a
combined profile, especially double profile back to back and flange to flange can increase the capacity
of the cross-section in receiving compression load.
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