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Abstract

Structural steel is commonly used as construction material. In designing structural steel, practitioners typically use the steel
section properties table to obtain the necessary data needed to calculate the nominal strength of the selected section. The
commercially available section properties tables in Indonesia typically list the weight, section area, inertia, radius of gyration, and
section modulus of the commercially available steel sections. In many cases, it is not uncommon for built-up sections to be used
as structural members. The section properties of these built-up sections are not readily available in the aforementioned section
properties table. A series of tables have been developed to enlist the section properties of the built-up sections that are commonly
used in Indonesia. Moreover, these tables also provide the nominal strength of the built-up sections with respect to several loads,
i.e. tension, compression, bending, and shear. These nominal capacities will enable the practitioners to design built-up structural
steel sections more easily and efficiently.
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1. Introduction

Steel is one of the most widely used construction materials in Indonesia. Bridges, warehouses, factories, airport
terminals, office buildings, and apartments typically use structural steel. In Indonesia, steel are widely used since the
1970s. To ensure the safety of buildings constructed using structural steel, design codes have been issued by the
regulators. Designing structural steel sections according to the design code requires the section properties data to
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calculate the section nominal strength with respect to the working load. Tables enlisting the section properties of
commercially available structural steel sections are frequently used to help the designer obtain the required section
properties such as weight, area, inertia, and radius of gyration. However, these tables do not list the section
properties of the built-up sections, which are also commonly used in construction practices. The design code of
structural steel in Indonesia, SNI 03-1729-2002[1], uses the Load and Resistance Factor Design (LRFD) concept. In
LRFD, the factored load is compared with the nominal strength of the selected steel section. These nominal
capacities can be calculated for each of the steel sections with respect to the load. In this paper, tables enlisting the
section properties of built-up sections will be presented. Moreover, these tables will show the nominal strength of the
built-up steel sections with respect to tension, compression, bending, and shear loads.

2. Scope of study

A literature study has been done to gather the required data for developing the design capacity tables. Data
required are various design codes (especially the SNI 03-1729-2002[1]) and the list of the commercially available
structural steel sections. A small research has also been done to find out which configurations of the built-up sections
are most commonly used in construction practices. Double channels and double angles are among the most
commonly used built-up steel sections in constructions practices in Indonesia. Design tables for single channel and
single angle section will also be presented, to make it easier for designers to compare the cost/benefit of built-up
sections (double channel and double angle sections) and single sections. All calculations for obtaining the nominal
capacities presented were carried out using Microsoft Excel spreadsheets, based on the SNI 03-1729-2002[1] design
code. Nominal capacities with respect to tension, compression, bending, and shear are calculated and presented.
Figure 1 below gives the description of the geometry of the sections.

(@)
(©

Fig. 1. (a) single angle; (b) double angle; (c) single channel; (d) double channel

CY

3. Assumptions and analysis

All calculations and requirements used in developing these tables are based on the SNI 03-1729-2002[1] design
code. All steel used are BJ37 structural steel, the most widely available in Indonesia. The weight of the sections are
shown for all the sections in all the tables, to enable the practitioners to select the most economical sections among
the members with adequate nominal strength. For obvious reason, the page limitation, the complete tables are not
shown here. Instead, the examples of the design tables will be shown.
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3.1 Nominal strength in tension

In the design tables for tension members, there are two nominal strength presented for each section. The first one,
nominal yield strength, gives the nominal strength at the yielding of the gross section. While nominal fracture
strength gives the nominal strength when the stress of the net section reaches the ultimate stress (f.,).

The nominal yield strength, N,, for tension members is calculated using Equation 1,

N, = A xf, (1)
where A, = gross section area

f, = yield stress

while Equation 2 are used to calculate the nominal fracture strength.

N, = Axf, (@)
where A = Ux A, = effective section area 3)
U =reduction factor
A, = net section area
fu = ultimate stress
These following assumptions are made when calculating the nominal strength shown on the tables :
e A,=85% Ag (Using the maximum allowable hole area)
e U =1 (other U values can be incorporated into the design by multiplying the shown nominal strength with
the desired U value)

Tables 1 to 4 show examples of design tables for tension members. The nominal strength with respect to tension
loads are shown on the tables for the sections.

Table 1. Nominal Strength in Tension (Single Channel) Table 2 Nominal Strength in Tension (Single Angle)
Weight ¢ N, Weight ¢ N,
Yield Fracture Yield Fracture
kg/m (kN) (kN) kg/m (kN) (kN)
Yield
U30x33x5x7 4.36 119.84 130.87 L15x15x3 045 12.29 1342
U40x35x5x7 497 136.69 149.27 L15x15x4 0.82 22.66 24.75
US50x38x5x7 5.69 156.56 17097 L20x20x3 0.87 23.98 26.18
Table 3. Nominal Strength in Tension (Double Channel) Table 4. Nominal Strength in Tension (Double Angle)
Weight ¢ N, Weight ¢ N,
Yield Fracture Yield Fracture
kg/m (kN) (kN) kg/m (kN) (kN)
U30x33x5x7 8.71 239.68 261.74 L15x15x3 0.89 24.59 26.85
U40x35x5x7 9.94 273.38 298.54 L15x15x4 1.65 45.32 49.49
US50x38x5x7 11.38 313.12 341.94 L20x20x3 1.74 47.95 52.36

3.2 Nominal Strength in Compression

Nominal strength in compression members is heavily dependent on its effective length (Ly). The longer the
effective length of the member, the more susceptible it is to buckling failure. Thus, the nominal strength for
compression members are presented based on their effective length. Effective length (L) shown is in 1 meter (m)
increment,up to 12m (1,2, 3,4,5,6,7,8,9,10, 11 and 12 m).

The calculation of the nominal strength for compression members, and their dependency to the member’s effective
length are shown in Equations 2 to 10.
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These following assumptions are made when calculating the nominal strength shown on the tables :
e For double channels and double angles, the distance between the two sections is assumed to be the same

value as the thickness of the single sections.

1145

e  For double channels and double angles, the recommended maximum allowable spacing of the couple plates

(L max) are shown.

e  Empty value cells in the nominal strength means that the section is not recommended to be used because one
pty g

or more design requirements are not met.

Tables 5 to 8 show examples of design tables for compression members. The nominal strength with respect to

compression loads are shown on the tables for the sections.

Table 5. Nominal Strength in Compression (Single Channel). Table 6. Nominal Strength in Compression (Single Angle).
O N, ¢ Ny
Lkzlm Lk:2m Lk:3m Lk:Im Lk:2m Lk:3m
(kN) (kN) (kN) (kN) (kN) (kN)
U30x33x5x7 68.25 - - L30x30x3 8.32 - -
U40x35x5x7 81.19 23.61 - L30x30x4 10.71 - -
Us50x38x5x7 98.98 32.13 - L30x30x5 12.83 - -

Table 7. Nominal Strength in Compression (Double Channel).

Weight ¢ N,
kg/m Li=1m Ly=2m
(kN) L; max (mm) (kN) L; max (mm)
U30x33x5x7 8.71 14701 488.69 45.10 488.69
U40x35x5x7 9.94 194.00 514.48 99.36 51448
U50x38x5x7 11.38 231.06 489.79 159.59 560.86
Table 8. Nominal Strength in Compression (Double Angle).
Weight ¢ N,
kg/m Li=1m Ly=2m
(kN) L; max (mm) (kN) L; max (mm)
L30x30x5 436 60.89 440.98 - -
L35x35x4 4.19 69.67 526.76 20.86 526.76
L35x35x6 6.07 99.65 517.36 29.17 517.36

3.3 Nominal Strength in Bending (Local Buckling)

The design tables for flexural members in bending present the nominal strength in both x and y axis of the
sections. The nominal strength values shown are the most critical ones, obtained from local flange buckling and local
web buckling limit states. According to local flange buckling and local web buckling limit states, there are three
categories of sections: compact, non-compact, and slender. Compact sections are the least susceptible ones to local
buckling failure, while slender sections are the most susceptible ones. Different range of slenderness ratio (4 )
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values separates each categories. Equations 10 to 12 shows how to obtain the nominal strength values in local
buckling for compact, non-compact, and slender sections.

for A<, M, =M, =Zxf  (compact) 10)
(2,-4)
for ﬂp <A<, M, =M, +M,-M,);——= (non-compact) (11)
(/1' _Ap)
ﬂ, 2
for 1> 4, M, =M, (7’) (slender) (12)

where M, :S(fy—f,)

Z = plastic section modulus
S = elastic section modulus
fr = residual stress

Tables 9 to 12 show examples of design tables for local buckling limit state. The nominal strength are shown on the
tables for the sections.

Table 9. Nominal Strength in Local Buckling (Single Channel). Table 10. Nominal Strength in Local Buckling (Single Angle).
Weight ¢ Mn Weight ¢ Mn
oMo, oM, 0 Mo =0 M,
(kg/m) (kNm) (kNm) (kg/m) (kNm)
U30x33x5x7 436 1.22 1.04 L15x15x3 045 0.04
U40x35x5x7 497 1.93 1.29 L15x15x4 0.82 0.08
US50x38x5x7 5.69 2.82 1.66 L20x20x3 0.87 0.11
Table 11. Nominal Strength in Local Buckling (Double Channel). Table 12. Nominal Strength in Local Buckling (Double Angle).
Weight ¢ Mn Weight ¢ Mn
OMu O My oM O My
(kg/m)  (kNm) (kNm) (kg/m) (kNm) (kNm)
U30x33x5x7 8.71 243 3.74 L15x15x3 0.89 0.09 0.14
U40x35x5x7 9.94 3.86 432 L15x15x4 1.65 0.15 032
US0x38x5x7 11.38 5.64 507 L20x20x3 1.74 0.23 0.36

3.4 Nominal Strength in Bending (Lateral Torsional Buckling)

For flexural members in bending without continuous lateral support, the lateral torsional buckling limit state
applies. The nominal strength due to lateral torsional buckling limit state is heavily dependent on the distance
between lateral supports. The longer the distance between lateral supports the more susceptible the flexural members
to lateral torsional buckling. Thus, the design tables for flexural members without continuous lateral support are
presented based on the distance between their lateral supports. Distance between lateral supports (L) are shown in 1
meter (m) increment, up to 12 m (1, 2,3,4,5,6,7,8,9, 10, 11 and 12 m). Based on its L value, members are
categorized into three categories: short span, medium span, and long span. Members with short span are the least
susceptible ones to lateral torsional buckling, while members with long span are the most susceptible ones.
Equations 13 to 15 shows how to obtain the nominal strength values in lateral torsional buckling for members with
short, medium, and long span.

for L< L, M, =M, = Z><fy (short span) (13)

L —-L
for L,<L<L M,6=C, M;l—(Mp—M)u (medium span) (14)

(£,-L,)
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2
for L>L, .M, =C, %\/EI},GJ +(%) LI,  (longspan) (15)

where C, = 12M o (16)

2,5M_, +3M ,+4M, +3M .
G = shear modulus
J = twist constant
2
1h
4

Tables 13 to 16 show examples of design tables for lateral torsional buckling limit state. The nominal strength are
shown on the tables for the sections.

w=

Table 13. Nominal Strength in Lateral Torsional Buckling. Table 14. Nominal Strength in Lateral Torsional Buckling

(Single Channel) (Single Angle).
¢Ml'l ¢Mn
L=Im L=2m L=1m L=2m
(kNm) (kNm) (kNm) (kNm)
U30x33x5x7 1.19 1.14 L15x15x3 0.09 0.05
U40x35x5x7 1.88 1.77 LI5x15x4 0.19 0.16
U50x38x5x7 2.74 2.55 L20x20x3 0.27 0.20

Table 15. Nominal Strength in Lateral Torsional Buckling

Table 16. Nominal Strength in Lateral Torsional Buckling

(Double Channel). (Double Angle).
¢ M, 6 My
L=1m L=2m L=1m L=2m
(kNm) (kNm) (kNm) (kNm)
U30x33x5x7 3.64 343 L15x15x3 0.13 0.10
U40x35x5x7 4.28 4.10 L15x15x4 0.30 0.26
US50x38x5x7 507 4.90 L20x20x3 0.33 0.29

3.5 Nominal Strength in Shear

In steel sections under shear, the web will completely yield long before the flanges begin to yield. Thus, yielding
of the web is the most important shear limit states. The shear yield stress is typically taken as 60% of the tensile
yield stress, thus:

\%

f,==1=06f, (17)
AM’ ’

V,=06f,A, (18)

The Equation 18 above is the nominal strength in shear provided that there is no shear buckling of the web. Shear
buckling of the web depends on its A/t ratio. If the ratio is too large, the web will buckle elastically or inelastically
in shear.

Tables 17 to 20 show examples of design tables for flexural members in shear. The nominal strength with respect to
shear loads are shown on the tables for the sections.

Table 17. Nominal Strength in Shear (Single Channel). Table 18. Nominal Strength in Shear (Single Angle).

Weight ¢V, Weight o Vy
(kg/m)  (kN) (keg/m)  (kN)
U30x33x5x7 4.36 19.44 L15x15x3 045 3.89
U40x35x5x7 497 25.92 L15x15x4 0.82 7.78
US0x38x5x7 5.69 32.40 L20x20x3 0.87 7.78




1148 Effendy Tanojo et al. / Procedia Engineering 125 (2015) 1142 — 1148

Table 19. Nominal Strength in Shear (Double Channel). Table 20. Nominal Strength in Shear (Double Angle).
Weight ¢V, Weight oV,
(kg/m)  (kN) (kg/m) (kN)
U30x33x5x7 8.71 38.88 L15x15x3 0.89 7.78
U40x35x5x7 9.94 51.84 L15x15x4 1.65 15.55
U50x38x5x7 11.38 64.80 L20x20x3 1.74 15.55

4. Concluding remarks

Examples of the developed design capacity tables for built-up sections have been presented. The selected built-up
sections are double channels, double angles, and castellated beam sections. Nominal capacities, based on SNI 03-
1729-2002[1], for these sections are presented, with respect to tension, compression, bending, and shear loads.

Design capacity tables for single channels and single angles sections are also presented as they are required to
make it easier for the designer to weigh the cost/benefit of using built-up sections (double channels and double
angles sections) compared to single sections. The tables also provide additional information as compared to the
commercially available section properties table because they not only showing the section properties values, but also
shows the nominal strength values of the sections with respect to tension, compression, bending, and shear loads.
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