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GSE SOFTWARE

General Structural Engineering BUILT UP SECTIONS

APPLICATION Built-up sections are sections built from other existing
GSE Steel

sections. The properties of the built-up sections are

FUNCTIONALITY calculated based on the properties and dimensions of the

Using built up sections in SAFI source sections and the assembly schema.

Unless noted otherwise, if the source sections defining the
built-up sections are modified by the user, the properties of
the built-up sections should be recalculated accordingly by re-
editing the section.

SAR
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LIST OF THE BUILT-UP SHAPES

The images below present a sample of the built-up sections available in SAFI.
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CREATION OF A BUILT-UP SECTION

To create a built-up section, you need to use the Built-Up Sections command (€:) from the Table — Sections
menu. Then click on the Add a new tab button and select the desired shape.

Duplicate Current
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Built-up sections are sections built from other existing sections. The properties of the built-up sections are
calculated based on the properties and dimensions of the source sections and the assembly schema. Unless
noted otherwise, if the source sections defining the built-up sections are modified by the user, the properties
of the built-up sections should be recalculated accordingly by re-editing the section and clicking on the
Recalculate Properties button.
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Built-Up Sections
Parameters E— Dirnensions
D 4 11
Source Sections Total Width () | 15.000 in
Main Section (lm} | 2 - W27x94 El » Total Height (H} | 27.300 in
Buit-Up Section Material A35
Cap Section ()| 3-C15x33.9 =[] ;
. Properties
Classification o
Section Class (Cf} Compact [+] ;B Calculated | |
Section Class (Mx+) Compact | 7 |||Cross Section Area (&) 37.65|in.2
Section Class (Mx-) Compact w |||Cross Section Area for Weight (Agw ) 37.85)in2
Section Class (My) Compact [ = |||Moment of Inertia - Strong Axis (o) 452823 in4
Mesh Preview Moment of Inertia - Weak Axis (lyy) 440.69 in.4
Torsional Modulus (J) B8.42E+000 in.4
& fopees ] Warping Constant (Cw ) 39182.13 in.6
Torsional Stress Constant (Ct) 1.58E+000 in
Shear Center wiT to c.g. (Xo) 0.00 in
Shear Center wir to ¢.g. (Yo} 5.B5E+000 in
Alpha Angle (Alpha) 0.00 deg
Elastic Section Medulus (Sx,min} 267.73 in.3
Elastic Section Modulus {Sy,min) 5876 in 3
Tuggle Preview Mode Plastic Section Modulus (Zx) 357.51in.3
[ \W27x94-C15x33.8 | |Plastic Section Modulus (Zy) 89.89)in.3
”; 15 _14 Shear Stress Constant (Cs,x) 55.00/in.2
U 1 Shear Stress Constant (Cs,y) 387.45 in.2
Coefficient of Asymmetry (Bx) 18.52in
| .= Radius of Gyration of Components (rs) 0.00 in
o Effective Shear Area (Aw x) 1.58E+001 in.2
i Effective Shear Area (Aw,y) 1.26E+001 in.2
- 0.450825 Shear Defiection Constant (ks x) 4 22E-001
n Shear Deflection Constant (ks,y) 3.38E-001
*— 10 ﬁ‘é‘l Radius of Gyration of the Top Flange (rt top) 445 in
g Radius of Gyration of the Bottom Flange (rt,bot) 2.46E+000 in
= Inertia of the Top Flange (lyc,top) 378.42 ind
Inertia of the Bottom Flange (yc bot) 62.16in.4
< W27x94 - C15x33.9

CLASSIFICATION AND LIMIT STATES CALCULATIONS

The calculation of the limit states is available for all built-up sections. However, the user is responsible of
specifying the section class. If the class of the section is not specified, it will be considered as Non compact
by default.

The class of the section in compression, positive bending, negative bending as well as bending on the wea
axis must be specified for the program to calculate the resistances. In the case of a slender section, the
appropriate effective properties must also be specified.

Classification

Section Class (Cf) Slender B

Section Class (Mx+) Slender [~

Section Class (Mx-) Slender [~

Section Class (My) Slender E]

Eff. Area in Compression (Aceff) 0 in.2
Eff. Elastic Sect. Modulus (Sx+eff) 0 in.3
Eff. Elastic Sect. Modulus (Sx-,eff) 0 in3
Eff. Elastic Sect. Modulus (Sy,eff) 0 in.3
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The classes are described in more details in the design codes. A general overview of the classes is provided
below:

Unknown/No Design
The corresponding resistance and associated limit states are not calculated.
Plastic and compact classes

May reach yield stress on the entire section before local buckling of the walls of the section (Mp). In general,
the bending resistance is calculated using the plastic section modulus (Zx or Zy)

Non compact class

May reach yield stress on a part of the section before local buckling of the walls of the section (My). In general,
the bending resistance is calculated using the elastic section modulus (Sx or Sy)

Slender class

The section is made of slender walls that may buckle before reaching the yield stress (Fy). Each design code
specifies how to calculate the effective properties of slender sections.

SAFl does not automate the classification process for built-up sections. However, the @ button allows to obtain
the class of the components separately (as if they were not attached) according to the material properties and
selected design code.

This information is provided as a reference, the final section classes must be specified by the user. For example,
the connectors used to assemble the parts directly influence the classification. In the case of a slender section,
the appropriate effective properties must be specified by the user.

Built-Up Section Components Classification (AISC-LRFD-05 - Fy = 36 ksi)

g Section ' Class (Cf) \ Class (Mx+) Class (Mx-) \ Class (My) ‘
2 - W27x94 Slender Compact Compact Compact
3-C15x33.9 Non Compact 'Compact Compact Non Compact

0K

LCancel

Help
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SECTIONS WITH DIAGONAL LACING

The Consider plates as option allows to specify if the plates attaching the built-up section components are
continuous plates or diagonal lacing. This option is available only for shapes that may be assembled using
plates or diagonal elements.

These shapes are shown below:
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The plates attaching the main parts may be considered as Continuous plates or as Diagonal lacing. The
diagonal lacing increases the torsional and warping properties but does not influence the axial and bending
properties. When the Diagonal lacing option is selected, the area of the section as well as the bending
properties listed below are calculated ignoring the plates.

e Cross Section Area (A)

e Moment of Inertia - Strong Axis (Ixx)
e Moment of Inertia - Weak Axis (lyy)
e Elastic Section Modulus (Sx,min)

e Elastic Section Modulus (Sy,min)
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e Plastic Section Modulus (Zx)

e Plastic Section Modulus (Zy)

e Radius of Gyration of the Top Flange (rt,top)

e Radius of Gyration of the Bottom Flange (rt,bot)
e Inertia of the Top Flange (lyc,top)

e Inertia of the Bottom Flange (lyc,bot)

Note that when the Diagonal lacing option is selected, it is still required to specify a plate of equivalent
thickness as it is used to calculate the other properties of the section.

BUILT-UP SECTIONS PROPERTIES

Many properties may be calculated exactly using simple equations. However, most references use
approximate equations for the calculation of the torsional modulus (J), the warping constant (Cw) and the
coefficient of asymmetry (Bx). SAFI does not use these simplified equations to calculate the built-up sections

properties as they are not available for complex shapes.

8ut7 Up Saction Mesh Previen —

1

@S

Hence, all built-up sections properties are calculated with a general approach using finite elements which
provides very accurate results. The Preview Mesh button allows to view the mesh used in the calculations.
The mesh automatically generated by the program allows to obtain a particularly good precision.

The properties calculated are summarized below:
=1\
Y

—>  x(orz)
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e Cross section area (A)
e Cross section area for weight (Agw)

e Moment of inertia — Strong axis (Ixx)
L, =f y? dA
A
e Moment of inertia — Weak axis (lyy)
I, =f x?% dA
A

e Torsional modulus (J)
w : Warping function

[ [Gor)x-(Ge-2)o]

e Warping constant (Cw)
w : Warping function

Q, = j w dA
A
0w\’
w—Xoy+Yox——) dA
4 A
e Torsional stress constant (Ct)
M
Tt = ]xp Ct

M,,  Pure torsion moment

Ty Maximum torsional stress induced by My,
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e Shear center w/rto c.g. (Xo)
e Shear center w/r to c.g. (Yo)
. : Warping function evaluated w/r to c.g.

_ _ Iy Loy — Ixy Iwy
0 LI, —I2,

_ Ix Iwy - Ixy wa
0~ 2
LI, — I,

e Alphaangle
Angle between the principal axes and the straight axes

e Elastic section modulus (Sx,min)
Iy

y max

Vmax  Distance to the extreme fiberin they
direction

e Elastic section modulus (Sy,min)

Iy

xmax

Xmax  Distance to the extreme fiber in the x
direction
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e Plastic section modulus (Zx)

e Plastic section modulus (Zy)

e Shear stress constant (Cs,z)

V, Shear force along the internal z axis

Tyz Maximum shear stress induced by V,

e Shear stress constant (Cs,y)
V.

y
Ty = Csy
zZ
Vy Shear force along the internal y axis

Txy Maximum shear stress induced by Vy

e (Coefficient of asymmetry in M+ (Bx)
Note that the sign of the coefficient of asymmetry changes according to the compressed flange.

1
2Y, + —f y(x? +y?) dA
L. J,
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e Radius of gyration of the components (rs)

s = Is/As

ls Minimum inertia of a built-up component
As Area of the built-up component
I's

1

[llustration of the radius of gyration

e Effective shear area (Aw,Xx)

e Effective shear area (Aw,y)

e Shear deflection constant (ks,x)

e Shear deflection constant (ks,y)
The effective shear area is used to calculate the shear resistance. The shear deflection constant is
used to calculate the deflections due to shear.

Aw,x = ks,xA

Ay =k A

e Radius of gyration of the top flange (rt,top)

e Radius of gyration of the bottom flange (rt,bot)

e Inertia of the top flange (lyc,top)

e Inertia of the top bottom (lyc,bot)
These values are used to calculate the lateral torsional buckling resistance of singly-symmetric
sections.

The rt radius corresponds to the radius of gyration of the compressed flange plus 1/3 of the
compressed portion of the web according to the weak axis. The lyc inertia corresponds to the
inertia of the compressed flange plus 1/3 of the compressed portion of the web according to the
weak axis.
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CONVERSION TO USER DEFINED SECTION

The properties of a built-up section cannot be modified by the user. However, it is possible to create a user
defined section from an existing built-up section. Note that all properties of a user defined section can be
modified.

To do so, select the User defined section command (&3) from the Table — Sections menu. The click on the
Add a new tab button and select the Import built-up section option.

ADVANCED STRESS ANALYSIS

The stress analysis is available from the Advanced section stress analysis an Advanced member stress analysis
command from the Analysis — Charts — Analysis menu. These commands allow to visualize the internal
stresses distribution in the section at each calculation point along the members. The elastic stresses are
calculated through a finite element analysis of the section and may differ slightly from the stresses presented
in the Internal stresses command.

Advanced Section Stress Analysis (Member ID=271} &m
Element= | M271 E & Report
Load Combination =  4-Tors [+] *
Position =  2.448 m
Display Options
Display Axes = Principal Axes B
howindD=| 0 B ol ok R S S B |
e pRlveeBROIBARRIE TS
Color Method = | Regular E| Oy total
Applied Forces ) {MPa)
Axial Force (Fx)= 0 KN i M271 @2.448 m
Shear Force (Vy)= 0 kN ‘i' Comb. 4
Shear Force (Vz)= 0 kN
Bending Moment (My) = 0 KkN-m 32.162
Bending Moment (Mz)= |0 kN-m 25730
19.297
Total Torque (Mx)= -5 kN-m 1 12265
Pure Torsion (Mxp) = | -0.816726 kN-m 6.432
Warping Torque (Mx®) = -4.18327 kN-m 1]
Bi-Moment (Bw) =  -8.07771 kN-m.2 "3424325
Display Stresses 3
@ Axi:I s);resses (Gx) ;g§§;
Stress Category = () Shear stresses (1) 32.162
(7) Von-Mises stresses
© ox,Fx
© oxpmy
Axial Stress = | () Ox Mz
© ox.Bo
@ Oxtotal
Maximum and Minimum
Maximum= 321619 MPa
Minimum =  -32.1619 MPa
Highlighted Value
NodalZ= 0 mm
NodalY = | 0 mm
Nodal Value = 0 MPa Y
Measures 3
AZ= 0 mm
AY= 0 mm 73
L= 0 mm
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