Tutorial on Structural Analysis using BEAM elements of CAEPIPE

Tutorial

This tutorial explains how an equipment support frame is modeled and analyzed using BEAM elements
of CAEPIPE. A similar procedure may be followed to include pipe support structures such as pipe rack
along with the piping layout in pipe stress analysis, in case (a) the actual support structure stiffnesses
are to be included in piping analysis, and (b) the forces and moments applied on the support structure
members by the piping are to be determined to validate their designs.

Step 1:

Attached is a sample CAEPIPE model developed for calculating Anchor Bolt Forces and Moments on
equipment foundation of a Lubrication Qil Recirculation System due to Static Seismic G loading. The
nodes 610 through 700 are Anchor Bolt Location nodes that are fixed inside the concrete pedestal.
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# |Node|Type |DXmm)| D [vm) |DZ fmm) |Matl | Sect |Load |Data &

1 Title = Forces and Moments on Anchor Balts

2_ Main Frame Structure - Channel Section

3_10 Fram

4 |20 |Beam|965 M5 |200 [1

5 |25 |Beam|s62 M5 |200 [1

& |25 |Beam|-1178 M5 |200 [1

7 |30 |Beam|-88 MS |200 [1

'8 |31 |Beam|-103 MS |200 [1

'3 |32 |Beam|&7s Ms [z00 [1

10 |33 |Beam|-359 Ms [z00 [1

11 |40 |Beam|-1388 MS |200 |1

12 |45 |Beam | 262 MS | 200 [1

13 |50 |Beam | 503 M5 |200 [1

14 |60 |Beam 765 M5 |200 [1

15 |70 |Beam 1400 M5 |200 [1

16 |20 |Beam 565 M5 |200 [1

17 |85  |Beam|503 WS |200 [1

18 |90 |Beam|452 MS [z00 [1 v
(13 100 |Beam | 2525 M5 |200 |1 v < >
Step 2

Beam Material required for this model is defined through Layout Window > Misc > Beam Material. See
the figure shown below for details.
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1 |5 |ISMC 20334 |0.3|7850 |11.61EE




Step 3:

Beam Sections required for this model are defined through Layout Window > Misc > Beam Sections. See
figure shown below for details. Properties shown for Channel (MC8x18.7), Angle (L2x2x3/16) and
Circular Hollow Pipe (Px3/4) are selected from the AISC Library available in CAEPIPE. Since the value of
Torsional inertia for Angle section L2x2x3/16 (same as Torsional Constant from AISC Standard) is not
available within CAEPIPE at this time, it is manually entered by referring to AISC Standard. Also, the
depth and width of this Angle section are manually entered.
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The axial area, major and minor moments of inertia must be input. Input of torsional inertia is optional.
If it is not input, it defaults to the sum of major and minor moments of inertia. Input of shear areas is
optional. If shear areas are input, shear deflection effect is included in the analysis. Input of depth and
width is optional. Presently, they are used only for rendered plots of the beam.

Step 4:

Similarly, Beam Load (Temperature) is defined through Layout Window > Misc > Beam Load. See figure
shown below for details.
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Step 5:

Equipment frame is then modeled using BEAM elements by defining the offsets DX, DY and DZ as shown
in the attached model.



Step 6:

The Anchor Bolt Location nodes (610 through 700) that are fixed inside the concrete pedestal are then
modeled as “Anchor” with their stiffnesses in three (3) translational directions and three (3) rotational
directions as “Rigid”.
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1 (610 || Rigid Rigid Rigid Rigid Rigid Rigid

2 |B20 Rigid Rigid Rigid Rigid Rigid Rigid

3 |B30 Rigid Rigid Rigid Rigid Rigid Rigid

4 |B40 Rigid Rigid Rigid Rigid Rigid Rigid

5 |B50 Rigid Rigid Rigid Rigid Rigid Rigid

B |BED Rigid Rigid Rigid Rigid Rigid Rigid

7 |B70 Rigid Rigid Rigid Rigid Rigid Rigid

8 |B80 Rigid Rigid Rigid Rigid Rigid Rigid

9 |B90 Rigid Rigid Rigid Rigid Rigid Rigid

10| 700 Rigid Rigid Rigid Rigid Rigid Rigid

£ >
Step 7:

The weight of the equipment is then input using data type “CMASS” available in CAEPIPE. The weight
thus defined is then applied on the equipment support frame by connecting a “mass-less” rigid element
from the center of the support frame to the equipment Center of Gravity (COG).
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Step 9:

Defined Static Seismic Load (g’s) through Layout Window > Loads > Static Seismic.
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Step 10:

Select the load cases required for analysis through Layout Window > Loads > Load cases. Once done,
save the model and perform the analysis through Layout window > File > Analyze.
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Step 11:

Upon successful analysis, CAEPIPE will show the following options under Results dialog.

Results

% Support load summary
" Support loads
" Element forces

™ Displacements

ak. I Cancel

Step 12:

Selecting the option “Support load summary” will show the Forces and Moments at each Anchor Bolt for
different load cases and combinations selected for analysis.

=li* Caepipe : Support load summary for anchor at node 610 - [Forces_and_Moment...
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Load combinstion |Fx(kg) |FY (kg) |[FZ(kg) |M= (kg-m)|MY (kg-m)|MZ (kg-m)
Sustained 109 -18 -1926 3 3 0
Sustained+Seismic | 1097 130 1054 19 51 2
Sustained-Seismic | -873 -226 -2759 14 -46 -1
Maxirnum 1057 130 -1034 19 51 2
Minirnum -873 -226 -2759 14 -46 -1
Allowables 0 0 0 0 0 0




