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Analytical Evaluation on Connection Behaviors of Piperack Structures
Depending on Module-to-Module Connection Details
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Abstract — The piperack structures are required to resist both pipe self-weight and external loads, and their design loads can be
categorized according to site conditions, piping systems, and dimensional properties. For this reason, off-site construction
method can be applied to the piperack structures considering easy assembly and dis-assembly. The main purpose of this study is
to suggest details of piperack module-to-module connections, and to evaluate connection behaviors using finite element
analysis. The finite element analysis results present that the initial stiffness and moment capacity of suggested modularized
details at least 15 % larger than those of the existing piperack connection detail.
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Table 1. Summary of typically installation details of piperack structures
No. of | Column section Height of floors (mm) Beam sections (mm) Span (mm)
story (mm) 1 2 3 4 5< Short Dir. Long Dir. Short Dir. | Long Dir.
1 H-150x150x7x10 | 1950 | - - - - | H-194x150x6%9 H-200x100%5.5x8 5500 6000
2 H-200%200x8x12 | 1500 | 1500 | - - - H-200%x200x8x12 | H-200%x200x8x12 2700 6000
3 H-244x175x7x11 | 1500 | 1500|1500 | - - | H-244x175x7x11 | H-244x175x7x11 5000 6000
4 H-250x250x9x14 | 1650 | 1500 | 1500 | 1500 | - | H-294x200x8x12 | H-200x100x5.5x8 5000 6000
5 H-244x175x7=11 {1000 | 1500 | 1500 | 1500 | 1500 | H-244x175x7x11 | H-200x100%x5.5x8 5000 6000
6 H-200%200x8x12 | 1000 | 1500 | 1500 | 1500 | 1500 | H-244x175x7x11 | H-200x100%5.5%8 3000 6000
6< H-244x175x7x11 | 500 | 1200|1350 | 1200 | 1200 | H-244x175x7x11 | H-194x150x6%9 5000 6000
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Fig. 2. Connection details of existing piperack structures
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Fig. 3. Concept of modularized piperack structures
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(a) Typical piperack connection detail (H-W)
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(e) Modularized piperack connection
detail type 3 (C-B-WA-L)

Fig. 4. Suggested connection details of modularized piperack structures
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Table 2. Details of parametric models for finite element analysis
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Model Column Height Beam (mm) Sshpj*rtl (rIrim) Connector| SC/WB ratio SS ratio
(mm) (mm) Short Dir. Long Dir. Di(i' ];)irrlg (mm) | (ZM,/ZM,)
H-W | H-244x175x7x11 | 1500 | H-244x175x7x11 |H-200x100x5.5%8| 1860 - - 1.65 0.44
C-W  |C250x90x9x13, 2EA| 1500 |C-250x90x9x13, 2EA | H-200x100x5.5%8 | 1860 - - 0.94
C-B-SA-I |C-250x90x9x13, 2EA| 1500 |C-250x90x9x13, 2EA | H-200x100%5.5x8 | 1860 - 11 L65 1.2
C-B-SA-L |CG-250x90x9x13, 2EA| 1500 |C-250x90x9x13, 2EA | H-200x100x5.5%8 | 1860 - 11 0.94
C-B-WA-L|C250x90x9x13, 2EA| 1500 |C-250x90x9x13, 2EA | H-200x100x5.5%8 | 1860 | 500 10 0.94

¥ “H”, “C”, “W”,“B”, “SA”, “WA”, “I”, and “L” denote H-shaped steel, C-shaped steel, welded connection, bolted connection, strong axis of the column,

weak axis of the column, I-shaped connector, and L-shaped connector, respectively. The axis direction refers to the orientation of the column section to

which the connector is attached.

%X M,,: Plastic moment capacity of columns, 77, Plastic moment capacity of beams

% SC/WB: Strong Column — Weak Beam ratio, SS: Shear Strength ratio

Roller Roller

H/2 = 750mm
H/2 = 750mm

H/2 = 750mm
H/2 = 750mm

Hinge P Hinge

(a) Prototype piperack modeling

(b) Modularized piperack modeling 1
(C-B-SA-L)

Roller

= 750mm

H/2

= 750mm

H/2

Hinge P

(c) Modularized piperack modeling 2
(C-B-WA-L)

Fig. 5. Loading and boundary conditions of analytical models
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Table 3. Comparison of structural properties obtained from finite element analysis

Property H-W C-W C-B-SA-I C-B-SA-L C-B-WA-L

K, KNm/rad 13104.4 (1.00) 16292.9 (1.24) 17304.5 (1.32) 15235.0 (1.16) 12448.8 (0.95)
M,, kNm 99.3 (1.00) 133.87 (1.35) 183.4 (1.85) 167.6 (1.69) 98.9 (1.00)
Minar, KNm 151.0 (1.00) 201.0 (1.33) 255.1 (1.69) 237.4 (1.57) 165.7 (1.10)

Where, K is the initial stiffness, M, is the yield moment capacity, M, is the maximum moment capacity
() is the ratio of structural properties of analysis models to H-W model
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