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ABSTRACT ARTICLE INFO

Cylindrical steel silos are widely used for storing granular materials in Receive Date: 06 February 2025
industry. Due to their thin wall thickness, these structures are highly Revise Date: 07 June 2025
susceptible to buckling under applied loads. Steel silos are constructed in Accept Date: 09 July 2025
various forms, such as flat sheet, corrugated sheet, and spiral silos. Despite

the widespread use of spiral silos, most previous studies have focused on the Keywords:
behavior of flat sheet and corrugated silos. Accordingly, this study is the first Spiral Steel .Fo lded Silo

research to investigate the buckling behavior of spiral silos. Silos, depending Axial Buckling

on their use, must first be designed to withstand gravity loads caused by Circumferential stiffener
granular materials during the loading and unloading process. Therefore, Imperfection sensitivity
current design codes, such as the Eurocode, provide equations for buckling Finite Element Analysis

loads under axial compression. Hence, the buckling behavior of these silos
subjected to axial compression is assessed in this research by considering the
relevant Eurocode provisions. Spiral silos offer advantages such as, semi-
automated construction and mechanical connections, which leading to faster
construction. Due to the construction method, spiral rings are formed around
the entire height of the silo which improving the buckling behavior. Hence,
the specific shape of the silo, the angle of the circumferential rings, and the
sensitivity to geometric imperfections are studied in detail through finite
element analysis using Abaqus software. Furthermore, to investigate the
effects of the specific shape of spiral silos on buckling strenght, a comparison
is made between this type and equivalent flat sheet silos.
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! Lipp or Spiral

2 Lipp Double-Seam-System

3 Geometrical imperfection

4 knockdown factors

5 Isogrid stiffened cylindrical shell

¢ Locally distributed axial load (LDAL)
7 Local edge load Center Angle (LCA)
8 Concentric discharge loading

9 Computed load factor

10 Partial safety factor
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I ANSYS

2 Slender

3 Intermediate

4 Squat

5 Artificial neural networks
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Aspect ratio range Silo slenderness category H/r 1/t H (m)
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Mesh Size (m) FiBa (kN) Rel. error” (0.2 mesh) Femna (KN) Rel. error* (0.2 mesh)
0.5 2.92E+05 - 2.65E+05 -
0.25 2.64E+05 11% 2.46E+05 8%
0.2 2.61E+05 1% 2.44E+05 1%

*Error % = IFFinner mesh — FCoarser mesh | / [( FFinner mesh + Fcoarser mesh) /2]
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¢ Tie constraint
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! Linear Bifurcation Analysis (LBA)
2 Geometrically and materially non-linear analysis (GMNA)
3 Eigen value

4 Eigen mode

5 incremental buckling behavior

0 Riks

7 1% buckling mode shape

8 Imperfection amplitude

° Fabrication Quality Class (FQC)

10 Eigenvalue analysis

I Generalized eigen-value solution
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U, Magnitude
+1.000c+00
19.168e-01
+8.334c-01
17.501e-01
+6.668¢-01
15.834e-01
+5.001c-01
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12.500e-01
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+8.334e-02
+0.000¢+00
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FLBa-spiral

Rings angle FrLBA-spiral (KN) m
o—Rings

No-Rings 1.95E+05 1
0.5° 2.61E+05 1.34
1° 2.13E+05 1.09
1.5° 2.10E+05 1.08
2° 2.08E+05 1.07
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! Load Proportionality Factor (LPF)
2 Axial displacement
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Axial Displacement (m)
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! Excellent quality
2 High quality
3 Normal quality

4 Fabrication tolerance quality of construction of a shell susceptible to buckling

Axial Displacement (m)
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Perfect FQC-C
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! Bifurcation
2 Post-buckle
3 Local buckling
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Spiral silo Fabrication Quality Class
rings angle Fspiral-Perfect Fspiral (FQC-A) Fspiral (FQC-B) Fspiral (FQC-C)
No Rings 1.44E+05 9.28E+04 7.69E+04 6.00E+04
0.5° 2.44E+05 1.90E+05 1.75E+05 1.64E+05
1° 2.09E+05 1.02E+05 8.81E+04 7.12E+04
1.5° 1.96E+05 1.05E+05 9.00E+04 7.77E+04
2° 1.95E+05 8.68E+04 7.09E+04 5.47E+04
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Rines angle Silo weight Silo volume Rings volume  Equivalent silo
g ang (tons) (m®) (m®) thickness (m)
No Rings 170.8 21.8 0 0.016
0.5° 292.6 373 15.5 0.027
1° 231.7 29.5 7.8 0.022
1.5° 211.4 26.9 52 0.020
2° 201.2 25.6 3.9 0.019
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Equivalent silo FLBA-Equivalent FLa-spiral FGMNA-Equivalent Fomna-spiral
thickness (m) (kN) FLBA-Equivalent (kN) FGMNA —Equivalent
0.027 5.57E+05 0.47 4.08E+05 0.6
0.022 3.69E+05 0.58 3.17E+05 0.66
0.020 3.05E+05 0.69 2.73E+05 0.72
0.019 2.75E+05 0.75 2.58E+05 0.75
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Fabrication Quality Class

Equivalent silo

Fspiral (PQc-A Fspiral (FQc-B Fspiral (FQc—c
thickness (m) | Frquivalent (FQC-A) __Spiral (FQC-4) piral (FQC-B) piral (FQC—C)

FEquivalent (FQC-B) FEquivalent (FQC-C)
Fgquivalent(FQc—c)

Fequivalent(FQc-A) Fgquivalent(FQC-B)

0.027 1.85E+05 1.02 1.69E+05 1.04 1.36E+05 1.21
0.022 1.57E+05 0.65 1.25E+05 0.71 9.92E+04 0.72
0.020 1.33E+05 0.79 1.08E+05 0.83 8.44E+04 0.92
0.019 1.22E+05 0.71 9.99E+04 0.71 8.06E+04 0.68
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