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Parametric Analysis on Ultimate Behavior of Cylindrical GFRP
Septic Tank

ABSTRACT

The parametric analysis on ultimate behavior of buried cylindrical GFRP(Glass Fiber Reinforced Polymer) septic tank was presented.
Two kinds of F.E. analysis model(soil-spring model and 3D full model) was constructed. The ultimate behavior of septic tank was
investigated according to the size of stiffened steel ring and properties of underground soil. Ramberg-Osgood model and Druker-Prager
model were used for material nonlinear characteristics of GFRP septic tank and soil, respectively. The diameter and thickness of
stiffened steel ring inside septic tank, elastic modulus and internal friction angle of soil were selected for parametric variables. The
ultimate behavior of septic tank, load-displacement, axial and hoop strain, were calculated and investigated.
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Table 1. Material property of GFRP in Code of sewerage [kgf/cm?]

Elastic Modulus | Allowable axial stress Allowable flexural
[E] [l stress [ f,,]
80,000 420 700
(7845.3 MPa) (41.2 MPa) (68.6 MPa)
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Table 2. Design of circular stiffened ring[mm]

Diameter of cylindrical shell | Diameter of steel pipe | Thickness of steel pipe | Stress ratio | Buckling load ratio | Stress check | Buckling check
1500 43.7 23 0.7 2.8 O.K O.K
1700 43.7 2.3 0.9 1.9 O.K N.G
1700 43.7 2.5 0.8 2.0 OK OK
1700 48.6 23 0.7 2.7 OK OK
2000 48.6 2.5 0.9 1.7 OK N.G
2000 48.6 2.8 0.8 1.9 OK N.G
2000 48.6 32 0.7 2.1 OK OK
2500 48.6 32 1.1 1.1 N.G N.G
2500 60.5 23 0.9 1.6 O.K N.G
2500 60.5 32 0.7 2.2 O.K OK
2500 60.5 4.0 0.6 2.6 O.K OK
2800 60.5 32 0.9 1.5 OK N.G
2800 60.5 4.0 0.7 1.8 O.K N.G
2800 76.3 2.8 0.6 29 OK OK
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Fig. 1. Septic tank stiffened by steel pipe
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Fig. 2. F.E model of soil spring
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Table 3. Material properties of soil spring model
Member Element Section | Elastic Modulus [MPa] | Poisson ratio | Yiels stress [MPa] | Hardening index | Yield offset [%]
Cylindrical shell S4R5 =9 7000 0.3 80 5 0.2
. =25
steel pipe B33 =21 210000 0.3 240 - -
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Fig. 7. 3D solid F.E. model
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Fig. 8. F.E. analysis model
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