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Ultimate Behavior of GFRP Shell Structure Stiffened by Steel Pipe Ring

Kim, In Gyu', Lim, Seung Hyun', Kim, Sung Bo**

'MSc. student, School of Civil Engineering, Chungbuk National University, Cheongju, 361-763, Korea
?Professor, School of Civil Engineering, Chungbuk National University, Cheongju, 361-763, Korea

Abstract - The experiment and FE analysis of ultimate behavior of GFRP cylindrical shell structure stiffened by steel pipe ring
instead of rectangular cross-section ring was presented. Four kinds of test models were designed and flexural failure experiment
was performed to investigate ultimate behavior characteristic according to the size of cross section of steel pipe ring and diameter
of GFRP shell. Material properties of specimens were experimented by bending, tensile and compressive test. Displacements and
strains were measured to evaluate failure behavior of steel pipe ring and GFRP shell structure. The experimental results were
compared with the FEA results by commercial program ABAQUS. It is observed that GFRP shell structure stiffened by steel ring
have enough ductility to bending failure, and an increase of bending rigidity of steel ring is very effective to increase of failure
strength of GFRP shell structure.
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Fig. 1. GFRP Septic tank with ring stiffener

Table 1. Design value of GFRP septic tank

Sea Allowable axial stress 41.2MPa
Joa Allowable flexural stress 68.7MPa
E Elastic modulus 7,848MPa
P | Design earth pressure per unit width 40N/mm
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Table 2. Design of circular steel ring (D=1,500mm)

Diameter | Thickness | Stress | Buckling | Experiment

(mm) (mm) ratio | load ratio model
1.99 1.34 0.99

33.7 2.41 1.15 1.15
2.93 0.99 1.34

34.0 2.30 1.17 1.15 D15d34
2.55 0.68 2.56

424 3.09 0.58 2.99 D15d42
3.79 0.5 3.48

99 2.30 0.73 2.41
2.50 0.68 2.58

Table 3. Design of circular steel ring (D=1,700mm)

Diameter | Thickness | Stress | Buckling | Experiment
(mm) (mm) ratio | load ratio model
1.99 1.70 0.67
33.7 241 1.46 0.78
2.93 1.25 0.91
34.0 2.30 0.69 1.63 D17d34
2.55 0.86 1.74
424 3.09 0.74 2.02 D17d42
3.79 0.63 2.36
09 2.30 0.96 1.64
2.50 0.86 1.76
Table 22} 39 AJAJE -&HH]|(Stress ratio)= 4! (1))
ZHzro]a, 2= 515H|(Buckling load ratio)= 4] (2)9]
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Table 4. Design results of GFRP shell

Cylinder (GFRP) Stiffener ring (Steel)

. Thick- . Thick- | Moment
Name | Diameter Diameter L
(mm) ness (mm) ness |of inertia
(mm) (mm) (mm4)
D15d34 1,500 7 34.00 2.30 28,923
D15d42 1,500 7 42.40 3.09 74,166
D17d34 1,700 8 34.00 2.30 28,923
D17d42 1,700 8 42.40 3.09 74,166

Table 5. Bending test specimens (GFRP)

Name L (mm) | B (mm) | H (mm) | A (mm?)
B 1 300 30 30 900
B 2 300 29 31 899

Table 6. Tensile test specimens (GFRP)

Name | T1 | T2 | T3 | T4 | TS| T6 | T7

A(mm?) | 81.0 | 81.0 | 81.0 | 85.5 | 67.2 | 90.0 | 82.0

Table 7. Compressive test specimens of steel pipe

Name L (mm) d (mm) t (mm)
C1 100.0 34.0 3.0
C2 100.0 34.0 3.0
C3 80.0 424 3.1
C4 80.0 42.4 3.1
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(a) Stress-strain curve of bending test
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(b) Stress-strain curve of tensile test

Fig. 2. Material test of GFRP
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Fig. 3. Stress-strain curve of steel pipe
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GFRP Cylinder Q

Fig. 4. Modeling conceptual diagram

Table 8. Boundary condition of FEM model

Point Dx Dy Dz Rx Ry Rz
®,8,0 | Free | Free | Fix Fix Fix | Free

O©,®,® | Fix Fix Fix Fix Fix Fix

©,® Free Free Fix Fix Fix Free

®,8,0,0,E,® (©X:)
Edge of GFRP cylinder Edge of steel pipe ring
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Table 9. Material property

. Elastic Yield | Hardening Yield
Material
name Modulus stress exponent offset
[MPa] [MPa] (n) (a)
GFRP 7,848 80 50 0.5
Steel 210,000 415 50 0.1

1A, 2 WP, 0k 2, o, A2 FHIY, B
2 offset, nS YREALS 1L A

ol 24 U8 Bo) GFRPS] BAASE 7,845MPa,
8 2

OMPa, o®} ngt& 0.1, 502

HU

[e2han] 0 b =1

FEtaseAlol A 4= HRAES Bl 4
e AREFY 2™ Table 9] A |3ttt GFRPL] €497
T AT AAE Fholal, BARoR AREH A
o] e A} S ARATX Y BAS st
et 719t A2 20 A fetasdid nde

Fig, 50 A= 3L BAQUS§ o]
I A ATt} 87 ol ]

fatassiae ANE vigoR Szt wele) A ¥
A9Ix|o} 2] Wk BiskE AZSP| $15le] LVDT2} Strain

AT xets] =2 A267 AZE(EY A130%5) 20149 68 223



(¢) Front view(SG) (d) Side view(SG)

Fig. 6. Displacement(LVDT) and strain gauge(SG)
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(d) Type C: GFRP main body fracture

Fig. 8. Failure type
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Fig. 9. Load-displacement curve

Table 10. Load-displacement (LVDT 1) at 6=0°

200

Initial crack Ultimate failure
P.kN) | & (mm) | P, kN) | & (mm)
D15d34 6.25 57.39 6.51 222.51
D15d42 15.97 64.68 15.21 227.04
D17d34 7.35 85.26 6.94 281.97
D17d42 11.84 51.54 11.80 276.06
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Fig. 12. Load-Strain Curve on GFRP Shell
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Table 12. Hoop strain on GFRP

Initial crack Ultimate failure

& Po(kN) &y P,(kN)
D15d34 0.0027 6.25 0.0146 6.51
D15d42 0.0023 15.97 0.0074 15.21
D17d34 0.0030 7.35 0.0072 6.94
D17d42 0.0020 11.84 0.0097 11.80

Table 13. Comparison of yield, Initial crack and ultimate loads

D15d42/D15d34 D17d42/D17d34
P 2.56 1.61
P, 2.45 2.00
P, 234 1.70
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