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Flexural Behavior of Composite Ring Stiffened by GFRP and Steel Pipe
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Abstract - The flexural behavior of composite ring stiffened by GFRP and steel pipe is presented in this paper. The effective
width is required to construct FEM beam element model to verify the composite flexural behavior of stiffened ring of cylindrical
shell structure. The experimental results are compared with the theoretical and FEM results by commercial program ABAQUS
to verify the effective width coefficient. The yield, crack and ultimate loads is calculated using theoretical strains that varies
depending on yield state and compared with experiment result and FEM results by ABAQUS solid model.
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Fig. 2. GFRP septic tank

See Fig.4
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Fig. 3. GFRP septic tank with steel ring stiffener
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Fig. 4. Cross-section of steel pipe and GFRP tank
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(a) Elastic behavior

(1) Strain (2) GFRP stress  (3) Steel ring stress
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(1) Strain (2) GFRP stress  (3) Steelring stress

(b} 1-styielding at steel ring
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(1) Strain (2) GFRP stress (3) Steel ringstress

(c) Partially yielding

(d) Crack at GFRP cover

(1) Strain (2) GFRP stress  (3) Steelringstress

(e) Ultimate state of stress w/o GFRP cover

Fig. 5. Change of strain and stress according to flexural behavior
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Table 1. Strain and stress (assumed location of centroid c=Smm)

Coord, Elastic
from GFRP Steel
. . stress of
Location | Neutral | Strain stress stress steel pipe
Axis[x] [MPa] | [MPa] PP
[MPa]
[mm]
1 17.33 0.0083 | 66.666
2 11.33 0.0058 | 46.666
3 9.33 0.0050 | 40.000 410 1050.00
4 7.03 0.0040 | 32.333 410 848.75
5 -22.37 -0.008 -65.66 -410 | -1723.75
6 -24.67 -0.009 -73.33 -410 | -1925.00
7 -26.67 -0.010 -80.00
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Fig. 6. Resultant force of partial circle

ofd . Nd._. \[ld..
]U—/U 2(551n0)(551n9) (Esmﬁ)d@—

4

2d5—6 [4a —sinda] (16)

2 Fajol AR 5 9100, %4 72 4 A7 B 32
& 53101 2% 295k e ol T 4% Aol g

she e AAtsto] o] B Ao tf-&-3)

P= f fdsin@(%sin@)d&
0

= 48—h[4d( —fy)sin*a +3{d(f, — f,) —2fh} W)

X (—2a+sin2a)]

|

Fig. 7. Cross-section of steel pipe

Table 2. Axial force acting shaded area in Fig. 7

Diameter d, d d,—2t, d,—2t,
Height h, h,, hy h,
Top stress fi fi fs fs
Bottom stress 0 fo 0 Js
Sign of axial force + - - +
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Table 3. Design value of GFRP septic tack

Table 6. Design results of GFRP shell

Soa Allowable axial stress 41.2Mpa
Jia Allowable flexural stress 68.7Mpa
E, Elastic modulus 7,848MPa
P | Design earth pressure per unit width 40N/mm

Table 4. Design of composite ring (D = 2R = 1500mm, assumed n=5)

Cylinder (GFRP) Stiffener ring (Steel)
Name | Diameter | Thickness | Diameter | Thickness

(mm) (mm) (mm) (mm)
D15d34 1,500 7 34.00 2.30
D15d42 1,500 7 42.40 3.09
D17d34 1,700 8 34.00 2.30
D17d42 1,700 8 42.40 3.09
D17d60 1,700 8 60.50 3.20

Stress ratio Buckhng Check
. Thickn- load ratio
Diameter - - -
(mm) €ss only | with | only | with | only | with
(mm) | steel |GFRP| steel |GFRP| steel |GFRP
ring | tank | ring | tank | ring | tank

1.99 | 1.32 | 1.67 | 1.01 | 1.79 | NG | NG

33.7 241 | 113 | 1.52 | 1.17 | 1.99 | NG | NG

293 | 097|138 | 1.36 | 221 | NG | NG

34.0 230 | 1.15 | 1.51 | 1.16 | 2.00 | NG | NG

2.55 | 0.67 | 0.75 | 2.60 | 411 | OK | OK

42.4 3.09 | 0.57 | 0.68 | 3.03 | 459 | OK | OK

379 1049 | 061 | 354 | 5.16 | OK | OK

230 | 0721 0.78 | 245 | 394 | OK | OK
42.7

250 | 0.67 | 0.75 | 2.62 | 414 | OK | OK

Table 5. Design of composite ring (D= 2/=1700mm, assumed ne5)

. Buckli
) Stress ratio ue m.g Check
. Thickn- load ratio
Diameter B . .
(mm) €ss | only | with | only | with | only | with
(mm) | steel | GFRP| steel |GFRP| steel | GFRP
ring | tank | ring | tank | ring | tank

199 | 1.68 | 1.17 | 0.68 | 09 | NG | NG

33.7 241 | 144 | 1.06 | 0.80 | 1.34 | NG | NG

293 | 1.23 1099 | 093 | 1.48 | NG | NG

34.0 230 | 146 | 1.08 | 0.79 | 1.34 | NG | NG

255 | 085|064 | 1.77 | 277 | NG | OK

42.4 3.09 | 0.73 | 0.58 | 2.06 | 3.09 | OK | OK

379 | 062 | 0.53 | 241 | 3.46 | OK | OK

230 | 091 | 0.66 | 1.66 | 2.67 | NG | OK

42.7

250 | 0.85]0.64 | 1.78 | 28 | NG | OK
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Table 7. Sectional properties according to effective width

(D15d34)
Eff/eizglve Effe.:ctive ., Area Mc.)men.t of
coefficient width (mltn) (mm?) 1nertia
s, (B) (mm*)
1 34 0.709 246.28 | 34211.34
2 68 1.428 255.56 | 37759.55
3 102 2.097 264.85 | 41061.87
4 136 2.720 274.14 | 44143.31
5 170 3.303 283.43 | 47025.56
6 204 3.848 292.71 49727.60

Table 8. Sectional properties according to effective width

(D17d34)
Effzzglve Effej‘ctive ., Area M(.)meth of
coefficient width (mm) (mm?) 1nertia
. (B) (mm)
1 34 0.821 247.25 | 34848.93
2 68 1.637 257.66 | 38979.58
3 102 2.389 268.08 | 42794.15
4 136 3.085 278.49 | 46328.10
5 170 3.731 288.90 | 49611.78
6 204 4.331 299.31 52671.30
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Table 9. Comparison of yield, crack and ultimate loads

(a) Yielding at bottom of steel ring (7,)

This study (kN) .
Model Experiment (kN)
m=4 m=5 m=6
D15d34 3.974 4.114 4236 2.700
D15d42 7.687 7917 8.124 6.620
D17d34 3.623 3.760 3.726 3.410
D17d42 6.947 7.175 7.140 6.820
D17d60 | 15.015 15421 | 15.391 14.402

(b) First crack at bottom of GFRP cover (7))

c

This study (kN) .
Model Experiment (kN)
m=4 m=5 m=6
D15d34 | 8.049 8.329 8.554 6.250
D15d42 | 15203 | 15.729 | 16.155 15.970
D17d34 | 7.388 7.650 7.518 7.350
D17d42 | 13.861 | 14.347 | 14.189 11.840
D17d60 | 28.840 | 29.742 | 29.568 19.011

(c) Ultimate state (P,)
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Fig. 9. FEM solid model

This study (kN) )
Model Experiment (kN)
m=4 m=5 m=6 Table 10. Material property of GFRP and steel

DI5d34 | 8.170 | 8.508 | 8.775 6.510 FTTI R . .
D15d42 | 15483 | 16.247 | 16811 15.210 Materials | modulus | stress | Terdening | Yield

t ffset
D17d34 | 7.560 | 7.883 | 7.712 6.940 (Mpa) | (Mpa) | SXPOnent (m)joffset (a)
DI17d42 | 14.248 | 14.949 | 14.766 11.800 GFRP 7,848 80 50 0.5
DI7d60 | 29.499 | 30.684 | 30.469 18.973 Steel 205,000 | 410 50 0.1
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