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Buckling Analysis of New Construction Material (GFRP)
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Abstract

The buckling analysis of Glass Fiber Reinforced Plastic pipes was studied through a three
dimentsional finite element method. In the finite element analysis, an improved degenerated shell el-
ement with incompatible modes and assumed shear strain fields are employed with 3 displacements and
2 rotations for each joints. Buckling analysis is carried out for various thicknesses and different fiber
orientations, Finite element results show that the buckling load increases as the thickness does with

the variation of coupling stiffness.
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¥ 1. Comparison of properties of boron fibers with
those of glass fibers("

Property Boron fibers AF-994 glass fibers
Density, gm /cm?3 2528 2.49
Diameter, mils 3-5 0.38

Single filament ultimate | 300,000—500,000 | 665,000(virgin fiber)
tensile strength at room 1500,000(usable strength

temperature, psi in composite)
astici
Modulus of elas! 1c1ty.' at 55 106 12,4106
room temperature, psi
Modulus of rigidity, psi 26X 106
Modul i
us. of rupture in 500,000
shear, psi
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¢) stress couples T
d) general loading vector

18! 1. Cylindrical shell

7 toll el HESHA o2 2 Yt ST E
958 4 729 e e 48 F Atk

(ﬁl+1—v iﬁxLH—v aZV __V_Qﬂ_
axt | ot of | 2t 0xd0 r 0%

P-4y w1
Et 2r axa0 @ 2 axt

1 &~ _1 ow, t2rdw 1 a3w]

2 968 rf 00 ' 1202l ox%a8 1 of

A~ 2 P,(1—v)
(-t e

+

{2
1212
vou La_v_ﬂ_i[a‘w 2 _dw
ox 2 08 2 12l gx* ' ? ox'of

2(¢)

(a) 3-D Quadratic Element
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(b) Degenerated Cylindrical Shell Element

1%} 2. Degenerated shell element and coordinates

_L&‘w]_ t2 r v Llﬁ]

o0t 128 ox%0 | 2 86°
__Pa-v)
Et

3 28NS HEY W FERL6Y

&% 244 (Finite Element Method)& Fx
8 RofolA wrAste] fr)e Hulo]l F83}
E AN T A g YR, FHFHS
2 Ry "Ed 7128 T A 3
sMgolat & 4 Atk 95 oL F= 3}
oA FudE BALAHE M A8 A%
Agste] 3319 SHEA 2428EH Y I L
8AE BAsE e a3 20 Bulsh
o] 1970} & Ahmadr} Ajete 2dH 4 {&
2 A (Degenerated shell finite element) ] &3
S MAste] B E 45 slo]Zd HEY
Ae AXNE 2EY 95 4 /A4S AHES)
et olelg A d fEatre AEA A

—135-



BN LAY 0 Feb 280 GFRP) o Az 8l 4ol shgt @17

3] WA 2(3-D equation)ollA] AP o =
gato] = 4 Qi% QAate wie

1A 2 ol

glo] °‘—44 Aol d 2FE Q479 —E—(gap)
o] glo] mdla & 4 v} L3 do HIAAFS
reks] Ty Wl vAY sjHoz o)
L e {8 4 9l

AMEE 2dH 9538 4 84 & shear locking
F4e AASI A8 7 a3AA M E A
Ay = (assumed shear strain fields)g A
51, ol ZAAE 7IUE AL EH
membrane locking @AHg A Asle, € g4 A
Aol AFE FAsA ses vHg WS
Aoz F713g. 24 HES 12 7188
A v ¥ 9 AL total Lagrangian 438
AHg-ale] P sletla, vlAdy Hygwyae
FAlol 2 WAoo P& A&3 Newton-Raph-
son HEP O 2 Al 4hgtc},

¢

4. M= D 2i(Layered Modelling) 2f 32|

>

2453 458 49 49 AT 'é‘l
#o Apzest ol et A2 S0 B
sr02 EASA Bet M Seoly TUE
¢ Fae A% Twgezs s 14
& WAstelo} . B4y AR B BE T
Aggoze] S¥EE Lejso] A34E 3§
Su gdos HEA5E AW} Boh 2
AFANE 4 FAYYLZ 3¢ UrT a2l
U3l 28 HENL ALY A32de AL aY
o H3Ee Wworve £xHoz o 7
w3e $He Aol @3 AR NN FH
. agoe de) $A Bgels 8o e

FEUY F5E wPEY) 4 BSEL 2450}
oz golstAl A 4 AR 4 wEEe $
=5Y¢ BaE o

2gH3 39 o4y BEo2 F4H Yo
£2 29 3¢ SAG 458 49 $As 2t v

wavers

i - : H
i | | A |

—— - — _

i
-1.0

. _\over number

| Fiber Orteniation
TS 13

2! 3. Layered model and the corresponding stress
representation
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ox dy dp dz 0 0 ||&
oy dy dp dy 0 O &y
Oy|=|da de ds 0 0 Exy

Oxs 0 0 0 dyg dg||ex
Oyz 0 0 0 df,q d55 Eyz
r=

{o} = [d"] {e}

71 A,

di=dycos*0+dysin‘d+ (2d,;+4ds) sin®cos?d
di7=diz+ (dy+dz—2d12 — 4dz)sin’fcos’0=dy
do=disin*8+dxpcos 9+ (2d,,+4dx) sin*6cos’d
dis=(d;; —d;»— 2dg)sinfcos’6
+(di;—dp+2dy)sin®dcosf=dy
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+dg(sin'6+cos’d)
dy=dycos’0+dsssin%e
dis=sinfcosf(dss—dy) =dy
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{et={c", k, 7}
Ny, Ny, Ny : Normal Force
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M,, M,, My, : Bending moment
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Q. Qy : Transverse shear stress resultant
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ol 7] A, D : In-plane elasticity matrix,
D, : Shear elasticity matrix,

W : External work due to applied
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6.2 Axial Buckling Load

qz24  F2Ax  H28F Ne(b/in)

2 0/90 —46.9
2 90/0 —47.8
4 0/90/0/90 —62.5
4 90/0/90/0 -62.8
8 0/90---0 /90 —65.6
8 90/0---90/0 —65.9

(AR g o8 — U

9 EolA vepd upe} go] Sy FHHEQA 7
2 HZubyol wel coupling stiffness’ M 3}A
o &0 Zrhgel wet #38kFe] AFE
g 5 Aok 2 gipEel ddHFedA Y
GFRP#¢] Zojoll tigh FA2] #4du|7t zfopA]
PAGHEY g FAEHERE 22 H5547 87
golAd & gt} wrelr Tsaiz} A+ quasi-iso-
tropic constants& Al&3%le] TR HAE $
3 2 A 3 AsE ALstd F e YA
g 78 5 At

.d 8

Eet2E, 7d, FIUE Ho|X 2 FYA
Aao] 45FVE AER A 238 A8y
AR S Fo] AZIAFE T F Utk
GFRP z& E@H3 L FAYEez Hdf/9
AEAxot Wil ot Are] 540 £445F
oz WA Hez, FANYLEY FHEEE
n st HE5E F3t:, e dFo 1
22 g AMSE AHErd g 1T FEssWe
ol g3t HZdF g WU AAHMEE o
FollA Wiwo 2 2, 4, 6, 8% 7H4 0°/90°/ nL
z HAFANY B, HEF 571 7l g2
2330l APEL ¢ F Ak =G HS Y o

—139—



VUL (Y /87 BS280  GFRP) Y HAZA4) B A7

2} coupling stiffness7} WalA v, dH 2] z)
822 UEY 5ol Y wie AAdGg
deix derng EEFATEE] 544 T4
T HEE "oz  H$e Tsaizl A
Quasi-Isotropic Conceptg o} 83l H=Z332
gt Aol nigzlg Aoz dudn

B2 1994 Aty sAdH (-’F)%‘éi}
del stedFu| Aol 98 o]F oW =F2

1. Schwartz, R. T., “Characteristics of Boron
Fibers and Boron Fiber Reinforced Plastic
Composites”, AIAA Jo, Vol. 5, No. 2, 1967

2. Billington, D. P., Thin Shell Concrete Structures,
McGRAW-HILL, 2nd ED., 1982

9.

—140—

. Ugural,

. Budiansky, B. and Sanders, J. L.,

. Ahmad, S,

. Calcote, L. R., The Analysis of Laminated Com-

posite Structures, Van Nostrand Reinhold Co.

A. C., Stresses in Plates and Shells,
McGRAW-HILL, 1981

“On the
Best First Order Linear Shell Theory”, Prog-
ress in Applied Mechanics, The prager Anniver-
1963, pp. 129-140

Irons, B. M., and Zienkiewicz, O.
C., “Analysis of Thick and Thin Shell
Structures by Curved Elements”, Int. J. Num.
Mthd. Eng., 2, 1978, pp. 159-178

sary Vol.,

. Ambartsumyan, S. A., “Theory of Anisotorpic

Shells”, Moscow, (1961), English translation,
NASA TT F-118, May(1964)

. Dong, S. B. and Taylor, R. L., “On the Theory

of Laminated Anisotropic Shells and Plates”,
J. of Aerospace Sci. 29, 1962, pp. 969-975

Hinton, E. and Owen, D. R. ]., F. E. Software
Sfor Plates and Shells, Pineridge press

(H =YX} : 1995. 5. 24)



