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ABSTRACT

An analytical study was conducted using the Galerkin technique to determine the behaviour of thin fibre-

reinforced and laminated composite pipes under soil pressure, Geomeiric nonlinearity and material linearity

have been assumed. We assumed that vertical and lateral soil pressure are proportional to the depth and [ateral

displacement of the pipe respectively. And we also assumed that radial shear stress is negligible because

the ratio of the thickness to the radius of pipe is very small. We, in this paper, discuss the effect of

the number of lsyer, fiber orientation, and soil property.

=2

1. A2

$alE YRFHUA spolxe) ALE T E F
olch, oL whZ sholw e A% S YTl WA
ozt & 4 el 279 7IE MERE Tadey
AR AEo] RREE Az k. REF dAMS
24 3987t o3 4 Foelld g ¢ai.
A GeEotoldl aFgol AFslol AES 254 €
obUg 21 gho] @A wobnol mie}t 2} Bepald 2
£93 2. LEANEE WA, WG, P85 o
£ ol=ENg $2 42E A 53l &%
o) 7Hiity. FtolE w4 Falo] YA ukule HIF

& AA FApuloll o 20-40%0l) Y THF A}, webA

2 e

Baaise) Au 2 uldg FAAR S NE ¥ o}

vat i3, NdAds HEaEe 480k $54E

* 47 3494 71eE
# 3sriguY Fas
o IR Y7iedY =

-30—

gA0) 742 4 g, 2R AR we] HEHD
o} Yoz $E4L2 df ARAC.

Aseh 4 golz 2 M WA nls) FA g F
ol AS 2wzle]l WY Folrh. waby 7I3EH u
Asge nejsolol . olFsid HyFe ol
o8] FehA A& A Hen o] Galerkin’s methodol]
a8 29k, $#FEAL Folx7t B4 A HE
2 $RHFE g Zeld) viase £9843L ¢34
o) wiEA RS AG. BEHES DEE FHol
=& F(layer)F 9} fiberir g ol et 2ol 21X
o EE Fo FHe 4= do) we} HolZ-F
2o 4xAgo] gk, £ dFod: HENER
wHEo)7l Fol= 7}t Aol A AS Z)ehH A
HAg By AAge A stelx F4dl A
A oddl AR} o) A Rk
2. Sidwd
2.1 HYE-AA Al

AR carvilinear AEo) A 59 HYF



-89 AANL G A (AED [2][4])
o= Huaot S+ 2 ek B+ o)

(0, — 22 4 & (wy — 2]

o714 Q; Yy O

1 Bew | Bpu 1 Bzw o Pruy2
Ey—ﬁ['()y+ ~ + o +2ﬁ(vy+ o7 + ﬁ) [Q] = Q21 sz 0
0 0 Q

+ Gy — 827+ iy — L2y

o= o+ 3204 34 k4 Y

#34 A% (homogeneous orthotropic lamina)Ql 7 ¢

p
+4 2ewy2 4 1 w2 Qi = Lo
2’y(uz_ @ ) +§Z(Uz— F] ) ] 1 — paypiyz

) Qo m B _

l_l‘:yl‘yz

A71A u,v,w HEF 4P Heloln o, 8,7 &

Qup = Huzlez zBys

a’=f,o0f, Pl=f, o0, Y2=F,0f ST BA 1= poyptys
A2 e Lane Alfoleh, 9 Aol AFEE FA% R f;Eﬂ
Ty Hyz

T YEREL ABAS 43 e AYs-d9 Qs = Gay

TAlE oAt .

1 a’U -3 o
_Llov $83 WS vel HEHRDAFY
€4 P w} (2)
714 v,w & Az A, BRG] Aol WA T ‘11
o =11 {o,, (5.a)
PG FAYGE oz . 4Fwe nggy a”
Q.
(¢p =0 ) ARG o2 PG Bieke) W9 7 "
of W BAYE 2& & Ach 2714
v = /‘wd¢ (3) cos29 sin29 2sin 8 cos 6
[Tl] = sinze cosZG -2sin 8 cos 8

2.2 U5 24

(2% 1]e1A matrixsh fiber@ o]Fo]@ o o

14 fibernte] FA4E Fchxn ¥ull EY-HYE B

-gin 8 cos 8 sin 6 cos & <:os2 e - sinzﬁ

€ €

XX 11
Ax o3} P y Sy = (T2} {22 (5.b)
Exy €19
3714
cosze sin29 sin 6 cos 6
[TZ] = sinZS c0526 ~ sin & cos

-2sin 8 cos 6 2sin 6 cos O cosze - sinze
-31- '



w2bA] fiber7b el 0 4F & 52 A R

AS F9-49E AE O3 #d.
ou _ ‘u
g2 (= [Q} €22
012 €12

714
= -1
(@ = (1,17M1Q1T,)

(6)

Qll = Ul + U2 cos 26 + 03 cos 48

=y, - U, cos 20 + U, cos 49

Q=1 - 5 3
40 = qyy

Q33 = Ug - Uy cos 49

le = UA - 03 cos

Yy =~30U

13 2zsin29-U

3 sin 46 = Qy

0 =_lu

Q4 3 2sin 20 + U

3 sin 40 = Q32

Uy = F 3Qy * 30y, + 20, + 4y

Uy =3 @y - 0y |

Uy = @y + Qg - 20, - Q)

Uy = § @ * gy + 60y, - 4ayp)°

Us = % (@ + Qy; = 29y, + 4Q33)
oy

b

nel

I
0

sjo)x 7} gk S s Hel Mo s A

tn 2
€11 €11 k1
€22 ={ €32 }+03{ ka2 } (7
€12 €12 k12

—-32~

(¥ 2]elAgk Fo] nAlle) Fo o]Fei7 so|x s

2RE-SHAAL

M4 011
My, = / o2z p asdos
M2 “ 1 o1z

011
G22
012

>
k=1 b

4 (6) (& wsis) Pe+d

} doy  (5)

My €1°1 k1
My ¢ =[B]q € ¢+I[DIS ko ¢ (9)
My, €12 kys
A7I By “%k_zl (Qij)k(hlzcﬂ )
1§ 3 3
Dy 73 kzl Qup)i ey = B

orthotropic AAEQ A FHHAN F4GHo] 4X
g ofalist o] s Ad,

My = Dk + Dlzkz;

My, = Dizknr + Dagkae (10)
Miz = Dszkiz
2,3 3Ywr34

¢
1
|
L

W
-

(2)



M

A
f- 83%“ &)
to)

(=€ 3]
[’ 319 (a)2 holZ 7} & Goll HHAE: AEHA
He HYS JAE HYAuE ol RGoln W4
2 Hnio] goldol B AR HFTAHE viehdc},
olodlal] 2 (b)oll N HYPF 2 Yol sl FY YA
A& Aed otulnt A 3t
&, = —vsing — wcoso (11.a)
by, = —vcos$ + wsing {11.b)
¢ = (R+64)— Rcosp— s

= R(1 — cos¢)+ 4+ vsing + wcose
(11.¢)

SM, =0
~Myt Ma+ae 5 =gl R+64)a
+/ ? 4 (Rdp cos ¢)[R(sin 6 — sin )] = 0
A(11)2 dYstel Besd
—Ms+My
_%[R(I—Cos $)+8 4+ v sin 4w cos ¢)]
[R(1+cos $)84—v sin g—w cos 4]
+ A ® §5 K R (sin 1 — sin ¢) cos dip = 0

(12)

o) Zoluge] RlEE WA g ¢y
Bolutge] F&L zeroojrh, A (10)o2 HE
My = Dk (13)

°1 714
ke =G+
D=Dz = § Th1(Q22)x(h}sa — h})
A(12)2 A wo] VY WYY Aelnz w§ Y=
g5l An%ey AQPezA £ & . AARA
& AR AR FHAL A H9E A Z2
o] 74,

w =

= A1cos2¢ 4+ Azcosd¢p  (14)

waba] w2yt Al e] Q] Galerkin’s Methodoll &J#l

Gede dE
3
/0 Xcos2ng=0  n=12  (15)

A7)A X wlgu A $HE Feh A Ao 4
U314 AU FE ofd A4, o BY
22 dYuAAE Qe

3 A}

5
(1= A1)’ - 745~ 75(5H —6A14; ~ 5 A )

383,3 96.4

(16.2)
3
AL~ 24+ 54T+ SA14)
8 8
1198, 126, B
=140+ 10 )+ gy
(16.b)
__wR . KR!
o714 I="5- ; F=—j3

o)& Taylor’s series® o] &3 213 g EUcl.
FHoz A4z FUSE HeEP4E 24 A,



3. #9449 A

ERARE o]FoiF FolZE 4o} A
ohvz} fiber i, 2T ol &8 ZA o] Wi}, o
AL AR P Yol OS2 ALl g
S48 Bote), o ZM NP2 Glass/Epoxys) <2713
RANEE  E; = 1.8 x 10%psi, By = 2.6 x 10°psi,
Gz = 1.3 x 10°psi, vy, = 0.25 ol kA2 5", FA7}
0.02"¢l Fol 4747k AAJE HolLst GFT ol
0.0721b/in’ ¢ B4 67l lef ol EHAG AL
o) el si4f gl

- [ 4)2 &l B3 3ESAL dARNE
o) #%Fo] wE HAE vehiE Uk, 2 B
o] 837 o) W wdH4YS Yehix e &
FEYAF & F9 +3AA} 245 A5l o
A AL ¢ 5 Ak

- [2% 512 K-3.0 1 Fofl 5it Zel2 EHA o
£ A2 4 fiber Wike]l Z4alo) wiAE 4B Hed
Zd. 0 7 9% o sl A4S i H3A 8
+ vehiin o,

- [2¥ 6] fiberg ol wE Fiarey mule
7A€ vehllE 4(13)9] Dgtoll cidt HspFdolr),
& 7} 90 ol A7$} BEF Dgkel AL A vehd
o, ol [ 5)oll Bt o] $F FAE T, F FHelz
&) ZA4E Eol7) AgE Dakg AR 2PeE
H7d dages A ¢ 5 R

- AubAel A% fibere) WL UiYHoz 44
e} o4 AAFAE WS AEFAR P
PR ZAoe dgel UsS vehiz .

shelTtunl = /bin/ech

h

K=7 K=5 K=3 K=1
B =60° —60° 60° —60°
-t
1373 3
0,1 0.2 0.3 0.4

(239 4]

30

&0 90

400

300

(29 5]

45

—34-



telltool - /bin/csh

b t=1.0
8 =60° —60° 60° —60°

500

400

200 [

R
16 20 30
(28 7]

Foyy

[1] W. Szyszkowski and P. G. Glockner,"Large-
deformation and collapse Behavior of Underground
aluminum piping”,Thin-¥alled Structure Vol.5, p55-
73,1987,

[2] Henry L. Langhaar,"Energy methods in applied
mechanics",John Wiley and Sons,1962.

{31 Robert M. Jones,"Mechanics of composit
materials”,Scripa book company, 1975,

[4] V. V. Novozillev,"Foundations of the nonlinear
theory of elasticity", Graylock press,1953.

{51 Werner Soedel,"Vibrations of shells and
plates",Marcel dekker,1981.

[6] R. F. Craig,"Seil Mechanics",2nd,Van Nostrand

Reinhold Company,1978.

~35



