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Synopsis :

Buried pipelines are often damaged at machanical joints, connections with branches
and interconnections with other structures when a strong erthquake causes severe
ground shakings. For the purpose of investigating seismic behaviors of buried complex
piping such as tee-junctions and bent pipes, this study provides a calculation formula to
estimate the seismic strains of those geometrical structures. Especially for the sake of
practical design requirements, arbitrary incident seismic waves, flexibility of bent pipe

and different pipe dimensions of tee-junctions are taken into consideration.
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Synopsis:

Buried pipelines are often damaged at mechanical joints, connections with branches and interconnections

with other structures when a sirong earthquake causes severe ground shakings.

For the purpose of investigating seismic behaviors of buried complex piping such as tee-junctions and bent

pipes, this study provides a calculation formula to estimate the seismic strains of those geometrical structures.

Especially for the sake of practical design requirements, arbitrary incident seismic waves, flexibility of bent

pipe and different pipe dimensions of tee-junctions are taken into consideration.
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Fig. 1 Surface ground model
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Fig. 3 Buried pipe surrounded by soil media
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Tahle 1 Calculation formula of pipe strains in tee-junctions
No. Model (A} Medel (B)
Boundary conditions Boundary conditions
v,(0)=47 v, (0)=4¢F
1 &,(0)=8,(0)=0 v (D=0, (0)=0
b
M {6)=0 8,(0)+8,(0)=0
S,0)=5,(0) 8,001=8,(0)
M,{(0)=M, (0) M (03 —M, (0)+M;(0)=0
Conversion factor for relative disp, Conversion factor for relative disp
8h(¢)=given in eq. (32) & (g—¢) =given in eq. (32)
(2) or or
£l s (@) =given in eq. (40} Bhs (§—¢)=given in eq. (40)
Relative displacement Relative displacement
(3] 2 Z n x X 4
dh=11-8518)| &a) 4 HK=t-pp lo—e)l & (5 —#)%
Bending deflection Bending deflection
{i) Anchor support {i) Anchor support
4 Ik
. =
4 211,43 4 LEAY  1+404,/4,)¢
Ayeos(d) 4A,sin{g) 1+2(2,/4,)°
iy Friction support fiiy Friction support
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) Ab= (B 4by by — by )/ (28} A8 =0/ b5 +4byby— by )/ (2hy)
where where
by =814, /{xA D1} b= $LA%E, 1+4(4,/2,)°
by =1 VT Br A DaTe: 142(4,/4,)3
by =4 k=1
by =4E
Bending moment and shear force Bending moment and shear force
S,=0 S, =—2ELA34LC,
5,=8,;=—4ELAia} 5,=8,=—2ELAIJC,
) M, =0 My =AELAZAC, (4,72,
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M,=M,=2ELA} 4}, Ma=M;=2EL,AZ4C,
where
c _1+4()\1//12)3 A A4
PTIH2{A A0 T 1+ 2(R, /4,00
Pipe strains Pipe strains
(6} er=—28,/{AE) B =M D /(2EI)
A =M, D,/ (2EL) =MD,/ (2EL,)— 8 ,/(24,E)
Resultant pipe strains for incident angle ¢
(7) €!r(¢]:e-]|-"‘+e-'r"
el igi=ellh + 8
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Table 3 Pipe dimensions for calculation

Driameter, D (mm) 611.3
Thickness, d (mm} 10.3
Radius of curvature, R {mm] 1.5%D
Pipe factor, it 0.1011
Stress intensification factor, T 4.147
Flexibility factor, n 16.32
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mm), d»=82mm (D,=216.3mm) #{#FHL 7>,
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MBI R ET SO0 TAPMKRY BN H 52 X,
LAd £z mlze iz »F L2 2wl
’Cb‘%o WD, RS HAE T Dy AV NE (L B
LA ﬂ’(i’ﬁ?mUThﬁ‘/J S 3 I AY L
biLé Fig. 17 TIEITFEICALBR I 4 75 L
L 74 70OMEROASER 6% 0" 2590 FT
AL & 12 EDERARE By (¢) OFFEEREIL
72, RMETT~OBMAD 4 o, #°0.1kgf/cm® &
e WO E T TEREROUT AT RE (R
hiLE A, o, A 05kef emi L LIS A o, D
oA s BzFE L E—affi ®2a L, & -8
o T AR S SR TR T,

43 BEICHT 3 EREROSR

Fig, 18 [3gh &R on sz oAk - A & o B &
AL LHTHDL, BEIZ LU, Fig. 10
(Zac L 2o ay3Em s R o E (Elexible cor-
ner, n>1) T3R50 %27 L, Fig. 11
2 L2 G TR S S M R S (O (Imbedd -
ed flexible corner) T3 ufiilr T A2 WFE R4
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ME N 126 72 b AMRITARRAYC NS ¢, L AW

Tabhle 2 Ground surface conditions for calculation

Ground surface conditions Classification of ground surface

S, S, Sy S
Typical peried, Te is) 0.1 0.3 0.5 1.0
Shear velocity, Ve tm/s) 500 300 200 150
Velocity response spectrum, Sy flem/s! 17.5 62.32 80 8¢
Wave length, L {m) 50 112 142 231
Unit weight of soil, o ikgflem®) 0.002 0.0019 0.0017 0.0615
Lateral soil reaction, ko tkeffem® ) 500 100 50 10
Critical shear stress, .. tkef/em?®) 0.1 0.1 0.1 0.1
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