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Seismic response of buried socket pipelines with typical cross connections
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Abstract: The joint type and cross connection pattern of buried pipelines have a significant impact on the seismic responses of
pipeline structures. As the seismic deformation and stress of pipeline cross are determined by the structural types of branch
pipelines, a finite element model for straight branch pipelines is firstly established to investigate the joint displacement and
relative pipe-soil displacement of ductile iron pipelines (DIP) with flexible socket rubber joints and cast iron pipelines (CIP)
with rigid joints under seismic wave propagation. Then, the seismic responses of pipeline connections using cross-shaped,
T-shaped, L-shaped and double-T-shaped cross connections are analyzed, where the pipe cross is connected to the branch
pipelines using the socket or flange joints. Furthermore, the effects of joint types on the seismic responses of pipeline cross
connections are evaluated. The results show that for the straight pipelines with different types of joints, the peak joint
displacement of the DIP with flexible joints is larger than that of the CIP with rigid joints. When the pipe cross is connected
with the socket joints, the peak joint displacement of the pipelines with double-T-shaped cross is slightly smaller than that of
the pipelines with cross-shaped and T-shaped connections. When the pipe cross is connected using the flange joints, the DIP
with flexible joints adjacent to the flange joints exhibits a larger joint displacement and is prone to tensile failure, while the CIP
with rigid joints adjacent to the flange joint experiences greater axial compressive force and is prone to compressive failure. At
the cross of double-T-shaped pipelines, the responses of the socket joints adjacent to the flange joints are significantly larger
than those of the cross-shaped and T-shaped connections.
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Fig. 1 Nlustration of finite element model for buried pipelines
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Fig. 2 Simplified mechanical model for joint spring
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Fig. 4 Nllustration of double T-cross pipeline analysis models
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Fig. 5 Mechanical model for pipe-soil interaction
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Table 1 Parameters of pipelines and joints!® ']
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Fig. 7 Displacements of soil and joints of straight pipelines
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Table 3 Responses of simple cross pipe (cross pipelines with socket joints)
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Table 4 Responses of simple cross pipe (cross pipelines with flange joints)
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Table 5 Peak seismic responses of double T-cross DIP pipelines
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iCnikz AN A T 3.24 4.89 0.63 —
R Te 3.36 4.65 0.65 —
R Ta -1.74 7.29 - 1.41
wEEEN A T -1.85 9.34 — 1.81
W Te -1.85 9.44 — 1.83
(3) &5 CIP & & Nxf O ERGERR, RIBAE A DIE 28 0 Z R R
NEFLE, B9, 10 P T AAZX DIP &4 NE.

M A T3R5, AT TR T BL32 X CIP 4 4k
B 45 I BT 6.

XFT CIP B2 T RAE X, T CIP & 28N L
K, Gr=tEsE R O T, S X Aabik 28 0=
A B FBBERR, 3 FOW T RIS ARk 43 1 1
T AN [ R P ) R A BAR , 22 T R 46 B 40 31 1.93,
2.01, 2.02mm, i T ISO MIEIEPFRAE 0.72 mm.
ST 3 M T BIAS AbYE >4 D4R 2R (W 7k i g
M, Ha AR 2K 7.27, 9.32, 9.43 mm,
BRI 7R D R B s, S REU N 141,
1.81, 1.83, ¥J/NT DIP HEM T AIAZ X,

HRHE LA 4347, AT 822 X DIP 4k K CIP &2k
e SRR R DAERE N DL R AN J7 1. (ODIP & 4422 1
NIBERL/N, AT SZ Rl 4 b, 1EA8 b=
1 B AR ) ) B0k 22 AR B 4R (W A 1 R 7= AR %
KIARTE s QiR Ty B35 22452 1) DIP 28 2 gt LA
TR L AR AR D2 R R N s @CIP & 4k LN
FERER, W I R] AR 52 Al ) JB ek, (R 15 103E

2.4 MWEIIANG AFEN

X R Ty B2 SUE R IAT A FRIHLE SN
SHA T LN 10T MRS T [ 558 X 28
T2 (x| KN, 30° , 45°

B, 12 43 3+ B e LV 2R AL T, 2
FHER N ZRAEA R NG T IIEERTE . TN
BEAAN, NN 45° A5 0°, ek RS sk
FUEE Bl 2 D80S, AHARER N o B EXF 2082 1 3k I
Ri, 76 0° ANHHA TOUR, BTy m S8 L4
M PAT, HRENIRAEIEAR R AT, T2 (E K IT
BRTHANGM T, 45° NSHAKRZ, 30° A4
F /0N TR SR B TR TP R, 00 NS T F
T 7 10 5B LS R R A B/, SCERIEE KT &
INFHARNGA T, 3 NG 00T SO 2RI (E
TKIFEARIN: 45° >30° >0° .

gE LRTR, TR AR BRI, 5
30° , 45° NSHA THAHE, 0° NS T R XA
LT LR B 5K T N BE K 17 45° NS TR AS
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Fig. 11 Responses of cross pipeline joints at different incidence
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ASTRRFS T MRS A R A 2SSO b
FIEREB GRS 2L (DIP) RIRIMES: Dk 2k (CIP)
[ O, 4. B3, BRT LR, &

TEERE Ty RN BRI D KRR S S
FERERE T AERREW, FHFHULT 3 g
®o

(1D B sh = A 1 A AR AR, DIP &
LR mE R L RRE, CIP BLFEHERS
F2 O3[R P R A T AR AR

(2) RAHAERE O 5. T L B EL,
BRI N B 4N 52%~69%; L B
U A P 2 85 KIA 0.65° o SRV 2228 SUE 1Y) DIP &
2%, 590 22 A0 LI DIP Zeitk Ak 20 AR R A2 584,
SEURERIE O ZRBIR . 3T R EE
CIP &4k, HA78. T Bk 248 02 KA
430N 1.84, 1.84 mm 5 FEEE L 02 KR

(3) X RAAMERIZE ORI T B8 WL,
oA, TR XA, T A8 SCE RV
T A8 U P I B TR T R, LR DA KT
BANEELN 39%~52%. TR 228 DR
T BYAE X E S, W T BISE SCEFIGIN T 28 Ak~ 4%
FIAREE I A e U DA 5K T &, B D (E Rt &
YUNBEE L 1.45 15~1.93 £,

E AR I, A SCR FH IESZ A bR B -
S SRR A 2R Hb RZ e B AT, T S R R S A A
TIE % 3 b 2% A 6T 1A 2 b 7= el . 1) 54
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