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Study on damage mechanism of pipe’s joints in “3.10” Yingjiang
earthquake and seismic countermeasures

ZHONG Min, MIU Sheng, QIN Yun,MING Can

(Urban Construction and Management College, Yunnan University , Kunming 650091 , China)

Abstract : Water supply obstacle occurred when overhead main pipe of water supply was damaged in the “3.10”
Yingjiang earthquake. SAP2000 was used to simulate the stress and deformation of the pipes to summarize the
damage mechanism, and ANSYS was used to analyze local stress of flange. According to the summarized damage
mechanism, groove pipe support with rubber cushion was suggested to be the seismic strengthening measures. To
explore advantages and disadvantages of groove pipe support with rubber cushion, the difference of displacement,
velocity and stress between groove pipe supports with and without rubber cushion was analyzed in ANSYS.
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Table 1  Field survey data

T it H I3

1 LR (1) BEFIREE 3R %5% R C20,
(2) ZJ14Af;R A HRB335 S50 ¥, #4938 $9 i5>R J HPB300 44 o

2 Sl R FE 2218 250 mm 4518 S 4R IR BE 3 000 ;AR 2y 1 m,
#:200 mm x 400 mm , T R ZE T 2 200 mm 4558 4L E B 8 500 mm,

3 BEA AT (1) FEARE w=0.3 kN/m,
(2) PUREBZUE N 7 B, BT AR M AR N 0. 15 g, Wi 2l 3 =4, 11 it ,

4 HIEHAE IE R FH DNA00, K9 T IBE R 88 Hr400 4 5 45 1 IR S I 300 MPa, 758 BE 420 MPa, 458 511K £ 0.9
MPa,

5 221 HA% 12 22 A2 580 mm ;3 22 JELEE 38 mm ;i 24 4k Q235 4, JE IRSHREE 235 MPa; W% FLIE 525 mm ; B84 E 1% 30

mm; B FLE 165 B M6. 8 94, it IR ik B 480 MPa; PR BE MPa, JHAA LA 0.29,
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Fig.1 SAP2000 overall model
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Fig.2 Bending moment envelope of pipe
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Fig.3 Deformation of pipe

sremams acasen) e DS EEMIUE (ACASEL)

SZAE(F) SXAHF)

Jointg4-2

(a) T R o4MAXH NI (b) T 93-9545 % hi e X} HL

4 TREBE

Fig.4 Displacements of joints
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Fig.5 Acceleration and velocity diagrams of joints
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Fig.6  Finite element model of flange Fig.7 Local stress nephogram of flange
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Fig.8 Photoes of in-situ strengthening

M BOK EEGIRE , TAEN R EOK EE R BUR iy X E 2L it 5] 8 (a) Ak 22



- 226 - H & % F % it F22

BRFLEE B 8 (b) 47 SR PR A 8 A 67 82, HL H 1Y 35 22 b7 1 /K8 T FE Hb R A T S 15 S R ok,
8 (b) mE R & 8 (a) BN &, (X P FP 7 i - AN BRI BIHTREVE . B T Bk 22 LRz
P17, HILA G AP b s BEAR T MR VR F R AR/ AN BIHTRRVE ] o FHARAT R A8 1 1 (o FL AT ] 3
s b, AR A A5 SR REZE .

3.2 MEMEBHAR

TENN 5 A i , by ST G b el fim 316 it A #2235 500, B8 e I [ 380 4 5 IS T e b O B )
A EEAGFIE , A DA B BRI A TR 25 A AR A I [ Ao A v % 102 A K T 3 1) 1 AS i I
RO I BLF B R AR U [R) TR LI L KR s #4245 0 £ GBS0032 - 2003 %5 #h 45 7k HE
IKFR RIS TARDUR BT th e . B S5 A B4t (& — @B N ) |, I B e M i
FE it 5 - EL R 24 T 107 SR VA | I 4 B T 36 3 T B e s L RN R S A R AR i T B T
VB — BRI R 1, LS R R 1T O A AT A BRI A A R L % BT B s ik
FAE AR IR AL R AU A4S T S 48R DR B hn 3 5 A BB, & PTAE TE  A E S AR U R AR, Rl AS 5
ek FEAE A AR 4 o T AR AT — 7 1y st BRI ICER 7 i bR g i, T DAEAS I8 5 SR R i B AR
WD TR . H AT R AR I A2 B 48 T8 S 4 [ )7 OF RS T IR AR SE . Al ANSYS A [
TUEEAALL, S My AR e 42 (A Rl R A SR B P RE Rk
3.2.1  ERIEN MAR

3 o g N PR AR R A TR AT LA SR, A5 S TR A A AR R (R BRI 1 B R A ) RN 1 S AR
fl AR ( fRTPRAR I HE M 7Y ) | HLAR DX ) DL R 16T 9 Fir, SR 258 3 MU B2 (A BHE RE S HOk SE it TR EE L
FE AR h B Z AR B3, T A ST SR T FLTRBE - N (AN A BEASEAL , 38 e 1 TR o
PERC R Y I AR TE SR RN . BT Mooney Rivlin BEA1Z —A> [ LAY AL, JLT- 7] LIS
BB 1284728, 385 G /NI, — Bl FH T AE 228 100% (hifd) F130% (FE45) MBS, 2 X i,
T B AR R SRR R NS TR B R B R B T ORI 148 15t a], P28 45 R F Mooney-
Rivlin BIRUSG I 19 A KRR . S ) SCHR [ 11 ], 2 00515 2, B H0TR 68 + 32 il 185 78 1) 40k €01 2R
0.080 61,C10 >4 0.806 1,d HL O, Hfi & Jy 40 , #)JZJEFE 20 mm,

308 3 S0 T T Ak >fe A FHRAE 5 R ) A o [ R, SR R R4 I BT A SR TED AR D M T, RO 1SR
TR FARTH, —ZE 35l i A0 H AR TE 53 5% H CONTA173 5150  TARGE169 FAITHRBI , # BRI A, 4%
SHELLI81 FLITHRABIAUAETH , IXFIC T 17 s, B SISk, F 18X J ) SOLID185 HIT R AR UL L AR
JREAA RE RN R B+ 4 f A 75 . SOLID185 PR HF A1 — 4 [ RS54 ; PAITI AT 8 A1 ke X, HA Bk,
N TRk BRAR AR T RN AR SR RE ) o AR AL I AR G R] 10 s

BT RERRRZE
(@

XWXJW

WA RREE L SRR

B9 EEXRE@E B 10 EiEER
Fig.9 Scetion pipe support Fig. 10 Pipe model
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Table 2 Information list of key joints

Bt e KL A TELEH R ) LR A
X Y Z

47023 0 0 201 ) S e A T T PN RE A L
47384 0 566. 67 201 5547023 S ARSRY
47383 0 8500 201 57N S R AR A P R A BT
47744 0 9066.7 201 55 47383 FR AR 5,
48463 0 34000 201 0 37 P A A S AR T A L T
48477 0 33433 201 5548463 B AHAR S i

(1) Y RLAY AL RS R N7 45 A BEXT LURIR ST, BORSCHE Hh 268 Xo S fme (LA LU, AR WL 3%
3
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Table 3  Comparison of data

RN F

BERIZRAL 3 i

UX/mm UZ/mm  VX/(mm +s) VZ/(mm +s)  SX/MPa SY/MPa SXY/MPa Von Mises/MPa

47023 0.0872 34.042 3.114 202.581 25.787 19.008 0.00147 23.066

TR+
té% 47383 0.0706 30.812 1.339 127.814 24. 665 16.704 0.0139 21.883

22 fil A Y

48463 0.0412 8.594 1.910 156.439 23.350 18.456 0.0254 20.524
47023 0.00165 78.946 0.0193 288.005 23.002 23.143 -0.000103 22.843

Jing::
;ﬁ*};j 47383 0.00152 68.975 0.0168 208. 846 23.273 20.722 -0.000104 21.555
‘ 48463 0.00224 10. 380 0.0182 206.334 22.690 19. 687 -0.00102 20.054
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Table 4 Displacement differences of adjacent joints mm
UX Uz
AHEBT —— ” - - N ” o g
TR IR b 2 S A e A 7 TR BE L A A U H fi A 5
4702 55 47384 6.7 4.68 0.0430 0.0686
4738 5 47744 3.0 1.03 0.563 1.33
4846 55 48477 3.8 9.65 0.823 1.35

M3 4 a7, 7E UX J7 1] b AR A5 TR F R 00 3 it (8 8 AH 2 14 i R LA 0T TR RE - 42 Ml A A7 R i
BEW N, BEATE UX J7 (] b, BB Al A AR ) TR B3 b 4 b AR A b 5 A T S 22 4, 7 UZ J7 ) b AR
P b AR A RS A% ZE (AR, TR BE 4 A TR B T2 4
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