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Stage analysis of segment joint based on the damage-plastic model
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Abstract: Based on segment joint full-scale loading test of line 13 in Shanghai, the parameters of CDP
model were calibrated and a 3-D damage-plastic FEM model for segment joint of shield tunneling was
established combining the damage-plastic model for concrete in ABAQUS and the code for design of
concrete structures. Under the interaction of moment and axial force, the whole damage and fracture
process of concrete was studied. What’ s more, the relationship among moment, splaying amount,
deflection and damage during four stages of the whole damage process was described in detail. The results
show that the deflection-load curve is closely consistent with that of the test, and the segment joint of
shield tunneling goes through four stages, which are global section compressed stage, small deformation
stage, large deformation stage and joint contact-extrusion failure stage. Finally, based on the splaying
amount, combining the deflection, moment, and the average value of tensile damage strip, the health
evaluation index about the damage and failure of the segment joint was proposed.
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Tab.1 Parameters for damage constitutive of concrete

Fefiif gy MPa - SRR /107 HGE G A bR gy MPa FFRAE /107 AL EIGTISE R
14.239 0 0 2.740 0 0
35.288 0.557 0.183 1.262 0.188 0.346
27.798 1.801 0.479 0.461 0.547 0.808
14.181 3.903 0.796 0.264 1.056 0.934
8.919 5.767 0.901 0.212 1.393 0.958
5.609 8.429 0.955 0.136 2.513 0.984
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Fig.3 Nephograms of Mises stress and vertical displacement
of segment joints
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Fig.4 Deflection-load relationship of test and simulation
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Fig.5 Moment-deflection and moment-splaying amount
relationship curve

M AFAERARAERR, IBLAER —#T3 T, #ahH B
(R SEUGHE 2 L BB BAURT R LE X A BERTELA

2.2 Rt
HEek R R RAEE R B R TR e tR, &



18 ok T

K %05

w8 % B % W) 2017 4F

Bk T Rt K S o e BRI T 244 R sk %%
ARJER, TREUIMZGEFE i A5 B A sk T S AL
5, 23 R E 5 FiR,

FRAE B 5 1l 2 A48 2, T LR 95 e 3R
RS AL AN EE
2.2.1 e RN B

e S FRRIBY BE© B, WIFF AR I iy i e
FH T REAR TR D RN DR AE AR, B/ NS A R LA
HBLIR. ), (558 Bk A T 2 sl 2 R &,
P B ke BE Fn e sk T AR /N, JLPA 0,
B2 RBLA —BOL K B 2. B - 17 35dh 2%
AR, BB OB - fdiot Rt — 4 H R,
Ui B R e To sz R, TR
/N, AR LA BAT R AL AR 4 4% HY B
2.2.2 /NS ER

wE s RN B FR, BEESHEN M, &
KB B e ik T AR LR R BT, kit
NNETERY B, (WY B @ 25 A, B3k as e
KB T 277.52 kN-m, L IHE B FN 248 5Kk T =

DAMAGET
(Avg:75%)

00
+Hi

Pl 6 [ Bt @ &5 I AR i i 5 2= [l
Fig.6 Tension damage nephogram at the end of stage 2
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at the end of stage 3
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Fig.8 Damage nephogram and test photos at failure stage
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Tab.2 Health condition evaluation system

{e e 4%k T /mm 54 /(kN-m) e /mm dt “FH1E
TA 0~2 0~270.24 0~3.92 0~0.11
el 2~4 270.24~276.72 3.92~8.71 0.11~0.38
[z} 4~6 276.72~284.28 8.71~13.08 0.38~0.59
R 6~8 284.28~291.49 13.08~17.52 0.59~0.83
Gl >8 >291.49 >17.52 >0.83
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