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Research on the Deformation and Failure Mechanism of
Prefabricated Segments under the Action of
Hierarchical Loading Based on Microstructure
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Abstract: With the rapid development of urban tunnel engineering, prefabricated segments are increasingly
used in underground engineering. In this study, the particle discrete element theory was used, based on
the principle of large-scale bending test of segment, the force-displacement criterion and the parallel bond
contact constitutive model, a uniaxial compression model was established to invert the meso-strength pa-

rameters of concrete. In the particle discrete element model analysis, considering the internal deformation
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and mechanical anisotropy of the prefabricated segment, a random aggregate generation algorithm was de-
veloped based on the random algorithm and applied to the bending test model of the prefabricated seg-
ment. The test results show that the prefabricated segment tended to have tensile cracks from the bottom,
and at the same time, cracks appeared in the lower part of the contact. As the loading increasing, the bot-
tom tensile crack expanded to the upper part, and at the same time, the upper concrete reached the com-
pressive limit value and a compressive crack occurred. The bottom of joint was cracked and damaged, re-
sulting in the overall instability of the segment. When the loading displacement of the uppermost part of
the segment reached 1. 6 mm, the stress reached a peak value of 18. 0 MPa, as the loading continuing, the
stress decreased due to the fracturing of the concrete. The lowermost part was always in a state of tensile
stress, when the displacement reached 0. 8 mm, the maximum tensile stress reached 3.2 MPa, due to the
extension of the tensile crack, the tensile stress decreased rapidly and maintained a small tensile stress.
The shear stress at the joint reached a peak value of 10. 4 MPa when the loading displacement was 1. 6 mm. The
geological conditions of the tunnel in the section from Yaoshangcun Station to Xiaozhuang Station are complex. It
is determined through the bending test that it can meet the bearing capacity requirements.

Key words: prefabricated segment; particle discrete element; bending test; aggregate; crack
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3) Ml T R R TR B Y A R R BN AL AR IR F 1. 6 mm B, R ) IKFEAE 18. 0 MPa. B I
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KAL BTN Ty ik B 10. 4 MPa, FiE L ALBIN, 55 U106 ) BEAIR.

S % 3k

(1] #hiEs, XBRA. HH UHPC B Jj-MAEXRZMR (1], REEL, 2015(6): 66-68, 79.

(2] Ao, EI4ER0, 4m7. HT SIR AL TR B g — A RO [T, 1R %54, 2014, 31(1D): 84-90.

(3] WAk, ARuls, 2286, 5. mURAAERE LN D -2 M &R et [J]. ARRFE¥M, 2016, 25(2): 167-172.

(4] e N RIRTE A 55 R £ @il J5 H BE I8 45 i B A B AR b . CJJ/T 164—2011 [S]. deat: B a5 Tl i
Mitt . 2012.

(5] 5KMS. )G M REIE A H B2k S 2E M Re = e BT oE ()], #Eshm 51i%31, 2012(2) . 54-58.

(6] ZFFE, ZFWME, FETFE, & RELERF RHELORBIHFEBERBN [J]. WARBH R %MW AR
i), 2017, 36(1). 72-77, 117.

(7] ®ARWE, M. M5 F BE T8 A8 R 32 K W BE 2 o RV P 5T (0. k%4, 2005, 27(4): 90-95.

(8] #wd, {)l, WAV, Mk )G M el & 5 B3k iy = dig BRocarar (1], diEdiAR, 2004, 22D . 168-171.

(9] kIR, TRiEM, Fdse. EMREERGAE 8k =4 A Wxadr [J]. FEsE K%, 2003, 37(4): 566-569.

[10] Sfkar, BB, Rk, 5. + 54550 8 il i o0 B Y IR 06 S = PE AT ST ()], MR B TR 2 iR (A SRR 1D, 2016,
35(2): 267-273.

[11] skweds. /NEARIGEMEEE S SRR (1], BEEE. 2015, 35(6): 521-526.

[12] “RBUFE, @M, A2, %, EWIREE 8 A D EREEIR G TFT (1], 45 TR, 2017, 33(3): 139-146.

(13] SRR, sk By, FLAEIGT, 45, J& B4k b5 8 BRI TR 8 -8 5 2 i L9 & a5 08 (1], B4R 5 TR, 2020,
20(30): 12582-12588.

[14] Z=fhpk, 2ok, AL 4 1 AR AP SPrIRie A % RGBT X A (1], #REAEST, 2021, 61(3): 55-59.

[15] FERT XUMEV . M0k, D 20RO 15 #4640 45 7 S e R il e 09 [0, RRE AR (P 330, 2019, 39(2):

317-323.
(167 MBI ARt . R AL, & T %5 5K BE 5 09 RECR AR S R tE 0 A [T, PO R 2 4l CA R B £ B . 2013, 35(4)
145-150.

(17] SRR, MHE, B, JEMERE S Sk Al i sy (1], REBIEHAR . 2002, 39(6): 28-33, 41.
(18] whse, BIA, WM, . BRI RN 0 i RSO E [J]. WR R ERCARFZD, 2012,
34(7): 107-114.

REHE A4



