Hans Journal of Civil Engineering /R T, 2025, 14(5), 1035-1045 Hans X
Published Online May 2025 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2025.145111

EHBER S RS IR RS
SR

RABE, KEE, /£ A, & W, KF¥H

YRIGF R AR TR B, B
2LighEE TRARAR, L

Weks . 20254F4H14H; FHBER: 20254F5H6H; &AM HM: 20254F5416H

HE

JEHRRERE F BRI ET RN EZERS, BIEETHRPERSE, HEARRMKR
KR AR RERE LR, ERXAIBERLSEENZEMANRERE. ASCUETERBITIRHK
BRG], BT RBPERTIMES . ERRA SHERTTE, FiA T AR P RPER P ERE A
RBPUBIR T, RBEEES WK B SR, FiEn kA ma e e e, 2
M T BEE I T R R v S R M R X T 45 M 9 S A0 TR AR TR RIS, $R0F T BY DI AP IR o R v e e
SHXNTRER TR, SRRY: (1) WEPRNEESHEREMRT LR RERREM, %
KBS IR E SR BRI B ARG (2) BEHIEH TS H0T A RERER TR X TSR
5 EE; (3) BUEABIER T EWREER TR FPERNEA AR, AERS R T
HEERYE . RXHFRRAAONRBRIRRIE TRER RA B 5B TRESRSE, EARBHERIIN
W5 SR BRI R AL T 2R

XK ia
FIPEERK, bk, ERES, CELBUER

Stress Distribution Law of Shear
Mortar for Synchronous Grouting
during Shield Tunneling

Qinglin Jia!, Guanjun Zhang?, Xiang Renz, Xin Huang}, Zixin Zhang!

1School of Civil Engineering, Tongji University, Shanghai
2Shanghai Tunnel Engineering Co., Ltd., Shanghai

Received: Apr. 14th, 2025; accepted: May 6%, 2025; published: May 16, 2025

CESIM: BUREE, SOE%E, B, ST, SR AR R PR B )RS R R A AR ). R TR, 2025,
14(5): 1035-1045. DOI: 10.12677/hjce.2025.145111


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2025.145111
https://doi.org/10.12677/hjce.2025.145111
https://www.hanspub.org/

BEUN

Abstract

The floating of tunnel segments in shield tunneling is an important part of construction monitoring.
During synchronous grouting in shield tunnel construction, monitoring tunnel uplift, as grouting pres-
sure and the anti-buoyancy properties of the slurry significantly influence this uplift, directly affecting
the safety and stability of tunnel construction and operation. This paper takes shear-type grout based
on solid waste as an example. Based on the measured data of grout properties, theoretical models, and
numerical simulation methods, it investigates the stress distribution patterns of the grout on the tun-
nel structure and within itself under the influence of slurry pressure and grout shear resistance during
synchronous grouting in cohesive soil. By analyzing the rheological characteristics of non-Newtonian
fluids, the study examines the influence of synchronous grouting grout properties on the internal force
distribution and deformation of the tunnel structure during construction and explores the impact of
grout property parameters in shear-type mortar on tunnel construction. The results show that: (1) The
strength parameters of shear-type mortar play a key role in the tunnel's resistance to floating, with
both the dynamic viscosity of the slurry and the strength of the grout contributing to anti-floating; (2)
Proper control of construction parameters can effectively reduce the disturbance and floating of the
structure during grouting; (3) Numerical simulation reveals the pressure distribution patterns of syn-
chronous grouting during shield tunneling construction, providing an important basis for optimizing
the grouting process. The research findings of this paper not only offer technical references for the de-
sign and construction of grouting systems in similar tunnel projects but also provide a theoretical foun-
dation for the optimization of grout properties and long-term prediction of tunnel floating.
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Table 1. Slurry group distribution ratio
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Figure 1. Shear-resistant slurry form
B 1 B BRERS

DOI: 10.12677/hjce.2025.145111 1037 TARTHE


https://doi.org/10.12677/hjce.2025.145111

BEUN

RIS AR R BT AR B SR LA PR e 1 B i 70 AR B A D3 e, NN LAY — e R N e 9K 5
SINGH e FAFHSRBOBAS WA AR, TP H RS B R E R, &l 1 PR, fEARaTsg i) st
A B R P AR ST BT B L o AN S B AT YD E HARRE (R 2), MR E A, A

M =%DfHCV +% DC, )
Hr,
Dy AT FAR AT R EAR, BB 7 A X P AR 1 58 2
H A+ E

Cv~ Cn N IEFE SRR TP R BT 1) (P BT 5 5, X LI AR B HUBT 58 % e

Table 2. Shear strength measured by cross shear
= 2. TFEYINISHI TR E/Pa

I [ WA 2h 4h 6h 8h 10h 12h 14 h 24h
IRBR R AP VE SR 825 851 928 1031 1057 1289 1547 1698 1882
BUBYRIb I 14 / 877 851 928 1186 1547 1573 2063 2733
BUBYRURb I 24 / 954 1006 1057 1135 1341 1573 1753 2192

22. FAHYRESREFESH

FE+ W BTG T )1 3R BT 5 B (0 5 2 ST AR PR A A 2R - AR R T BT U R R ) AR A
[ A TR . 2% AR, P 2.

Ly BT
A B YR T
e
H

Figure 2. Cross shear test ideal damage surface
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Figure 3. Actual damage morphology of shear-resistant mortar
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Table 3. Rheological properties of slurry
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yinl/s zinPa
10 88.34
20.01 89.64
30 79.57
40 85.58
50 60.13
100 45.07
150 16.99
200 9.718
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Figure 4. Slurry flow model during slurry injection and filling process
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Figure 5. Slurry flow model with shear on slurry caused by uplift of pipe sheet
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Figure 6. Modeling of single-ring grouting on shield
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Figure 7. Distribution of slurry in the process of grouting
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Figure 8. Force on tube sheet and soil body during grouting process
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Figure 9. Pressure distribution of slurry diffusion under slurry injection pressure
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Figure 10. Pressure distribution of shear slurry in uplift of pipe sheet
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