#

TR 5 i TR AR Vol. 24 No. 4

Journal of Water Resources and Architectural Engineering Aug. ,2026

FH24 B4
2026 4 8

#
mE

DOI;10.3969/j. issn. 1672 —1144.2026.04. 016

/1N IR 7 2 ) B M R K B R 3 T ML BB A 5

A S P ) A RN i R S
(1. 3% B & B K R TT &2 A8 BRA F], RS ¥ FH 557104
2. ARAKRIK RS, TlRE A 450046 ;
3N TR AR B LR TRE2ERE, R AN 450044)

O SRS RS S AN RO TR b2 B TR A T 5 51 & A R AR, 1T e b T IO R A W T
T2 S R, DA/ IRV T e DXk b J22 i 7K B L S AR FE , FF FRR s b J22 68 v 0 1 9F 5, 2 F 4
R I IR A3 AT A R 2 LR, 2o % N R R AR e 5 = 4R R A, B X 4R A LA
J1EPERe SRR T A . A5 RRIT KRR K L (w/e) f1 0.5 328 1.0 B, IR A5 AP B o b Fs 5
Hy 8. 18 MPa [4% 5. 11 MPa, S f iy 1 134. 5 MPa ZEU8 % 846. 9 MPa, J5 25 WAk i J38 Yo 25 1A TR i i 6
HVER ., IR RIE R P ARG P, 26 R 10 m Bh I SR RE 2 3 m, M4 S5 o AR b TR
FE KK EE 0. 75 B e A UM Sl ng , WDl S R AR IR L 0.5 BEAIK 43% o IR S5k S
BOuk 3 2 AR A BRI RSB , 5 AT S 0 A R b 2 R A AR

KRR WPRRHLZ s S BRI 5 A e M s O

HmESHEES: U455.4 SCHERERIRAD: A SCEHE 1672—1144(2026)04—0121—08

Mechanism of Grouting and Settlement Control of the Water Conveyance
Tunnel in Gravel Stratum on the South Bank of Xiaolangdi

CHANG Haifeng' , ZHANG Xingsheng”, ZHANG Yingfei', WANG Jinshang®’ , WANG Jiaxiang
(1. Luoyang Nongfa Yellow River Water Resources Construction and Development Co. ,Lid. , Luoyang, Henan 557104, China;
2. North China University of Water Resources and Eleciric Power, Zhengzhou, Henan 450046, China;
3. School of Civil Engineering, Zhengzhou University of Technology, Zhengzhou, Henan 450044, China)

Abstract ; Tunnel excavation in weakly cemented loose sandy gravel strata can easily trigger surrounding rock instabili-
ty, further inducing ground surface subsidence and even endangering engineering safety. Aiming at the construction
difficulties of the water conveyance tunnel in sandy gravel strata of the South Bank Irrigation Area of Xiaolangdi Pro-
ject, a study on advance grouting reinforcement for sandy gravel strata is carried out. The grouting mechanism in sandy
gravel strata is analyzed based on the columnar grouting theory, and the improvement law of surrounding rock mechani-
cal properties and strength enhancement induced by grouting reinforcement is investigated through laboratory uniaxial
compression tests and three-dimensional numerical simulation. The test results show that when the water-cement ratio
(w/c) of cement grout increases from 0.5 to 1.0, the compressive strength of cemented sandy gravel rock decreases
from 8.18 MPa to 5. 11 MPa, and the elastic modulus declines from 1134.5 MPa to 846.9 MPa. The concentration of
cementing material plays a decisive role in rock mass strength. Numerical analysis reveals that there exists a critical
value of grouting layer thickness for subsidence control; the critical thickness reaches 3 m at a tunneling advance length
of 10 m, and the reinforcement effect tends to be stable once exceeding this value. The water-cement ratio of 0. 75 bal-
ances economic efficiency and deformation control performance, with the subsidence at monitoring points reduced by

43% compared with the scheme adopting a water-cement ratio of 0. 5. The synergistic regulation mechanism of grouting
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thickness and material parameters on stratum deformation is clarified. Field monitoring data verifies that grouting can

remarkably restrain the surrounding rock deformation of tunnels in sandy gravel strata.

Keywords: sandy gravel stratum; water conveyance tunnel; surrounding rock stability ; settlement control
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