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Applicability of recycling of shield waste sand as synchronous grouting
during shield construction under the Nanjing Yangtze River
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(1. School of Transportation, Southeast University, Nanjing 210096, P. R. China; 2. The Eastern Route of South-to-
North Water Diversion Project Jiangsu Water Source Co., Ltd., Nanjing 210029, P. R. China)

Abstract: Based on the slurry shield engineering of Xinjizhou water supply corridor project in Nanjing Yangtze
River, the applicability of reusing waste sand as shield synchronous grouting materials was studied, which was
produced by slurry shield construction in silty fine sand layer and rock stratum. Through changing the particle
size distribution of abandoned sand in sandy soil layer, its influence on the performance of mortar was examined;
furthermore, the influence of the particle shape of rock stratum waste sand on the performance of mortar was
investigated, and the proportioning optimizing of synchronous mortar prepared from rock stratum waste sand
was discussed. The results indicated that the sand layer waste sand can be used to replace the original sand

directly, and the rock stratum waste sand can also satisfy the engineering requirements by adjusting the

Wofs B8 :2021-09-29

BESTA: HE A RRE 4 (51978159) s 1 K RHE X #1141 (2015BAB0O7B06)

YEB B A XN (1996- ), 5, FE A - LRBISE, E-mail : hgseu@163.com.
THSCGEFES) B W+ #8214 5200, E-mail: jwding@seu.edu.cn.

Received: 2021-09-29

Foundation items: National Natural Science Foundation of China (No. 51978159); National Science and Technology Support
Program (No. 2015BAB07B06)

Author brief: 1.TU Huigang (1996- ), main research interest: geotechnical engineering, E-mail: hgseu@163.com.

DING Jianwen (corresponding author), PhD, professor, doctorial supervisor, E-mail: jwding@seu.edu.cn.



% 64

XER,E A FILRFMALREFHLAER T EZR P HA HGERR 135

proportion; the fluidity of mortar improves with the increase of fineness modulus and sand content of sand layer

waste sand, but excessive clay content results in decreased fluidity, shorter setting time and lower strength of

mortar; the rougher the surface of rock stratum waste sand particles, the worse the fluidity and shorter the

setting time. The waste sand of shield construction can be used for synchronous grouting under the appropriate

proportioning, but the mortar proportioning should be adjusted appropriately with the change of particle size

distribution and particle surface shape of waste sand.

Keywords: slurry shield; waste sand; rock stratum waste sand ; synchronous grouting; recycling
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Fig. 1 Xinjizhou water supply corridor project in Nanjing

Yangtze River

1.2 RikMEEER

JE K BE Ji 1 SR AE D D A B G it T AP — 0 SC H
PR T F 2 B AT B S5 58 8 e a5 L, 42 1 i
Ml J A T A b T RN, kg SR K
HA R Ak P RE  SEBUMERERIGR TR RE . 455
TRERF RUIE S5 A OGSO, W) 48 B E TR T



136 + K5 3% L FHKOP E X

% 45 %

T ) 25 00 2% 10 1% BB 48 Ar B SR O < 3 B R 20~
25 cm, B BE B 10~13 cm, & 45 05 8] F7 6~9 h, Wh 7K
BAKTF S, B R ARKF5%,3.7.28 dHit
JE 5% JE 43 IAAKF 0.5.1.0.2. 5 MPa.,

2 M A O ER E R T E

2.1 R R

R 5 [R] A5 00 30 R FH SRR R 0 H R R4
AKUE KR R D R AR R IR R T 5 45 S
T AR T, 0 B H s R A TR .

IKUE R HCRE PO 42, 535 38 i iR £ 7K I 5 By 48 K
SR A FE T AR TR w7 ok IR K 5 R R T
i 3 I R A R FAE P R R R £

TR I RD , 5 FR B il /0 . B 3l 2
R X /N T 4075 mm, 41 BB 0. 30, BB kL A
RTLAY% KRR 22.0% Bk &8 N6.9%,
AN RBCR 3 1L, R RN 1,87, )8 THR +,
P KR4 A1 i 26 0L 1A 2,

100 —O— PR

-0 HEFD

£ ol —o— WEFRD
&
Rt

ANTRRARN

IS}
S
T

10 1 0.1 0.01 0.001
KA/ mm

B2 X ARBAS &

Fig. 2 Particle size distribution curve of test sand
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Fig.3 Particle distribution curves of sand samples with

different fineness modulus
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Table 1 Test results of reusing sand layer waste sand

- - g W BRCS WmEh OB/ BEEE WK V& ] JE MR AL 348 B /M Pa
T /% /% E/em cm &) /h /% /% 3d 7d 28d

S1 YRR 0.3 71.07 7.43 21.5 10.3 8.9 1.71 3.07 0.98 1.59 3.93
S2 [ 0.1 65. 36 2.07 23.2 11.1 8.7 3. 56 3.61 1.28 2.11 4.78
S3 W1 0.5 65. 36 2.07 24.3 11.9 9.3 3.38 3.70 1.24 2.18 4.80
S4 e 2 1.0 65. 36 2.07 26.1 12.8 10.1 2.45 3.96 1.19 2.01 4.58
S5 W3 0.1 45.00 3.29 22.2 10.0 7.6 2.92 4.00 1.28 2.54 4.75
S6 fbFE 4 0.1 85.00 0.90 26.4 13.2 11.2 3.40 4.24 1.24 2.33 4.55
S7 fibFES 0.1 65. 36 10. 00 19.6 8.8 5.6 1.03 4.22 1.49 2.15 4.70
S8 6 0.1 65. 36 20.00 17.4 6.7 3.0 0.10 2.62 1.33 2.38 3.77
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Table 2 Comparison between the properties of mortar prepared by sand layer waste sand and site river sand

23 W /em B /em  REESW /D WK% EBURAEE/% 3 dSEE/MPa 7 d9RE/MPa 28 d 55 % /MPa
DL b 21.5 10.3 8.9 1.71 3.07 0.98 1.59 3.93
RS 23.2 11.1 8.7 3.56 3.61 1.28 2.11 4.78
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Fig. 4 Effect of fineness modulus on fluidity, setting time

and bleeding rate of mortar
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Fig. 5 Effect of fineness modulus on mortar strength
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Fig. 6 Particle distribution curve of sand samples with

different sand content
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Fig.7 Effect of sand content on fluidity, setting time and

bleeding rate of mortar
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Fig. 8 Effect of sand content on strength of mortar
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Fig. 9 Particle distribution curve of sand samples with

different clay content

T B (0 K 43 F 080 RS SR B B B B RN K
R F AL, S AR A B 109 )5, B 2K U B
PR AT L TR . T Ak B R SR R Rk A
M 256 B E) 20 % WP A B EELS BTN 8. 7 h 45 i &
3 1, T AR TR v SR R 4 R D O I E 6~9 h =2
], 2 2 70 i R & 4 KT 1006 B, b 3R 1 ik
SERF DK T 6 h, Jouk i 2 TREZR . Uk, %
FeRb b RS B R B BP0 S Mk AR 2
S5 i () o 2, 5 X BC B A T R

25 s Lo
£ 20} AR b0 Ly
B N £
E st Gl 1581 2
» -y
i ¥l o=
R 10 F Lo |4 B
ES

sk b f2
. Y ‘0
0 5 10 15 20 25

RRL S R%
B 10 Tt S 8 X RD 3R R 31 LR 45 B8] Lok ZE AR 00
Fig. 10 Effect of clay content on fluidity, setting time and

bleeding rate of mortar
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Table 3 Comparison between the properties of mortar prepared by rock stratum waste sand and site river sand

W W /em BB /em  BEEZSEFRI/h 0 WOKE/ YW B/ Y 3dERIE/MPa 7 diEE/MPa 28 d SR JE/MPa
Y 21.5 10. 3 8.9 1.71 3.07 0.98 1.59 3.93
HEF 24.6 11.9 4.5 0.74 2.51 1.09 1.79 3.18
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Fig. 12 Images of each grain group of rock stratum waste sand
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Fig. 13 Images of each grain group of river sand
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Table 4 Comparison between the properties of mortar prepared by rock stratum waste sand and river sand
i WA fem M /em  BELSIS R/ KA /% AR /% 3 AR /MPa 7 dBRJZ/MPa 28 d 5 /Z/MPa
IR 24.6 11.9 4.5 0.74 2.51 1.09 1.79 3.18
g 28.2 13.4 10. 7 3.35 3.51 1.13 1.78 3.06

L5 I ) SiE <, B AL 2l J8E R R 2 AR T RE T
R I A4 D TE LU R S R T RS Pt it
TR IR e K e KBS EE R HE D S Y

B e A A X 56, 0038 3 22 5 [l U9 20 7 #0220 E A LA
P E 0 2 AR TR ZOR YIS b o 25 U0 41 N R I
(A LI A5 R 2K 5 PR .
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Table 5 Optimization test group for reuse of rock stratum waste sand

WA KK Bkl KR P WAL B /cm &%N WIKF/ Y% B MR P

cm 8] /h /% 3d 7d 28d
Y1 1.50 0.067 0. 90 0.75 24.5 11.9 4.5 0.74 2.51 1.09 1.79 3.57
Y2 2.00 0.067 1.00 0.70 24.5 12.2 5.1 0.69 3.70 0.86 1.18 1.99
Y3 2.00 0.050 0.70 0.70 17.6 6.1 1.9 0.15 0.83 1.70 2.75 5.15
Y4 3.00 0.100 0. 80 1.00 21.3 10. 1 4.8 1.24 1.97 0.70 1.11 2. 60
Y5 4.00 0.150 0.90 0. 60 16.4 5.6 2.6 0.10 1.70 0. 64 0.77 1.44
Y6 1.50 0. 200 1.00 0.90 16.2 6.7 4.2 0.20 2.58 0.82 1.55 3.52
Y7 2.50 0. 250 1.10 0.50 13.1 3.1 2.4 0.05 2.63 0.71 0. 84 1.41
Y8 3.50 0. 300 1.20 0.80 11.5 3.3 5.8 0.06 2.77 0.34 0.46 0. 74
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J7 N
F,=—26.042 — 78.749x, + 53.181x; + 1)
43.548x, — 38.563x;x,
F.=——28.829 — 58.76x, + 40.382x; + (2)
33.165x, — 25.83x;x,
Fr.=—8.012— 1.255x, — 16.162x, + (3)
8.207x, + 7.346x, + 1.748x, x4
Fy,=—5.245+ 0.116x, + 10.228x, + (4)
2.209x; + 5.554x, — 22.005x, 2,
Fe=—1.737 — 12.262x, + 10.002x; — (5)
11.215x, + 8.221x,°
F,=9.594 — 0.66x, — 13.156x; — (6)
0.873x, 4+ 0.0752,* + 5.989x,°
F,=18.044 — 1.849x, — 25.758x, — (7)
0.682x, + 0.246x,* + 12.039x,"
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0.458x,% + 20.061x5°
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Fo6 HEFM
Table 6 Model evaluation

R A% R R’ R? F P
i B 0.983  0.967  0.923  21.972  0.015
T g 0.982  0.965  0.918  20.554  0.016
BEL, I 1] 0.996  0.992  0.973  52.401  0.019
WK 0.997  0.994  0.978  63.783  0.016
R 0.992  0.984  0.962  45.363  0.005
3d i 0.996  0.993  0.976  56.751  0.017
7dE 0.998  0.996  0.985  91.768  0.011
28 d 3 Ji 0.983  0.966  0.921  21.375  0.015
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Table 7 Experimental verification of optimum proportioning
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T A 22.6 11.9 6.7 1.03 4.49 0.78 1.51 2.95
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