%465 % 3 A A 4 Vol. 46 No.3
2026 6 A JOURNAL OF CHINA & FOREIGN HIGHWAY Jun. 2026

DOI:10.14048/j.issn.1671-2579.2026.03.022 XEHS :1671-2579(2026)03-0201-07

B F U946 4 L 81 ) 1 B 0 5 0 R L i 3

RET,EFN, XN, REFE"
(1 VG 2B R FAR TR0 BEVE PE4E 7100552 BRVGA & - 51 F 25 i) TR T A S0,
Bevh P 710055;3. ik T RERBE N TRARA A, LA F5% 266061)

T BRI T2 A R R SRR i, 52 2 DR AR 2 TR VA R BB AT A RORI T i LARE TE IR v ) e B R DR AR R AR
o, ALY 2y B2 B AR AR AR P PR 8 . I SC AT (22) — -+ (HE) e Bk 000 A D9 A HG , 0l 1 Bl 1 2R N A ) 1R o
PEST, X HCWF ST T HIL R AD K SR 0 (4 ) BEURR TR B IR BE RV RE L R A BT 2 A HEIR IR, 40 BT K RS L RITED 58 %6 15
SR EE LA YERESE WY . SRR NACA 28 BT RRUE HEAF , ELACH M8 BR B, 35 T A AL D s AH L T R AR,
AL 20 POk, 5 AT 38 TR R L 200 32 A5 s R Kt DR SRR (DI, WL A 0 TR 5 A 8l M i 22 (EL R B T g 5 KR LR
0.41~0.43 fb3H 5190 ~52 06 I, WL D 0T 5 1R BE 1 4% 00E RE SR, EL BT B0 IE 5 LU AE 3037 1 v o P RSOCR R4
PR A LD FH T I 5 0 B 1 D ST AT, B8 0% il AL B G I 3R 56 b 1) AR T SR, ROR AT ik — 2D 4 )T TR IR B AR o

A
SR BB DK BRI £ LA 1L s TARRERE s /1R
4 251 U454 SRS 1 A

Mix Proportion Design of Tunnel Shotcrete Based on Diorite Manufactured Sand
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(1. College of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an, Shaanxi 710055, China; 2. Shaanxi Key
Laboratory of Geotechnical and Underground Space Engineering, Xi’an, Shaanxi 710055, China; 3. China Railway 20th
Bureau Group 4th Engineering Co., Ltd., Qingdao, Shandong 266061, China)

Abstract: Tunnel construction produces a large amount of waste slag, which cannot be effectively utilized due
to various factors. By using tunnel slag to prepare manufactured sand to replace natural sand, resources can be
saved; costs can be reduced, and the environment can be protected. Based on the Xi’ an—Shiyan high-speed
railway project, the physical and mechanical properties of diorite along the tunnel were tested; the physical
properties and concrete performance of manufactured sand and natural sand were comparatively studied, and
the effects of water-binder ratio and sand ratio on the performance of shotcrete were analyzed by designing
multiple sets of mix proportion tests. The results indicate that diorite has few impurities, good stability, and a
low radioactivity index, which is suitable for preparing manufactured sand; compared with natural sand,
manufactured sand particles are characterized by rough surfaces, a high fineness modulus, and a high water
demand, and meanwhile, the manufactured sand concrete has slightly poorer fluidity but higher strength; when
the water-binder ratio is 0.41-0.43, and the sand ratio is 51%—52%, the overall performance of the
manufactured sand shotcrete is optimal, and the designed mix proportion shows a good application effect in
field trial spraying. It is practicable to apply diorite manufactured sand in shotcrete, which can meet the
engineering requirements of tunnel shotcrete, and its application in concrete materials can be further promoted
in the future.
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Figure 1 Tunnel slag
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Table 1 Test results of parent rock of manufactured sand

EHPURIRIE/MP gk TR/ Boks/ Gl Ril &8 RBR Al Rk g POTHEREE
WRRE AT REA (kg +m™®) % Ta/% R/ TE/% TE/% o BIR/ Y% RE I, I
113 117 2710 0.36 0.1 0.001 0.0 0.1 T hRAEE 2 0.97 0.1 0.2
F2 HHABERABKRNLER
Table 2 Test results of manufactured sand and natural sand
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ke — 1.1 5.8 01  IKX 29 2 850 1790 0.1  ETHrifEf 0.1 22
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Figure 2 Comparison of particle gradation and morphology
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Figure 3 Grading curves of manufactured sand and

natural sand
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Table 3 Test results of mixture performance

- A/ YREIE /mm ppgEmt R

i )t lh Wk 1h  [E/min i /min
ML 4.6 4.5 175 170 445 550
KK 4.5 4.4 170 160 435 545
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Table 4 Strength test results of hardened concrete
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1d 28d
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Table 5 Reference mix proportion

R MR R/ (kg e m ™) KL b/
7Kg WK B> el 7K U 7K (W/B) %
346 86 893 858 30.24 177 0.41 51
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Table 6 Designed mix proportions

- TEE bR B/ (kg e m™?) K AR/
K WK B e 5% N S 8 31| 7K (W/B) %
PB-1 405 101 840 858 6.07 35.40 177 0.35 48
PB-2 383 95 858 858 5.74 33.49 177 0.37 49
PB-3 363 90 876 858 5.45 31.77 177 0.39 50
PB-4 346 86 893 858 5.18 30.24 177 0.41 51
PB-5 330 82 911 858 4.94 28.81 177 0.43 52
PB-6 315 78 928 858 4.72 27.53 177 0.45 53
PB-7 302 75 946 858 4.52 26.36 177 0.47 54
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Figure 4 Variation of mixture workability under different

mix proportions
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Table 7 Setting time of concrete mixture

% WIEERS ] /min ZLBERT ] /min
PB-1 425 565
PB-2 430 575
PB-3 440 580
PB4 455 595
PB-5 465 590
PB-6 480 595
PB-7 490 595
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Figure 5 Shotcrete slab specimen and compressive

strength test
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Figure 6 Variation of concrete compressive strength

under different mix proportions
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Table 8 Field trial spraying test results of shotcrete
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