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Experimental Study on Road Performance of Fiber — Reinforced Cement — Based
Stabilized Shield Tunnel Spoil

ZHENG Hanwen, CHI Hanlin, SHUAI Junjie
(School of Environment and Civil Engineering, Chengdu University of Technology, Chengdu 610051, China)

Abstract: To effectively utilize shield muck characterized by high moisture content and low strength, addressing issues such as
insufficient strength and poor frost resistance when directly used for subgrade filling, and realize its resource utilization.
Portland cement is the main material, adding fly ash, water — soluble epoxy resin ( WER), metakaolin, and polypropylene
fiber (PP). A " five — factor four — level" orthogonal experiment was designed, with the 28 — day curing age unconfined
compressive strength, indirect tensile strength, California bearing ratio (CBR), and freeze — thaw cycle test results as evaluation
indicators, to determine the optimal proportion of the composite curing agent and to prepare fiber — reinforced cement — based
materials for solidifying shield muck. Following formulation optimization via range analysis, integrated SEM and XRD analyses
were conducted to investigate microstructural characteristics and solidification mechanisms, thereby elucidating the enhancement
mechanisms of macro — properties. The results indicate that different proportions of the composite curing agent have varying
effects on the mechanical properties of shield muck. The optimal proportion of the composite curing agent is 9% cement, 12%

fly ash, 0.25% water — soluble epoxy resin (WER), 5% metakaolin, and 0.3% PP fiber. Compared to the uncured muck,
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the frost resistance of the shield muck is significantly improved, with strength and mass loss before and after freeze — thaw cycles

being less than 20% and 5% . The findings provide technical references for the resource utilization of shield muck in road

engineering applications.

Key words: shield muck; fiber cement — based materials; orthogonal yest; road performance; anti — freezing performance;

solidification mechanism
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Table 1 Basic physical properties of shield muck

HAE S W MR EEE BRRTEE AR -
/% /% S% KU (g emd) gy P
48 32.1 21.5 14 1.76 HiF 9.8
*2 BEHMELIZTELERS
Table 2 Main chemical components of shield muck /%
Si0, Al, 04 Fe, 0, MgO K,0 Ca0
62.55 19.52 13.32 2. 14 1.02 0.94
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JKYEN P -0 42,5 iR KR, BN 3. 14 g/cm’,
FEALE O W3 35 By — G K (FA)
HE K SpEmBmELR 64, tRmBN
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Table 3 Main chemical components of cement and fly ash /%

A Ca0  Si0, ALO, Fe,0; MgO0 SO,  K,0

JKJE  52.66 23.09 6.96 3.31 2.81 2.57 0.52
WK 1.16  44.51 37.82  0.71 0.52 0.14

x4 BEREZEHRIER
Table 4 Main technical indexes of fly ash
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Table 5 The main chemical components of metakaolin /%
Si0, AlL,O;  Fe,0;  TiO, Ca0 MgO K,0 Na,O
55.06 43.02 0.76 0.24 0.17 0. 06 0.55 0.06
®6 RAKAETIERARIER

Table 6 Main technical indexes of polypropylene fiber
GUEKIE EfE O WE RREE MPEECR
/(g/cm®) /MPa /GPa /C
6 0.17 0.9 =358 =3.5 =165

/mm /mm
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Table 7 Orthogonal test table /%

g 7K K

KIETERRA fisie L R

ke MK OKEERA Wit RN

Ev

B B WIEEE BE S4Bd B B WiEsE  BE S4Bud

1 3 4 0.25 3 0.15 10 9 8 1.75 7 0.15

2 3 8 0.75 5 0.20 11 9 12 0.25 5 0.30

3 3 12 1.25 7 0.25 12 9 16 0.75 3 0.25
4 3 16 1.75 9 0.30 13 12 4 1.75 5 0.25
5 6 4 0.75 7 0.30 14 12 8 1.25 3 0.30

6 6 0.25 9 0.25 15 12 12 0.75 9 0.15

7 6 12 1.75 3 0.20 16 12 16 0.25 7 0.20
8 6 16 1.25 5 0.15 17

9 9 4 1.25 9 0.20
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solidified soil with different ratios
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Fig. 8 XRD pattern of shield muck before and after solidification
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