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Shear strength influencing factors of transparent soft rock
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Abstract: Transparent soft rock holds significant application value in geotechnical model testing; however,
research concerning the influencing factors and mechanisms governing its shear strength remains incomplete.
Fused silica sand, nano-sized hydrophobic silica powder, No. 15 white oil, and n-dodecane were selected as the
primary transparent bonding materials. First, the influence of three individual factors-silica powder content,

quartz sand particle size, and sample dry density-on the shear strength of transparent soft rock was investigated.
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Based on these findings, orthogonal experiments were designed in conjunction with an engineering case study to
explore the interactive effects of multiple factors and to optimize the material mix proportion for engineering
applications. This approach analyzed the comprehensive influence of the aforementioned factors on the shear
strength of transparent soft rock and identified the optimal formulation. The results demonstrate that as silica
powder content increases, cohesion exhibits an approximately linear enhancement, while the internal friction
angle remains nearly constant. A higher proportion of fine particles initially reduces and subsequently increases
the internal friction angle, with negligible impact on cohesion. Increasing dry density induces a rapid-to-gradual
ascending trend in cohesion, whereas the internal friction angle shows initial stability followed by a progressive
rise. The optimized ratio derived from orthogonal experiments: 4% silica powder, particle size group D (75% of
0.5-1 mm particles), and a dry density of 1.35 g/cm?®, exhibits high compatibility with the geomechanical
parameters of the Chongging Jigongzui Tunnel’s surrounding rock.

Keywords: transparent soft rock; shear strength; geotechnical engineering model tests; silica powder content;

particle size; dry density; orthogonal experiment
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Table 2 Refractive index test result of 15# white oil and n-
1.1 [FE#r# dodecane mixture
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Fig.1 Fused quartz sand with different particle sizes
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Table 1 Particle size groups of fused quartz sand
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Fig. 2 Refractive index matching effect of fused quartz

and mixed mineral oil solution

B KM SR AR R LA E R T A (200 m?/g)
A B K 3 141, RE G B B B R 4
BE7 T MR ISR A BB R . B W ORI
55 B A A MR B B AR P R B K
PE A RE R (] 3, )5 T AR EE D ), LT 5 46 (1. 458
5) 5 A B tth Ko AL BRI AR — B, i R R B W . BF
FEWHK R RER B A B E R T T B R
it AR, RS EHA T W EE M
FrPEN,

3 MRREAEZEALEH
Fig.3 Nanoscale hydrophobic silica powder
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Fig.6 Transparent soft rock specimen before compaction
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Table 3 Experimental design table for influencing factors
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Fig.8 Silica powder content effect on shear strength of

transparent soft rock
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Fig.9 Quartz sand particle size effect on shear strength of

transparent soft rock
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Table 6 Factors and levels of orthogonal experiment
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Table 7 Orthogonal experimental design and results
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Fig.11 Range chart of cohesion influencing factors
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Fig.12 Range chart of internal friction angle influencing

factors
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Table 8 Comparison of prototype and model parameters
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