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Abstract; During tunnel excavation, blasting dynamics cause substantial damage to surrounding rock mass in
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thin bedrock roof conditions,while roof thickness progressively increases along the advancing direction. Current sup-

port schemes lack differentiated designs to accommodate varying roof thicknesses across tunnel sections. Focused on

the Qingdao Tangshan Road Tunnel,this study defined a damage variable through dominant frequency attenuation a-

nalysis during blasting excavation of the surrounding rock mass. A quantitative relationship between blasting damage

and the distance to the blast center was established to assess the severity of roof rock damage. Using 3DEC discrete

element software ,a three-dimensional numerical simulation of the continuous blasting excavation process for 9 pilot

tunnels and 5 sections was conducted, with rock mass mechanical parameters adjusted to generate critical data for

support system optimization. The research findings indicate that arch crown excavation in sections 1 and 2 with thin-

ner roof thickness resulted in a 10 mm increase in arch settlement values. These sections remained significantly af-

fected by subsequent excavation activities, ultimately exhibiting final arch settlements exceeding 60 mm. The arch

crown anchor cables demonstrate effective anchoring performance, successfully controlling surrounding rock settle-

ment. After reinforcement replacement in sections 1 and 2 ,arch crown settlement reduced by approximately 10 mm.

All support schemes exhibit abrupt changes in curvature in settlement curves at the critical roof thickness of 7.4 m,

which is identified as the tunnel safety threshold. Numerical simulations guided optimized support parameters, yield-

ing a combined bolt-anchor cable system for thin roof sections and single-layer initial support for thick roof sections.

Both simulation and field monitoring confirm stabilized arch crown settlements at 45 mm across varying roof thicknes-

ses,validating the scheme’s effectiveness in maintaining tunnel stability.
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Table 2 The amount of damage to the roof
caused by the blasting of different pilot pits
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Table 3 Stratigraphic rock mass parameters

2 W SRR AL BEES K% eI A S
St tK Density/ Elastic Poisson’s  Friction Cohesion/ Tensile
ram (kg -m™) modulus/GPa ratio angle/° kPa strength/MPa
i+
AR X 3
Miscellaneous fill 175 %10 0.01 03 28 > /
SASLAER R 2%10° 0.2 0.23 24 50 5
Strongly weathered granite
AL 2.25x10° 0.5 0.23 24 100 5.43

Moderately weathered granite
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Table 5 Assign rock mass parameters in different regions

X5 W HAPER THFA L EEE A K2R 1 prhiss
zone  Density/ (kg - m> )  Elastic modulus/MPa  Poisson’s ratio Friction angle/® Cohesion/kPa Tensile strength/MPa
® 2 x10° 9.6 x10* 0.23 11.52 24 2.4
@) 2.25 x10° 2.4x10° 0.23 11.52 48 2.61
©) 2.25 x10° 5x10° 0.23 0.24 1 0. 054
@ 2 x10° 7.6 x10* 0.23 9.12 19 1.9
® 2 x10° 8 x 10° 0.23 0.96 2 0.2
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Fig. 10 Stress contour map of each supporting structure
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Fig. 11  Section 1,2 vault anchor cable arrangement
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Table 6 Mechanical parameters of grouting anchor cable

PR R JEE 45 £ KR 1 SYLINI B PR K
Elastic modulus/GPa  Friction angle/®  Cohesion/MPa  Shear stiffness/(MPa + m™") Diffusion perimeter/m
1x10° 30 2.8 1.2x10° 4.5
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Fig. 12 Anchor cable/bolt axial force contour

diagram after the vault is replaced
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Table 7 Optimize the concrete thickness scheme
WTTET 1 55 AT W 2 5 2R
205  Thickness of the second  Thickness of the second
Item layer of lining in

layer of lining in

section 1/cm section 2/cm

1# 40 40

2# 50 40

3# 50 50

4# 60 50
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Fig. 14 Settlement curves of the vault under
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Fig. 15 Lining stress contour map
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Table 8 Complete tunnel support scheme
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Initial Support - i
support section HAR K& [ R [k JERE
Diameter/mm Length/mm Internal/(m xm)  Type Internal/cm  Thickness/cm
KT 1 Section 1 25/22 6/6 0.8x0.8 128b 40 35
1 2 Section 2 25/22 6/6 0.8 x0.8 128b 40 35
. —= 717 3 Section 3 25/ - 6/ - 0.8 x0.8 128b 40 35
First layer
7T 4 Section 4 25/ - 6/ - 0.8x0.8 128b 40 35
KT 5 Section 5 25/ - 6/ - 0.8x0.8 128b 40 35
T 1 Section 1 25/22 6/6 0.8x0.8 120b 80 50
[T 2 Section 2 25/22 6/6 0.8 x0.8 120b 80 40
—Jz I¥71fi 3 Section 3 25/ - 6/ - 0.8x0.8 120b 80 28
Second layer
W1 4 Section 4 25/ - 6/ — 0.8 x0.8 - - -
Wit 5 Section 5 25/ - 6/ — 0.8 x0.8 - - -
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