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Abstract

Steel set is a structure that stabilize the NATM tunnel until the installation of shotcrete,
and it is combined after the shotcrete is installed to improve stability. In this study,
determination approach for the equivalent elastic modulus of shotcrete-lattice girder
composite is newly suggested for tunneling simulation. Also, a method was presented
to calibrate the equivalent elastic modulus through the comparison of the full 3D
model and equivalent model. When the conventional equivalent elastic modulus is
used for shotcrete-lattice girder composite, the flexural strength of equivalent model
is 130% smaller than that of full 3D model. Equivalent elastic modulus is adjusted
considering the error of flexural strength. It is found that the error of flexural strength
obtained from adjusted equivalent model using adjusted equivalent elastic modulus is
reduced less than 1%.
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Fig. 1. Tetragonal lattice girder
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Table 1. Dimensions of tetragonal lattice girder

Tetragonal lattice girder
Small section Medium section Large section
100 x 100 x 19 125x 110 x 19 150 x 130 x 19
H1 17.5 17.5 17.5
H 100 125 150
Bl 21.5 21.5 21.5
B 100 110 130

Diameter of main bar: 19 mm
Diameter of spider bar: 13 mm
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(a) Full 3D model of tetragonal lattice girder (b) Full 3D model of triangluar lattice girder

(c) Equivalent model (c) Adjusted equivalent model

Fig. 2. Equivalent elastic modulus of shotcrete-lattice girder composit based on volumetric ratio

Table 2. Derivation of corrected equivalent elastic modulus of shotcrete-lattice girder composit based on
volumetric ratio

Tetragonal lattice girder Triangluar lattice girder

Small ‘ Medium ‘ Large Small ‘ Medium | Large

F (MPa) 231,400
Steel bar 3
¥ (mm’) 34966 | 3.55¢6 | 36206 | 3.14e6 | 321e6 | 33006
E(MPa) 15,000
Shotcrete 3
V (mm’) 5.53¢7 6.79¢7 8.62¢e7 5.53¢7 7.78¢7 10.6e7
Equivalent elastic modulus, %, (MPa) 28,667 26,302 24,079 27,306 23,946 21,711
Adjusted equivalent elastic modulus, £, (MPa) | 70,915 58,534 49,253 43,474 35,247 31,224
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Table 3. Correction of elastic modulus based on flexural strength

Full 3D model Equivalent model Adjusted equivalent model
Fle)(g;lct?ll\it[r)zl)lgth Flez;;r,atl l\s/lt;z;gth Exror (%) Flexug:i If:lr)ength Error (%)

Small 12.21 4.96 -146.09 12.21 0.05

Tetragonal | Medium 8.73 3.84 -127.17 8.82 1.00
Large 6.53 3.15 -107.25 6.50 -0.44

Small 9.01 4.68 -92.44 9.05 0.52

Triangular | Medium 6.58 3.69 -78.50 6.62 0.54
Large 4.93 3.01 -63.93 4.95 0.33
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