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Field Measurements for the Lattice Girder and the Shotcrete Lining
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The use of lattice girder is increased at the tunnel site in Korea because of the several advantages over the tra-
ditional H-steel rib. The lattice girder supports the ground with shotcretes, forming a combined support system.
Therefore, stress measurements at the lattice girder are necessary to calculated the ground loads. However, field
measurements at the lattice girder are rarely performed at the tunnel site. The proper way of stress measurements
for the lattice grider is not fully established in Korea. The correction of stress measurements at the shotcretes is
often disregarded even though the measured stresses include non-stress related strains. Results of the stress mea-
surements obtained from the lattice girder and non-stress shotcretes are used to improve the credibility of the stress
measurements at the primary lining.
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Fig. 1. Stress measurements at the shotcrete contained in

the molds and a plastic basket.

Table 1. Maximum and final stresses for the non-stressed shotcrete at the tunnel site in Janghowon (- sign; compressive stress).

Radial Stress (kg/cm?)

Tangential Stress (kg/cm?)

Max. Stress Final Stress Max. Stress Final Stress
0.75
Mold 1 12.70 7.23 1,50 —0.62
0.27 1.67 '
Mold 2 342 | -2.84 551 -3.50
Plastic 341 -1.74 523 _4.15

Container -2.61
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Fig. 2. Measured stresses for the non-stressed shotcrete at the tunnel site in Janghowon (- sign; compressive stress).
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Table 2. Summary of the stress measurements for the non-stressed shotcretes at the tunnel site in Chubu-Myun (- sign;

compressive stress).

Radial stress (kg/cm?)

Tangential stress (kg/cm?)

Shotcrete gauge Strain gauge Shotcrete gauge Strain gauge
Max. Final Max. Final - Max. Final Max. Final
Mold 1 -3.85 —3.85 -10.49 —8.31 —4.38 -4.23 3.80 2.93
Mold 2 -3.73 -3.71 5.89 4.86 —4.61 —4.59 2.14 —1.01
Mold 3 —4.11 -3.81 —11.99 —11.88 —-4.88 —4.88 —7.46 —7.35
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Fig. 3. Procedure of the stress measurements for the non-stressed shotcretes at the tunnel site in Chubu-Myun.

Stresses(kg /o)

Stresses (kg /o)

Fig. 4. Results of the stress measurements for the non-stressed shotcrets at the tunnel site in Chubu-Myun |
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Fig. 5. Measured temperatures during the cure of the non-
stressed shotcretes at the tunnel site in Chubu-Myun,
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Table 3. RMR of the rock masses at the instrumented section.

Parameter Condition Ratings
Uniaxial compressive strength (MPa) 65 7
R.Q.D. (%) 50% . 10
Spacing of discontinuities (m) <60 mm 5
Discontinuity length (m) >20 m 0
. Separation (mm) 0.1-1 mm 4
d?;.(:lz)cllll:illi)Si t?et; Roug}mess s%if;kenside 0
Infilling silicate (5 mm) 4
Weathering highly weathered 1
Groundwater Dripping 4
Rating Adjustment Strike parallel to tunnel axis (Dip 34°) -5
Total Rating 30
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Fig. 7. Strain gauges installed at the lattice girder.
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Table 4. Summary of the stress measurements at the lattice girders.

_ Steel Location in Stresses, final(maximum) Bending direction
Location
bar No.  a steel bar L1(kg/cm?) L2(kg/cm?) L1 L2
Outside —203.9(=339.2) (-)
No.l Neutral 18.3(-35.1) -( -) Inward -
Inside —549.7(-554.3) —312.5(-314.1)
Outside ~112.4(-115.0) ~80.8(86.0)
Crown No.2 Neutral -(-) ~369.6(—369.6) QOutward Inward
Inside ~36.1(129.4) —207.3(-207.7)
Outside —-54.6(73.1) -252.3(-253.5)
No.3 Neutral —127.6(—131.9) —-86.5(-86.5) Inward Outward
Inside —333.2(-335.2) -211.9(-211.9)
Outside —53.4(85.2) -)
No.1 Neutral —191.5(-193.0) -30.4(-61.2) - Outward
Inside -(-) ~19.7(20.9)
o Outside —120.9(-121.5) 4.1(=20.5)
SI(’I"{‘lf‘gg[iS’e No.2 Neutral ~201.2(-201.2) —44.5(74.3) Outward Inward
Inside 67.4(147.3) —-98.2(—-114.1)
Outside —86.6(-92.5) —-19.0(31.7)
No.3 Neutral -81.9(-81.9) —72.5(=72.5) Inward Normal
Inside -219.8(-222.4) ~-20.5(-20.5)
Outside (-) 6.0(~15.0)
No.l Neutral -12.0(53.5) -( =) Outward Inward
Inside 53.2(59.3) ~167.9(-167.9)
Outside ~374.1(-377.9) «(-)
Sp("if;%;ne No.2 Neutral ~95.5(~95.7) -122.9(-122.9) Outward ;
Inside ~303.9(~303.9) (-)
QOutside -409.5(-416.1) -46.2(—69.3)
No.3 Neutral 37.5(67.9) ~328.0(-330.8) Outward Normal
Inside 19.6(93.9) -44.4(-44.4)
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Fig. 8. Example of stress measurements at the lattice girder.
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