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ABSTRACT: Backfill grouting and consolidation grouting are major reinforcing methods that enhance
the stability of tunnel by filling the gap between the tunnel lining and the ground and increasing the
stiffness of the ground. However, the effect of the grouting on the tunnel lining is not well established.
Field measurements such as pressuremeter test, Lugeon test, and lining instruments were performed to
analyze the grouting effect on the tunnel lining for a waterway tunnel.

The elastic modulus was increased up to 5 times than that of original rock mass due to consolidation
grouting. This study shows that only 10% of grout pressure was acting on the back face of the tunnel
lining. The final results are expected to be used for the design of the concrete lining.
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Fig. 1. Profile of the tunnel in the testing
site.
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Table 1. Evaluated RMR in the Test Site

& Bd gteld 3F AT

rating STA. 8335~8345 STA. 8345~8350
parameter Rock Mass Condition Rating Rock Mass Condition Rating
P "

Fiaal Siength 50~100 7 25~50 4
RQD (%) 25 3 0 3
Spacing of _

Discontinuities 6~20 cm 7 Cbom 5
continuity : >20 m continuity : >20
Condition of separation : 5 mm separation : 1~5 yum
Discontinuities roughness @ rough 6 roughness : smooth 2
filling : 5 omm filling : 25 mm
moderately weathered highly weathered
Groundwater flowing 0 flowing 0
Discontinuit, N7o~85W / 8NW, V
0 'entationy NI6E / 85NW -4 N35E / 858K, V -5
n N50W / 20~45SE
Total 19 9

* Bstimated from Point-load Strength Index
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Fig. 2. Injection order of consolidation grouting.
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Fig. 3. Longitudinal arrangement of consolidation grouting,
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Table 2. Results of pressuremeter test
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Hole Before grouting After grouting Improvement ratio

Location Depth( m) (Dm/Em)
Dm/Em ( kg/em?) | Dm/Em (kg/em®)

13 (1.5)* 17843 / 37301 18348 7 27404 1.03 7 0.73
Right Side 2.6 14461 / 18414 27556 / 48065 1.91 7 261
4.6 5296 / 7936 18274 7 24194 345 /7 3.05
2.0 (L.3)* 6936 / 9695 37202 / 43416 448 7 1.38
Left Side 2.7 (4.3)* 19594 / 34564 27458 / 38331 1.38 / 111
3.3 (5.5)* 43305 / 74434 49901 / 58585 1.15 / 0.79
0.7 1055 / 1360 6146 / 6817 583 / 5.01
Invert 2.7 35027 7/ 48083 40006 / 54177 1.14 / 113
5.5 23923 / 43304 32651 / 54271 1.36 / 1.25
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Table 3. Results of Lugeon test
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Before Consolidation Grouting After Consolidation Grouting
fest Location Test Section Applied Lu Test Section Applied Lu Notes
Pattern Pattern
0.55-3.55 TF 0.48 1.0-4.0 LF 2.62 Increase
West Side
2.95-6.0 TF 0.52 3.4-6.0 TF 0.29 Decrease
0.25-3.25 - 0.86 0-1.8 TF 17.8 Increase
East Side
3.0-6.0 Severe leakage 3.0-6.0 TF 2.78 Decrease
0-3.0 Severe leakage 0-3.0 - - ?
Invert
2.76-5.76 - 0.67 3.0-6.0 LF 16.90 Increase
LF: Laminar Flow, TF: Turbulant Flow
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Table 4. Instruments used for the test site
Sensor Objective Numbers Total
No Stress Strain Gauge Correction of lining strain 2EA/se<?t10n 4
2 section
. .. . . 4set/section
Embedment Strain Measurement of lining strain in tangential
o, 2EA/1set 16
Gauge direction .
2 section
Attachment Strain Measurement of steel rib strain in tangential 2EA/section A
Gauge direction 2 section
Pressure Cell Measurement of radlgl.pressure acting on the 3EA/se(?t10n 6
lining 2 section
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Fig. 4. Lining Pressure with time at the crown of STA 8343.

Table 5. Results of embedment strain gauges

(units: kg/cm?)

Crown West

Invert

East

Location In Out In

Out

In

Out

In

Out

STA. 8343 -58.7 ~73.48 -

-22.81

-40.37

-35.74

-28.32

-20.18

STA. 8346 -13.41 -10.19 -22.27

-18.55

-39.63

-30.76

-22.03

Note: Negative signs indicate compressive stresses.
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Fig. 5. Results of attached strain gauges at the sidewall of STA 8346.
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shotcrete due to grouting.
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Table 6. Maximum lining load induced by grouting pressure

Sensor Location Maximtgrrtl/’irzli)ng load n
STA.8343 East 16.1 1.9
STA.8343 West 11.5 14
STA.8346 West 8.0 1.0
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