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Total displacement under non-reinforcement is a quantitative index of rock mass behavior during tunnel excava-
tion and depends widely upon geological characteristics. The primary purpose of this study is to suggest a rock
mass evaluation method, well representing tunnel behavior during excavation, according to rock type. A 3-D
numerical analysis was carried out, with consideration of the shape of tunnel section, excavation condition and so
forth, in a sedimentary rock-based tunnel, and total displacements under non-reinforcement according to rock mass
class were calculated. Finally, quantification analysis was carried out to assess correlation of the total displacement

with RMR parameters. As the result, a modified RMR system for quantification of rock mass behavior during tun-
nel excavation is suggested.

Key words : quantification analysis, Rock Mass Rating system, 3-dimensional numerical analysis, total displace-
ment under non-reinforcement
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Table 1. Statistical characteristics of RMR factors.
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Rock class Factor Data number Mean rating Median rating Mode rating Standard deviation Range of rating
R1 13.1 13 14 0.82 6
R2 13.8 15 15 2.15 9
I R3 208 13.9 15 15 2.14 10
R4 16.9 16 16 2.81 15
R5 11.6 10 10 2.41 11
RMR;, 69.3 69 72 3.59 18
R1 11.5 12 12 1.25 8
R2 11.7 12 10 2.70 12
1 R3 74 10.1 10 10 1.80 7
R4 10.1 10 10 2.09 13
RS 9.3 10 10 1.70 15
RMR,, 52.8 54 58 548 19
R1 6.1 6 6 1.66 9
R2 4.2 3 3 2.27 8
v R3 341 6.0 8 8 2.66 10
R4 4.7 4 4 1.89 9
RS 6.8 7 7 1.50 6
RMR,, 27.8 28 21 6.45 19
R1 3.8 4 4 0.82 3
R2 3.0 3 3 0.00 0
v R3 24 3.3 3 3 0.76 2
R4 4.1 5 6 2.43 7
R5 4.7 4 4 1.31 4
RMR, 18.9 10 20 1.67 4
R1 10.6 12 12 2.96 13
R2 10.5 11 3 4.40 15
Total R3 1,547 10.1 10 10 3.56 20
R4 10.6 10 10 4.88 23
R5 9.3 10 10 2.56 16
RMR,, 51.1 55 59 15.88 63
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A: Displacement occurring before excavation
B: Non-measured displacement after excavation

C: Measured displacement after excavation

Fig. 1. Grouping of displacements due to excavation of tunnel.
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Table 2. Geotechnical parameters of sedimentary rocks for 3-D numerical analysis.

Rock type I II 111 IV V
Maximum 30800 16500 9300 8000 1800
Bulk modulus (tf/m?) Mean 45000 33000 18000 13000 4100
Minimum 80000 57000 65000 35000 8500

Maximum 23100 11361 5850 4125 783
Shear modulus (tfm?) Mean 33750 22721 11322 6703 1784
Minimum 60000 39246 40887 18047 3698

Unit weight (tf/m?) 2.66 2.55 2.44 2.27 2.04
Cohesion (tf/m?) 542 2939 149.9 61.6 26.4

Friction angle ( ©) 43 41.6 37.7 32.8 - 29.8

Table 3. Measured displacement (Cm) and total displacement under reinforcement and non-reinforcement.

Rock class I II 11| v Vv
Maximum 6.9 7.6 7.6 5.7 7.1
Measured displacement (mm) Mean 4.7 4.2 4.6 4.0 34
Minimum 2.7 2.5 1.6 2.1 2.0
Total disol i ) Maximum 35.3 37.8 38.6 28.0 24.7
otal displacement under retn- Mean 24.4 20.0 22.3 19.6 16.5
forcement by 3D analysis (mm) o
| Minimum 13.9 12.0 7.0 9.0 11.5
Total disol t und . Maximum 36.8 43.6 52.4 48.9 129.8
otal dispracetent under non-rein= -y g 252 21.8 2722 30.1 61.8
forcement by 3D analysis (mm) o
Minimum 14.2 12.6 7.5 11.3 30.8
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?ﬁ:ﬂf‘ﬁ);j 2 123 4.3839 0.4180 5.8190 0.1114 0.0108 s
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RQD 3 62 221677 -4.6403 22.1677 0.4877 0.0834 ”
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5 29 0.0000 17.5275
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discontinuities 3 80 -9.6820 07872 >0 0'2:’9; 30(')05621; 20
(R3) 4 31 159700  -5.5008  (2210%)  (2249%)  (30.52%)
5 17 0.0000 10.4692
N 2 ] -8.3637 -6.1060
;::Oﬁi‘;?h‘i’; 3 M -4.8325 25748 83637 0.1105 0.0057 ”
(R4) 4 118 -1.6940 05637  (11.57%))  (9.23%) (2.86%)
5 20 0.0000 2.2577
1 17 -19.9515 -7.8801
Groundwat : te 118481 0.2232 19.9515 0.2177 0.0393
sroundwailer . . .
_ _ 15
(RS) 3 3 92290 2.8423 (27.61%)  (18.20%) (19.61%)
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Fig. 2. Correlations between total displacement under non-reinforcement and each RMR parameter.
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Table 5. Suggested rating of RMR parameters based on effect of RMR parameters on tunnel displacement in sedimentary rocks.

Strength of RQD Spacing of Condition of Groundwater
intact rock (R1) (R2) discontinuities (R3) discontinuities (R4) (RS5)
Original RMR 15 20 20 30 15
Modified RMR 10 30 25 10 25

Table 6. Modified RMR system for sedimentary rocks.

Parameter Range of values
Strength Pomt-lgad ~10 MPa 4-10 MPa 5.4 MPa 1.2 MPa For this ‘low range-umaxml
of strength index compressive test is preferred
intact .
rock 1 Umi’;‘:rllg‘;ﬁmp' >250 MPa 100250 MPa 50-100 MPa  25-50MPa 5-25MPa 1-5MPa <1 MPa
matera ,
Rating 10 9 6 4 2 1 0
) Drill core quality(RQD)  90-100% 75-90% 50-75% 25-50% <25%
Rating 30 29 27 20 8
3 Spacing of discontinuities >2 m 0.6-2m 0.2-0.6 m 0.06-0.2 m <0.06 m
Rating 25 24 19 16 11
Shightly ro : Slickesided
Very rough suligflellc}és e Slightly rough surface or :
Condition of iﬁﬁioﬁg t Separation<1 SSf;::aetion< Giouge<5 mm won gouge;j o ek
4 discontinuities No separation Isrilizhtl 1 mm ;h;d;;;on Separation>5 mm
Unweathered Weath}:r d Highly weath- i Sp m Continuous
wall rock ere ered walls :
walls Continuous
Rating 10 10 9 6 0
Inflow per
10 m tunnel None <10 10-25 25-125 >125
length (1/m)
Ground (Joint water
5 water pressure)/(Major None <0.01 0.1-0.2 0.2-0.5 >0.5
principal ©)
General e .
condition Completely dry ~ Damp Wet Dripping Flowing
Rating 25 19 14 9 0
2XH[o
| 2 e 111 SR RMR $HX[Qf
Patial Corr' (Y, R)=
type 11l SS(R,)+ErrorSS
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