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Evaluation of rock load based on critical shear strain concept on tunnels
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ABSTRACT: After studying the characteristics of three different evaluation methods of rock load; namely theoretical
method, empirical method and numerical method, there were too many limitations for them to be applied on tunnels.
Therefore, in this research paper, the method based on numerical analysis is selected to use as this method is the most
reasonable one since it considers all parameters that are necessary for rock load estimations, and it also considers the
interaction between ground and tunnel support. The critical shear strain concept formulated by Sakurai (1981) was used in
order to measure exact rock load values based on numerical analysis. Evaluation on a Level 1 rock load height, which is
depicted by the stable region in the graph shows that rock load is not affecting between ground grade 1~3, and it was evaluated
that the fourth and fifth grades show less values of rock load height which led to the conclusion of a more economical design
of concrete lining.

Keywords: Critical strain, Critical shear strain, Rock load, Concrete lining, In-situ stress ratio
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Table 2. Modified ground load classification table of Terzaghi (Deere et al. 1970 : Rose, 1982)

Rock condition RQD Ground load height Hp (m) Remarks
1. Hard and intact 95~100 0 Light lining required only if spalling or popping
oceurs
Light support, mainly for protection against
2. Hard stratified or schistose 90~99 0~05 B spalls.
Load may change erratically from point to point
3. Massive, moderately jointed 85~95 0~0.25 B -
4. Moderately blocky and seamy 75~85 0.25 B~0.20 (B +Ht)
5. Very blocky and seamy 30~75 (020~0.60) B+Ht) | Lypes 4, 5, and 6 reduced by about 50% from
- Terzaghi value because water table has little
6. Completely crushed but chemically | ;5 (0.60~1.10) (B +Ht) effect on rock load(Terzaghi, 1946: Brekke
mtact
1968)
6a. Sand and gravel 0~3 (1.10~1.40) (B +Ht)

7. Squeezing rock, moderate depth

NA (1.10~2.10) (B + Ht)

Heavy side pressure invert struts required
Circular ribs are recommended

8. Squeezing rock, great depth

NA (2.10~4.50) (B + Ht) -

9. Swelling rock

NA

Up to 250ft irrespective of | Circular ribs required

value of (B + Ht) In extreme cases, use yielding support
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Fig. 4. Comparison of rock load by Terzaghi’s rock load classification table (Park et al, 2013)
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Table 3. Standard supporting patterns of O Otunnel

H515E AV 9lstol

Ground grade 5

Confents Tunnelling Advance Thickness Rock bolt
method (top/bottom) of Shotcrete (mm) Length Longitudinal
Ground grade 1 full face excavation 35 50 3.0 random
Ground grade 2 full face excavation 3.0 50 3.0 3.0
Ground grade 3 full face excavation 2.0 80 4.0 2.0
Ground grade 4 divided excavation 1.5/1.5 120 4.0 1.5
Ground grade 5 divided excavation 1.2/1.2 160 4.0 1.2
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Table 4. Design parameters for numerical analysis

2.5 o Unit weight Cohesion Friction angle Poisson’s ratio
Contents modulus (KN/) (MPa) ©) W)
(MPa)
Ground grade 1 21,000 28.0 5.5 48 0.20
Ground grade 2 12,000 27.0 4.0 43 0.22
Ground grade 3 5,500 26.0 2.0 37 0.25
Ground grade 4 1,500 25.0 0.8 33 0.27
Ground grade 5 600 24.0 0.4 30 0.30
Soft 5,000 25.0 - - 0.20
Shotcrete

Hard 15,000 25.0 - - 0.20

Rock bolt 200,000 78.5 - - 0.30
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Table 5. Critical shear strain according to RMR value

RMR value
contents
40 20
Level 1 0.1985 (%) 0.3574 (%)
Level 2 0.4762 (%) 0.8571 (%)
Level 3 1.3105 (%) 2.3379 (%)
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Fig. 16. Evaluation on rock load using critical shear strain(Ground grade 4)
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Fig. 17. Evaluation on rock load using critical shear strain (Ground grade 5)
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Table 6. Parameters of the Empirical Equation
Q-system value
Contents RMR value
Q J J
Ground grade 1 9 130 1 3.0
Ground grade 2 80 19 1 3.0
Ground grade 3 60 1 3.0
Ground grade 4 40 1 3.0
Ground grade 5 20 1 1 3.0
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Table 7. Comparison of rock load heights based on different evaluation methods
Ground grade 1 | Ground grade 2 | Ground grade 3 | Ground grade 4 | Ground grade 5

Terzagi’s theory (1946) 8.9 11.0 15.5 17.3 19.8

RMR value 0.7 2.7 53 8.0 10.6

Q value 1.4 2.8 3.8 6.3 83

GLI model 0 0 2.7 12.8 14.6

Critical Strain (Level 1) 0 0 34 3.7

19 M Terzaghi's theoretical equation (Noncohesive)
18 mRMR (Unal)

17 M Q-system

HGLI

M Critical strain (level 1)

Rock load{m)
=
S

(= Y LA B N - - B =

Ground grade 1 Ground grade 2

Ground grade 3

Ground grade 5

Ground grade 4

Fig. 18. Comparison of rock load by various evaluation methods in this study (K=1.0)

649



AT oAF - AES - ST

grolct. E3E Auk-gloy ArSARg mdl A2 9]
26, 25%°] sg3stc)

5. 28 9 AA

=UEE A= SaE=eldS 13F A=A
ARSI Sl AlRloleslg-g EAE|Efoldo] &
Hohe Aol AgEx HA2 HEAA A
3t Qich
2 Aol eks
7] ofeem Likale
7 folks HaaQl A
AollM= 71 ARte]
askal ARto| sl APyl agt K iy
ARk AEAf e oAk 31
3t HE]AIQl AHtoletsle AR

S B S I

=

0
B
o okf

Lo

E 2

< k&
T

oM, 0&

oo 1o

P o

flo XL

20

oo of

Ol
N
i, [
4
30,
fr
s}
=
N
Y

otz ok
ol
N
[
o
rE
f
1o
r (
=
jak)

2

30
rr
2
o

¥ xR
2o

of

ok

filo

2

C

prl"

1 rr
o N
o

2 e

o %o
LN

ﬁ
)
(e}

5
k
n)
st
4
£Q
:

¢

)
s
i
n
o,
>
o
N

mzoll A7 Sl TS 2 Aol
A TR dideE 3
AEE BAR = e A A4 Wl o] Kt
oA Ql Abgsolet skt

2. OOEEY #MkeH ¥ tathds AMgsial &
AR wslel] ufet AHloltsle-S SHAEHY
E Level 15 7|02 1Pt 23 Aiks+ 1
7= Aol slgo] 28514 edgker ks
4, 5= Sl wet A9k @l thEA

B Zoinn 2889, ZUAK 10, 159)

A9 2} g w3 o =) Aolet
sho] Arg stk A 59 A9 Wl
AtolgkstEo] IS 4xrt 2] A9E ol
L Ede) 4wt ) uigoln gute] Azt
EFURE AT 7P ZASHE 0} 1
efofe] Hlms) i o] Fashch
3. OOHQe] AlolkstEe IAUASE Level
2 71208 APsh At AE 49] Alolgt
s iale] 47%0] 4-o0l0, Ajukzioly
Fo kg wel PAAle) 26%e] Shek Zrolc
G NS 59 S B4 39%, Aketol
d AEEg we pale] 5%l sl gl
7] wjo] St ANk AelE Al

i

9] A5 Hot AR 2az|E el A

ol

o

Jeiu 2 AT OO Auolehsls A4
ARES] Tk ctolu, SxIsAe] - el Hek
A I TR 4 G 2 el Akt
= AAgto] obd Fgtol7] uje] thafat 27l
Hel AZARE Bg3tel H3 Aol ES
AZsHE welo] Wasicl,

Wil 2

B leno «00dr AR (ujigzalsl)ol A
Yo ghaelpacte] 2 ghe ol e Ay
(No. 2010-0026196).” o]o] ZAI=HUt}h

Haed

1. Bierbdumer, A. (1913), “Die dimensionnierung
des tunnelmanerwerks.” pp. 101.

2. Bieniawski, Z.T. (1989), “Engineering rock mass
classifications”, John Wiley & Sons, pp. 162-169.

3. Chun, B.S., Shin, Y.W. (2000), “A case study on
the design loads of tunnel concrete lining.” Civil
Expo, pp. 5-8.



st

ARGHPE

10.

11.

12.

13.

. Chun, B.S., Shin, Y.W. (2001), “A study on the

design loads of NATM tunnel concrete lining.” J.
of Korean Society for Rock Mechanics TUNNEL
& UNDERGROUND, Vol. 11, No. 2, pp. 96-108.

. Grimstad, E., Barton, N. (1993), “Updating the

Q-system for NMT.” Proc. int. symp. on sprayed
concrete - modern use of wet mix sprayed concrete

for underground support, Fagernes. Oslo, pp. 46-66.

. Huh, D.H., Chang, S.B., Moon, H.K. (2008), “A

study on the secondary tunnel lining design using
a ground lining interaction model.“ J. of The
Korean Society for Geosystem Engineering, Vol.
45, No. 4, pp. 370-380.

. Korean Tunneling Association. (2009), A manual

of tunnel design criteria, CIR, Korea, pp. 145-165.

. Kim, S.H., Park, I.J., Moon, H.K., Shin, Y.S.

(2010), “A study on behavioral characteristics of
concrete lining based on the equations of relaxed
rock loads.” J. of Korean Tunnelling and Underground
Space Association, Vol. 12, No. 6, pp. 443-450.

. Kim, S.H., Kim, K.L., Jeong, S.S., Choi, W.I.

Lee, K.J., Lee, S.W. (2012), “Estimation of the
ground loads acting on concrete lining in NATM
tunnel.” Korean Society for Railway pp. 415-420.
Kwa’sniewsji, M., Takahashi, M. (2010), “Strain-
State of the art
and recent advances.” Rock Mechanics in Civil

based failure criteria for rocks :

Environmental Engineering. pp. 45-56.

Park, J.J., Kim, Y.M., Hwang, T.J., Jeong, S.S.
(2011), “Numerical analysis of tunnel lining under
lossening Load.” J. of THE KOREAN GEOTECHNICAL
SOCIETY, Vol. 27, No. 7, pp. 35-45.

Park, S.H. (2013), “Engineering interpretation of
critical strains in the ground and a new approach
to assess the tunnel stability.” Proc. of Tunnelling
and Underground Space Construction for Sustainable
Development., Korea Tunnelling Underground Space
Association, Seoul, Korea, pp. 273-276.

Park, K.H., Shin, Y.W., Kim, J.J., Yoo, HK.
(2013), “A study on the estimation method of rock
load applied to concrete lining using back analysis.”

J. of the Korean Society of Civil Engineers, Vol.

651

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

33, No. 5, pp. 1957-1968.

. Rose, D. (1982), “Revising Terzaghi’s tunnel rock

load coefficient”, Proc. 23rd U.S Symposium on
Rock Mechanics., AIME, New york, pp. 953-960.
Ryu, D.H., Kim, S.C., Lee, C.J., Park, J.Y., Lim
J.G., Moon, J.W. (2012), “A study on the application
based on the equations of loosening loads for the
optimized design of concrete lining.” Korean Society
for Railway, pp. 7-18.

Sakurai, S. (1981), “Direct strain evaluation technique
in construction of underground opening”, Proc.
22" U,S, Sympo. Rock Mech., Cambridge, MIT,
pp. 298-302.

Sakurai, S. (1982), “An evaluation technique of
displacement measurements in tunnels”, Journal
of Geotechnical Engineering, JSCE, Vol, 317, pp
93-100.

Sakurai, S., [.LKawashima & T.Otani. (1995), “A
criterion for assessing the stability of tunnels.”
Eurock’93, Ribeiro e Sousa & Grossmann(eds),
pp. 969-973.

Sakurai, S. (1997), “Lesson learned from field
measurements in tunnelling”, Tunnelling and
Underground Space Technology, Vol. 12, No. 4,
pp. 453-460.

Seo, S.H., Chang, S.B., Lee, S.D. (2002), “An
analysis model of the secondary tunnel lining
Considering ground-primary support-secondary lining
interaction.” J. of Korean Society for Rock Mech,
Vol. 12, No 2, pp. 107-114.

Shin, Y.S., Park, S.H. (2009), “Engineering
interpretation of critical strains in the ground
based on the tunnel engineering.” J. of TUNNELLING
TECHNOLOGY, Vol 11, No. 4, pp. 403-410.
Terzaghi, K. (1943), Theoretical soil mechanics,
John Wiley and Sons, New York, pp. 66-76.
The British Tunnelling Society and The Institution
of Civil Engineers. (2004), Tunnel lining design
guide, Thomas Telford, UK, pp. 92-95.

Unal, E. (1983), Design guideline and roof control
standards for coal mine roofs, Ph.D. Thesis, The

Pennsylvania State University.



AT oAF - AES - ST

25. Venkateswarlu, V. (1986), ‘““Geomechanics classification
of coal measure rocks vis-a-vis roof supports”,
Engineering Rock Mass Classification (ed. Bieniawski,
Z. T.), John Wiley & Sons.

26. Yoo, K.H., Lee D.H., (2007), “The estimation of

652

the relaxed rock mass height of a subsea tunnel
under the overstressed ground conditions in
coupled analysis.” J. of Korean Society for Rock
Mechanics, pp. 137-146.



