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Abstract

Theoretical, empirical and numerical methods are used to evaluate the rock load due
to tunnelling. Theoretical and empirical methods do not consider ground conditions,
tunnel shape, and construction conditions. However, through numerical analysis, it is
possible to analyze the displacement and stresses around tunnel due to its excavation,
and evaluate the rock load considering ground and construction conditions. The stress
transfer ratio(e) which is defined as a ratio of the difference between the major and
minor principal stresses to major principal stress is used in order to understand the
stress transfer effect around the tunnel excavation using numerical analysis results.
The loosend area around tunnel periphery was found based on this approach. The
difference of rock load from stress transfer effect were found according to the ground
grade. From comparison, rock load obtained from stress transfer effect (e = 10%) were
somewhat larger than the results obtained from the critical strain method, but smaller
than those obtained from theoretical and empirical methods. The stress transfer effect
approach considers the ground condition, tunnel shape; therefore, it can be applied to
evaluate the rock load in concrete lining design.

Keywords: Stress transfer ratio(e), Stress transfer effect, Rock load, Principal
stresses, Concrete lining
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where, B= 2[%+m . tan (45— g)],
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Table 1. Modified rock load classification of Terzaghi (Rose, 1982)

Rock load height

Rock condition RQD Remarks
Hp(m)

L. Hard and intact 95-100 0 Light lining required only if spalling or popping

occurs
. . Light support, mainly for protection against spalls.

2. Hard stratified or schistose 90~99 0~0.5b . . .
Load may change erratically from point to point

3. Massive, moderately jointed 85~95 0~0.25b -

4. Moderately blocky and seamy 75~85 | 0.25B~0.20 (b + m)

5. Very blocky and seamy 30~75 | (0.20~0.60) (b + m) Types 4, 5, and 6 reduced by about 50% from

6. Completely crushed but Terzaghi value because water table has little effect

chemically intact 3~30 | (0.60~1.10) (b +m)

6a. Sand and gravel 0~3 | (1.10~1.40) (b +m)

on rock load (Terzaghi, 1946: Brekke 1968)

Heavy side pressure invert struts required

7. Squeezing rock, moderate depth NA | (1.10~2.10) (b + m) Circular ribs are recommended

8. Squeezing rock, great depth NA | (2.10~4.50) (b +m) -
. . Up to 7.6'2 Circular ribs required
9. Swelling rock NA irrespective of

value of (b + m) In extreme cases, use yielding support

Unal (1983)} Venkateswarlu (1986)= Bieniawski (1989)°]l ©]3l] A|2FH RMR (Rock Mass Rating) &t ©]
Q510 A|Hto] kel g Atehe ARG 4] (3)T (4)9} o] A|TSHALE. Unal (1983)-2 A& o)A Zaf21 <l
=7 999 olE AHo|galE e = A o5t
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Zd-E1strength-stress ratio)= 7 2Jolal, =-HQPH-E0] 2~30] ZAot= PGS AR Z|Hto|ebotg-& A5t
T}. Kim et al. (2013)<> Sakurai (1981, 1982)7} ARt SHAIH P ERAIIH FE)S of-§oto] S=2]5l14] A}
ZazEgolge] skgo2 13t 4= 9= A|Hto|¢ela-S Agstoict. =2l 7

9l ATPARET} vl & i T
AAIFEL B AZ A ﬂléz} = %%s}oq eldel oyg@ S PEkE 4 Q= AR 8311 9t Fig. 2
o} o] AR EL EAT} o~ olgate] Hefgt & glo
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& Eqf
Axial strain

Fig. 2. Definition of critical strain (Sakurai, 1981)

T 0'1985%0 - - o= 0,3574%Q
L4 B remsoen

(a) Ground grade 4 (b) Ground grade 5

Fig. 3. Evaluation of rock load based on critical shear strain according to ground grade (Kim et al., 2013)
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40m
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53m
28m
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(a) Ground grade 4 (b) Ground grade 5

Fig. 6. Ground conditions of OOtunnel (Kim et al., 2013)

Table 2. Ground properties for numerical analysis (Kim et al., 2013)

Contents Deformation Unit weight Cohesion Friction angle Poisson’s ratio
modulus (MPa) (KN/m?) (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
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Fig. 7. Evaluation of rock load according to stress transfer ratio (ground grade 4)
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Table 3. Comparison of rock load heights(m) based on different evaluation methods

Contents 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
Unal (1983) 0.7 2.7 5.3 8.0 10.6
Grimstad and Barton (1993) 1.4 2.8 3.8 6.3 83
Critical Strain (level 1) 0 0 0 3.4 3.7
Stress transfer ratio (5%) 0 0 0 9.4 10.4
Stress transfer ratio (10%) 0 0 0 53 6.0
Stress transfer ratio (15%) 0 0 0 3.8 44

20

= Terzaghi's theoretical equation (Noncohesive)
18 - ®WRMR (Unal)
= Q-system
16 | m Critical strain (level 1)
u stress transfer ratio (e=5%)
14 1 mstress transfer ratio (e=10%)
5 stress transfer ratio (e=15%)
10 4
8
4
24
0 J

Ground grade1 Ground grade2 Ground grade3 Ground grade4 Ground grade 5

Rock load (m)

Fig. 9. Comparison of rock load by various evaluation methods in this study

591 39 1,628 Z710He TS ERIOL QLo T Aol glelEo] ] oF 72-84% O 745}
ACE. T, SO (ey S 15% AT B 10%°] 18] oF 72-73% B2 4514 FAHEhA
WE2 A Fo AR gES ERRSI

9 A9E Zatel el SeHolul(e) 10%= SARITHAG Sl ofFh W4 BEke 2 gtole] Qatel ofall 4
ghrks Hot 2ae|Eeiold AAX Alolgtels e B8 4 9 Ao e Powt 1o SeH
Hl(e) 3he] 2 8- AEEAL Bl AZAES FA5HL B BA B2 Falel etstyl AloletaE i 48
2 9e Aow Bt

i

i

o)

msx
oF
r

5.4

i

1010 Journal of Korean Tunnelling and Underground Space Association



Evaluation of rock load based on stress transfer effect due to tunnel excavation

I
TolM AR¥RE F-6-210] Zfolof| ofgt g2 olH](e) 2 B2 7E 0 & A[WHEHE Aol ¢tslE:

e = 4 .

3. OOEE9 2HFeHE s APgsial A RafelS 285t 2ol oot -g=i7dolH](e) 7l
ofsf| #rojetslsS AFdste] Hlals
56~58% = AHto|stE 7 A4St ofF 15% = 71 7% oF 12~73% 0% 4she 7
FE L

4. A RO () S WS ] Sloto] PUHEFES ol 88 AR AN ATTAGE (Level 1)
LSR= i I Ll Al ] ao e KA 7 s oy il
olSHE T} oF 1.56~1.62H] A AP = AR Zg A 4ol wlsh 2A] A Elof Hot gt ]l groletar wt
& 4= Sl

5. & A= OO 2| 2ito|gtsls A Alzl o] thieh AtolH, 254 o] 737 ARte] 22 de s 1L

2 4= gl 2 Aol AR AAlghe] obd Fdgke]7] wiZol thefet =30 o) ASA RS &

=
)
=
El
i,
1)
olo
1%
)
o
z
©
]
(9,1
X
=
-,
=
X
i
olN
N
N
ok
o,
o
18

L

)

B AT = AEWEE FE WS &05U] A7 |ed AR RS T 9 m]sl| 47 $19t A
oA Wy 22t B3 71570 17SCIP-B108153-03) 2] 2|10 2 ~afiE]] o o]

References

1. Bieniawski, Z.T. (1989), Engineering rock mass classifications, John Wiley & Sons, New York, pp.
162-169.

2. Grimstad, E., Barton, N. (1993), “Updating the Q-system for NMT”, Proceedings of int. symp. on sprayed
concrete - modern use of wet mix sprayed concrete for underground support, Fagernes, Oslo, pp. 46-66.

3. Kim, J.J., Kim, J.S., Kim, M.K., Yoo, H.K. (2015), “Prediction of ground load by performing back
analysis using composite support model in concrete lining design”, KSCE Journal of Civil Engineering,
Vol. 19, No. 6, pp. 1697-1706.

4. Kim, J.J., Lee, J.K., Kim, J.U., Yoo, H.K. (2013), “Evaluation of rock load based on critical shear strain
concept on tunnels”, Journal of Korean Tunnelling and Underground Space Association, Vol. 15, No. 6,
pp. 637-652.

5. Kim, S.H., Park, I.J., Moon, H.K., Shin, Y.S. (2010), “A study on behavioral characteristics of concrete

Journal of Korean Tunnelling and Underground Space Association 1011



Jae-Kook Lee - Jung-Joo Kim - Hafeezur Rehman - Han-Kyu Yoo

lining based on the equations of relaxed rock loads”, Journal of Korean Tunnelling and Underground
Space Association, Vol. 12, No. 6, pp. 443-450.

6. Korean Tunneling Association (2009), A manual of tunnel design criteria, CIR, Seoul, pp. 145-165.
7. Park, K.H., Shin, Y.W., Kim, J.J., Yoo, H.K. (2013), “A study on the estimation method of rock load

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

applied to concrete lining using back analysis”, Journal of the Korean Society of Civil Engineers, Vol. 33,
No. 5, pp. 1957-1968.

. Reza, R.O., Erdal, U. (2009), “An empirical method for design of grouted bolts in rock tunnels based on

the Geological Strength Index (GSI)”, Engineering Geology, Vol. 107, No. 3-4, pp. 154-166.

. Rose, D. (1982), “Revising Terzaghi’s tunnel rock load coefficient”, Proceedings of 23rd U.S

Symposium on Rock Mechanics, AIME, New York, pp. 953-960.

Sakurai, S. (1981), “Direct strain evaluation technique in construction of underground opening”,
Proceedings of 22nd 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. (1997), “Lesson learned from field measurements in tunnelling”, Tunnelling and Underground
Space Technology, Vol. 12, No. 4, pp. 453-460.

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

Terzaghi, K. (1943), Theoretical soil mechanics, John Wiley and Sons, New York, pp. 66-76.

Terzaghi, K. (1946), Introduction to tunnel geology in rock tunneling with steel supports, Commercial
shearing and stamping company, Youngstown, Ohio.

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

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.

Yang, J.H., Wang, S.R., Wang, Y.G., Li, C.L. (2015), “Analysis of arching mechanism and evolution
characteristics of tunnel pressure arch”, Jordan Journal of Civil Engineering, Vol. 9, No. 1, pp. 125-132.
You, K.H., Lee, D.H. (2007), “The estimation of the relaxed rock mass height of a subsea tunnel under the
overstressed ground conditions in coupled analysis”, 2007 Special Symposium Korean Society for Rock
Mechanics, pp. 137-146.

You, K.H., Lee, D.H. (2008), “A numerical comparison study on the estimation of relaxed rock mass
height around subsea tunnels with the existing suggested methods.” Journal of Korean Tunnelling and
Underground Space Association, Vol. 10, No. 1, pp. 25-36.

Yu, B., Wang, H.J. (2008). Pressure arch theory and the tunnel depth classification method, China
Railway Press, Beijing.

Zhu, 7.G., Qiao, C.S., Gao, B.B. (2008), “Analysis of construction optimization and supporting structure
under load of shallow multi-arch tunnel under unsymmetrical pressure”, Rock and Soil Mechanics, Vol.
29, No. 10, pp. 2747-2752.

1012 Journal of Korean Tunnelling and Underground Space Association



