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A Study on the Estimation Method of Rock Load Applied to
Concrete Lining Using Back Analysis

ABSTRACT

Design criteria for rock load on tunnel concrete lining has not been established yet. Generally rock load on tunnel concrete lining is
empirically estimated, which leads to a conservative design. Ordinary estimation method of rock load includes various problems.
Estimating by numerical analysis is very complicated and has not been verified with field measurements. Therefore, it is necessary to
conduct a study on practical method of estimating rock load which is more accurate to the real rock load on tunnel concrete lining. This
study, presents estimation method of rock load on tunnel concrete lining. Crown settlement of the tunnel construction site has been
measured and it was been back analyzed to estimate the rock load. The rock load was estimated to be smaller compare to the ordinary
estimation method.
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Table 1. Ground Characteristic of Type A at O OTunnel
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Fig. 1. Assumption of Bierbdumer’'s Rock Load Theory

Classification | Cohesion(kPa) | Internal friction angle( ®) | Specific weight(kN/m®) | Deformation modulus(MPa) Remarks
Ground width of tunnel: 13.20 m
har: Otu risti 70 29 20 28 height of tunnel: 9.80 m
e overburden: 60.00 m
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Fig. 3. Assumption of Terzaghi’s Rock Load Theory(1946)

Ev|a1e] w Bierbdumer o]&2}2] Auk o|gksls AT =
Fig. 29} & Z3= Rt} Bierbdumer o]&22)9] Exlav}
715kl wet Ak ojekslE-2 ST olekd el E(B)d|
oF 2,77} EE Eu|1 68molA] Huizk 641 kKN/m>S Bl &
ThA] 7281 A3RS 1 9jo W, Bierbdumer o]&2)e] 2t o]gks}

T Al Slo] Fajhs Evjagds & 5 jlslth

2.1.2 Terzaghi O|=A|
Terzaghi(1946)+= H]- 249 ZHE) 84 Fig. 3
I 22 Yol o thsle] Eq. 6y ARSI, 2 ANk

oFEIE aLefete] AHY 5A4S NS Eq. (1)S o185}

Axsk

LIA=Rr

h= 2 B | =

At ojgkets A B Aol REdskiti(Kim et al, 2010).

B ’}/B fKtand)Q—;]
B T ¢ Py = o1

6

=% . 9035
AT - gk
500
430
__.___,__,_.__—-——'_—
400 "]
1

350
ol [
é 300 // /
= // ==—=Terzgzhi
T 250 ’/
2 / T erzgg hi{cons [dering cqhesion)
2 200
5]
I}
2 /4

150 /,

100 //

50
o

o 10 20 30 40 50 60

Overburden (m)

(a) Relationship Between Rock Load and Overburden (¢=29° K=1)

70 80 20 100

1200

1000

@
=]
=]

—T e

zaghi

Rock [ead (lNfm?)

o 02 04 06 08 1 12 14 16 18 2

In-situ stress ratio (K)

(b) Relationship Between Rock Load and In-Situ Stress Ratio
(H=60 m, $p=29°, C=70 kPa)

Fig. 4. Rock Load of Terzaghi’s Theory
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Table 2. Modified Rock Load Classification Table of Terzaghi(Deere et al. 1970 : Rose, 1982)

Rock condition RQD Rock load height Hp(m) Remarks
| Hard and intact 95~ 100 0 Light lining required only if spalling or popping
occurs
Light support, mainly for protection against
2. Hard stratified or schistose 90~99 0~0.5B spalls
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+HLt) Types 4, 5, and 6 reduced by about 50% from
5. Very blocky and seamy 30~75 (0.20~0.60)(B+Ht) Terzaghi value because water table has little
6. completely crushed but chemically intact | 3~ 30 (0.60~ 1.10)(B+Ht) effect on rock load(Terzaghi, 1946: Brekke
6a. Sand and gravel 0~3 (1.10~ 1.40)(B+Ht) 1968)
7. Squeezing rock, moderate depth NA (1.10~2.10)(B+Ht) Heavy side pressure invert struts required
>4 & ’ P ) ' Circular ribs are recommended
8. Squeezing rock, great depth NA (2.10~4.50)(B+HLt) -
9. Swelling rock NA Up to 250ft irrespective of value of | Circular ribs required o
(B+Ht) In extreme cases, use yielding support
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Fig. 6. Comparison of Rock Load by Terzaghi’s Rock Load Classification
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Table 3. Conversion of Q Value
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Ground load computation by Terzaghi’s
ground load classification table
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Fig. 9. Flow Chart of Back Analysis Computing Rock Load
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Table 4. Standard Support Pattern of Type A and E-Type B

ZaErfold At oldsks AR A

Classification

Supporting
pattern

24 HY
28

QW E ©60.5, L=5.0m Geziomm)
260.5, [=5.0m (ts=200mm) AR
22X :H-200
Tunnel characteristi width : 13.20 m width : 14.28 m
Hnnet characteristic height : 9.8 0m height : 10.41 m
Advance 1.0 m 1.0m
Pri Steel rib H-200 H-200
rimary support
ALy Supp S/C 250 mm 250 mm
Rock bolt L=5.0m, CTC(T)=1.2 m L=5.0 m, CTC(T)=1.2 m
Steel rib H-200 H-200
Invert
S/C 200 mm 200 mm
Temporary invert 150 mm 150 mm
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Fig. 10. Measuring Condition of O OTunnel
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Table 5. Main Ground Material Property Applied Numerical Analysis

Classification Specific weight(kN/m’) | Deformation modulus(MPa) | Cohesion(kPa) | Internal friction angle(°) | Poisson’s ratio(v)
Damage zone 20 280 70 29 031

Table 6. Material Property of Composite Member Applied in Numerical Analysis

Classification Cross section area(mz) Elastic modulus(MPa) Geometrical moment of inertial(m“)
Lining 0.249998 19593.95 0.000461
Invert 0.195738 21194.00 0.00054479

Table 7. Rock Load Computation by Using Terzaghi's Rock Load Classification Table

Classification Rock condition Rock load height(m) Rock load(kN/m?)
Type A 0.4(B+Ht) 9.2
5. Very blocky and seamy
E-Type B 0.4(B+Ht) 9.88
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Table 8. Result of Ground Reaction Coefficient Computation

e . . . . Equival £ i
Classification | Cross section area(m’) Deformation modulus(MPa) Poisson’s ratio duiva ent. transformed Gl”OUTld reat10n3
section(m) coefficient(kN/m’)
Type A 108.8
280 0.31 5.00 42,748
E-Type B 125.0

Table 9. Forecasting Crown Settlement by Using Terzaghi Rock
Load Classification Table

Classification Type A E-Type B
Rock load(m) 9.2 9.88
Crown settlement(mm) 38.71 44.16

Table 10. Crown Settlement for Field Measurement

Classification Type A E-Type B
22.1 19.9
57.09(%) 45.06(%)

3%( )value is measuring crown settlement / forecasting crown settlement
ratio by Terzaghi’s rock load classification table

Crown settlement(mm)

K
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Fig. 13. Relationship Between Rock Load and Crown Settlement
by Back Analysis
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Table 11. Back Analysis of Rock Load Computation
Classification Type A E-Type B
y=10.2709x22.1-1.2666 |y =0.254x19.9-1.3091
Rock load(Hp, m) =4.7203 =3.7455
Applied rock load
(Hp * F.S. m) 7.08 5.62
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