Department of Energy Resources Engineering Seoul National University
Design of Tunnel and Underground Space November 5, 2009

Midterm Exam

Name:

1. True of false? (2 points x 5 = 10 points)

(1) Rock mass consists of intact rock and diSCONtINUILIES.  =«xsxssessmsmmmnn e (0)
(2) Uniaxial compressive strength of rock is defined to be equal to or greater than 10 MPa according to ISRM
ClaSSITICALION. = m e s m e (X)
(3) The horizontal stress ratio (K) generally decreases when the thickness of the overburden is reduced by
L R0 1o 10 T T L e ( X )
(4) The deformation modulus of rock mass is proportional to the seismic wave velocities of the rock mass.
........................................................................................................................ (0)
(5) Pore water pressure tends to increase the strength of rock mass. --------remrerermmrrmmmrn e (X)

2. Choose the right answer. (2 points x 5 = 10 points)

(1) What is the main reason for the wide variation of test results of rock? (a)
a. Discontinuities contained in the rock b. Anisotropy of the rock
b. Inelasticity of the rock d. Non-linear behavior of the rock

(2) Convert 1 psi (pound per square inch) to SI unit? (1 pound=1 1b=453.6 g) (c)
a. 1/105 MPa b. 1/125 MPa c. 1/144 MPa d. 1/165 MPa

(3) P-wave velocity was measured for two intact rock specimens A and B from the same borehole and the
same rock formation. The diameters of the specimen A and B were the same, but the lengths of the
specimen A and B were 5 cm and 10 cm, respectively. The elapsed time of P-wave for the specimens A
and B were 10 usec and 18 psec, respectively. Determine the P-wave velocity of the intact rock. (¢ )

a. 5000 m/sec b. 5250 m/sec c. 6250 m/sec d. 7000 m/sec

(4) Rock layer of 1.5 m in thickness was found in the crown of a tunnel. In order to secure the stability of the
tunnel, rock bolts were installed at the interval of 1.5 m in both longitudinal and transverse directions.
Assuming that the unit weight of rock is 2.6 tonnes/m® and the tensile strength of rock bolt is 9 tonnes,
calculate the safety factor of the installed rock bolt. (b)

a. 07 b. 1.0 c.13 d. 1.6

(5) What is the total length of Seoul Metro Lines? (b)
a. 100 km b. 300 km c. 600 km d. 2,000 km

3. Answer the questions. (5 points x 2 = 10 points)

(1) Briefly explain what “Monte Carlo method” is.

For the known (or assumed) probability distributions of variables, by sampling random or pseudo-random
numbers of variables following the known probability distribution, the distribution of values for the end-
product can be generated.
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(2) What are ‘unsupported span’and ‘stand-up time’?

Unsupported span - the span of the tunnel or the distance between the face and the nearest support, if this
is greater than the tunnel span

Stand-up time - period of time that a tunnel will stand unsupported after excavation

4. The horizontal stress ratio (K,) of rock mass at the depth of 800 m was 1.2. Calculate the changed horizontal
stress ratio (K,ey) after the erosion of overburden at 50 m in thickness. Assume the Poisson’s ratio to be 0.25.

(10 points)
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5. Atunnel of which the cross-section is 10 m x 10 m is to be excavated in a completely fractured rock mass at
the depth of 50 m. Determine the range of rock load according to Terzaghi’s rock load classification. In
addition, determine the horizontal stress that might act at the depth using the following Hoek & Brown
equation. Assume that the specific gravity of rock is 2.64. (10 points)

0.3+@£K£0.5+@
z Z

For completely fractured rock mass,

H,=110(B+H)=110x(10m+10m)=22m
Therefore, the rock load will be

oy = pgz = 2640 kg/m® x 9.8 m/s® x 22 m ~ 570 kPa
The range of the horizontal stress ratio is

0.3+100/50 <K <0.5+1500/50 — 23<K<305
Therefore, the horizontal stress will be

1.3 MPa < c,<17.4 MPa
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6. Calculate RQD from the given figure below. From the calculated RQD, design the support for a NATM tunnel
of 6 m in diameter using Deere’s classification. (10 points)

(7 A7 N 7]

,r — 1

4

5 — 5::1_=;i._‘

[ [ [~

RQD = 37.5+ 42.1554(; 28+12.5 «100(%) = 80%

MK E: CTC 5~6 ft o] AW HI| X|E. EtStE (0.3~0.6)B = 1.8~3.6 m (= 47~93 kPa)
EZE:CTC5~6ft o IEHEE

£32|E: 320 mat FLFOR B £ 2~3in.

7. Explain the concept of ‘equivalent dimension’ in Q-system. (5 points)

Equivalent dimension is obtained by dividing the span, diameter or wall height of the excavation by a
quantity called the Excavation Support Ratio, ERS.

D, = (Excavation span, diameter or height (m)) / (Excavation Support Ratio ESR)

The value of ESR is related to the intended use of the excavation and to the degree of security which is
demanded of the support system installed to maintain the stability of the excavation.
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8. K|} 300 m EH0| WAIMNEZ|E ML Y Y (CHHA=30 m?)ES TBM (Tunnel Boring Machine)2 A}
2510 +=HLZ ZASICt oX| YutxAL At SAXG2 1|9l stz FAol ez FHL|
Of QUCH (THeIEZ 2,700 kg/m3). "l T 4o HeE|Z(HH2E O|R0{X Jon o7t S|t HAEL|
of 2D 71842 sta on Halol HAZHA2 1.2 mo|H ZA=s 30°, =1t H Ao =XIWst
(BAEEO| O|F& ZtE=& 90° O|Ch &2 B 1000 ft & 150 gpm HEE O|FECE AFOM AlF
Sty O 1af 22 core & 2|t Mo ChEQE Al@Zots 0829 8H-HYEE QML 2
Ch fEot S A[FS0IAM HAISH =ma Al Zate 38 33 20t O 2 220 EotA2. (357)

[

Oem 10 20 30 0 50 60 0. 0 - R

175 150

] | | J 140
150 TO308 — 130
/ q 120

125 / - 110

\
.

AN
|
8

~

[é)]

10
[o2]
o

1
a
o

Stress (MPa)
2
1 1
38

a1

o

M

5
Permeability ratio (k/

1
w
o

BN
o o

25 ] .
[}

04— : : —n . m s mas : —o

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Microstrain

A

[

o

N

ot
4

i
kU

=)
Hu

Hr
m
>
oot
>
ra
Hy
e
Hy
>
oot
mjo
ofm
Ok
2
ne
rlo
olo
W
re
ok
1]
i
rx



Department of Energy Resources Engineering Seoul National University

Design of Tunnel and Underground Space November 5, 2009
1) 2=+ ZOZRH LEX|FE AL
(2 SH-HYE JHC2RH t=USLE2l 7|5 Tt =YL E250%0M ZH7|87|E 0
2%t0] ES TR
(3) Terzaghi 25 80| olgh @ftto] £XQH2S A 4sA| 2.
(4) ZO{Rl At RO ZHE| RSRES T3HA|2.
(5) FO|F Qg ZUOZRE| RMRE T3t Qoto| BRAIYAIZ, HA2, DHE2S FHAR.
(6) FOITI At ZAHCEZRH Q¢S FOHAIR. (Ju=1.0, SRF=1.0 0|2} 7SIA| L))
76+100+(30+58)+70
(1) RQD= (30+58)+ 70 100(06) = 90%
370
(2) 12 222H ci=¢=Zrc = 9F 160 MPa
CHEUHZEO| 50%Ql 80 MPa 04 S3-BiHgIM0 HME 10 7278 T

E = (137 - 25) / (3500 — 1500) MPa/microstrain = 56 GPa

(3) 1ol ESEe|7t WEHS 2742 He|w) Lo sHEEEE Terzaghi of S
Hp=0~05B=0~05x62m=0~31m
P = 2700 kg/m3 x 9.8 m/s? x 3.1 m =~ 82 kPa
. 0 ~ 82 kPa
O7|M, H4do| AZA D = 230/n)Y2 ~ 6.2 m

rlo

(4) shdet @Hzeh FY > VIR gu 581
Y, B 52 &F 98 > WIS A =30
BEFELZIA 12 m (=4 ), DA, FHI 2L S5, ZALEOE BT, FAZLL 30 £0|0
2 ZMHO ST > BIbwS B = 38
£422 150 gpm/1000 ft 0|22 'HE'0| 8T, A+B=68 O|H. Ha|AE 7} ‘7t Eobe| ALt HE
o2z 'BEO ST > WIS C = 16

A+B+C=84
TBM 2 &0f WHE EZA s (B2XE8 =62 m =20 ft) = 117
"~ RSR =84 x1.17 = 98

(5) EHSYXLE = 158 MPa > DAALEEA = 125
RQD = 90 > RQD Of CH3+ A = 18
Halol @7t = 12m > SH&0 2o g BH = 155
Ho|YEf= U AR, HelTO| ofzh ek siY > He[dEf BF =25
K|Sk AERf 150 gpm/1000 ft ~ 18.6 2|E{/2/10 m > X|SfpatEff BN =7
T dAd o] X, ZAge ez =%, A 30 > /el (BEEE 27F)

OIS T o] YB3 Bt/ BRAIFYAIZH = 10m ZO2 1 / BRHAE = 300~400 kPa /
BROP2} = 25°-35°




Department of Energy Resources Engineering

Seoul National University
Design of Tunnel and Underground Space

November 5, 2009

- 150 gallon x 3.785 liter
Q= 100?: = 0.3048 r?]a on ~1.86 liter/min/m =18.6 litter/min/10m

1000 ft x T x minute

(6) RQD = 90
Fohel Helat 2> ), =4
Aot 7|=4o Hel > ) =3
He|HO| %k SE| AL HE > ), =2
2ol =HO|A J, = 1.0, SRF = 1.0
- Q=(RQD/J)Ui/1a)Uw/SRF)=(90/4)(3/2)(1/1)=35




