Practices in Rock Engineering

Midterm Exam with answers

October 25, 2010

Solve the problems using the tensor notation (n = 3).
1) Expand c;(x; + y;). [2]
ci(x; +yi) = ¢ix; + ¢y = €1X1 + Caxp + C3x3 + €11 + Y2 + €33
2) Show that x X y= —y X x. [3]
X XY= &g XYk = EiX1Yk T Ei2kX2Vk T EizkX3Vk
= Ei12X1Y2 T €13 X1Y3 T €21 X2Y1 T Ei23X2YV3 T €31 X3YV1 T Eiz2X3Y>
= €312 X1Y2 T €213 X1Y3 T €321 X2Y1 T+ €123 X2YV3 + €231 X3YV1 €132 X3Y2
= X1Y2 — X1Y3 — X2Y1 + X2Y3 + X3Y1 — X3)>
=Y X X = =& VX = —E€i1kY1Xk — Ei2kY2Xk — Ei3kY3Xk
= —&i12V1X2 — €j13Y1X3 — €i21Y2X1 — Ei23YV2X3 — &i31Y3X1 — &i32Y3X2
= —&312V1X2 — €213 Y1X3 — €321 Y2X1 — €123 YV2X3 — €231 Y3X1 — €132Y3X2
= —Y1Xz T Y1X3 T Vo2 X1 — Y2X3 — Y3X1 T Y3X>
3) Show that e a;a, = 0. [3]
Ej AjAx = Ei11A10 T Eppp Ay + €j3,A3Ak
= Ej12A10y T €13A1A3 T+ 210201 T €j23A203 t €31 A301 T+ £;32,A3A;
= €312 1Ay T €213 Q103 T €321 A2A1 T+ €123 AxA3 T €31 301 T €132 A30A3
= a.a, —aq03 — ayaq + azaz +aza; —az =0
4) Show that &gz &z = 0. [2]
ik O = €101k T €22k + Eisk O3k
= €i12012 + €13013 + 21021 + Ei3023 + €131 031 + €303, =0

Let the x, ), z coordinate axes correspond to the principal axes of stress at a given
point in a body, and let gy, 0,, g3 be the principal stresses in the x, y, and z
directions, respectively. Assume that the given point is surrounded by an
octahedron whose faces have direction cosines as follow.

1 1 1
cos(n, x) = iﬁ’ cos(n,y) = i\/—_, cos(n,z) = i—3

3 V3
What are the magnitude of normal and shear stresses on each face? [10]
g 0 0
i=+=(1,1,1) ==|0 o 0]
V3
0 0 o3
th +1(111)z +1( )
= —_ ’ ) ¢ = —_ O- 'O- IO-
\/§ \/§ 1»Y2,Y3

‘ﬁ=§(0-1+ O-2+ 0-3)

— o, = 13—(201 — 0y — 03,—0y + 20, — 03,—0, — 0, + 203)
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T = 3\/_\/201 ) +(—0'1+20'2—0'3)2+(—01—02+2a3)2

1 2 2 ?
:E\/(Ul ~0,) +(0,-03) +(0y-0y)

Describe four stages of stress-strain response in uniaxial compression. [10]

0 ~ o,: crack closure
o0, ~ 04: elastic deformation
04 ~ Og: stable crack propagation

04 ~ O unstable/irrecoverable deformation

Describe Coulomb’s shear strength criterion with its merits and demerits. [10]

S=c+ouumg , BE: simplestn ETHO|CE CHY: MNP JPYSHCE T

O|l21t ga LX|tX|= Y=Ct HAH o] olgt Z1t0|A= non-linear
A

|
opajEEd s 2QIC).

-

A triaxial compression test is to be carried out on a specimen of the granite with

a joint plane inclined at 40° to the specimen axis. A confining pressure of
03 = 2.0 MPa and an axial stress of g; = 7.0 MPa are to be applied. Then a
joint water pressure will be introduced and gradually increased with
o, and o3 held constant. The rock joint is assumed to follow Barton's shear
strength criterion: 7 = o,tin [¢T+RC logy, %] where ¢, = 20°, RC =12,
and LS = o0, =100MPa. At what water pressure is slip on the joint

expected to occur? [20]
o = %, "2'(73 L0179

c0s26 =4.5+2.5c0s100° =4.07 (MPa)

O,
T =

%3 6in 20 = 2.55in100° = 2.46 (MPa)

r=(o, —u)tan(@ +JRClog JCS J

o —u

n

T—u

2.46=(4.07 —u)tan(ZO +12log 1 (1)00 j

By trial and error, u = 0.92 MPa

A circular horizontal opening whose radius is 2 m is to be excavated at depth of
200 m. A horizontal weakness plane whose friction angle is 25° passes through

the expected opening center. The unit weight of the rock mass is 25 kNm3, and
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the stress ratio, K (horizontal stress/vertical stress), of the site is 3.2. In-situ tests
show that principal stresses are directed in vertical and horizontal. The rock mass
is assumed to follow Coulomb'’s strength criterion, and its cohesion and friction
angle are 20 MPa, and 35°, respectively. Find out the range of compressive (shear)
failure at the opening boundary and width (or height) of a de-stressed zone in

the rock mass around the opening. [20]

I T plane of weakness

A4
>
il

E

=

rr
c
z

0, =7684MPa0|1 ZEFH %[ HMMS2L 43 MPa2 &
SHA| B=tt

ojttlo] EL o, =p(l—k+2¢)=5(-2.2+2W/H)=00]A W/H = 1.10|22
W =44 m 7} EC} (AW = 02 m)

Two horizontal circular openings whose radius is 3 m and 2 m, respectively, are
parallel to each other at the same depth. The distance between the centers is 10
m. The vertical principal (far-field) stress 20 MPa and the horizontal principal
stress is 40 MPa. Let the failure criterion and mechanical properties of the rock
mass are the same as those in Problem 6. The opening with 3 m of radius is
assumed to have no plastic (failure) zone around it due to TBM excavation and
installation of a support system. Describe the condition of failure at the boundary

of opening whose radius is 2 m. [20]

2m SN SE:
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- =§[3,o(1_%j+1.0(1—4i+3ﬂﬂ =33.9MPa

"2 100 " 10°*
=230 1+i)—1.o 1+38—14) =22.4MPa
2 100 10

K =339/224 = 151
O 4p=22.4[2.51-1.02c0s26]>76.84

c0s20<-0.902, 77.2°<60<102.8°, 257.2°<60<282.%

Kirsch equations:

2 2 4
o-rr:%[(1+K)(l—a—zj—(l—K)(l—4a—2+3a—4j00529}
r

CESTIEED

r r

o =g{(HK)[l+a—jJ+(l—K)(1+3a—:jc0520}

r r

2 4

o, =§(1—K)[1+2‘r’—2—3‘:—4}m29

Boundary stresses of an elliptic opening:

JA:p(l—K+2q):p 1-K+ /2—W
P
O'B:p(K—1+2—KJ:p K-1+K /Z—W
q Ps

q=WH

=




